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12.

13.

Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
e CPU and System-Control Modules
*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix
* Product Type, Package Dimensions, etc.

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

This LSI is an RISC (Reduced Instruction Set Computer) microcomputer which includes a
Renesas Technology-original RISC CPU as its core, and the peripheral functions required to
configure a system.

Target Users: This manual was written for users who will be using this LSI in the design of
application systems. Target users are expected to understand the fundamentals of
electrical circuits, logical circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the target users.
Refer to the SH-2A, SH2A-FPU Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the SH-2A, SH2A-FPU Software Manual.
e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 26,
List of Registers.
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Examples

The notation used for register names, bit names, numbers, and symbols in this manual is
described below.

(1) Registers
The style (register name)_(channel number) is used in cases where the same or a
similar function is implemented on more than one channel.
Example: CMCSR_0

(2) Bits
When bit names are given in this manual, the higher-order bits are to the left and the
lower-order bits are to the right.
Example: CKS1, CKSO

(3) Numbers
Binary numbers are given as B'xxxx, hexadecimal are given as H'xxxx, and decimal
are given as Xxxx.
Examples: B'11 or 11, H'EFAO, 1234

E

Symbols

An overbar is added to the names of active-low signals.
Example: WDTOVF

14.2.2 Compare Match Control/Status Register_0, _{ (CMCSR_0,)CMCSR_1)

CMCSR indicates compar T ation, enables or disables interrupts, and selects the counter L

t clock.Generation of § WDTOVF s initializes the TCNT value to 0. r

14.3
14.3.1 Interval Count Operation

When an internal clock is selected with lhebits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing usipg the selected clock. When the values in
CMCNT and the compare match constant register ((MCOR) match, CMCNT is cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the ¢KS1 and CKSO bits are set tt this time,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914

Note: The bit names and sentences in the above figure are examples, and have nothing to do
with the contents of this manual.
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e Notation in bit figures and tables describing arrangements of bits

Each register description includes a figure that illustrates the arrangement of bits and a table
that describes the meanings of settings in the bits.

(1) Bit
Indicates the bit number.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0, and in the case
of a 16-bit register, the bits are arranged in the order from 15 to 0.

(2) Bit Name
The short form of the name of the bit or bit field within the register.
When the individual bits of bit fields have to be clearly indicated, notation allowing this is
included (e.g., ASID[3:0]).
A reserved bit is indicated by —.
Instead of a bit name, a blank is used for some bits, such as those of timer counters.
(3) Initial Value
Indicates the value of each bit after a power-on reset, i.e., the initial value.
0: Initial value is 0
1: Initial value is 1
—: Initial value is undefined
(4) RW
Indicates whether each bit is readable or writable, or either writing to or reading from the bit is
prohibited.
The notation is as follows:
R/W: Bit or field is readable and writable.
R/(W): Bit or field is readable and writable.
However, writing is only performed to clear the flag.
R: Bit or field is readable and writable.
However, "R" is indicated for all reserved bits. When writing to the bit is required, write
the value stated in the bit table or the initial value.
W: Bit or field is readable and writable.
However, only the value in the bit table is guaranteed when reading from the bit.
(5) Description
Describes the function enabled by setting the bit.

Bit(15 ) 14 13 M 10 9 8 7 6 5 4 3 2 1 0
| ( ASID ) - - - | - | Q | ACMP[2:0] | IFE |

Initial value: 0 0 0 0
RIW: R RNV RNV RNV R/W ,E} R/W R/W R/W R/W R/W RW RW RW RW

(6)

Bi{ Name Initial Value R/W Description

(1)
A
- R Reserved

(This bit is always read as 0. The write value should always be 0.)
14t011( ASID ) 000 R/W  Address Identifier
Enables or disables the pin function.

10 - o) (R) Re_serye_d

This bit is always read as 0.

9 - 1 R Reserved
This bit is always read as 1.

Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 SH7211 Features

This LSI is a single-chip RISC microprocessor that integrates a Renesas Technology original
RISC CPU core with peripheral functions required for system configuration.

The CPU in this LSI has a RISC-type (Reduced Instruction Set Computer) instruction set and uses
a superscalar architecture and a Harvard architecture, which greatly improves instruction
execution speed. In addition, the 32-bit internal-bus architecture enhances data processing power.
With this CPU, it has become possible to assemble low-cost, high-performance, and high-
functioning systems, even for applications that were previously impossible with microprocessors,
such as realtime control, which demands high speeds.

In addition, this LSI includes on-chip peripheral functions necessary for system configuration,
such as a large-capacity ROM, a ROM cache, a RAM, a direct memory access controller
(DMAC), multi-function timer pulse units 2 (MTU2 and MTU2S), a serial communication
interface with FIFO (SCIF), an A/D converter, a D/A converter, an interrupt controller (INTC),
I/0O ports, and I'C bus interface 3 (IIC3).

This LSI also provides an external memory access support function to enable direct connection to
various memory devices or peripheral LSIs.

These on-chip functions significantly reduce costs of designing and manufacturing application
systems.

The features of this LSI are listed in table 1.1.
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Section 1 Overview

Table 1.1 SH7211 Features

Items Specification

CPU .

Renesas Technology original SuperH architecture

Compatible with SH-1 and SH-2 at object code level

32-bit internal data bus

Support of an abundant register-set

— Sixteen 32-bit general registers

— Four 32-bit control registers

— Four 32-bit system registers

— Register bank for high-speed response to interrupts

RISC-type instruction set (upward compatible with SH series)

— Instruction length: 16-bit fixed-length basic instructions for improved
code efficiency and 32-bit instructions for high performance and
usability

— Load/store architecture

— Delayed branch instructions

— Instruction set based on C language

Superscalar architecture to execute two instructions at one time

Instruction execution time: Up to two instructions/cycle

Address space: 4 Gbytes

Internal multiplier

Five-stage pipeline

Operating modes .

Operating modes

Extended ROM enabled mode
Single-chip mode
Processing states

Program execution state
Exception handling state
Bus mastership release state
Power-down modes

Sleep mode

Software standby mode
Module standby mode
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ltems Specification

ROM cache e Instruction/data separation system
e Instruction prefetch cache: Full/set associative
¢ Instruction prefetch miss cache: Full/set associative
e Data cache: Full/set associative
e Line size: 16 bytes
e Hardware prefetch function (continuous/branch prefetch)

Interrupt controller ¢ Nine external interrupt pins (NMI and IRQ7 to IRQO)
(INTC) ¢ On-chip peripheral interrupts: Priority level set for each module

e 16 priority levels available

* Register bank enabling fast register saving and restoring in interrupt

processing

Bus state controller e Address space divided into eight areas (0 to 7), each a maximum of 64
(BSC) Mbytes

e External bus: 8 or 16 bits
e The following features settable for each area independently

— Supports both big endian and little endian for data access

— Bus size (8 or 16 bits): Available sizes depend on the area.

— Number of access wait cycles (different wait cycles can be
specified for read and write access cycles in some areas)

— ldle wait cycle insertion (between same area access cycles or
different area access cycles)

— Specifying the memory to be connected to each area enables
direct connection to SRAM, SRAM with byte selection, SDRAM,
and burst ROM (clocked synchronous or asynchronous). The
address/data multiplexed I/O (MPX) interface is also available.

— Outputs a chip select signal (CS0 to CS7) according to the target
area (CS assert or negate timing can be selected by software)

e SDRAM refresh
Auto refresh or self refresh mode selectable
e SDRAM burst access
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ltems Specification

Direct memory access e Eight channels; external request available for four of them
controller (DMAC) Can be activated by on-chip peripheral modules

e Burst mode and cycle steal mode

e Intermittent mode available (16 and 64 cycles supported)

e Transfer information can be automatically reloaded

Clock pulse e Clock mode: Input clock can be selected from external input (EXTAL
generator (CPG) or CK) or crystal resonator

e Input clock can be multiplied by 16 (max.) by the internal PLL circuit
e Five types of clocks generated:

— CPU clock: Maximum 160 MHz

— Bus clock: Maximum 40 MHz

— Peripheral clock: Maximum 40 MHz

— Timer clock: Maximum 80 MHz

— AD clock: Maximum 40 MHz

Watchdog timer ¢ On-chip one-channel watchdog timer

(WDT) e A counter overflow can reset the LSI

Power-down modes e Three power-down modes provided to reduce the current consumption
in this LSI

— Sleep mode
— Software standby mode
— Module standby mode
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ltems Specification

Multi-function timer .
pulse unit 2 (MTU2)

Maximum 16 lines of pulse input/output and 3 lines of pulse input
based on six channels of 16-bit timers

21 output compare and input capture registers
Input capture function
Pulse output modes

Toggle, PWM, complementary PWM, and reset-synchronized PWM
modes

Synchronization of multiple counters

Complementary PWM output mode

— Non-overlapping waveforms output for 3-phase inverter control
— Automatic dead time setting

— 0% to 100% PWM duty value specifiable

— A/D conversion delaying function

— Interrupt skipping at crest or trough

Reset-synchronized PWM mode

Three-phase PWM waveforms in positive and negative phases can be
output with a required duty value

Phase counting mode
Two-phase encoder pulse counting available

Multi-function timer
pulse unit 28 (MTU2S) |

Subset of MTU2, included in channels 3 to 5
Operating at 80 MHz max.

Port output enable 2
(POE2)

High-impedance control of high-current pins at a falling edge or low-
level input on the POE pin

Compare match timer
(CMT)

Two-channel 16-bit counters
Four types of clock can be selected (P¢/8, P$/32, P$/128, and P¢/512)

DMA transfer request or interrupt request can be issued when a
compare match occurs

Serial communication e
interface with FIFO
(SCIF)

Four channels
Clocked synchronous or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication)
supported

Dedicated baud rate generator
Separate 16-byte FIFO registers for transmission and reception
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ltems Specification
I’C bus interface 3 e One channel
(nCc3)

Master mode and slave mode supported

I/O ports .

Input or output can be selected for each bit

A/D converter (ADC) e

12-bit resolution

Eight input channels

Sampling can be carried out simultaneously on three channels.
A/D conversion request by the external trigger or timer trigger

D/A converter (DAC)

8-bit resolution
Two output channels

User break controller o
(UBC)

Four break channels

Addresses, type of access, and data size can all be set as break
conditions

User debugging .
interface (H-UDI)

E10A emulator support
JTAG-standard pin assignment
Realtime branch trace

Advanced user °
debugger Il (AUD- I1)

Six output pins

Branch source address/destination address trace
Window data trace

Full trace

All trace data can be output by interrupting CPU operation
Realtime trace

Trace data can be output within the range where CPU operation is not
interrupted

WAVE interface e Myway Labs realtime CPU scope “WAVE™” (WAVE1.0 Level C)
(WAVEIF) supported
On-chip ROM ¢ 512 Kbytes
On-chip RAM e Four pages
o 32 Kbytes

Power supply voltage e

Vcc:1.4t01.6V
VceQ: 3.0t0 3.6 V
AVcc: 451055V

Packages .

LQFP2020-144 (0.5 pitch): R5F72115D160FPV
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1.2 Block Diagram

SH-2A
CPU core
I CPU instruction fetch bus (F bus)
< > | cPUbus
(C bus)
CPU memory access bus (M bus) | (| clock)
Y ! ! 1
. . Advanced User break
ROM On-chip ROM On-chip RAM = JER—
user debuger Il controller S | UBCTRG output
Cache 512 Kbytes 32 Kbytes (AUD-Il) (UBC) a
I I I I Internal bus (I bus) (B clock)
< >
Bus state . Direct memory . | DREQinput
controller blf’segg:terg:‘er access controller f+————— 5 DACK output
(BSC) (DMAC) TEND output

External bus input/output
External bus width mode input

Peripheral bus (P clock)

<
: : Multi-function
Pin function Glock pulse Interrupt Mﬁ“[::g:“”‘ﬁ‘s'g” timer puise Port output Compare
controller 1/0 ports enerator (CPG) controller uni? 2 unit 2 enable 2 match timer
(PFC) 9 (INTC) (MTU2) ( ﬁ%buszeé ) (POE2) (CMT)
| Port | | Port | | Port | | Port | | Port | | Port |
General input/output ~ EXTAL input, RES input, Timer pulse Timer pulse POE input
XTAL output, MRES input, input/output input/output
CK input/output, NMI input,
Clock mode input IRQ input,
IRQOUT output
igh-| Serial
HLinp:erft?Jmei‘sce Power-down 8-bit 12-bit 12C bus communication Watchdog WAVE
inte dacgeg 9 mode D/A converter A/D converter interface 3 imr?r’f:ailg% timer interface
witl
(H-UDI) control (DAC) (ADC) (IIc3) (SciF) (WDT) (WAVEIF)

o [ [ [ o [ e [ |

JTAG input/output Analog output  Analog input, ~ PCbus Serial inputioutput  WDTOVF output WAVE input/output
ADTRG input input/output

Figure 1.1 Block Diagram
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1.3

Pin Arrangement

PB22/AUDSYNC/RXD2/TCLKD/DACK2
PB23/AUDCK/TXD2/TCLKC/DREQ2
PB24/AUDATA3/RXD3/TCLKB/IRQ2/TEND1
PB25/AUDATA2/TXD3/TCLKA/IRQY/DACKT
VssQ

VeeQ
PB26/AUDATA1/SCK3/TIOC2B/DREQT
PB27/AUDATAQ/TXD3/TIOC2A/TENDO
PB28/RXD3/TIOC1A/DACKO

Vss

Voo

PB29/TIOC1B/DREQD

PAO/AQ

PA1/AT

PA2/A2

VeeQ

VssQ
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PAT/AT
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PB30/ASEBRKAK/ASEBRK/UBCTRG/IRQOUT/REFOU

Notes: 1. Always fix TESTMD low.
2. Fix ASEMD high during normal operation except debugging mode.
3. Fix TRST low when H-UDI is not used.

PBY/TXD3/TIOC3CSWET/DAMLU
PB8/RXD3/TIOC3AS/WEO/DQMLL.
PB7/TIOC4D/IRQ7/CS7
PBB/TIOC4C/IRQ3/CASL

VssQ

VeeQ

PBS5/TIOC4B/IRQ2/RASL
PB4/TIOC4A/ICKE

PB3/CK

PB2/SCKO/POE4/CSO

Vee

Vss
PB1/TXDO/POES/RD/WR
PBO/RXDO/POEO/RD
PD15/D15/TIC5US
PD14/D14/TIC5VS
PD13/D13/TICSWS
VssQ

VeeQ
PD12/D12/TICSU
PD11/D11/TICSV
PD10/D10/TICSW
PDY/DY

PD8/D8

PD4/D4
VeeQ

VssQ

PD3/D3
PD2/D2
PD1/D1
PDO/DO

Figure 1.2 Pin Arrangement
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Section 1 Overview

14 Pin Functions

Table 1.2 lists functions of each pin.

Table 1.2  Pin Functions

Classification Symbol /0 Name Function

Power supply Vce | Power supply Power supply pins. All the Vcc pins
must be connected to the system
power supply. This LS| does not
operate correctly if there is a pin left
open.

Vss | Ground Ground pins. All the Vss pins must
be connected to the system power
supply (0 V). This LSI does not
operate correctly if there is a pin left
open.

VeeQ | Power supply for Power supply for I/O pins. All the

1/O circuits VceQ pins must be connected to the
system power supply. This LS| does
not operate correctly if there is a pin
left open.

VssQ | Ground for 1/0 Ground pins for I/O pins. All the

circuits VssQ pins must be connected to the
system power supply (0 V). This LSI
does not operate correctly if there is
a pin left open.

PLLVcc | Power supply for Power supply for the on-chip PLL

PLL oscillator.

PLLVss | Ground for PLL ~ Ground pin for the on-chip PLL
oscillator.

Clock EXTAL | External clock Connected to a crystal resonator.
An external clock signal may also be
input to the EXTAL pin.

XTAL (0] Crystal Connected to a crystal resonator.

CK (0] System clock Supplies the system clock to external
devices.
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Classification Symbol /0O Name Function
Operating mode MD1, MDO | Mode set Sets the operating mode. Do not
control change the signal levels on these
pins during operation.
MD_CLK2, | Clock mode set  Sets the clock operating mode. Do
MD_CLKO not change the signal levels on these
pins during operation.
FWE | Flash memory Pin for flash memory. Flash memory
write enable can be protected against writing or
erasure through this pin.
ASEMD | Debugging mode Enables the E10A-USB emulator
functions.
Input a high level to operate the LSI
in normal mode (not in debugging
mode). To operate it in debugging
mode, apply a low level to this pin on
the user system board.
TESTMD | Test mode Always fix this input pin low.
Do not input a high level to this pin.
This may cause malfunction or
permanent failure of this LSI.
System control RES | Power-on reset  This LSI enters the power-on reset
state when this signal goes low.
MRES | Manual reset This LSI enters the manual reset
state when this signal goes low.
WDTOVF (0] Watchdog timer  Outputs an overflow signal from the
overflow WDT.
BREQ | Bus-mastership A low level is input to this pin when
request an external device requests the
release of the bus mastership.
BACK 0] Bus-mastership  Indicates that the bus mastership

request

has been released to an external

acknowledge device. Reception of the BACK
signal informs the device which has
output the BREQ signal that it has
acquired the bus.
Rev. 2.00 May. 08, 2008 Page 10 of 1200
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Classification Symbol /0 Name Function
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Fix it high when not in use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pins.

7100 Level-input or edge-input detection
can be selected. When the edge-
input detection is selected, the rising
edge, falling edge, or both edges can
also be selected.

IRQOUT (0] Interrupt request Indicates that an interrupt has

output occurred, enabling external devices
to be informed of an interrupt
occurrence even while the bus
mastership is released.

Address bus A25 to AO (0] Address bus Outputs addresses.

Data bus D15 to DO I/O  Data bus Bidirectional data bus.

Bus control CS7to CSO (0] Chip select 7 to 0 Chip-select signals for external
memory or devices.

RD 0 Read Indicates that data is read from an
external device.

RD/WR 0 Read/write Read/write signal.

BS 0 Bus start Bus-cycle start signal.

AH (0] Address hold Address hold timing signal for the
device that uses the address/data-
multiplexed bus.

WAIT | Wait Input signal for inserting a wait cycle
into the bus cycles during access to
the external space.

WEO 0] Byte select Indicates a write access to bits 7 to 0
of data of external memory or
device.

WEH1 (0] Byte select Indicates a write access to bits 15 to
8 of data of external memory or
device.
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Classification = Symbol I/0 Name Function
Bus control DQMLL o] Byte select Selects bits D7 to DO when SDRAM
is connected.
DQMLU 0] Byte select Selects bits D15 to D8 when
SDRAM is connected.
RASL (0] RAS Connected to the RAS pin when
SDRAM is connected.
CASL 0] CAS Connected to the CAS pin when
SDRAM is connected.
CKE (0] CK enable Connected to the CKE pin when
SDRAM is connected.
REFOUT (0] Refresh request Request signal for refresh execution.
Direct memory DREQ3 to | DMA-transfer Input pins to receive external
access controller DREQO request requests for DMA transfer.
(DMAC) DACKS3 to 0] DMA-transfer Output pins for signals indicating
DACKO request accept acceptance of external requests
from external devices.
TEND1, TENDO O DMA-transfer end Output pins for DMA transfer end.
output
Multi-function TCLKA, | MTU2 timer clock External clock input pins for the
timer pulse unit TCLKB, input timer.
2 (MTU2) TCLKC,
TCLKD
TIOCOA, /O MTU2 input The TGRA_O to TGRD_O0 input
TIOCOB, capture/output capture input/output compare
TIOCOC, compare output/PWM output pins.
TIOCOD (channel 0)
TIOCA1A, /O MTU2 input The TGRA_1 and TGRB_1 input
TIOC1B capture/output capture input/output compare
compare output/PWM output pins.
(channel 1)
TIOC2A, /O MTU2 input The TGRA_2 and TGRB_2 input
TIOC2B capture/output capture input/output compare
compare output/PWM output pins.
(channel 2)
TIOC3A, /O MTU2 input The TGRA_3 to TGRD_3 input
TIOCSB, capture/output capture input/output compare
TIOC3C, compare output/PWM output pins.
TIOC3D (channel 3)
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Classification = Symbol I/0 Name Function
Multi-function TIOCA4A, /0 MTUZ2 input The TGRA_4 and TGRB_4 input
timer pulse unit TIOCA4B, capture/output capture input/output compare
2 (MTU2) TIOCA4C, compare output/PWM output pins.
TIOC4D (channel 4)
TIC5U, | MTU2 input The TGRU_5, TGRV_5, and
TIC5V, capture TGRW_5 input capture input/dead
TICEW (channel 5) time compensation input pins.
Port output POES, POES3, | Port output Request signal input to place the

enable 2 (POE2)

POE1, POEO control

MTU2 waveform output pin in the
high impedance state.

POE7, POE4 | Port output Request signal input to place the
control MTU2S waveform output pin in the
high impedance state.
Multi-function TIOCS3AS, /0 MTU2S input The TGRA_3S to TGRD_3S input
timer pulse unit TIOC3BS, capture/output capture input/output compare
2S (MTU2S) TIOC3CS, compare output/PWM output pins.
TIOC3DS (channel 3)
TIOCA4AS, /O MTU2S input The TGRA_4S and TGRB_4S input
TIOC4BS, capture/output capture input/output compare
TIOC4CS, compare output/PWM output pins.
TIOC4DS (channel 4)
TIOC5US, I MTU2S input The TGRU_5S, TGRV_5S, and
TIOC5VS, capture TGRW_5S input capture input/dead
TIOC5WS (channel 5) time compensation input pins.
RTS3 0] Transmit request Modem control pin.
CTS3 | Transmit enable Modem control pin.
I’C bus SCL I/O  Serial clock pin  Serial clock input/output pin.

interface 3 (IIC3)

SDA 1/0

Serial data pin

Serial data input/output pin.

A/D converter
(ADC)

AN7 to ANO | Analog input pins  Analog input pins.
ADTRG | A/D conversion  External trigger input pin for starting
trigger input A/D conversion.
AVcc | Analog power Power supply pin for the A/D
supply converter. Connect this pin to the
system power supply (VccQ) when
the A/D converter is not used.
AVREF | Analog reference Reference voltage pin for the A/D

power supply

converter. Connect this pin to the
system power supply (VccQ) when
the A/D converter is not used.

RENESAS
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Classification = Symbol I/0  Name Function
A/D converter  AVss | Analog ground Ground pin for the A/D converter.
(ADC) Connect this pin to the system
power supply (VssQ) when the A/D
converter is not used.
AVREFVss Analog reference Reference ground pin for the A/D
ground converter. Connect this pin to the
system power supply (VssQ) when
the A/D converter is not used.
D/A converter DA1, DAO 0] Analog output Analog output pins.
(DAC) pins
I/0O ports PA25 to PAO /0 General port 26-bit general input/output port pins.
PB30 to PBO /O  General port 31-bit general input/output port pins.
PD15 to PDO /0 General port 16-bit general input/output port pins.
PF1, PFO | General port 2-bit general input/output port pins.
User debugging TCK | Test clock Test-clock input pin.
'(r;:_elzfgf)e TMS | Test mode select Test-mode select signal input pin.
TDI | Testdata input  Serial input pin for instructions and
data.
TDO (0] Test data output  Serial output pin for instructions and
data.
TRST | Test reset Initialization-signal input pin. Input a
low level when not using the H-UDI.
Advanced user AUDATAS to /O AUD data Branch destination/source address
debugger (AUD) AUDATAO output pin
AUDCK /O AUD clock Sync clock output pin
AUDSYNC I/O  AUD sync signal Data start-position acknowledge-
signal output pin
Emulator ASEBRKAK (0] Break mode Indicates that the E10A-USB
interface acknowledge emulator has entered its break
mode.
ASEBRK | Break request E10A-USB emulator break input pin.
User break UBCTRG (0] User break trigger Trigger output pin for UBC condition
controller (UBC) output match.
WAVE interfface  WSCK (0] Clock output Interface pin to support Myway Labs
(WAVEIF) WRXD | Receive data realtime CPU scope “WAVE™”
v (WAVE1.0 Level C)
WTXD (0] Transmit data

Rev. 2.00 May. 08,
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Section 2 CPU

2.1 Register Configuration

The register set consists of sixteen 32-bit general registers, four 32-bit control registers, and four
32-bit system registers.

2.1.1 General Registers
Figure 2.1 shows the general registers.

The sixteen 32-bit general registers are numbered RO to R15. General registers are used for data
processing and address calculation. RO is also used as an index register. Several instructions have
RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving and
restoring the status register (SR) and program counter (PC) in exception handling is accomplished
by referencing the stack using R15.

31 0
RO"1
R1
R2
R3
R4
R5
R6

R7

R8
R9
R10
R11

R12
R13
R14

R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indexed register indirect addressing mode and indexed GBR indirect
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure 2.1 General Registers
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2.1.2 Control Registers

The control registers consist of four 32-bit registers: the status register (SR), the global base

register (GBR), the vector base register (VBR), and the jump table base register (TBR).

The status register indicates instruction processing states.

The global base register functions as a base address for the GBR indirect addressing mode to
transfer data to the registers of on-chip peripheral modules.

The vector base register functions as the base address of the exception handling vector area
(including interrupts).

The jump table base register functions as the base address of the function table area.

31 1413 987 6543210
|---------- BOCS---M Q __ I[3:0] _-- S T|
31 0
| GBR
31 0
| VBR
31 0
| TBR

Status register (SR)

| Global base register (GBR)

| Vector base register (VBR)

| Jump table base register (TBR)

Figure 2.2 Control Registers

(1) Status Register (SR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L-r-r-rt-r-frT-1T-71-T-7T-71-1 -]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[Tolol [ [ Twlcl —w ERES
Initial value: 0 0 0 0 0 0 - - 1 1 1 1 0 0 - -
R/W: R R/W R/W R R R RW RW RW RW RW RW R R R/W R/W
Rev. 2.00 May. 08, 2008 Page 16 of 1200
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Initial

Bit Bit Name Value R/W Description

31to15 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

14 BO 0 R/W BO Bit
Indicates that a register bank has overflowed.

13 CS 0 R/W CS Bit
Indicates that, in CLIP instruction execution, the value
has exceeded the saturation upper-limit value or fallen
below the saturation lower-limit value.

12t0 10 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

M — R/W M Bit
Q — R/W Q Bit

Used by the DIVOS, DIVOU, and DIV1 instructions.

7t04 I[3:0] 1111 R/W Interrupt Mask Level

3,2 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

1 S — R/W S Bit
Specifies a saturation operation for a MAC instruction.

0 T — R/W T Bit

True/false condition or carry/borrow bit

(2) Global Base Register (GBR)

GBR is referenced as the base address in a GBR-referencing MOV instruction.

(3) Vector Base Register (VBR)

VBR is referenced as the branch destination base address in the event of an exception or an

interrupt.

(4) Jump Table Base Register (TBR)

TBR is referenced as the start address of a function table located in memory in a
JSR/N@ @(disp8,TBR) table-referencing subroutine call instruction.
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2.1.3 System Registers

The system registers consist of four 32-bit registers: the high and low multiply and accumulate
registers (MACH and MACL), the procedure register (PR), and the program counter (PC). MACH
and MACL store the results of multiply or multiply and accumulate operations. PR stores the
return address from a subroutine procedure. PC indicates the program address being executed and
controls the flow of the processing.

31 0 Multiply and accumulate register high (MACH) and multiply
MACH and accumulate register low (MACL):
MACL Store the results of multiply or multiply and accumulate operations.
31 0 Procedure register (PR):
[ PR | Stores the return address from a subroutine procedure.
31 0 Program counter (PC):
| PC | Indicates the four bytes ahead of the current instruction.

Figure 2.3 System Registers

(1) Multiply and Accumulate Register High (MACH) and Multiply and Accumulate
Register Low (MACL)

MACH and MACL are used as the addition value in a MAC instruction, and store the result of a
MAC or MUL instruction.

(2) Procedure Register (PR)

PR stores the return address of a subroutine call using a BSR, BSRF, or JSR instruction, and is
referenced by a subroutine return instruction (RTS).

(3) Program Counter (PC)

PC indicates the address of the instruction being executed.

Rev. 2.00 May. 08, 2008 Page 18 of 1200
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2.14 Register Banks

For the nineteen 32-bit registers comprising general registers RO to R14, control register GBR, and
system registers MACH, MACL, and PR, high-speed register saving and restoration can be carried
out using a register bank. The register contents are automatically saved in the bank after the CPU
accepts an interrupt that uses a register bank. Restoration from the bank is executed by issuing a
RESBANK instruction in an interrupt processing routine.

For details, refer to the SH-2A, SH2A-FPU Software Manual.

2.1.5 Initial Values of Registers
Table 2.1 lists the values of the registers after a reset.

Table 2.1 Initial Values of Registers

Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits 1[3:0] are 1111 (H'F), BO and CS are
0, reserved bits are 0, and other bits are
undefined
GBR, TBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table
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2.2 Data Formats

2.2.1 Data Format in Registers

Register operands are always longwords (32 bits). If the size of memory operand is a byte (8 bits)
or a word (16 bits), it is changed into a longword by expanding the sign-part when loaded into a
register.

31 0

Longword

Figure 2.4 Data Format in Registers

2.2.2 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
8-bit bytes, 16-bit words, or 32-bit longwords. A memory operand of fewer than 32 bits is stored
in a register in sign-extended or zero-extended form.

A word operand should be accessed at a word boundary (an even address of multiple of two bytes:
address 2n), and a longword operand at a longword boundary (an even address of multiple of four
bytes: address 4n). Otherwise, an address error will occur. A byte operand can be accessed at any
address.

Only big-endian byte order can be selected for the data format.

Data formats in memory are shown in figure 2.5.

Address m + 1 Address m + 3
Address m Address m + 2
Tat l 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —»; Word Word

1

Address 4n —» Longword

Figure 2.5 Data Formats in Memory
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2.2.3 Immediate Data Format

Byte (8-bit) immediate data is located in an instruction code. Immediate data accessed by the
MOV, ADD, and CMP/EQ instructions is sign-extended and handled in registers as longword
data. Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

20-bit immediate data is located in the code of a MOVI20 or MOVI20S 32-bit transfer instruction.
The MOVI20 instruction stores immediate data in the destination register in sign-extended form.
The MOVI20S instruction shifts immediate data by eight bits in the upper direction, and stores it
in the destination register in sign-extended form.

Word or longword immediate data is not located in the instruction code, but rather is stored in a
memory table. The memory table is accessed by an immediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement.

See examples given in section 2.3.1 (10), Immediate Data.
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2.3 Instruction Features

23.1 RISC-Type Instruction Set

Instructions are RISC type. This section details their functions.

(1) 16-Bit Fixed-Length Instructions

Basic instructions have a fixed length of 16 bits, improving program code efficiency.
(2) 32-Bit Fixed-Length Instructions

The SH-2A additionally features 32-bit fixed-length instructions, improving performance and ease
of use.

(3) One Instruction per State
Each basic instruction can be executed in one cycle using the pipeline system.
(4) Data Length

Longword is the standard data length for all operations. Memory can be accessed in bytes, words,
or longwords. Byte or word data in memory is sign-extended and handled as longword data.
Immediate data is sign-extended for arithmetic operations or zero-extended for logic operations. It
is also handled as longword data.

Table 2.2  Sign Extension of Word Data

SH2-A CPU Description Example of Other CPU
MOV . W @(disp, PC) ,R1 Data is sign-extended to 32 bits, ADD.W #H'1234,R0
ADD R1,RO and R1 becomes H'00001234. It is

next operated upon by an ADD
--------- instruction.
.DATA.W H'1234

Note: @(disp, PC) accesses the immediate data.

(5) Load-Store Architecture

Basic operations are executed between registers. For operations that involve memory access, data
is loaded to the registers and executed (load-store architecture). Instructions such as AND that
manipulate bits, however, are executed directly in memory.
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(6) Delayed Branch Instructions

With the exception of some instructions, unconditional branch instructions, etc., are executed as
delayed branch instructions. With a delayed branch instruction, the branch is taken after execution
of the instruction immediately following the delayed branch instruction. This reduces disturbance
of the pipeline control when a branch is taken.

In a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution such as register updating excluding the actual branch operation, is
performed in the order of delayed branch instruction — delay slot instruction. For example, even
though the contents of the register holding the branch destination address are changed in the delay
slot, the branch destination address remains as the register contents prior to the change.

Table 2.3  Delayed Branch Instructions

SH-2A CPU Description Example of Other CPU
BRA TRGET Executes the ADD before ADD.W R1,RO
ADD R1,RO branching to TRGET. BRA TRGET

(7) Unconditional Branch Instructions with No Delay Slot

The SH-2A additionally features unconditional branch instructions in which a delay slot
instruction is not executed. This eliminates unnecessary NOP instructions, and so reduces the code
size.

(8) Multiply/Multiply-and-Accumulate Operations

16-bit x 16-bit — 32-bit multiply operations are executed in one to two cycles. 16-bit x 16-bit +
64-bit — 64-bit multiply-and-accumulate operations are executed in two to three cycles. 32-bit x
32-bit — 64-bit multiply and 32-bit x 32-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to four cycles.

9) TBit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a
conditional branch is taken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.
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Table 2.4 T Bit

SH-2A CPU Description Example of Other CPU
CMP/GE R1,RO T bit is set when RO > R1. CMP.W R1,RO
BT TRGETO The program branches to TRGETO BGE TRGETO
BF TRGET1 when RO > R1 and to TRGET1 BLT TRGET1
when RO < R1.
ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ  #0,RO T bit is set when RO = 0. BEQ TRGET
BT TRGET The program branches if RO = 0.

(10) Immediate Data

Byte immediate data is located in an instruction code. Word or longword immediate data is not
located in instruction codes but in a memory table. The memory table is accessed by an immediate
data transfer instruction (MOV) using the PC relative addressing mode with displacement.

With the SH-2A, 17- to 28-bit immediate data can be located in an instruction code. However, for
21- to 28-bit immediate data, an OR instruction must be executed after the data is transferred to a
register.

Table 2.5 Immediate Data Accessing

Classification SH-2A CPU Example of Other CPU

8-bit immediate MOV #H'12,RO MOV.B #H'12,R0

16-bit immediate MOVI20 #H'1234,R0 MOV.W #H'1234,R0

20-bit immediate MOVIZ20 #H'12345,R0 MOV.L #H'12345,R0

28-bit immediate MOVI20S #H'12345,R0 MOV.L #H'1234567,R0
OR #H'67,R0

32-bit immediate MOV.L @(disp, PC),RO MOV.L #H'12345678,R0
.DATA.L H'12345678

Note: @(disp, PC) accesses the immediate data.
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(11) Absolute Address

When data is accessed by an absolute address, the absolute address value should be placed in the
memory table in advance. That value is transferred to the register by loading the immediate data
during the execution of the instruction, and the data is accessed in register indirect addressing
mode.

With the SH-2A, when data is referenced using an absolute address not exceeding 28 bits, it is also
possible to transfer immediate data located in the instruction code to a register and to reference the
data in register indirect addressing mode. However, when referencing data using an absolute
address of 21 to 28 bits, an OR instruction must be used after the data is transferred to a register.

Table 2.6  Absolute Address Accessing

Classification SH-2A CPU Example of Other CPU

Up to 20 bits MOVI20 #H'12345,R1 MOV.B @H'12345,R0
MOV .B @R1,R0

21 to 28 bits MOVI20S #H'12345,R1 MOV.B @H'1234567,R0
OR #H'67,R1
MOV .B @R1,R0

29 bits or more MOV . L @(disp, PC),R1 MOV.B @H'12345678,R0
MOV .B @R1,R0

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

When data is accessed by 16-bit or 32-bit displacement, the displacement value should be placed
in the memory table in advance. That value is transferred to the register by loading the immediate
data during the execution of the instruction, and the data is accessed in the indexed indirect
register addressing mode.

Table 2.7 Displacement Accessing

Classification SH-2A CPU Example of Other CPU
16-bit displacement Mov.w @(disp, PC),RO MOV.W @(H'1234,R1),R2
MOV . W @(RO,R1) ,R2

.DATA.W H'1234
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2.3.2 Addressing Modes

Addressing modes and effective address calculation are as follows:

Table 2.8  Addressing Modes and Effective Addresses

Addressing
Mode Effective Address Calculation Equation
Register direct The effective address is register Rn. (The operand —
is the contents of register Rn.)
Register indirect @Rn The effective address is the contents of register Rn. Rn
Register indirect @Rn+ The effective address is the contents of register Rn. Rn
with post- A constant is added to the contents of Rn after the (After
increment instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a execution)
longword operation.
Byte:
Rn+1—>Rn
Word:
Rn+2 - Rn
Longword:
Rn +4 — Rn
Register indirect @-Rn The effective address is the value obtained by Byte:
with pre- subtracting a constant from Rn. 1 is subtracted for Rn—-1— Rn
decrement a byte operation, 2 for a word operation, and 4 for Word:
a longword operation. Rn—2 - Rn
Longword:
Rn-4 - Rn

Rn - 1/2/4

(Instruction is
executed with
Rn after this
calculation)
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Addressing
Mode Effective Address Calculation Equation
Register indirect @ (disp:4, The effective address is the sum of Rn and a 4-bit Byte:
with displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + aisp %2
quadrupled for a longword operation.
Longword:
Rn + disp x 4
(zero-extended)
Register indirect @ (disp:12, The effective address is the sum of Rn and a 12- Byte:
with bit Rn + disp
displacement displacement (disp). The value of disp is zero- Word:
extended. Rn + aisp
Longword:
Rn + disp
disp
(zero-extended)
Indexed register @ (R0, Rn) The effective address is the sum of Rn and RO. Rn + RO
indirect
o
GBR indirect The effective address is the sum of GBR value Byte:
with and an 8-bit displacement (disp). The value of GBR + disp
displacement disp is zero-extended, and remains unchanged for Word:
a byte operation, is doubled for a word operation, GBR + disp x 2
and is quadrupled for a longword operation.
Longword:
GBR + disp x 4

GBR

disp .
+ disp x 1/2/4

(zero-extended

)
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indexed GBR @ (R0, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.
TBR duplicate ee The effective address is the sum of TBR value Contents of
indirect with (disp:8, and an 8-bit displacement (disp). The value of address (TBR
displacement TBR) disp is zero-extended, and is multiplied by 4. + disp x 4)
disp TBR
(zero-extended) +disp x 4 —|
(TBR
+ disp x 4)
PC indirect with @ (disp:8, The effective address is the sum of PC value and Word:
displacement PC) an 8-bit displacement (disp). The value of dispis PC + disp x 2
zero-e.xtended, and is doubled for a word Longword:
operation, and quadrupled for a longword PC &
operation. For a longword operation, the lowest H'FFFFFFEC +
two bits of the PC value are masked. disp x 4

PC + disp x 2
or
PC & HFFFFFFFC

disp +disp x 4
(zero-extended)
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Addressing Instruction
Mode Format Effective Address Calculation Equation
PC relative disp:8 The effective address is the sum of PC value and PC + disp x 2

the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

disp:12

The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

Rn

The effective address is the sum of PC value and PC + Rn
Rn.
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Immediate #imm:20 The 20-bit immediate data (imm) for the MOVI20 —
instruction is sign-extended.
31 19 0

The 20-bit immediate data (imm) for the MOVI20S —
instruction is shifted by eight bits to the left, the
upper bits are sign-extended, and the lower bits are
padded with zero.

3127 8 0

[ o o roon]

Sign-extended

#imm:8 The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions is zero-extended.

#imm: 8 The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions is sign-extended.

#imm: 8 The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and then quadrupled.

#imm:3 The 3-bit immediate data (imm) for the BAND, BOR, —
BXOR, BST, BLD, BSET, and BCLR instructions
indicates the target bit location.
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2.3.3 Instruction Format

The instruction formats and the meaning of source and destination operands are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

e xxxx: Instruction code
e mmmm: Source register

e nnnn: Destination register

e jiii: Immediate data

e dddd: Displacement

Table 2.9  Instruction Formats
Source Destination

Instruction Formats Operand Operand Example

0 format — — NOP

15

| KXXX XXXX XXXX XXXX |

n format — nnnn: Register MOVT Rn

15 direct

| oo | mm“' i Xxxx' Control register or  nnnn: Register STS MACH, Rn

system register direct

RO (Register direct) nnnn: Register
direct

DIVU RO,Rn

Control register or  nnnn: Register
system register indirect with pre-
decrement

STC.L SR, @-Rn

mmmm: Register R15 (Register
direct indirect with pre-
decrement)

MOVMU.L Rm,@-R15

R15 (Register nnnn: Register
indirect with post-  direct
increment)

MOVMU.L @R15+,Rn

RO (Register direct) nnnn: (Register
indirect with post-
increment)

MOV.L RO, @Rn+
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Source Destination
Instruction Formats Operand Operand Example
m format mmmm: Register Control register or  LDC Rm, SR
15 0 direct system register
| X | mIm“m| OO xxx mmmm: Register Control registeror LDC.L @Rm+, SR
indirect with post-  system register
increment
mmmm: Register — JMP @Rm
indirect

mmmm: Register RO (Register direct) MOV.L @-Rm, RO
indirect with pre-

decrement
mmmm: PC relative — BRAF Rm
using Rm
nm format mmmm: Register nnnn: Register ADD Rm, Rn
15 0 direct direct
| o | nnnn | mmm | o | mmmm: Register  nnnn: Register MOV.L Rm,@Rn
direct indirect
mmmm: Register MACH, MACL MAC.W @Rm+,@Rn+

indirect with post-
increment (multiply-
and-accumulate)
nnnn*: Register
indirect with post-
increment (multiply-
and-accumulate)

mmmm: Register nnnn: Register MOV.L @Rm+,Rn
indirect with post-  direct
increment
mmmm: Register nnnn: Register MOV.L Rm,@-Rn
direct indirect with pre-
decrement
mmmm: Register nnnn: Indexed MOV.L
direct register indirect Rm, @ (RO, Rn)
md format mmmmdddd: RO (Register direct) MOV.B
15 0 Register indirect @(disp,Rm),R0O
XXXX xxxx| mm.mm| dddd | with displacement
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Source Destination
Instruction Formats Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV.B

15
| XXXX XXXX | nnnn | dddd |

Register indirect
with displacement

RO,@(disp,Rn)

nmd format
15

| KXXX | nnnn | mmmm | dddd |

mmmm: Register
direct

nnnndddd: Register
indirect with
displacement

MOV.L
Rm, @ (disp, Rn)

mmmmdddd:
Register indirect
with displacement

nnnn: Register
direct

MOV.L
@(disp,Rm) ,Rn

nmd12 format
32 16

| XXXX| nnnn | mmmm | KKXXX |

mmmm: Register
direct

nnnndddd: Register
indirect with
displacement

MOV.L
Rm,@(displ2,Rn)

15 0
| xxxx| dddd dddd dddd |

mmmmdddd:
Register indirect
with displacement

nnnn: Register
direct

MOV.L
@(displ2,Rm) ,Rn

d format

15 0
| XXXX XXXX | dddd dddd |

dddddddd: GBR
indirect with
displacement

RO (Register direct)

MOV.L
@(disp,GBR) ,RO

RO (Register direct)

dddddddd: GBR
indirect with
displacement

MOV.L
RO, @ (disp, GBR)

dddddddd: PC
relative with
displacement

RO (Register direct)

MOVA
@(disp, PC) ,RO

dddddddd: TBR
duplicate indirect
with displacement

JSR/N
@@ (disp8, TBR)

dddddddd: PC — BF label
relative
d12 format dddddddddddd: PC — BRA label

15
| XXXX | dddd dddd dddd |

relative

(label = disp +
PC)

nd8 format

15 0
| plolole’d | nrmr1| dddd dddd|

dddddddd: PC
relative with
displacement

nnnn: Register
direct

MOV.L
@(disp,PC) ,Rn
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Source Destination
Instruction Formats Operand Operand Example
i format iiiiiiii: Immediate Indexed GBR AND.B
15 0 indirect #imm, @ (RO, GBR)
oo soooc| 1345 4444 iiiiiiii: Immediate RO (Register direct) AND #imm, RO
iiiiiiii: Immediate — TRAPA #imm
ni format iiiiiiii: Immediate nnnn: Register direct ADD #imm, Rn
15 0
| KXKXX | nnnn | iiii diiid |
ni3 format nnnn: Register direct — BLD #imm3,Rn
15 0 iii. Immediate
| XXXX XXXX | nnnn |x| iii| . . .
— nnnn: Register direct BST #imm3, Rn
iii. Immediate
ni20 format iiiiiiiiiiiiiiiiii: nnnn: Register direct MOVI20
30 16 Immediate #imm20, Rn
| xxxx| nnnn| iiii | XXXX |
15 0
|iiii iiii d1iii iidd |
nid format nnnndddddddddddd: — BLD.B
32 16 Register indirect with #imm3,@(displ2,Rn)
| xxxx| nnnn| xiii | plotelotd | displacement
iii: Immediate
15 0
|xxxx| dddd dddd dddd| — nnnndddddddddddd: BST.B

Register indirect with #imm3,@(disp12,Rn)
displacement

iii. Immediate

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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24 Instruction Set

24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table 2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62

Immediate data transfer
Peripheral module data transfer
Structure data transfer

Reverse stack transfer

MOVA

Effective address transfer

MOVI20

20-bit immediate data transfer

MOVI20S

20-bit immediate data transfer
8-bit left-shit

MOVML

RO-Rn register save/restore

MOVMU

Rn—-R14 and PR register save/restore

MOVRT

T bit inversion and transfer to Rn

MOVT

T bit transfer

MOVU

Unsigned data transfer

NOTT

T bit inversion

PREF

Prefetch to operand cache

SWAP

Swap of upper and lower bytes

XTRCT

Extraction of the middle of registers connected
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Operation
Classification Types Code

Function

No. of
Instructions

Arithmetic 26 ADD

Binary addition

operations ADDC

Binary addition with carry

ADDV

Binary addition with overflow check

CMP/cond

Comparison

CLIPS

Signed saturation value comparison

CLIPU

Unsigned saturation value comparison

DIVS

Signed division (32 + 32)

DIVU

Unsigned division (32 + 32)

DIV1

One-step division

DIV0S

Initialization of signed one-step division

DIVoU

Initialization of unsigned one-step division

DMULS

Signed double-precision multiplication

DMULU

Unsigned double-precision multiplication

DT

Decrement and test

EXTS

Sign extension

EXTU

Zero extension

MAC

Multiply-and-accumulate, double-precision
multiply-and-accumulate operation

MUL

Double-precision multiply operation

MULR

Signed multiplication with result storage in Rn

MULS

Signed multiplication

MULU

Unsigned multiplication

NEG

Negation

NEGC

Negation with borrow

SuB

Binary subtraction

SUBC

Binary subtraction with borrow

SUBV

Binary subtraction with underflow

40
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion
OR Logical OR
TAS Memory test and bit set
TST Logical AND and T bit set
XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16
ROTR One-bit right rotation
ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit
SHAD Dynamic arithmetic shift
SHAL One-bit arithmetic left shift
SHAR One-bit arithmetic right shift
SHLD Dynamic logical shift
SHLL One-bit logical left shift
SHLLn n-bit logical left shift
SHLR One-bit logical right shift
SHLRn n-bit logical right shift
Branch 10 BF Conditional branch, conditional delayed branch 15
(branch when T = 0)
BT Conditional branch, conditional delayed branch
(branch when T = 1)
BRA Unconditional delayed branch
BRAF Unconditional delayed branch
BSR Delayed branch to subroutine procedure
BSRF Delayed branch to subroutine procedure
JMP Unconditional delayed branch
JSR Branch to subroutine procedure
Delayed branch to subroutine procedure
RTS Return from subroutine procedure
Delayed return from subroutine procedure
RTV/N Return from subroutine procedure with Rm —

RO transfer
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Operation No. of
Classification Types Code Function Instructions
System 14 CLRT T bit clear 36
control CLRMAC  MAC register clear

LDBANK  Register restoration from specified register

bank entry

LDC Load to control register

LDS Load to system register

NOP No operation

RESBANK Register restoration from register bank

RTE Return from exception handling

SETT T bit set

SLEEP Transition to power-down mode

STBANK  Register save to specified register bank entry

STC Store control register data

STS Store system register data

TRAPA Trap exception handling

Bit 10 BAND Bit AND 14
manipulation BCLR Bit clear

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR
BANDNOT Bit NOT AND
BORNOT Bit NOT OR
BLDNOT  Bit NOT load

Total: 91 197
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The table below shows the format of instruction codes, operation, and execution states. They are
described by using this format according to their classification.

Execution
Instruction Instruction Code Operation States T Bit
Indicated by mnemonic. Indicated in MSB «> Indicates summary of Value whenno  Value of T bit after
LSB order. operation. wait states are instruction is
inserted.®' executed.
Explanation of
[Legend] [Legend] [Legend] Symbols
OP.Sz SRC, DEST mmmm: Source register —, < Transfer direction —: No change
OP: Operation code _— .
Sz Size nnnn: Destination register  (xx): Memory operand
. 0000: RO . L
SRC: Source 0001: R1 M/Q/T: Flag bits in SR
DEST: Destinaton e &: Logical AND of each bit
1111: R15

Rm: Source register
— . fiii: Immediate data
Rn:  Destination register

imm: Immediate data dadd:  Displacement

disp: Displacement**

| Logical OR of each bit

A: Exclusive logical OR of
each bit

~:  Logical NOT of each bit
<<n: n-bit left shift

>>n: n-bit right shift

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In
practice, the number of instruction execution states will be increased in cases such as

the following:

a. When there is a conflict between an instruction fetch and a data access
b. When the destination register of a load instruction (memory — register) is the same
as the register used by the next instruction.
2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For details,
refer to the SH-2A, SH2A-FPU Software Manual.
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24.2

Table 2.11 Data Transfer Instructions

Data Transfer Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV #imm,Rn 1110nnnniiiiiiii imm — sign extension > Rn 1 — Yes Yes Yes
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2 + PC) — sign 1 — Yes Yes Yes
extension — Rn
MOV.L @ (disp,PC),Rn 1101nnnndddddddd (disp x 4 + PC) -> Rn 1 — Yes Yes  Yes
MOV Rm,Rn 0110nnnnmmmm0011 Rm — Rn 1 — Yes Yes Yes
MOV.B Rm,@Rn 0010nnnnmmmm0000 Rm — (Rn) 1 — Yes Yes  Yes
MOV.W  Rm,@Rn 0010nnnnmmmm0001  Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@Rn 0010nnnnmmmm0010 Rm — (Rn) 1 — Yes Yes  Yes
MOV.B @Rm,Rn 0110nnnnmmmm0000 (Rm) — sign extension - Rn 1 — Yes Yes  Yes
MOV.W  @Rm,Rn 0110nnnnmmmm0001 (Rm) — sign extension - Rn 1 — Yes Yes Yes
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) — Rn 1 — Yes Yes  Yes
MOV.B Rm,@-Rn 0010nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@-Rn 0010nnnnmmmm0101 Rn-2 - Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 —» Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — sign extension — Rn, 1 — Yes Yes  Yes
Rm+1— Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101 (Rm) — sign extension — Rn, 1 — Yes Yes  Yes
Rm +2 - Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) — Rn, Rm +4 —» Rm 1 — Yes Yes Yes
MOV.B RO, @ (disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes Yes
MOV.W RO, @ (disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes Yes
MOV.L Rm, @ (disp,Rn) 0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes  Yes
MOV.B @(disp,Rm),R0  10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes Yes
— RO
MOV.W  @(disp,Rm),R0O  10000101mmmmdddd (disp x 2 + Rm) — 1 — Yes Yes  Yes
sign extension — RO
MOV.L @(disp,Rm),Rn  0101lnnnnmmmmdddd (disp x 4 + Rm) - Rn 1 — Yes Yes  Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes  Yes
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.W  Rm,@(RO,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 — Yes Yes  Yes
MOV.L Rm, @ (RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes  Yes
MOV.B @(RO,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) — 1 — Yes Yes  Yes
sign extension — Rn
MOV.W  @(R0O,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) —» 1 — Yes Yes  Yes
sign extension — Rn
MOV.L @(RO,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) — Rn 1 — Yes Yes Yes
MOV.B RO, @(disp,GBR) 11000000dddddddd RO — (disp + GBR) 1 — Yes Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes Yes Yes
MOV.L RO, @(disp,GBR) 11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes Yes
MOV.B @(disp,GBR),R0  11000100dddddddd (disp + GBR) — 1 — Yes Yes Yes
sign extension — RO
MOV.W  @(disp,GBR),R0 11000101dddddddd (disp x 2 + GBR) — 1 — Yes Yes Yes
sign extension — RO
MOV.L @(disp,GBR),R0 11000110dddddddd (disp x 4 + GBR) - RO 1 — Yes Yes  Yes
MOV.B RO,@Rn+ 0100nnnn10001011 RO — (Rn), Rn+1 — Rn 1 — Yes
MOV.W  RO,@Rn+ 0100nnnn10011011 RO — (Rn), Rn +2 — Rn 1 — Yes
MOV.L RO,@Rn+ 0100nnnn10101011 RO - Rn),Rn+4 — Rn 1 — Yes
MOV.B @-Rm,R0O 0100mmmm11001011 Rm-1 - Rm, (Rm) —> 1 — Yes
sign extension — RO
MOV.W  @-Rm,R0O 0100mmmm11011011 Rm-2 - Rm, (Rm) —> 1 — Yes
sign extension — RO
MOV.L @-Rm,R0 0100mmmm11101011 Rm-4 - Rm, (Rm) —»> RO 1 — Yes
MOV.B Rm,@(disp12,Rn) 001lnnnnmmmmo001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  BRm,@(disp12,Rn) 001lnnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001dddddddddddd
MOV.L Rm, @ (disp12,Rn) 0011lnnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12,Rm),Rn  0011lnnnnmmmm0001 (disp + Rm) — 1 — Yes
0100ddddddddadad S'9" extension — Rn
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Compatibilit
Execu- p v
tion
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.W  @(disp12,Rm),Rn 001lnnnnmmmmo00l (disp x 2 + Rm) — 1 Yes
0101dddddddddddd S9N extension — Rn
MOV.L @(disp12,Rm),Rn  0011nnnnmmmm0001 (disp x 4 + Rm) - Rn 1 Yes
0110dddddddddddd
MOVA @ (disp,PC),R0 11000111dddddddd disp x 4 + PC — RO 1 Yes
MOVI20 #imm20,Rn 0000nnnniiiio000 imm — sign extension > Rn 1 Yes
iijididiiiiidiiiii
MOVI20S #imm20,Rn 0000nnnniiiio0ol imm << 8 — sign extension 1 Yes
................ — Rn
1111111111111111
MOVML.L Rm,@-R15 0100mmmm11110001 R15-4 — R15, Rm — (R15) 1to 16 Yes
R15-4 - R15, Rm-1 — (R15)
R15-4 — R15, RO — (R15)
Note: When Rm = R15, read
Rm as PR
MOVML.L @R15+,Rn 0100nnnn11110101 (R15) > RO,R15+4 > R15 1to16 Yes
(R15) > R1,R15+ 4 - R15
(R15) - Rn
Note: When Rn = R15, read
Rm as PR
MOVMU.L Rm,@-R15 0100mmmm11110000 R15-4 — R15, PR — (R15) 1to 16 Yes
R15-4 - R15, R14 — (R15)
R15-4 - R15, Rm — (R15)
Note: When Rm = R15, read
Rm as PR
MOVMU.L @R15+,Rn 0100nnnn11110100 (R15) > Rn,R15+4 —>R15 1to16 Yes

(R15) > Rn+1,R15+4 —>
R15

(R15) > R14, R15 + 4 > R15

(R15) » PR
Note: When Rn = R15, read
Rm as PR
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Compatibilit
Execu- p v
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A

MOVRT Rn 0000nnnn00111001 ~T — Rn 1 — Yes

MOVT Rn 0000nnnn00101001 T — Rn 1 — Yes Yes  Yes

MOVU.B @(disp12,Rm),Rn 0011lnnnnmmmm0o001 (disp + Rm) — 1 — Yes

1000dddddddddddd zero extension — Rn
MOVU.W  @(disp12,Rm),Rn 0011lnnnnmmmm0o001 (disp x 2 + Rm) — 1 — Yes
1001dddddddddddd zero extension — Rn
NOTT 0000000001101000 ~T—>T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnn10000011 (Rn) — operand cache 1 — Yes Yes
SWAP.B Rm,Rn 0110nnnnmmmm1000 Rm — swap lower 2 bytes » 1 — Yes Yes Yes
Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm — swap upper and lower 1 — Yes Yes Yes
words — Rn

XTRCT Rm,Rn 0010nnnnmmmm1101 Middle 32 bits of Rm:Rn — Rn 1 — Yes Yes Yes
Rev. 2.00 May. 08, 2008 Page 43 of 1200
RENESAS REJ09B0344-0200



Section2 CPU

243

Arithmetic Operation Instructions

Table 2.12 Arithmetic Operation Instructions

Compatibilit
Execu- P i
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 001lnnnnmmmm1100 Rn+Rm — Rn 1 — Yes Yes Yes
ADD #imm,Rn 0l1llnnnniiiiiiii  Rn+imm — Rn 1 — Yes Yes Yes
ADDC Rm,Rn 001llnnnnmmmm1110 Rn+Rm+T—>Rn,carry > T 1 Carry Yes Yes Yes
ADDV Rm,Rn 001lnnnnmmmml1111l  Rn+ Rm — Rn, overflow - T 1 Over- Yes Yes Yes
flow
CMP/EQ #imm,R0O 10001000iiiiiiii WhenRO=imm,1 > T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/EQ Rm,Rn 0011lnnnnmmmm0000 WhenRn=Rm,1 > T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 0011nnnnmmmm0010  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1T parison
Otherwise, 0 > T result
CMP/GE Rm,Rn 0011lnnnnmmmm0011  When Rn > Rm (signed), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/HI  Rm,Rn 0011lnnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/GT Rm,Rn 0011lnnnnmmmm0111  When Rn > Rm (signed), 1 Com- Yes Yes Yes
1T parison
Otherwise, 0 > T result
CMP/PL  Rn 0100nnnn00010101 WhenRn>0,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/PZ Rn 0100nnnn00010001  WhenRn>0,1->T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100  When any bytes are equal, 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
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C tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLIPS.B Rn 0100nnnn10010001  When Rn > (H'0000007F), 1 — Yes
(H'0000007F) — Rn, 1 — CS
when Rn < (H'FFFFFF80),
(H'FFFFFF80) - Rn, 1 —» CS
CLIPSW Rn 0100nnnn10010101  When Rn > (H'00007FFF), 1 — Yes
(H'00007FFF) - Rn, 1 - CS
When Rn < (H'FFFF8000),
(H'FFFF8000) —» Rn, 1 - CS
CLIPUB Rn 0100nnnn10000001  When Rn > (H'000000FF), 1 — Yes
(H'000000FF) - Rn, 1 - CS
CLIPUW Rn 0100nnnn10000101  When Rn > (H'0000FFFF), 1 — Yes
(H'0000FFFF) —» Rn, 1 - CS
DIV1 Rm,Rn 0011lnnnnmmmm0100  1-step division (Rn + Rm) 1 Calcu- Yes Yes Yes
lation
result
DIVOS Rm,Rn 0010nnnnmmmm0111  MSB of Rn — Q, 1 Calcu- Yes Yes Yes
MSB of BRm - M,MAQ > T lation
result
DIVOU 0000000000011001 0 — M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnn10010100  Signed operation of Rn + RO 36 — Yes
— Rn 32 + 32 — 32 bits
DIVU RO,Rn 0100nnnnl10000100  Unsigned operation of Rn + RO 34 — Yes
— Rn 32 + 32 — 32 bits
DMULS.L Rm,Rn 001lnnnnmmmml1101  Signed operation of Rn x Rm 2 — Yes Yes Yes
— MACH, MACL
32 x 32 — 64 bits
DMULU.L Rm,Rn 001llnnnnmmmm0101  Unsigned operation of Rn x 2 — Yes Yes Yes
Rm — MACH, MACL
32 x 32 — 64 bits
DT Rn 0100nnnn00010000 Rn-1—-Rn 1 Compa- Yes Yes Yes
When Rnis 0,1 > T rison
When Rnisnot0,0 > T result
EXTS.B Rm,Rn 0110nnnnmmmml1110  Byte in Rmis 1 — Yes Yes Yes
sign-extended — Rn
EXTS.W Rm,Rn 0110nnnnmmmm1111  Word in Rmis 1 — Yes Yes Yes
sign-extended — Rn
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Compatibilit
Execu- p v
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
EXTU.B Rm,Rn 0110nnnnmmmml1100  Byte in Rmis 1 — Yes Yes Yes
zero-extended — Rn
EXTUW Rm,Rn 0110nnnnmmmm1101  Word in Rmis 1 — Yes Yes Yes
zero-extended — Rn
MAC.L @Rm+,@Rn+ 0000nnnnmmmm1111  Signed operation of (Rn) x 4 — Yes Yes Yes
(Rm) + MAC - MAC
32 x 32 + 64 — 64 bits
MACW  @Rm+,@Rn+ 0100nnnnmmmml1111l  Signed operation of (Rn) x 3 — Yes Yes Yes
(Rm) + MAC - MAC
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn 0000nnnnmmmm0111  Rn x Rm — MACL 2 — Yes Yes Yes
32 x 32 — 32 bits
MULR RO,Rn 0100nnnnl10000000 RO xRn— Rn 2 Yes
32 x 32 — 32 bits
MULS.W Rm,Rn 0010nnnnmmmm111l  Signed operation of Rn x Rm 1 — Yes Yes Yes
— MACL
16 x 16 — 32 bits
MULU.W Rm,Rn 0010nnnnmmmml1110  Unsigned operation of Rn x 1 — Yes Yes Yes
Rm — MACL
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011  0-Rm — Rn 1 — Yes Yes Yes
NEGC Rm,Rn 0110nnnnmmmm1010  0-Rm-T — Rn, borrow — T 1 Borrow Yes Yes Yes
SuUB Rm,Rn 0011lnnnnmmmm1000 Rn-Rm — Rn 1 — Yes Yes Yes
SUBC Rm,Rn 0011lnnnnmmmm1010  Rn-Bm-T — Rn, borrow - T 1 Borrow Yes Yes Yes
SuBv Rm,Rn 001lnnnnmmmml1011  Rn-Rm — Rn, underflow - T 1 Over- Yes Yes Yes
flow
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Table 2.13 Logic Operation Instructions

Logic Operation Instructions

Compatibilit
Execu- pathy
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
AND Rm,Rn 0010nnnnmmm1001 Rn & Rm — Rn 1 — Yes Yes Yes
AND #imm,RO 1100100%iiiiiiii RO&imm— RO 1 — Yes Yes Yes
AND.B #imm,@(R0,GBR) 1100110liiiiiiii (RO+ GBR)&imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnmmm®D111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmmmmL011  Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0O 1100102%iiiiiiii RO | imm — RO 1 — Yes Yes Yes
OR.B #imm,@(R0O,GBR) 1100111liiiiiiii (RO+ GBR)|imm — 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)is 0,1 > T 3 Test Yes Yes Yes
Otherwise, 0 > T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnmMmmMmML000 Rn & Rm 1 Test Yes Yes Yes
When the resultis 0,1 - T result
Otherwise, 0 > T
TST #imm,RO 11001000iiiiiiii RO&imm 1 Test Yes Yes Yes
When the resultis 0,1 - T result
Otherwise, 0 > T
TST.B #imm,@(R0,GBR) 11001100iiiiiiii (RO+ GBR)&imm 3 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
XOR Rm,Rn 0010nnnnmmm1 010 Rn~Rm — Rn 1 — Yes Yes Yes
XOR #imm,RO 11001010iiiiiiii ROAimm — RO 1 — Yes Yes Yes
XOR.B #imm,@(R0,GBR) 11001110iiiiiiii (RO+ GBR)”Aimm — 3 — Yes Yes Yes
(RO + GBR)
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Shift Instructions

Table 2.14 Shift Instructions

Compatibilit
Execu- P i
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ROTL Rn 0100nnnn00000100 T « Rn « MSB 1 MSB Yes Yes Yes
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB Yes Yes Yes
ROTCL Rn 0100nnnn00100100 T« Rn«T 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T>Rn->T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnnnmMmM100 When Rm >0, Rn<<Rm - Rn 1 — Yes Yes

When Rm < 0, Rn >> |Rm| —

[MSB — Rn]
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB Yes Yes Yes
SHAR Rn 0100nnnn00100001 MSB—>Rn—>T 1 LSB Yes Yes Yes
SHLD Rm,Rn 0100nnnnmmm1101 When Rm >0, Rn<<Rm - Rn 1 — Yes Yes

When Rm < 0, Rn >> |Rm| —

[0 — Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB Yes Yes Yes
SHLR Rn 0100nnnn00000001 0->Rn->T 1 LSB Yes Yes Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 — Yes Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn << 8 - Rn 1 — Yes Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 —» Rn 1 — Yes Yes Yes
SHLL16 Rn 0100nnnn00101000 Rn << 16 - Rn 1 — Yes Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>> 16 - Rn 1 — Yes Yes Yes
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Branch Instructions

Table 2.15 Branch Instructions

C tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BF label 10001011dddddddd When T =0, dispx2+ PC —» 3/1* — Yes Yes Yes
PC,
When T =1, nop
BF/S label 10001111dddddddd Delayed branch 2/1%* — Yes Yes  Yes
When T =0, disp x 2 + PC —
PC,
When T =1, nop
BT label 10001001dddddddd  When T =1, dispx2+PC —» 3/1* — Yes Yes  Yes
PC,
When T =0, nop
BT/S label 10001101dddddddd  Delayed branch 2/1%* — Yes Yes  Yes
When T =1, dispx2 + PC —
PC,
When T =0, nop
BRA label 1010dddddddddddd  Delayed branch, 2 — Yes Yes  Yes
dispx 2+ PC - PC
BRAF Rm 0000mMmmMMD0100011  Delayed branch, 2 — Yes Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd  Delayed branch, PC — PR, 2 — Yes Yes Yes
dispx 2+ PC — PC
BSRF Rm 0000mMmmMMD0000011  Delayed branch, PC — PR, 2 — Yes Yes  Yes
Rm + PC - PC
JMP @Rm 0100mMmmMmD0101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mMmmMmD0001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm — PC
JSR/N @Rm 0100mmMmD1001011 PC-2 - PR,Rm — PC 3 — Yes
JSR/N @ @(disp8,TBR) 10000011dddddddd PC-2 — PR, 5 — Yes
(disp x 4 + TBR) — PC
RTS 0000000000001011  Delayed branch, PR — PC 2 — Yes Yes Yes
RTS/N 0000000001101011 PR —>PC 3 — Yes
RTV/N Rm 0000mmMMD1111011 Rm — RO, PR —» PC 3 — Yes
Note: * One cycle when the program does not branch.
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24.7

System Control Instructions

Table 2.16 System Control Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLRT 0000000000001000 O0—>T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 —» MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,R0 0100mmMm11100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100mmD0001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm,TBR 0100mMmmMmD1001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mm00011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100nmmmMD0101110 Rm — VBR 1 — Yes Yes Yes
LDC.L @Rm+,SR 0100mmmD0000111  (Rm) —» SR, Rm+4 —» Rm 5 LSB Yes Yes Yes
LDC.L @Rm+,GBR 0100mmMmD0010111 (Rm) —» GBR,Rm+4 ->Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmmD0100111 (Rm)—> VBR,Rm+4—>Rm 1 — Yes Yes Yes
LDS Rm,MACH 0100nmMmMD0001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mMmmD0011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmD0101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH  0100mmm®D0000110 (Rm) —»> MACH, Rm +4 - Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL 0100mmmD0010110 (Rm) »> MACL,Rm+4 —-Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100mMmmMmD0100110 (Rm) —» PR, Rm +4 —» Rm 1 — Yes Yes Yes
NOP 0000000000001001  No operation 1 — Yes Yes  Yes
RESBANK 0000000001011011  Bank — RO to R14, GBR, o — Yes
MACH, MACL, PR
RTE 0000000000101011  Delayed branch, 6 — Yes Yes  Yes
stack area —» PC/SR
SETT 0000000000011000 15T 1 1 Yes Yes Yes
SLEEP 0000000000011011  Sleep 5 — Yes Yes Yes
STBANK RO,@Rn 0100nnnn11100001 RO —» 7 — Yes
(specified register bank entry)
STC SR,Rn 0000nnNnn00000010 SR — Rn 2 — Yes Yes  Yes
STC TBR,Rn 0000nnnn01001010 TBR — Rn 1 — Yes
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Execu- Compatibility

tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
STC GBR,Rn 0000nnnn00010010 GBR — Rn 1 — Yes Yes Yes
STC VBR,Rn 0000nnnn00100010 VBR — Rn 1 — Yes Yes Yes
STC.L SR,@-Rn 0100nnnn00000011 Rn-4 — Rn, SR — (Rn) 2 — Yes Yes Yes
STC.L GBR,@-Rn 0100nnnn00010011  Rn-4 - Rn, GBR — (Rn) 1 — Yes Yes Yes
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, VBR — (Rn) 1 — Yes Yes Yes
STS MACH,Rn 0000nnnn00001010 MACH — Rn 1 — Yes Yes Yes
STS MACL,Rn 0000nnnn00011010 MACL - Rn 1 — Yes Yes Yes
STS PR,Rn 0000nnnn00101010 PR = Rn 1 — Yes Yes Yes
STS.L MACH, @-Rn 0100nnnn00000010  Rn-4 - Rn, MACH — (Rn) 1 — Yes Yes Yes
STS.L MACL,@-Rn 0100nnnn00010010  Rn-4 — Rn, MACL — (Rn) 1 — Yes Yes Yes
STS.L PR,@-Rn 0100nnnn00100010 Rn-4 — Rn, PR — (Rn) 1 — Yes Yes Yes
TRAPA #imm 11000012iiiiiiii PC/SR — stack area, 5 — Yes Yes Yes

(imm x 4 + VBR) — PC

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory — register) is the same
as the register used by the next instruction.

In the event of bank overflow, the number of cycles is 19.

RENESAS

Rev. 2.00 May. 08, 2008 Page 51 of 1200

REJ09B0344-0200



Section2 CPU

2.4.8 Bit Manipulation Instructions

Table 2.17 Bit Manipulation Instructions

Compeatibilit
Execu- patioy
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BAND.B #imm3,@ (disp12,Rn) 0011nnnn0iii 1001 (imm of (disp+Rn))&T—> 3 Ope- Yes
0100dddddddddddd ration
result
BANDNOT.B #mm3,@(disp12,Rn)  0011nnnn0iii 1001 ~(imm of (disp+ Rn)) & T—>T 3 Ope- Yes
1100dddddddddddd ration
result
BCLR.B #imm3,@ (disp12,Rn) 0011nnnn0iii 1001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnn0iii 0 — immof Rn 1 — Yes
BLD.B #imm3,@ (disp12,Rn) 0011nnnn0iii 1001 (imm of (disp + Rn)) —> 3 Ope- Yes
0011dddddddddddd ration
result
BLD #imm3,Rn 10000111nnnnliii immof RN —>T 1 Ope- Yes
ration
result
BLDNOT.B  #imm3,@(disp12,Rn) 0011nnnn0iii 1001 ~(imm of (disp + Rn)) 3 Ope- Yes
1011dddddddddddd | ration
result
BOR.B #imm3, @ (disp12,Rn) 0011nnnnOiii 1001 (immof(disp+Rn))|T>T 3 Ope- Yes
0101dddddddddddd ration
result
BORNOT.B  #imm3,@(disp12,Rn) 0011nnnnOiii 1001 ~(immof (disp+Rn))|T—>T 3 Ope- Yes
1101dddddddddddd ration
result
BSET.B #imm3,@ (disp12,Rn) 0011nnnn0iii 1001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnnliii 1 —immof Rn 1 — Yes
BST.B #imm3,@ (disp12,Rn) 0011nnnn0iii 1001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnnOiii T — imm of Rn 1 — Yes
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C tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BXOR.B #imm3,@ (disp12,Rn) 0011nnnn0iii 1001 (immof(disp+ Rn)AT—>T 3 Ope- Yes
0110dddddddddddd ration
result
2.5 Processing States

The CPU has five processing states: reset, exception handling, bus-released, program execution,
and power-down. Figure 2.6 shows the transitions between the states.

Power-on reset from any state Manual reset from any state

Power-on reset state Manual reset state

Reset canceled Reset state

Exception
Interrupt source or handling state
DMA address error occurs 7y
BUs request NMI ﬁnterrupt or
Bus request, Generated IRQ interrupt occurs
cleared ]
Exception|  |Exception
handling|  |handling
source ends
occurs
Bus-released state Bus request
cleared v
Bus request
generated Program execution state
Bus request\ \ Bus request STBY bit set
generated cleared STBY bit cleared for SLEEP
for SLEEP instruction
instruction
r—-————=— S V™ " /e -/, - - - = ==-—-—-—-- 1

)
@
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2]
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=
=
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Power-down state

Figure 2.6 Transitions between Processing States
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(1) Reset State
In the reset state, the CPU is reset. There are two kinds of reset, power-on reset and manual reset.
(2) Exception Handling State

The exception handling state is a transient state that occurs when exception handling sources such
as resets or interrupts alter the CPU’s processing state flow.

For a reset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception handling vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception handling vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

(3) Program Execution State
In the program execution state, the CPU sequentially executes the program.
(4) Power-Down State

In the power-down state, the CPU stops operating to reduce power consumption. The SLEEP
instruction places the CPU in the sleep mode or the software standby mode.

(5) Bus-Released State

In the bus-released state, the CPU releases bus to a device that has requested it.
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Section 3 MCU Operating Modes

3.1 Selection of Operating Modes

This LSI has four MCU operating modes and three on-chip flash memory programming modes.
The operating mode is determined by the setting of FWE, MD1, and MDO pins. Table 3.1 shows
the allowable combinations of these pin settings; do not set these pins in the other way than the
shown combinations.

When power is applied to the system, be sure to conduct power-on reset.

The MCU operating mode can be selected from MCU extension modes 0 to 2 and single chip
mode. For the on-chip flash memory programming mode, boot mode, user boot mode, and user
program mode which are on-chip programming modes are available.

Table 3.1 Selection of Operating Modes

Pin Setting Bus Width of CS0 Space
Mode No. FWE MD1 MDO Mode Name On-Chip ROM SH7211F
ModeO O 0 0 MCU extension mode 0 Not active 16
Mode 1 0 0 1 MCU extension mode 1 Not active 8
Mode2 O 1 0 MCU extension mode 2 Active Set by CSOBCR in BSC
Mode3 O 1 1 Single chip mode Active —
Mode 4% 1 0 0 Boot mode Active Set by CSOBCR in BSC
Mode 5* 1 0 1 User boot mode Active Set by CSOBCR in BSC
Mode 6% 1 1 0 User program mode Active Set by CSOBCR in BSC

Note: * Flash memory programming mode.
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3.2 Input/Output Pins
Table 3.2 describes the configuration of operating mode related pin.

Table 3.2  Pin Configuration

Pin Name Input/Output Function

MDO Input Designates operating mode through the level applied to this pin

MD1 Input Designates operating mode through the level applied to this pin

FWE Input Enables, by hardware, programming/erasing of the on-chip flash
memory
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33 Operating Modes

3.3.1 Mode 0 (MCU Extension Mode 0)

In this mode, CSO space becomes external memory spaces with 16-bit bus width.

3.3.2 Mode 1 (MCU Extension Mode 1)

In this mode, CSO space becomes external memory spaces with 8-bit bus width.

3.3.3 Mode 2 (MCU Extension Mode 2)

The on-chip ROM is active and CSO space can be used in this mode.

3.34 Mode 3 (Single Chip Mode)

All ports can be used in this mode, however the external address cannot be used.
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34

The address map for the operating modes is shown in figure 3.1.

Address Map

H'00000000

HO3FFFFFF
H04000000

HO7FFFFFF
H08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H'1BFFFFFF
H'1C000000

H1FFFFFFF
H20000000

HFFF7FFFF
HFFF80000

HFFF87FFF
H'FFF88000

HFFFBFFFF
HFFFC0000

HFFFCFFFF
HFFFDO0000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Modes 0 and 1
On-chip ROM disabled mode

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

SDRAM mode setting space

Reserved area

On-chip peripheral

V/O registers

H'00000000

H'0007FFFF
H'00080000

HOIFFFFFF
H02000000
HOBFFFFFF
H04000000

HO7FFFFFF
H08000000

HOBFFFFFF
H0C000000

HOFFFFFFF
H'10000000

H'13FFFFFF
H'14000000

H17FFFFFF
H'18000000

H'1BFFFFFF
H'1C000000

H1FFFFFFF

HFFF7FFFF
HFFF80000

HFFF87FFF
H'FFF88000

HFFFBFFFF
HFFFC0000

HFFFCFFFF
HFFFDO0000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 2
On-chip ROM enabled mode

On-chip ROM (512 Kbytes)

Reserved area

CS0 space

CS1 space

CS2 space

CS3 space

CS4 space

CS5 space

CS6 space

CS7 space

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

SDRAM mode setting space

Reserved area

On-chip peripheral
/O registers

H'00000000

H'0007FFFF
H'00080000

HFFF7FFFF
H'FFF80000

HFFF87FFF
H'FFF88000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM (512 Kbytes)

Reserved area

On-chip RAM (32 Kbytes)

Reserved area

On-chip peripheral
1/O registers

Figure 3.1 Address Map for Each Operating Mode
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3.5 Initial State in This LSI

In the initial state of this LSI, some of on-chip modules are set in module standby state for saving
power. When operating these modules, clear module standby state according to the procedure in
section 23, Power-Down Modes.

3.6 Note on Changing Operating Mode

When changing operating mode while power is applied to this LSI, make sure to do it in the
power-on reset state (that is, the low level is applied to the RES pin).

« JUULIUULIUUL

MD1, MDO X
t *
MDS -

<
RES \ /

Note: * See section 27.4.2, Control Signal Timing.

Figure 3.2 Reset Input Timing when Changing Operating Mode
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Section 4 Clock Pulse Generator (CPG)

This LSI has a clock pulse generator (CPG) that generates an internal clock (I¢), a peripheral clock
(P¢), a bus clock (B¢), an MTU2S clock (M¢), and an AD clock (Ad). The CPG consists of a
crystal oscillator, PLL circuits, and divider circuits.

4.1 Features

¢ Clock operating modes

Either the internal crystal resonator or the input on the external clock-signal line can be
selected.

e Five clocks generated independently
An internal clock (I$) for the CPU, a peripheral clock (P¢) for the peripheral modules, a bus
clock (B¢ = CK) for the external bus interface, an MTU2S clock (M¢) for the MTU2S module,
and an AD clock (A¢) for the ADC module can be generated independently.

e Frequency change function
Internal and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuits and divider circuits within the CPG. Frequencies are changed by software
using frequency control register (FRQCR) settings.

e Power-down mode control
The clock can be stopped for sleep mode and software standby mode, and specific modules can
be stopped using the module standby function. For details on clock control in the power-down
modes, see section 23, Power-Down Modes.

Figure 4.1 shows a block diagram of the clock pulse generator.
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On-chip oscillator

| 'y AD clock

(Ao, Max. 40 MHz)

Divider 1
5 < -
E _ PLL circuit 1 X1;2 ;_:> Internal clock
: > (x1, 2, 4) —> z}/‘; > 1 (16, Max. 160 MHz)
CK M sS<l
: >_1» Bus clock
5 » | (Bo=CK, Max. 40 MHz)
i 7 >
XTAL PLL circuit 2 >
< : (x4) E_E> Peripheral clock
EXTAL ! X' (P, Max. 40 MHz)
E a<li
: >, MTU2S clock
! > 1 (Mo, Max. 80 MHz)
: Ly
| ]

CPG control unit

MD_CLK2 m—;—> Clock frequency

MD_CLK0 PH——» control circuit

Standby control circuit

Bus interface

| FRQCR | [ MCLKCR]| | ACLKCR| | STBCR | | STBCR2| [ STBCR3| | STBCR4 | 5

. [reatee]
FRQCR: Frequency control register

MCLKCR: MTU2S clock frequency control register

ACLKCR: AD clock frequency control register

STBCR: Standby control register

STBCR2: Standby control register 2

STBCRS3: Standby control register 3

STBCR4: Standby control register 4

Figure 4.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:
(1) PLL Circuit 1

PLL circuit 1 multiplies the input clock frequency from the CK pin by 1, 2, or 4. The
multiplication rate is set by the frequency control register. When this is done, the phase of the
rising edge of the internal clock (I¢) is controlled so that it will agree with the phase of the rising
edge of the CK pin.

(2) PLL Circuit 2

PLL circuit 2 multiplies the input clock frequency from the crystal oscillator or EXTAL pin by 4.
The multiplication rate is fixed according to the clock operating mode. The clock operating mode
is specified by the MD_CLKO and MD_CLK?2 pins. For details on the clock operating mode, see
table 4.2.

(3) Crystal Oscillator

The crystal oscillator is an oscillation circuit in which a crystal resonator is connected to the
XTAL pin or EXTAL pin. This can be used according to the clock operating mode.

(4) Divider 1

Divider 1 generates a clock signal at the operating frequency used by the internal clock (I9), the
bus clock (B¢), the peripheral clock (P¢), the MTU2S clock (M¢), or the AD clock (Ad). The
operating frequency can be 1, 1/2, 1/4, or 1/8 times the output frequency of PLL circuit 1.
However, set the internal clock (I$) so that its frequency is not less than the clock frequency of the
CK pin, and set the peripheral clock (P¢) so that its frequency is not more than the clock frequency
of the CK pin. The division ratio is set in the frequency control register (FRQCR).

(5) Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the MD_CLKO and
MD_CLK?2 pins and the frequency control register (FRQCR).
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(6) Standby Control Circuit

The standby control circuit controls the states of the clock pulse generator and other modules
during clock switching, or sleep or software standby mode.

(7) Frequency Control Register (FRQCR)

The frequency control register (FRQCR) has control bits assigned for the following functions:
clock output/non-output from the CK pin during software standby mode, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal clock (Ip) and
the peripheral clock (Po).

(8) MTU2S Clock Frequency Control Register (MCLKCR)

The MTU2S clock frequency control register (MCLKCR) has control bits assigned for the
following functions: MTU2S clock (M¢) output/non-output and the frequency division ratio.

(9) AD Clock Frequency Control Register (ACLKCR)

The AD clock frequency control register (ACLKCR) has control bits assigned for the following
functions: AD clock (A¢) output/non-output and the frequency division ratio.

(10) Standby Control Register

The standby control register has bits for controlling the power-down modes. See section 23,
Power-Down Modes, for more information.
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4.2 Input/Output Pins

Table 4.1 lists the clock pulse generator pins and their functions.

Table 4.1 Pin Configuration and Functions of the Clock Pulse Generator

Pin Name Symbol

/0 Function (Clock Operating Mode 6)

Mode control pins  MD_CLKO

Input  Sets the clock operating mode.

MD_CLK2

Input  Sets the clock operating mode.

Crystal input/output XTAL
pins (clock input

Output Connected to the crystal resonator. (Leave this pin open when the
crystal resonator is not in use.)

pins) EXTAL

Input  Connected to the crystal resonator or used to input an external
clock.

Clock output pin CK

Output Clock output pin. This pin can be high impedance.
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4.3 Clock Operating Modes

Table 4.2 shows the relationship between the combinations of the mode control pins (MD_CLK?2
and MD_CLKO) and the clock operating modes. Table 4.3 shows the usable frequency ranges in
the clock operating modes.

Table 4.2  Clock Operating Modes

Pin Values Clock 0 PLL Circuit2 PLL Circuit 1
Mode MD_CLK2 MD_CLKO Source Output On/Off On/Off CK Frequency
6 1 0 EXTAL or CK On (x 4) On(x1,2,4) (EXTAL or crystal
crystal resonator resonator) x 4

e Mode 6

The frequency of the signal received from the EXTAL pin or crystal oscillator is quadrupled
by the PLL circuit 2 before it is supplied to the LST as the clock signal. This allows a crystal
with a lower frequency to be used. Either a crystal resonator with a frequency in the range
from 8 to 10 MHz or an external signal in the same frequency range input on the EXTAL pin
can be used. When the CK output is in use, the frequency range is from 32 to 40 MHz. When
an input signal on the EXTAL pin is in use, the XTAL pin should be left open.
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Table 4.3  Relationship between Clock Operating Mode and Frequency Range
PLL Frequency  Ratio of
Clock Multiplier Internal Clock Selectable Frequency Range (MHz)
Operating FRQCR  pLL PLL Frequencies Output Clock Internal Clock Bus Clock Peripheral
Mode Setting  Circuit1 Circuit2 (I:B:P)*' Input Clock**  (CK Pin) (19) (Bb) Clock (P¢)
6 H1000 On(x1) On(x4) 4:4:4 810 10 3210 40 3210 40 3210 40 3210 40
H1001  On(x1) On(x4) 442 810 10 3210 40 3210 40 3210 40 1610 20
H1003 On(x1) On(x4) 4:4:1 810 10 3210 40 3210 40 3210 40 81010
H'1005  On(x1) On(x4) 4:4:1/2 810 10 3210 40 3210 40 3210 40 4t05
H1101  On(x2) On(x4) 8:4:4 810 10 3210 40 64 to 80 3210 40 3210 40
H'1103 On(x2) On(x4) 842 810 10 3210 40 64 to 80 3210 40 1610 20
H1106  On(x2) On(x4) 8:4:1 810 10 3210 40 64 to 80 3210 40 81010
H1111  On(x2) On(x4) 444 810 10 3210 40 3210 40 3210 40 3210 40
H11183  On(x2) On(x4) 442 810 10 3210 40 3210 40 3210 40 1610 20
H1115  On(x2) On(x4) 4:4:1 810 10 3210 40 3210 40 3210 40 81010
H'1303 On(x4) On(x4) 16:4:4 810 10 3210 40 128 to 160 3210 40 3210 40
H'1305 On(x4) On(x4) 16:4:2 810 10 3210 40 128 to 160 3210 40 1610 20
H'1313  On(x4) On(x4) 844 810 10 3210 40 64 to 80 3210 40 3210 40
H'1315  On(x4) On(x4) 842 810 10 3210 40 64 to 80 3210 40 1610 20
H'1333  On(x4) On(x4) 444 810 10 3210 40 3210 40 3210 40 3210 40
H'1335 On(x4) On(x4) 442 810 10 3210 40 3210 40 3210 40 1610 20
Notes: 1. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.
2. The frequency of the clock input from the EXTAL pin or the frequency of the crystal resonator.
Caution: 1. The frequency of the internal clock (l¢) is the frequency of the signal input to the CK pin after
multiplication by the frequency-multiplier of PLL circuit 1 and division by the divider's divisor. Set
the frequency of the internal clock to 160 MHz or less but not less than the frequency of the
signal on the CK pin.

2. The frequency of the peripheral clock (P¢) is the frequency of the signal input to the CK pin after
multiplication by the frequency-multiplier of PLL circuit 1 and division by the divider's divisor. Set
the frequency of the peripheral clock to 40 MHz or less. In addition, do not set a higher
frequency for the internal clock than the frequency on the CK pin.

3. The frequency multiplier of PLL circuit 1 can be selected as x1, x2, or x4. The divisor of the
divider can be selected as x1, x1/2, x1/4, or x1/8. The settings are made in the frequency-
control register (FRQCR).

4. The signal output by PLL circuit 1 is the signal on the CK pin multiplied by the frequency

multiplier of PLL circuit 1. Ensure that the frequency of the signal from PLL circuit 1 is no more
than 160 MHz.
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4.4 Register Descriptions
The clock pulse generator has the following registers.

Table 4.4  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Frequency control register FRQCR R/W H'1003 H'FFFEO010 16

MTU2S clock frequency MCLKCR R/W H'43 H'FFFE0410 8

control register

AD clock frequency control  ACLKCR R/W H'43 H'FFFEO414 8

register

4.4.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the
CK pin in software standby mode, the frequency multiplication ratio of PLL circuit 1, and the
frequency division ratio of the internal clock (I¢) and peripheral clock (P$). Only word access can
be used on FRQCR.

FRQCR is initialized to H'1003 only by a power-on reset. FRQCR retains its previous value by a
manual reset or in software standby mode. The previous value is also retained when an internal
reset is triggered by an overflow of the WDT.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘CKOEN‘ - ‘ - ‘ STC[1:0] ‘ - ‘ IFC[2:0] ‘ RNGS ‘ PFC[2:0]
Initial value: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1

R/W: R R R R/W R R RW  R/W R RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15t0 13 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit

Bit Name

Initial
Value

R/W

Description

12

CKOEN

1

R/W

Clock Output Enable

Specifies whether a clock is output on the CK pin, or
the CK pin is placed in the level-fixed state during
software standby mode or when exiting software
standby mode.

If this bit is cleared to 0, the CK pin is fixed to the low
level during software standby mode or when exiting
software standby mode. Therefore, the malfunction of
an external circuit because of an unstable CK clock
upon exit from software standby mode can be
prevented.

0: The CK pin is fixed to the low level during software
standby mode or when exiting software standby
mode.

1: Clock is output from the CK pin (placed in the high-
impedance state during software standby mode).

11,10

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

9,8

STC[1:0]

00

R/W

Frequency multiplication ratio of PLL circuit 1
00: x 1 time

01: x 2 times

10: Setting prohibited

11: x 4 times

Reserved

This bit is always read as 0. The write value should
always be 0.

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

6to4

IFC[2:0]

000

R/W

Internal Clock (I¢) Frequency Division Ratio

These bits specify the frequency division ratio of the
internal clock with respect to the output frequency of
PLL circuit 1.

If a prohibited value is specified, correct operation
cannot be guaranteed.

000: x 1 time

001: x 1/2 time

011: x 1/4 time

Other than above: Setting prohibited

RNGS

0

R/W

Set this bit according to the output frequency of PLL
circuit 1.

0: High-frequency mode

1: Low-frequency mode

Always specify high-frequency mode for this LSI.
Do not set this bit to 1.

2100

PFC[2:0]

011

R/W

Peripheral Clock (P¢) Frequency Division Ratio

These bits specify the frequency division ratio of the
peripheral clock with respect to the output frequency
of PLL circuit 1.

If a prohibited value is specified, correct operation
cannot be guaranteed.

000: x 1 time

001: x 1/2 time

011: x 1/4 time

101: x 1/8 time

Other than above: Setting prohibited
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4.4.2 MTU2S Clock Frequency Control Register (MCLKCR)
MCLKCR is an 8-bit readable/writable register. Only byte access can be used on MCLKCR.

MCLKCR is initialized to H'43 only by a power-on reset. MCLKCR retains its previous value by
a manual reset or in software standby mode.

Bit: 7 6 5 4 3 2 1 0
[ wsscsioy | - [ - | - | - | wmsowsitg
Initial value: 0 1 0 0 0 0 1 1

RW: RW RW R R R R RW  R/W

Initial
Bit Bit Name Value R/W Description
7,6 MSSCS[1:0] 01 R/W Source Clock Select

These bits select the source clock.

00: Clock stop

01: PLL1 output clock

10: Reserved (setting prohibited)

11: Reserved (setting prohibited)
5t02 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 MSDIVS[1:0] 11 R/W Division Ratio Select

These bits specify the frequency division ratio of the
source clock. Set these bits so that the output clock is
80 MHz or less, and also an integer multiple of the
peripheral clock frequency (P¢).

00: x 1 time

01: x 1/2 time

10: Setting prohibited
11: x 1/4 time
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4.4.3 AD Clock Frequency Control Register (ACLKCR)

ACLKCR is an 8-bit readable/writable register that can be accessed only in byte units. ACLKCR
is only initialized to H'43 by a power-on reset, but retains its previous value by a manual reset or

in software standby mode.

Bitt 7 6 5 4 3 2 1 0
[ asscsiror | - [ - [ - | - | asowsiro
Initial value: 0 1 0 0 0 0 1 1
RW: RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W Description
7,6 ASSCS[1:0] 01 R/W Source Clock Select
These bits select the source clock.
00: Clock stoppage
01: PLL1 output clock
10: Reserved (setting prohibited)
11: Reserved (setting prohibited)
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 ASDIVS[1:0] 11 R/W Division Ratio Select

These bits specify the frequency division ratio of the
source clock. Set these bits so that the output clock is
40 MHz or less, and also an integer multiple of the
peripheral clock frequency (P¢).

00: x 1 time
01: x 1/2 time
10: Setting prohibited
11: x 1/4 time
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4.5 Changing the Frequency

The frequency of the internal clock (I$) and peripheral clock (P¢) can be changed either by
changing the multiplication rate of PLL circuit 1 or by changing the division rates of divider. All
of these are controlled by software through the frequency control register (FRQCR). The methods
are described below.

4.5.1 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. When the
multiplication rate is changed, the LSI temporarily stops automatically and the internal watchdog
timer (WDT) starts counting the settling time. When the count of the WDT overflows, the LSI
restarts operating with the set clock frequency. The following shows this setting procedure.

1. In the initial state, the multiplication rate of PLL circuit 1 is 1 time.

2. Set a value that will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:

WTCSR.TME = 0: WDT stops

WTCSR.CKSJ[2:0]: Division ratio of WDT count clock

WTCNT counter: Initial counter value

For setting of the counter, determine the overflow period with the frequency after the
peripheral clock (P¢) setting change.

3. Set the desired value in the STC[1:0] bits. The division ratio can also be set in the IFC[2:0] and
PFC[2:0] bits.

4. This LSI pauses temporarily and the WDT starts incrementing. The internal and peripheral
clocks both stop and the WDT is supplied with the clock. The clock will continue to be output
at the CK pin. This state is the same as software standby mode. Whether or not registers are
initialized depends on the module. For details, see table 23.4 in section 23, Power-Down
Modes.

5. Supply of the clock that has been set begins at WDT count overflow, and this LSI begins
operating again. The WDT stops counting after it overflows.
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4.5.2 Changing the Division Ratio

Counting by the WDT does not proceed if the frequency divisor is changed but the multiplier is
not.

1. In the initial state, IFC[2:0] = B'000 and PFC[2:0] = B'011.

2. Set the desired value in the IFC[2:0] and PFCJ[2:0] bits. The values that can be set are limited
by the clock operating mode and the multiplication rate of PLL circuit 1. Note that if the
wrong value is set, this LSI will malfunction.

3. After the register bits (IFC[2:0] and PFC[2:0]) have been set, the clock is supplied of the new
division ratio.

Note: When executing the SLEEP instruction after the frequency has been changed, be sure to
read the frequency control register (FRQCR) three times before executing the SLEEP
instruction.
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4.6 Notes on Board Design

4.6.1 Note on Using an External Crystal Resonator

Place the crystal resonator and capacitors CL1 and CL2 as close to the XTAL and EXTAL pins as
possible. In addition, to minimize induction and thus obtain oscillation at the correct frequency,
the capacitors to be attached to the resonator must be grounded to the same ground. Do not bring
wiring patterns close to these components.

Signal lines prohibited

© o CL2 7J7' E Reference value
s e ] CL1 =20 pF
N o (N CL2 =20 pF
EXTAL XTAL ' Note: The values for CL1 and CL2
should be determined after
consultation with the crystal
This LSI resonator manufacturer.

Figure 4.2 Note on Using a Crystal Resonator

4.6.2 Note on Bypass Capacitor

A multilayer ceramic capacitor should be inserted for each pair of Vss and Vcc as a bypass
capacitor as many as possible. The bypass capacitor must be inserted as close to the power supply
pins of the LSI as possible. Note that the capacitance and frequency characteristics of the bypass
capacitor must be appropriate for the operating frequency of the LSI.

4.6.3 Note on Using a PLL Oscillation Circuit

In the PLLVcc and PLLVss connection pattern for the PLL, signal lines from the board power
supply pins must be as short as possible and pattern width must be as wide as possible to reduce
inductive interference.

Since the analog power supply pins of the PLL are sensitive to the noise, the system may
malfunction due to inductive interference at the other power supply pins. To prevent such
malfunction, the analog power supply pin Vcc and digital power supply pin VccQ should not
supply the same resources on the board if at all possible.
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Signal lines prohibited

Power supply

PLLVcec Vce

PLLVss -|- Vss

Figure 4.3 Note on Using a PLL Oscillation Circuit
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Section 5 Exception Handling

5.1 Overview

511 Types of Exception Handling and Priority

Exception handling is started by sources, such as resets, address errors, register bank errors,
interrupts, and instructions. Table 5.1 shows their priorities. When several exception handling
sources occur at once, they are processed according to the priority shown.

Table 5.1 Types of Exception Handling and Priority Order
Type Exception Handling Priority
Reset Power-on reset High
Manual reset 4
Address CPU address error
error DMAC address error
Instruction  Integer division exception (division by zero)
Integer division exception (overflow)
Register Bank underflow
bank error Bank overflow
Interrupt NMI
User break
H-UDI
IRQ
On-chip peripheral modules A/D converter (ADC)
Direct memory access controller (DMAC)
Compare match timer (CMT)
Bus state controller (BSC)
Watchdog timer (WDT)
Multi-function timer pulse unit 2 (MTU2)
Port output enable 2 (POE2): OEI1 and v
OEI2 interrupts Low
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Type Exception Handling Priority

Interrupt On-chip peripheral modules  Multi-function timer pulse unit 2S (MTU2S) High
A

Port output enable 2 (POE2): OEI3
interrupt

I’C bus interface 3 (1IC3)

Serial communication interface with FIFO
(SCIF)

Instruction  Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

Slot illegal instructions (undefined code placed directly after a delayed
branch instruction*', instructions that rewrite the PC*?, 32-bit

instructions*®, RESBANK instruction, DIVS instruction, and DIVU v
instruction) Low
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N.

3. 32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B, BLDNOT.B, BOR.B,

BORNOT.B, BSET.B, BST.B, BXOR.B, MOV.B@disp12, MOV.W@disp12,
MOV.L@disp12, MOVI20, MOVI20S, MOVU.B, MOVU.W.
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5.1.2 Exception Handling Operations

The exception handling sources are detected and begin processing according to the timing shown

in table 5.2.

Table 5.2  Timing of Exception Source Detection and Start of Exception Handling

Exception Source

Timing of Source Detection and Start of Handling

Reset Power-on reset

Starts when the RES pin changes from low to high, when the
H-UDI reset negate command is set after the H-UDI reset
assert command has been set, or when the WDT overflows.

Manual reset

Starts when the MRES pin changes from low to high or when
the WDT overflows.

Address error

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Interrupts

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Register bank Bank underflow
error

Starts upon attempted execution of a RESBANK instruction
when saving has not been performed to register banks.

Bank overflow

In the state where saving has been performed to all register
bank areas, starts when acceptance of register bank overflow
exception has been set by the interrupt controller (the BOVE bit
in IBNR of the INTC is 1) and an interrupt that uses a register
bank has occurred and been accepted by the CPU.

Instructions Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal

Starts from the decoding of undefined code anytime except

instructions immediately after a delayed branch instruction (delay slot).
Slot illegal Starts from the decoding of undefined code placed immediately
instructions after a delayed branch instruction (delay slot), of instructions

that rewrite the PC, of 32-bit instructions, of the RESBANK
instruction, of the DIVS instruction, or of the DIVU instruction.

Integer division
instructions

Starts when detecting division-by-zero exception or overflow
exception caused by division of the negative maximum value
(H'80000000) by —1.
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When exception handling starts, the CPU operates as follows:
(1) Exception Handling Triggered by Reset

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception handling vector table (PC and SP are respectively the H'00000000 and H'00000004
addresses for power-on resets and the H'00000008 and H'0000000C addresses for manual resets).
See section 5.1.3, Exception Handling Vector Table, for more information. The vector base
register (VBR) is then initialized to H'00000000, the interrupt mask level bits (I3 to 10) of the
status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are initialized. The BN
bit in IBNR of the interrupt controller (INTC) is also initialized to 0. The program begins running
from the PC address fetched from the exception handling vector table.

(2) Exception Handling Triggered by Address Errors, Register Bank Errors, Interrupts,
and Instructions

SR and PC are saved to the stack indicated by R15. In the case of interrupt exception handling
other than NMI or UBC with usage of the register banks enabled, general registers RO to R14,
control register GBR, system registers MACH, MACL, and PR, and the vector number of the
interrupt exception handling to be executed are saved to the register banks. In the case of
exception handling due to an address error, register bank error, NMI interrupt, UBC interrupt, or
instruction, saving to a register bank is not performed. When saving is performed to all register
banks, automatic saving to the stack is performed instead of register bank saving. In this case, an
interrupt controller setting must have been made so that register bank overflow exceptions are not
accepted (the BOVE bit in IBNR of the INTC is 0). If a setting to accept register bank overflow
exceptions has been made (the BOVE bit in IBNR of the INTC is 1), register bank overflow
exception will be generated. In the case of interrupt exception handling, the interrupt priority level
is written to the I3 to IO bits in SR. In the case of exception handling due to an address error or
instruction, the I3 to I0 bits are not affected. The start address is then fetched from the exception
handling vector table and the program begins running from that address.
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5.1.3 Exception Handling Vector Table

Before exception handling begins running, the exception handling vector table must be set in
memory. The exception handling vector table stores the start addresses of exception service
routines. (The reset exception handling table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception handling, the start addresses of
the exception service routines are fetched from the exception handling vector table, which is
indicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are calculated.

Table 5.3 Exception Handling Vector Table

Vector
Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000 to H'00000003
SP 1 H'00000004 to H'00000007
Manual reset PC 2 H'00000008 to H'0000000B
SP 3 H'0000000C to H'0000000F
General illegal instruction 4 H'00000010 to H'00000013
(Reserved by system) 5 H'00000014 to H'00000017
Slot illegal instruction 6 H'00000018 to H'0000001B
(Reserved by system) 7 H'0000001C to H'0000001F
8 H'00000020 to H'00000023
CPU address error 9 H'00000024 to H'00000027
DMAC address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033
(Reserved by system) 13 H'00000034 to H'00000037
H-UDI 14 H'00000038 to H'0000003B
Bank overflow 15 H'0000003C to H'0000003F
Bank underflow 16 H'00000040 to H'00000043
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Vector
Exception Sources Numbers Vector Table Address Offset
Integer division exception 17 H'00000044 to H'00000047
(division by zero)
Integer division exception (overflow) 18 H'00000048 to H'0000004B
(Reserved by system) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
External interrupts (IRQ), 64 H'00000100 to H'00000103
on-chip peripheral module interrupts* _
511 H'000007FC to H'000007FF

Note: * The vector numbers and vector table address offsets for each external interrupt and on-
chip peripheral module interrupt are given in table 6.4 in section 6, Interrupt Controller

(INTC).

Table 5.4  Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

Resets Vector table address = (vector table address offset)

(vector number) x 4

Address errors, register bank Vector table address

errors, interrupts, instructions

= VBR + (vector table address offset)
= VBR + (vector number) x 4

Notes: 1. Vector table address offset: See table 5.3.

2. Vector number: See table 5.3.
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5.2 Resets

5.2.1 Types of Reset

A reset is the highest-priority exception handling source. There are two kinds of reset, power-on
and manual. As shown in table 5.5, the CPU state is initialized in both a power-on reset and a
manual reset. On-chip peripheral module registers are initialized by a power-on reset, but not by a
manual reset.

Table 5.5 Exception Source Detection and Exception Handling Start Timing

Conditions for Transition to Reset State Internal States
On-Chip
RES or WDT Peripheral WRCSR of WDT,
Type MRES H-UDI Command Overflow CPU Modules, I/0O Port FRQCR of CPG
Power-on Low — — Initialized Initialized Initialized
reset High H-UDI reset assert — Initialized  Initialized Initialized
command is set
High Command other Power-on Initialized Initialized Not initialized
than H-UDI reset  reset
assert is set
Manual Low — — Initialized Not initialized* Not initialized
reset High — Manual Initialized Not initialized* Not initialized
reset

Note: * The BN bit in IBNR of the INTC is initialized.
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5.2.2 Power-On Reset
(1) Power-On Reset by Means of RES Pin

When the RES pin is driven low, this LSI enters the power-on reset state. To reliably reset this
LSI, the RES pin should be kept at the low level for the duration of the oscillation settling time at
power-on or when in software standby mode (when the clock is halted), or at least 20-tcyc when
the clock is running. In the power-on reset state, the internal state of the CPU and all the on-chip
peripheral module registers are initialized. See appendix A, Pin States, for the status of individual
pins during the power-on reset state.

In the power-on reset state, power-on reset exception handling starts when the RES pin is first
driven low for a fixed period and then returned to high. The CPU operates as follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are
initialized. The BN bit in IBNR of the INTC is also initialized to O.

4. The values fetched from the exception handling vector table are set in the PC and SP, and the
program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.
(2) Power-On Reset by Means of H-UDI Reset Assert Command

When the H-UDI reset assert command is set, this LSI enters the power-on reset state. Power-on
reset by means of an H-UDI reset assert command is equivalent to power-on reset by means of the
RES pin. Setting the H-UDI reset negate command cancels the power-on reset state. The time
required between an H-UDI reset assert command and H-UDI reset negate command is the same
as the time to keep the RES pin low to initiate a power-on reset. In the power-on reset state
generated by an H-UDI reset assert command, setting the H-UDI reset negate command starts
power-on reset exception handling. The CPU operates in the same way as when a power-on reset
was caused by the RES pin.
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(3) Power-On Reset Initiated by WDT

When a setting is made for a power-on reset to be generated in the WDT’s watchdog timer mode,
and WTCNT of the WDT overflows, this LSI enters the power-on reset state.

In this case, WRCSR of the WDT and FRQCR of the CPG are not initialized by the reset signal
generated by the WDT.

If a reset caused by the RES pin or the H-UDI reset assert command occurs simultaneously with a
reset caused by WDT overflow, the reset caused by the RES pin or the H-UDI reset assert
command has priority, and the WOVF bit in WRCSR is cleared to 0. When power-on reset
exception processing is started by the WDT, the CPU operates in the same way as when a power-
on reset was caused by the RES pin.
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5.2.3 Manual Reset
(1) Manual Reset by Means of MRES Pin

When the MRES pin is driven low, this LSI enters the manual reset state. To reset this LSI without
fail, the MRES pin should be kept at the low level for at least 20-tcyc. In the manual reset state,
the CPU’s internal state is initialized, but all the on-chip peripheral module registers are not
initialized. In the manual reset state, manual reset exception handling starts when the MRES pin is
first driven low for a fixed period and then returned to high. The CPU operates as follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to HF (B'1111), and the BO and CS bits are
initialized. The BN bit in IBNR of the INTC is also initialized to 0.

4. The values fetched from the exception handling vector table are set in the PC and SP, and the
program begins executing.

(2) Manual Reset Initiated by WDT

When a setting is made for a manual reset to be generated in the WDT’s watchdog timer mode,
and WTCNT of the WDT overflows, this LSI enters the manual reset state.

When manual reset exception processing is started by the WDT, the CPU operates in the same
way as when a manual reset was caused by the MRES pin.

When a manual reset is generated, the bus cycle is retained, but if a manual reset occurs while the
bus is released or during DMAC burst transfer, manual reset exception handling will be deferred
until the CPU acquires the bus. However, if the interval from generation of the manual reset until
the end of the bus cycle is equal to or longer than the fixed internal manual reset interval cycles,
the internal manual reset source is ignored instead of being deferred, and manual reset exception
handling is not executed.
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5.3 Address Errors

5.3.1 Address Error Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 5.6.

Table 5.6 Bus Cycles and Address Errors

Bus Cycle

Bus
Type Master

Bus Cycle Description

Address Errors

Instruction CPU
fetch

Instruction fetched from even address

None (normal)

Instruction fetched from odd address

Address error occurs

Instruction fetched from other than on-chip
peripheral module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*

None (normal)

Instruction fetched from on-chip peripheral
module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*

Address error occurs

Instruction fetched from external memory
space in single-chip mode

Address error occurs

Data CPU or
read/write DMAC

Word data accessed from even address

None (normal)

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword
boundary

None (normal)

Longword data accessed from other than a
long-word boundary

Address error occurs

Byte or word data accessed in on-chip
peripheral module space*

None (normal)

Longword data accessed in 16-bit on-chip
peripheral module space*

None (normal)

Longword data accessed in 8-bit on-chip
peripheral module space*

None (normal)

Instruction fetched from external memory
space in single-chip mode

Address error occurs

Note: * See section 8, Bus State Controller (BSC), for details of the on-chip peripheral module
space and on-chip RAM space.
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5.3.2 Address Error Exception Handling

When an address error occurs, the bus cycle in which the address error occurred ends*. When the
executing instruction then finishes, address error exception handling starts. The CPU operates as
follows:

1. The exception service routine start address which corresponds to the address error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.
3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

4. After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.

Note: * This is the case in which an address error was caused by data read or write. When an
address error is caused by an instruction fetch, and if the bus cycle in which the address
error occurred does not end by step 3 above, the CPU restarts the address error
exception handling until the bus cycle ends.
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54 Register Bank Errors

54.1 Register Bank Error Sources
(1) Bank Overflow

In the state where saving has already been performed to all register bank areas, bank overflow
occurs when acceptance of register bank overflow exception has been set by the interrupt
controller (the BOVE bit in IBNR of the INTC is set to 1) and an interrupt that uses a register
bank has occurred and been accepted by the CPU.

(2) Bank Underflow

Bank underflow occurs when an attempt is made to execute a RESBANK instruction while saving
has not been performed to register banks.

54.2 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. The CPU operates
as follows:

1. The exception service routine start address which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a bank overflow, and the start
address of the executed RESBANK instruction for a bank underflow.

To prevent multiple interrupts from occurring at a bank overflow, the interrupt priority level
that caused the bank overflow is written to the interrupt mask level bits (I3 to I0) of the status
register (SR).

4. After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.
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5.5 Interrupts

5.5.1 Interrupt Sources

Table 5.7 shows the sources that start up interrupt exception handling. These are divided into
NMI, user breaks, H-UDI, IRQ, and on-chip peripheral modules.

Table 5.7 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI User debugging interface (H-UDI) 1
IRQ IRQO to IRQ7 pins (external input) 8
On-chip peripheral module  A/D converter (ADC) 1
Direct memory access controller (DMAC) 16
Compare match timer (CMT) 2
Bus state controller (BSC) 1
Watchdog timer (WDT) 1
Multi-function timer pulse unit 2 (MTU2) 26
Multi-function timer pulse unit 2S (MTU2S) 13
Port output enable 2 (POE2) 3
I’C bus interface 3 (1IC3) 5
Serial communication interface with FIFO (SCIF) 16

Each interrupt source is allocated a different vector number and vector table offset. See table 6.4
in section 6, Interrupt Controller (INTC), for more information on vector numbers and vector table
address offsets.
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5.5.2 Interrupt Priority Level

The interrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlap), the interrupt controller (INTC) determines their relative priorities and starts processing
according to the results.

The priority order of interrupts is expressed as priority levels O to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is
always accepted. The user break interrupt and H-UDI interrupt priority level is 15. Priority levels
of IRQ interrupts, and on-chip peripheral module interrupts can be set freely using the interrupt
priority registers 01, 02, and 05 to 15 (IPRO1, IPR02, and IPROS to IPR15) of the INTC as shown
in table 5.8. The priority levels that can be set are 0 to 15. Level 16 cannot be set. See section
6.3.1, Interrupt Priority Registers 01, 02, 05 to 15 (IPRO1, IPR02, IPROS to IPR15), for details of
IPRO1, IPR02, and IPROS5 to IPR15.

Table 5.8  Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ Oto 15 Set with interrupt priority registers 01, 02, and 05
On-chip peripheral module to 15 (IPRO1, IPR02, and IPRO5 to IPR15).
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553 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask level bits (I3 to 10) of the status register (SR).

When an interrupt is accepted, interrupt exception handling begins. In interrupt exception
handling, the CPU fetches the exception service routine start address which corresponds to the
accepted interrupt from the exception handling vector table, and saves SR and the program counter
(PC) to the stack. In the case of interrupt exception handling other than NMI or UBC with usage
of the register banks enabled, general registers RO to R14, control register GBR, system registers
MACH, MACL, and PR, and the vector number of the interrupt exception handling to be executed
are saved in the register banks. In the case of exception handling due to an address error, NMI
interrupt, UBC interrupt, or instruction, saving is not performed to the register banks. If saving has
been performed to all register banks (0 to 14), automatic saving to the stack is performed instead
of register bank saving. In this case, an interrupt controller setting must have been made so that
register bank overflow exceptions are not accepted (the BOVE bit in IBNR of the INTC is 0). If a
setting to accept register bank overflow exceptions has been made (the BOVE bit in IBNR of the
INTC is 1), register bank overflow exception occurs. Next, the priority level value of the accepted
interrupt is written to the I3 to 10 bits in SR. For NMI, however, the priority level is 16, but the
value set in the I3 to 10 bits is H'F (level 15). Then, after jumping to the start address fetched from
the exception handling vector table, program execution starts. The jump that occurs is not a
delayed branch. See section 6.6, Operation, for further details of interrupt exception handling.
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5.6 Exceptions Triggered by Instructions

5.6.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, general illegal instructions, slot illegal
instructions, and integer division exceptions, as shown in table 5.9.

Table 5.9  Types of Exceptions Triggered by Instructions

Type

Source Instruction

Comment

Trap instruction

TRAPA

Slot illegal
instructions

Undefined code placed
immediately after a delayed
branch instruction (delay slot),
instructions that rewrite the PC,
32-bit instructions, RESBANK
instruction, DIVS instruction, and
DIVU instruction

Delayed branch instructions: JMP, JSR,
BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF

Instructions that rewrite the PC: JMP, JSR,
BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N

32-bit instructions: BAND.B, BANDNOT.B,
BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B,
MOV.B@disp12, MOV.W@disp12,
MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, MOVU.W.

General illegal
instructions

Undefined code anywhere
besides in a delay slot

Integer division
exceptions

Division by zero

DIVU, DIVS

Negative maximum value + (-1)

DIVS
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5.6.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception handling starts. The CPU
operates as follows:

1.

The exception service routine start address which corresponds to the vector number specified
in the TRAPA instruction is fetched from the exception handling vector table.

The status register (SR) is saved to the stack.

The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.

5.6.3 Slot Illegal Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in a delay
slot. When the instruction placed in the delay slot is undefined code, an instruction that rewrites
the PC, a 32-bit instruction, an RESBANK instruction, a DIVS instruction, or a DIVU instruction,
slot illegal exception handling starts when such kind of instruction is decoded. The CPU operates
as follows:

1. The exception service routine start address is fetched from the exception handling vector table.

The status register (SR) is saved to the stack.

The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code, the instruction that rewrites
the PC, the 32-bit instruction, the RESBANK instruction, the DIVS instruction, or the DIVU
instruction.

After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.
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5.6.4 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., in a delay slot) is decoded, general illegal instruction exception handling starts. The CPU
handles general illegal instructions in the same way as slot illegal instructions. Unlike processing
of slot illegal instructions, however, the program counter value stored is the start address of the
undefined code.

5.6.5 Integer Division Instructions

When an integer division instruction performs division by zero or the result of integer division
overflows, integer division instruction exception handling starts. The instructions that may become
the source of division-by-zero exception are DIVU and DIVS. The only source instruction of
overflow exception is DIVS, and overflow exception occurs only when the negative maximum
value is divided by —1. The CPU operates as follows:

1. The exception service routine start address which corresponds to the integer division
instruction exception that occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.
The program counter (PC) is saved to the stack. The PC value saved is the start address of the
integer division instruction at which the exception occurred.

4. After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.
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5.7 When Exception Sources Are Not Accepted

When an address error, register bank error (overflow), or interrupt is generated immediately after a
delayed branch instruction, it is sometimes not accepted immediately but stored instead, as shown
in table 5.10. When this happens, it will be accepted when an instruction that can accept the
exception is decoded.

Table 5.10 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Register Bank Error
Point of Occurrence Address Error (Overflow) Interrupt

Immediately after a delayed  Not accepted Not accepted Not accepted
branch instruction”

Note: * Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF
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5.8 Stack Status after Exception Handling Ends
The status of the stack after exception handling ends is as shown in table 5.11.

Table 5.11 Stack Status After Exception Handling Ends

Exception Type Stack Status
Address error E iy
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
Interrupt E iy
SP » Address of mst_ructlon _ 32 bits
after executed instruction
SR 32 bits
Register bank error (overflow) F T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
Register bank error (underflow) F T
Start address of relevant .
SP > RESBANK instruction 82 bits
SR 32 bits
Trap instruction E y
Address of instruction .
SP ™ 4fter TRAPA instruction 32 bits
SR 32 bits
Slot illegal instruction F T
Jump destination address .
SP > of delayed branch instruction 32 bits
SR 32 bits
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Exception Type Stack Status
General illegal instruction F T
Start address of general )
SP > illegal instruction 32 bits
SR 32 bits
Integer division instruction F T
Start address of relevant .
SP > integer division instruction 32 bits
SR 32 bits
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5.9 Usage Notes

5.9.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception handling.

5.9.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception handling.

5.9.3 Address Errors Caused by Stacking of Address Error Exception Handling

When the stack pointer is not a multiple of four, an address error will occur during stacking of the
exception handling (interrupts, etc.) and address error exception handling will start up as soon as
the first exception handling is ended. Address errors will then also occur in the stacking for this
address error exception handling. To ensure that address error exception handling does not go into
an endless loop, no address errors are accepted at that point. This allows program control to be
shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. During stacking of the status register (SR) and program counter (PC), the SP is
decremented by 4 for both, so the value of SP will not be a multiple of four after the stacking
either. The address value output during stacking is the SP value, so the address where the error
occurred is itself output. This means the write data stacked will be undefined.
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Section 6 Interrupt Controller (INTC)

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

6.1 Features

e 16 levels of interrupt priority can be set

By setting the thirteen interrupt priority registers, the priorities of IRQ interrupts and on-chip
peripheral module interrupts can be selected from 16 levels for request sources.

e NMI noise canceler function
An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt
exception service routine, the pin state can be checked, enabling it to be used as the noise
canceler function.

e Occurrence of interrupt can be reported externally (IRQOUT pin)
For example, when this LSI has released the bus mastership, this LSI can inform the external
bus master of occurrence of an on-chip peripheral module interrupt and request for the bus
mastership.

e Register banks
This LSI has register banks that enable register saving and restoration required in the interrupt
processing to be performed at high speed.
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Figure 6.1 shows a block diagram of the INTC.

TRQOUT ~=- 5
NMI ——— = =
IRQ7 to IRQ0 ——{ Input control == - H
E (Interrupt request) A E
uBC T - - |
H-UDI E (Interrupt request) - - E
DMAC ' (Interrupt request) - - ' Interrupt
omT o (nterrupt request) - - g:rf:t-or - request
BSC ; (Interrupt request) »| cPU/ - :
wDT . (Interrupt request) »| DMAC ot i SR
MTU2 —(Interrupt request) »| interrupt - id(:r?tirfligr i 13 m
MTU2S ! (Interrupt request) | requests - !
pOEs . (Interrupt request) | identifier - ; CPU
ADC E (Interrupt request) - - E
ca : (Interrupt request) > > E
SCIF ' (Interrupt request) > > !
WAVEIF : (Interrupt request) - > E
E A E
| Y 5
A | O | ﬁﬁ :
E IRQRR [ PR ]
| IPRO1, IPR02, .
: [ mcr [[ iBNR | IPRO5 to IPR15 :
, \ 5
! [] O ' @
i Module bus > _ Bus | 2
! interface - o
: : 3
B e e INTC -------------mmmmmmmmmmmmm oo
[Legend]
UBC: User break controller ICRO: Interrupt control register 0
H-UDI:  User debugging interface ICR1: Interrupt control register 1
DMAC: Direct memory access controller IRQRR: IRQ interrupt request register
CMT: Compare match timer IBCR: Bank control register
BSC: Bus state controller IBNR: Bank number register
WDT: Watchdog timer IPRO1, 02, 05 to 15: Interrupt priority registers 01, 02,
MTU2:  Multi-function timer pulse unit 2 05to 15
MTU2S: Multi-function timer pulse unit 2S
POE2: Port output enable 2
ADC: A/D converter
1IC3: 12C bus interface 3
SCIF: Serial communication interface with FIFO

WAVEIF: WAVE interface

Figure 6.1 Block Diagram of INTC
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6.2 Input/Output Pins
Table 6.1 shows the pin configuration of the INTC.

Table 6.1 Pin Configuration

Pin Name Symbol /0 Function

Nonmaskable interrupt input ~ NMI Input Input of nonmaskable interrupt

pin request signal

Interrupt request input pins IRQ7 to IRQO Input Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT Output  Output of signal to report occurrence

of interrupt source
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6.3 Register Descriptions

The INTC has the following registers. These registers are used to set the interrupt priorities and
control detection of the external interrupt input signal.

Table 6.2  Register Configuration
Initial Access

Register Name Abbreviation R/W Value Address Size
Interrupt control register 0 ICRO R/W ! H'FFFE0800 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFE0802 16, 32
IRQ interrupt request register IRQRR R/(W)**  H'0000 H'FFFE0806 16, 32
Bank control register IBCR R/W H'0000 H'FFFEO80C 16, 32
Bank number register IBNR R/W H'0000 H'FFFEO80E 16, 32
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFE0818 16, 32
Interrupt priority register 02 IPR0O2 R/W H'0000 H'FFFEO81A 16, 32
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFE0820 16, 32
Interrupt priority register 06 IPRO6 R/W H'0000 H'FFFEOC00 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOC02 16, 32
Interrupt priority register 08 IPR0O8 R/W H'0000 H'FFFEOC04 16, 32
Interrupt priority register 09 IPR0O9 R/W H'0000 H'FFFEOC06 16, 32
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFEOC08 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFEOCOA 16, 32
Interrupt priority register 12 IPR12 R/W H'0000 H'FFFEOCOC 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFEOCOE 16, 32
Interrupt priority register 14 IPR14 R/W H'0000 H'FFFEOC10 16, 32
Interrupt priority register 15 IPR15 R/W H'0000 H'FFFEOC12 16, 32

Notes: Two access cycles are needed for word access, and four access cycles for longword

access.

1. When the NMI pin is high, becomes H'8000; when low, becomes H'0000.
2. Only 0 can be written after reading 1, to clear the flag.
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6.3.1 Interrupt Priority Registers 01, 02, 05 to 15 (IPR01, IPR02, IPRO05 to IPR15)

IPRO1, IPRO2, and IPROS5 to IPR15 are 16-bit readable/writable registers in which priority levels
from O to 15 are set for IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts.

Table 6.3 shows the correspondence between the interrupt request sources and the bits in IPRO1,
IPRO2, and IPROS to IPR15.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Table 6.3 Interrupt Request Sources and IPR01, IPR02, and IPROS to IPR1S5
Register Name  Bits 15to 12 Bits 11t0 8 Bits 7 to 4 Bits3to 0
Interrupt priority ~ IRQO IRQ1 IRQ2 IRQ3
register 01
Interrupt priority  IRQ4 IRQ5 IRQ6 IRQ7
register 02
Interrupt priority ~ Reserved Reserved ADI Reserved
register 05
Interrupt priority DMACO DMACH1 DMAC2 DMAC3
register 06
Interrupt priority DMAC4 DMAC5 DMAC6 DMAC7
register 07
Interrupt priority ~ CMTO CMT1 BSC WDT
register 08
Interrupt priority MTUO MTUO MTUA1 MTUA1
register 09 (TGIOA to TGIOD)  (TCIoV, TGIOE, (TGHA, TGI1B) (TCIvV, TCIHU)
TGIOF)
Interrupt priority ~ MTU2 MTU2 MTU3 MTU3
register 10 (TGI2A, TGI2B) (TCl2v, TCI2U) (TGI3A to TGI3D) (TCI3V)
Interrupt priority MTU4 MTU4 MTU5 POE2
register 11 (TGI4A to TGI4D)  (TCl4V) (TGI5U, TGI5V, (OEN, OEI2)
TGI5W)
Interrupt priority MTUS3S MTUS3S MTU4S MTU4S
register 12 (TGIBAto TGI3D)  (TCI3V) (TGI4A to TGI4D) (TCl4V)
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Register Name  Bits 15to 12 Bits 11to0 8 Bits 7to 4 Bits 3to 0
Interrupt priority MTUS5S POE2 IIC3 Reserved
register 13 (TGI5U, TGI5V, (OEI3)

TGI5W)
Interrupt priority ~ SCIFO SCIF1 SCIF2 SCIF3
register 14
Interrupt priority WAVEIF Reserved Reserved Reserved
register 15

As shown in table 6.3, by setting the 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3
to 0) with values from H'0 (0000) to H'F (1111), the priority of each corresponding interrupt is set.
Setting of H'0 means priority level O (the lowest level) and H'F means priority level 15 (the

highest level).

IPRO1, IPRO2, and IPRO5 to IPR15 are initialized to H'0000 by a power-on reset.
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6.3.2 Interrupt Control Register 0 (ICR0)

ICRO is a 16-bit register that sets the input signal detection mode for the external interrupt input
pin NMI, and indicates the input level at the NMI pin. ICRO is initialized by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

fw] - [ -] -] -] - Jowef -] -[-J-J-J]-J]-7-]
Initialvalve: * 0 0 ©0 ©0O ©0 0 0 O O ©O0O 0 0 0 0 O
RW. R R R R R R R RW R R R R R R R R

Note: * 1 when the NMI pin is high, and 0 when the NMI pin is low.

Initial
Bit Bit Name Value R/W Description

15 NMIL * R NMI Input Level

Sets the level of the signal input at the NMI pin. The
NMI pin level can be obtained by reading this bit. This
bit cannot be modified.

0: Low level is input to NMI pin
1: High level is input to NMI pin
14109 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

8 NMIE 0 R/W  NMI Edge Select

Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.

0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input
7t00 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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6.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQ7 to
IRQO individually: low level, falling edge, rising edge, or both edges. ICR1 is initialized by a
power-on reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IIRQ71 s\mmos\mem S‘IRQGOS‘IRQM s\mosos\ IRQ41 s\mmos\mom s\mosos\mom s\ IHQZOS‘IRQ1 1S‘IRQ1 os\mom s\mooosl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15 IRQ71S 0 R/W  IRQ Sense Select
14 IRQ70S 0 R/W  These bits select whether interrupt signals
13 IRQ61S 0 R/W corresponding to pins IBQ? to IRQO are detected by a
low level, falling edge, rising edge, or both edges.
12 IRQBOS 0 R/W 00: Interrupt request is detected on low level of IRQN
11 IRQ51S 0 R/W input
10 IRQ50S 0 R/W  01: Interrupt request is detected on falling edge of IRQn
9 IRQ41S 0 RIW input
8 IRQ40S 0 R/W 10: iI::;aurtrupt request is detected on rising edge of IRQn
’ IRQ31S 0 R/W 11: Interrupt request is detected on both edges of IRQn
6 IRQ30S 0 R/W input
5 IRQ21S 0 R/W
4 IRQ20S 0 R/W
3 IRQ11S 0 R/W
2 IRQ10S 0 R/W
1 IRQO1S 0 R/W
0 IRQO0S 0 R/W
[Legend]
n=7t0
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6.3.4 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-bit register that indicates interrupt requests from external input pins IRQ7 to IRQO.
If edge detection is set for the IRQ7 to IRQO interrupts, writing O to the IRQ7F to IRQOF bits after
reading IRQ7F to IRQOF = 1 cancels the retained interrupts.

IRQRR is initialized by a power-on reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ IRQ7F ‘ IRQBF‘ IRQSF‘ IF(Q4F‘ IRQS‘F‘ IRQ2F ‘ IRQ1F‘ IHQOFI

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R RIW*R(W)*R(W)*R(W)* RI(W)* RIW)* RI(W)* R/(W)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15t08 — All0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Name Value R/W Description

m
=

IRQ7F 0 R/
IRQ6F
IRQ5F
IRQ4F
IRQ3F
IRQ2F
IRQ1F
IRQOF

* |RQ Interrupt Request

* These bits indicate the status of the IRQ7 to IRQO
interrupt requests.

Level detection:

0: IRQn interrupt request has not occurred

[Clearing condition]

e IRQn inputis high
1: IRQn interrupt has occurred

Ol =[N Wl O|O|N
oOjlo|lo|jOo|O|O| O
0
S~

[Setting condition]

¢ IRQn inputis low

Edge detection:

0: IRQn interrupt request is not detected

[Clearing conditions]

e Cleared by reading IRQnF while IRQnF = 1, then
writing 0 to IRQnF

e Cleared by executing IRQn interrupt exception
handling

1: IRQn interrupt request is detected

[Setting condition]

e Edge corresponding to IRQn1S or IRQNOS of
ICR1 has occurred at IRQn pin

[Legend]
n=7t 0
Note: * Only O can be written to clear the flag after 1 is read.
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6.3.5 Bank Control Register (IBCR)

IBCR is a 16-bit register that enables or disables use of register banks for each interrupt priority
level. IBCR is initialized to H'0000 by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I E15 ‘ E14 ‘ E13 ‘ E12 ‘ E11 ‘ E10 ‘ E9 ‘ E8 ‘ E7 ‘ E6 ‘ E5 ‘ E4 ‘ E3 ‘ E2 ‘ E1 ‘ - I
Initialvalie: 0 0 0 0 ©0 ©0 0 0 O O O 0 0 0 0 O
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name Value R/W  Description
15 E15 0 R/W  Enable
14 E14 0 R/W  These bits enable or disable use of register banks for
R R U R A T S
12 E12 0 R/W 0: Use of register banks is disabled
1 E11 0 AW 1: Use of register banks is enabled
10 E10 0 R/W
9 E9 0 R/W
8 E8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 E1 0 R/W
0 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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6.3.6 Bank Number Register (IBNR)

IBNR is a 16-bit register that enables or disables use of register banks and register bank overflow
exception. IBNR also indicates the bank number to which saving is performed next through the

bits BN3 to BNO.

IBNR is initialized to H'0000 by a power-on reset.

Bit: 15 14 13 12

11

I BE[1:0] ‘ BOVE ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ BN[3:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
15, 14 BE[1:0] 00 R/W  Register Bank Enable

These bits enable or disable use of register banks.

00: Use of register banks is disabled for all interrupts.
The setting of IBCR is ignored.

01: Use of register banks is enabled for all interrupts
except NMI and user break. The setting of IBCR is
ignored.

10: Reserved (setting prohibited)

11: Use of register banks is controlled by the setting of
IBCR.

13 BOVE 0 R/W  Register Bank Overflow Enable

Enables of disables register bank overflow exception.

0: Generation of register bank overflow exception is

disabled

1: Generation of register bank overflow exception is

enabled
12to4 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
3to0 BN[3:0] 0000 R Bank Number

These bits indicate the bank number to which saving is
performed next. When an interrupt using register banks
is accepted, saving is performed to the register bank
indicated by these bits, and BN is incremented by 1.
After BN is decremented by 1 due to execution of a
RESBANK (restore from register bank) instruction,
restoration from the register bank is performed.
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6.4 Interrupt Sources

There are five types of interrupt sources: NMI, user break, H-UDI, IRQ, and on-chip peripheral
modules. Each interrupt has a priority level (0 to 16), with O the lowest and 16 the highest. When
set to level O, that interrupt is masked at all times.

6.4.1 NMI Interrupt

The NMI interrupt has a priority level of 16 and is accepted at all times. NMI interrupt requests
are edge-detected, and the NMI edge select bit (NMIE) in interrupt control register 0 (ICRO)
selects whether the rising edge or falling edge is detected.

Though the priority level of the NMI interrupt is 16, the NMI interrupt exception handling sets the
interrupt mask level bits (I3 to I0) in the status register (SR) to level 15.

6.4.2 User Break Interrupt

A user break interrupt which occurs when a break condition set in the user break controller (UBC)
matches has a priority level of 15. The user break interrupt exception handling sets the I3 to 10 bits
in SR to level 15. For user break interrupts, see section 7, User Break Controller (UBC).

6.4.3 H-UDI Interrupt

The user debugging interface (H-UDI) interrupt has a priority level of 15, and occurs at serial
input of an H-UDI interrupt instruction. H-UDI interrupt requests are edge-detected and retained
until they are accepted. The H-UDI interrupt exception handling sets the I3 to 10 bits in SR to level
15. For H-UDI interrupts, see section 24, User Debugging Interface (H-UDI).
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6.4.4 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. For the IRQ interrupts, low-level, falling-edge,
rising-edge, or both-edge detection can be selected individually for each pin by the IRQ sense
select bits (IRQ71S to IRQO1S and IRQ70S to IRQO0S) in interrupt control register 1 (ICR1). The
priority level can be set individually in a range from O to 15 for each pin by interrupt priority
registers 01 and 02 (IPRO1 and IPR02).

When using low-level sensing for IRQ interrupts, an interrupt request signal is sent to the INTC
while the IRQ7 to IRQO pins are low. An interrupt request signal is stopped being sent to the
INTC when the IRQ7 to IRQO pins are driven high. The status of the interrupt requests can be
checked by reading the IRQ interrupt request bits (IRQ7F to IRQOF) in the IRQ interrupt request
register (IRQRR).

When using edge-sensing for IRQ interrupts, an interrupt request is detected due to change of the
IRQ7 to IRQO pin states, and an interrupt request signal is sent to the INTC. The result of IRQ
interrupt request detection is retained until that interrupt request is accepted. Whether IRQ
interrupt requests have been detected or not can be checked by reading the IRQ7F to IRQOF bits in
IRQRR. Writing 0 to these bits after reading them as 1 clears the result of IRQ interrupt request
detection.

The IRQ interrupt exception handling sets the I3 to I0 bits in SR to the priority level of the
accepted IRQ interrupt.
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6.4.5 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the following on-chip peripheral modules:

A/D converter (ADC)

Direct memory access controller (DMAC)
Compare match timer (CMT)

Bus state controller (BSC)

Watchdog timer (WDT)

Multi-function timer pulse unit 2 (MTU?2)
Multi-function timer pulse unit 2S (MTU2S)
Port output enable 2 (POE2)

I’C bus interface 3 (IIC3)

Serial communication interface with FIFO (SCIF)
WAVE interface (WAVEIF)

As every source is assigned a different interrupt vector, the source does not need to be identified in
the exception service routine. A priority level in a range from 0 to 15 can be set for each module
by interrupt priority registers 05 to 15 (IPROS to IPR15). The on-chip peripheral module interrupt
exception handling sets the I3 to I0 bits in SR to the priority level of the accepted on-chip
peripheral module interrupt.
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6.5 Interrupt Exception Handling Vector Table and Priority

Table 6.4 lists interrupt sources and their vector numbers, vector table address offsets, and
interrupt priorities.

Each interrupt source is allocated a different vector number and vector table address offset. Vector
table addresses are calculated from the vector numbers and vector table address offsets. In
interrupt exception handling, the interrupt exception service routine start address is fetched from
the vector table indicated by the vector table address. For details of calculation of the vector table
address, see table 5.4 in section 5, Exception Handling.

The priorities of IRQ interrupts and on-chip peripheral module interrupts can be set freely between
0 and 15 for each pin or module by setting interrupt priority registers 01, 02, and 05 to 15 (IPRO1,
IPRO02, and IPROS to IPR15). However, if two or more interrupts specified by the same IPR
among IPRO5 to IPR15 occur, the priorities are defined as shown in the IPR setting unit internal
priority of table 6.4, and the priorities cannot be changed. A power-on reset assigns priority level 0
to IRQ interrupts and on-chip peripheral module interrupts. If the same priority level is assigned to
two or more interrupt sources and interrupts from those sources occur simultaneously, they are
processed by the default priorities indicated in table 6.4.
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Table 6.4 Interrupt Exception Handling Vectors and Priorities
Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
NMI 11 H'0000002C to 16 — — High
H'0000002F A
UBC 12 H'00000030to 15 — —
H'00000033
H-UDI 14 H'00000038to0 15 — —
H'0000003B
IRQ  IRQO 64 H'00000100to 0 to 15 (0) IPRO1 (15t0 12) —
H'00000103
IRQ1 65 H'00000104 to 0 'to 15 (0) IPRO1 (11t08) —
H'00000107
IRQ2 66 H'00000108to 0 to 15 (0) IPRO1 (7to4) —
H'0000010B
IRQ3 67 H'0000010C to 0 to 15 (0) IPRO1 (3t0 0) —
H'0000010F
IRQ4 68 H'00000110to  0Oto 15 (0) IPRO2 (15t0 12) —
H'00000113
IRQ5 69 H'00000114to  0to 15 (0) IPRO2 (11t0 8) —
H'00000117
IRQ6 70 H'00000118t0 0 'to 15 (0) IPRO2 (7to 4) —
H'0000011B
IRQ7 71 H'0000011Cto  0to 15 (0) IPRO2 (3t0 0) —
H'0000011F
ADC ADI 92 H'00000170to  0to 15 (0) IPROS5 (7 to 4) — v
H'00000173 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
DMAC DMACO DEIO 108 H'000001B0Oto 0 to 15 (0) IPRO6 (15t0 12) 1 High
H'000001B3 A
HEIO 109 H'000001B4 to 2
H'000001B7
DMAC1 DEN 112 H'000001COto  0to 15 (0) IPRO6 (11t08) 1
H'000001C3
HEI1 113 H'000001C4 to 2
H'000001C7
DMAC2 DEI2 116 H'000001D0to 0 to 15 (0) IPRO6 (7to4) 1
H'000001D3
HEI2 117 H'000001D4 to 2
H'000001D7
DMAC3 DEI3 120 H'000001EOto 0 to 15 (0) IPRO6 (3 to 0) 1
H'000001E3
HEI3 121 H'000001E4 to 2
H'000001E7
DMAC4 DEI4 124 H'000001F0to  0to 15 (0) IPRO7 (15t0 12) 1
H'000001F3
HEI4 125 H'000001F4 to 2
H'000001F7
DMAC5 DEI5 128 H'00000200to 0 to 15 (0) IPRO7 (11t0 8) 1
H'00000203
HEI5 129 H'00000204 to 2
H'00000207
DMAC6 DEl6 132 H'00000210to 0 to 15 (0) IPRO7 (7 to 4) 1
H'00000213
HEI6 133 H'00000214 to 2
H'00000217
DMAC?7 DEI7 136 H'00000220to  0to 15 (0) IPRO7 (3to 0) 1
H'00000223
HEI7 137 H'00000224 to 2 v
H'00000227 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
CMT CMIO 140 H'00000230to  0to 15 (0) IPRO8 (15t0 12) — High
H'00000233 A
CMI1 144 H'00000240to  0to 15 (0) IPRO8 (11t08) —
H'00000243
BSC CMI 148 H'00000250 to  0to 15 (0) IPRO8 (7 to 4) —
H'00000253
WDT Tl 152 H'00000260to  0to 15 (0) IPRO8 (3 to 0) —
H'00000263
MTU2 MTUO TGIOA 156 H'00000270to  0to 15 (0) IPRO9 (15t0 12) 1
H'00000273
TGIOB 157 H'00000274 to 2
H'00000277
TGIOC 158 H'00000278 to 3
H'0000027B
TGIOD 159 H'0000027C to 4
H'0000027F
TCIOV 160 H'00000280to 0 to 15 (0) IPRO9 (11t0 8) 1
H'00000283
TGIOE 161 H'00000284 to 2
H'00000287
TGIOF 162 H'00000288 to 3
H'0000028B
MTU1 TGHA 164 H'00000290to  0to 15 (0) IPRO9 (7 to 4) 1
H'00000293
TGIHB 165 H'00000294 to 2
H'00000297
TCHHV 168 H'000002A0to  0to 15 (0) IPRO9 (3 to 0) 1
H'000002A3
TCHU 169 H'000002A4 to 2 v
H'000002A7 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
MTU2 MTU2 TGI2A 172 H'000002B0to 0 to 15 (0) IPR10 (15t0 12) 1 High
H'000002B3 A
TGI2B 173 H'000002B4 to 2
H'000002B7
TCl2v 176 H'000002C0to 0to 15 (0) IPR10 (11t08) 1
H'000002C3
TCl2U 177 H'000002C4 to 2
H'000002C7
MTU3 TGI3A 180 H'000002D0 to 0 to 15 (0) IPR10 (7 to 4) 1
H'000002D3
TGI3B 181 H'000002D4 to 2
H'000002D7
TGI3C 182 H'000002D8 to 3
H'000002DB
TGISD 183 H'000002DC to 4
H'000002DF
TCI3V 184 H'000002E0 to 0 to 15 (0) IPR10 (3 to 0) —
H'000002E3
MTU4 TGI4A 188 H'000002F0 to 0 to 15 (0) IPR11 (15t0 12) 1
H'000002F3
TGI4B 189 H'000002F4 to 2
H'000002F7
TGI4C 190 H'000002F8 to 3
H'000002FB
TGI4D 191 H'000002FC to 4
H'000002FF
TCl4V 192 H'00000300to 0 to 15 (0) IPR11 (11t08) —
H'00000303
MTU5 TGI5U 196 H'00000310to  0to 15 (0) IPR11 (7 to 4) 1
H'00000313
TGI5V 197 H'00000314 to 2
H'00000317
TGISW 198 H'00000318 to 3 v
H'0000031B Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
POE2 OEI1 200 H'00000320to 0 to 15 (0) IPR11 (3 to 0) 1 High
H'00000323 A
OEI2 201 H'00000324 to 2
H'00000327
MTU2S MTU3S TGI3A 204 H'00000330to  0to 15 (0) IPR12 (15t0 12) 1
H'00000333
TGI3B 205 H'00000334 to 2
H'00000337
TGI3C 206 H'00000338 to 3
H'0000033B
TGI3D 207 H'0000033C to 4
H'0000033F
TCI3V 208 H'00000340to  0to 15 (0) IPR12 (11t08) —
H'00000343
MTU4S TGI4A 212 H'00000350to 0 to 15 (0) IPR12 (7 to 4) 1
H'00000353
TGl4B 213 H'00000354 to 2
H'00000357
TGI4C 214 H'00000358 to 3
H'0000035B
TGI4D 215 H'0000035C to 4
H'0000035F
TCl4V 216 H'00000360to 0 to 15 (0) IPR12 (3 to 0) —
H'00000363
MTU5S TGI5U 220 H'00000370to 0 to 15 (0) IPR13 (15t0 12) 1
H'00000373
TGI5V 221 H'00000374 to 2
H'00000377
TGISW 222 H'00000378 to 3
H'0000037B
POE2 OEI3 224 H'00000380to 0 to 15 (0) IPR13 (11t08) — v
H'00000383 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
lIc3  STPI 228 H'00000390to 0 to 15 (0) IPR13(7to4) 1 High
H'00000393 A
NAKI 229 H'00000394 to 2
H'00000397
RXI 230 H'00000398 to 3
H'0000039B
TXI 231 H'0000039C to 4
H'0000039F
TEI 232 H'000003A0 to 5
H'000003A3
SCIF SCIFO BRI0O 240 H'000003C0Oto 0 to 15 (0) IPR14 (15t0 12) 1
H'000003C3
ERIO 241 H'000003C4 to 2
H'000003C7
RXI0 242 H'000003CS8 to 3
H'000003CB
TXI0 243 H'000003CC to 4
H'000003CF
SCIF1 BRI 244 H'000003D0to 0to 15 (0) IPR14 (11t08) 1
H'000003D3
ERI1 245 H'000003D4 to 2
H'000003D7
RXI1 246 H'000003D8 to 3
H'000003DB
XN 247 H'000003DC to 4
H'000003DF
SCIF2 BRI2 248 H'000003E0 to 0 to 15 (0) IPR14 (7 to 4) 1
H'000003E3
ERI2 249 H'000003E4 to 2
H'000003E7
RX12 250 H'000003E8 to 3
H'000003EB
TXI2 251 H'000003EC to 4 v
H'000003EF Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
SCIF SCIF3 BRI3 252 H'000003F0to  0to 15 (0) IPR14 (3 to 0) 1 High
H'000003F3 A
ERI3 253 H'000003F4 to 2
H'000003F7
RXI3 254 H'000003F8 to 3
H'000003FB
TXI3 255 H'000003FC to 4
H'000003FF
WAVEIF ERR 256 H'00000400to  Oto 15 (0) IPR15 (15t0 12) 1
H'00000403
WRXI 257 H'00000404 to 2
H'00000407
WTXI 258 H'00000408 to 3 v
H'0000040B Low
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6.6 Operation

6.6.1 Interrupt Operation Sequence

The sequence of interrupt operations is described below. Figure 6.2 shows the operation flow.

1. The interrupt request sources send interrupt request signals to the interrupt controller.

. The interrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers 01, 02, and 05 to 15 (IPRO1,
IPRO2, and IPROS to IPR15). Lower priority interrupts are ignored*. If two of these interrupts
have the same priority level or if multiple interrupts occur within a single IPR, the interrupt
with the highest priority is selected, according to the default priority and IPR setting unit
internal priority shown in table 6.4.

. The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt level mask bits (I3 to I0) in the status register (SR) of the CPU. If the interrupt
request priority level is equal to or less than the level set in bits I3 to I0, the interrupt request is
ignored. If the interrupt request priority level is higher than the level in bits I3 to 10, the
interrupt controller accepts the interrupt and sends an interrupt request signal to the CPU.

4. When the interrupt controller accepts an interrupt, a low level is output from the IRQOUT pin.

. The CPU detects the interrupt request sent from the interrupt controller when the CPU decodes
the instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception handling (figure 6.4).

. The interrupt exception service routine start address is fetched from the exception handling
vector table corresponding to the accepted interrupt.

. The status register (SR) is saved onto the stack, and the priority level of the accepted interrupt
is copied to bits I3 to 10 in SR.

. The program counter (PC) is saved onto the stack.

. The CPU jumps to the fetched interrupt exception service routine start address and starts
executing the program. The jump that occurs is not a delayed branch.

10. A high level is output from the IRQOUT pin. However, if the interrupt controller accepts an

interrupt with a higher priority than the interrupt just being accepted, the IRQOUT pin holds
low level.
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Notes: The interrupt source flag should be cleared in the interrupt handler. After clearing the
interrupt source flag, "time from occurrence of interrupt request until interrupt controller
identifies priority, compares it with mask bits in SR, and sends interrupt request signal to
CPU" shown in table 6.5 is required before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not
inadvertently accepted again, read the interrupt source flag after it has been cleared, and
then execute an RTE instruction.

* Interrupt requests that are designated as edge-sensing are held pending until the
interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing
the IRQ interrupt request register (IRQRR). For details, see section 6.4.4, IRQ
Interrupts.

Interrupts held pending due to edge-sensing are cleared by a power-on reset.
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Program
execution state

Yes

H-UDI No
interrupt?

Yes

No

Level 15
interrupt?

Level 14 No .
interrupt?

Yes Level 1
interrupt?

13to 10 <
level 14?

I3to 0 <
level 13?

| IRQOUT = low

Read exception
handling vector table

1
| Save SR to stack |

Copy accept-interrupt
level to I3 to 10

)
| Save PC to stack

i
Branch to interrupt
exception service routine

| IRQOUT = high |

level 0?

No

Figure 6.2 Interrupt Operation Flow
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6.6.2 Stack after Interrupt Exception Handling

Figure 6.3 shows the stack after interrupt exception handling.

Addres?v [~
4n-8| PC 32 bits <| Spx2
4n-4| SR 32 bits
4n
TR TR

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executed instruction
2. Always make sure that SP is a multiple of 4.

Figure 6.3 Stack after Interrupt Exception Handling
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6.7 Interrupt Response Time

Table 6.5 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception handling starts and fetching of the first instruction in the
exception service routine begins. The interrupt processing operations differ in the cases when
banking is disabled, when banking is enabled without register bank overflow, and when banking is
enabled with register bank overflow. Figures 6.4 and 6.5 show examples of pipeline operation
when banking is disabled. Figures 6.6 and 6.7 show examples of pipeline operation when banking
is enabled without register bank overflow. Figures 6.8 and 6.9 show examples of pipeline
operation when banking is enabled with register bank overflow.

Table 6.5 Interrupt Response Time

Number of States

Peripheral
ltem NMI User Break  H-UDI IRQ Module Remarks
Time from occurrence of interrupt 2 leyc + 3 lcyc 2 leyc + 2 leyc + 2 leyc +
request until interrupt controller 2 Beyc + 1 Pcyc 3 Beye + 1 Beyc +
identifies priority, compares it with 1 Pcyc 1 Pcyc 1 Pcyc
mask bits in SR, and sends interrupt
request signal to CPU
Time from No register Min. 3 lcyc + m1 + m2 Min. is when the interrupt
input of bankin wait time is zero.
np 9 Max.  4lcyc+2(mi +m2) +m3 ! _
interrupt Max. is when a higher-
request signal priority interrupt request has
to CPU until occurred during interrupt
sequence exception handling.
currently bein
v } 9 Register Min.  — 3lcyc + m1 +m2 Min. is when the interrupt
executed is ) S
banking wait time is zero.
completed, | Max. — 12 lcyc + m1 + m2 X )
int t without Max. is when an interrupt
interru
exce l?on register request has occurred during
xcepti
p, bank execution of the RESBANK
handling starts, ’ )
) overflow instruction.
and first
instruction in Register Min. — 3 lcyc + m1 + m2 Min. is when the interrupt
interrupt banking wait time is zero.

X . Max. — 3 lcyc + m1 + m2 + 19(m4) ) .
exception with Max. is when an interrupt
service routine register request has occurred during
is fetched bank execution of the RESBANK

overflow instruction.
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Number of States

Peripheral
Item NMI User Break  H-UDI IRQ Module Remarks
Interrupt No register Min. 5 lcyc + 6 lcyc + 5 lcyc + 5 lcyc + 5 lcyc + 160-MHz operation’'#*:
response time  banking 2 Beye + m1+m2 1 Pcyc + 3 Beyc + 1 Beyc + 0.050 to 0.106 us
1 Pecyc + mi1 +m2 1 Peyc + 1 Pecyc +
mi1 +m2 mi +m2 mi1 +m2
Max. 6 Icyc + 7 Ieye + 6 Icyc + 6 Icyc + 6 Icyc + 160-MHz operation’'#*:
2 Beyc + 2(m1+m2)+ 1Pcyc+ 3 Beyc + 1 Beye + 0.075100.131 us
1 Pcyc + m3 2(m1+m2)+ 1Pcyc+ 1 Pcyc +
2(m1+m2) + m3 2(m1+m2)+ 2(m1+m2)+
m3 m3 m3
Register Min. — — 5lcyc + 5lcyc + 5 leyc + 160-MHz operation*'#*:
banking 1 Pcyc + 3 Beyc + 1 Beyc + 0.050 to 0.106 us
without mi1 +m2 1 Peyc + 1 Pecyc +
register m1+m2 m1+m2
bank o
overflow Max. — — 14 Icyc + 14 Icyc + 14 Icyc + 160-MHz operation*'+*:
1 Peyc + 3 Beye + 1 Beyc + 0.106 to 0.163 us
m1+m2 1 Pcyc + 1 Pcyc +
m1+m2 m1+m2
Register Min. — — 5 lcyc + 5 lcyc + 5 lcyc + 160-MHz operation*'#*:
banking 1 Peyc + 3 Beye + 1 Beyc + 0.050 to 0.106 us
with mi +m2 1 Pcyc + 1 Peyc +
register m1+m2 m1+m2
bank .
overflow Max. — — 5lcyc + 5lcyc + 5 leyc + 160-MHz operation*"*":
1 Pcyc+m1+ 3Bcyc+ 1 Beyc + 0.169 to 0.225 us
m2+19(m4) 1 Pcyc+m1+ 1Pcyc+mi+
m2 +19(m4) m2 + 19(m4)

Notes: m1 to m4 are the number of states needed for the following memory accesses.

mi:
m2:
m3:

m4:
stack.

Vector address read (longword read)
SR save (longword write)
PC save (longword write)
Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the

1. Inthe case thatm1 =m2=m3 =m4 =1 Icyc.
2. In the case that (19, B¢, P¢) = (160 MHz, 40 MHz, 40 MHz).
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Section 6 Interrupt Controller (INTC)

Interrupt acceptance

3lcyc + m1 + m2

2 Ieyc + 3 Beye + 1 Peyc m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc m1 m2

[Flof[ele[m][m]wm

First instruction in interrupt exception
service routine

-n
H

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

Instruction fetch. Instruction is fetched from memory in which program is stored.

Instruction decoding. Fetched instruction is decoded.

Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
Memory access. Memory data access is performed.

Smom

Figure 6.4 Example of Pipeline Operation when IRQ Interrupt is Accepted
(No Register Banking)
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2 lcyc + 3 Beye + 1 Peyc

3 lcyc + m1

1lcyc + m1 +2(m2) + m3

IRQ —|

First instruction in interrupt exception
service routine

First instruction in multiple interrupt
exception service routine

mi + m2 ' m3 §m1§m2§
[Flolelelmlml[m] | |
- E E M M|M|

e e oo

I Interrupt acceptance I I Multiple interrupt acceptance

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

H

Figure 6.5 Example of Pipeline Operation for Multiple Interrupts
(No Register Banking)

2 Icyc + 3 Beye + 1 Peyc

Interrupt acceptance

3lcyc + m1 + m2

3 lcyc

m1

m2

m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

First instruction in interrupt exception
service routine

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

|F D|E|E

Figure 6.6 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking without Register Bank Overflow)
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Section 6 Interrupt Controller (INTC)

2 Icyc + 3 Beye + 1 Peyc 9 lcyc

IRQ _l

3lcyc + m1 + m2

'
'
'
'
'
'
'
|
I
H It
i
'
'
'
'
'
'
'
'

i

i

|
rReseANKinstrucon | F [ D | E[E|E|E[E]E]E]E] E] L .

" rmiim2,m3:
Instruction (instruction replacing | I I i I
interrupt exception handling) E D I E I E I M I M I M I E I

| [
First instruction in interrupt | ' ' ;
exception service routine E ' ' n

Interrupt acceptance

[Legend]

m1:  Vector address read
m2:  Saving of SR (stack)
m3:  Saving of PC (stack)

Figure 6.7 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)

Interrupt acceptance

3lcyc + m1 + m2

2 lcyc + 3 Beyc + 1 Pcyci 3 lcyc ., mt m2 E m3 E
IRQ —| E : 5 : 5
Instruction (instruction replacing
interrupt exception handling) | F D | E | E M M M | M |

First instruction in interrupt exception
service routine

-n
O

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 6.8 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking with Register Bank Overflow)
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2 lcyc + 3 Beyc + 1 Peyc

IRQ _l

RESBANK instruction | F

2 lcyc + 17(m4) 1 lcyc + m1 + m2 + 2(m4)

m4 | m4 |

mi1,; m2 1 m3

plefmfm]m]..[m

Instruction (instruction replacing
interrupt exception handling)

First instruction in interrupt
exception service routine

—
Lmi
L
o w] |
I

plef[e|m]wm
Lo
[ T
[ T

Interrupt acceptance

[Legend]

m1: Vector address read

m2:  Saving of SR (stack)

m3:  Saving of PC (stack)

m4: Restoration of banked registers

Figure 6.9 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking with Register Bank Overflow)
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6.8 Register Banks

This LSI has fifteen register banks used to perform register saving and restoration required in the
interrupt processing at high speed. Figure 6.10 shows the register bank configuration.

Register banks

Registers
| Bank 0
General RO RO Bank 1
registers R1 R1
. Interrupt generated . Bank 14
: (save)
R14 R14
R15
GBR
Control SR
registers GBR MACH
VBR MACL
TBR BESBANK PR
instruction
t
System MACH (restore) VTO
registers MACL
PR |
PC
Bank control registers (interrupt controller)
Bank control register IBCR
Bank number register IBNR

Note: :|: Banked register
VTO: Vector table address offset

Figure 6.10 Overview of Register Bank Configuration
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Section 6 Interrupt Controller (INTC)

6.8.1 Banked Register and Input/Output of Banks
(1) Banked Register

The contents of the general registers (RO to R14), global base register (GBR), multiply and
accumulate registers (MACH and MACL), and procedure register (PR), and the vector table
address offset are banked.

(2) Register Banks

This LSI has fifteen register banks, bank O to bank 14. Register banks are stacked in first-in last-
out (FILO) sequence. Saving takes place in order, beginning from bank 0, and restoration takes
place in the reverse order, beginning from the last bank saved to.

6.8.2 Bank Save and Restore Operations
(1) Saving to Bank

Figure 6.11 shows register bank save operations. The following operations are performed when an
interrupt for which usage of register banks is allowed is accepted by the CPU:

a. Assume that the bank number bit value in the bank number register (IBNR), BN, is i before the
interrupt is generated.

b. The contents of registers RO to R14, GBR, MACH, MACL, and PR, and the interrupt vector
table address offset (VTO) of the accepted interrupt are saved in the bank indicated by BN,
bank i.

c. The BN value is incremented by 1.

‘ Register banks Registers
Q Bank 0
(©) Bank 1 RO to R14
By : GBR
: MACH
a b
@ Bank i f# MACL
Bank i + 1 PR
: VTO
Bank 14

Figure 6.11 Bank Save Operations
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Section 6 Interrupt Controller (INTC)

Figure 6.12 shows the timing for saving to a register bank. Saving to a register bank takes place
between the start of interrupt exception handling and the start of fetching the first instruction in the
interrupt exception service routine.

2 leyc + 3 Beyc + 1 Peyc

3lcyc + m1 + m2

3lcyc

m1

m2

m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

Overrun fetch

First instruction in interrupt exception

service routine

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

|F D|E|E

M

M

M

E

Saved to bank

== (1) VTO, PR, GBR, MACL

— (2) R12, R13, R14, MACH
= (3) R8, RY, R10, R11

(4) R4, R5, R6, R7

— (5) RO, R1, R2, R3

(2) Restoration from Bank

Figure 6.12 Bank Save Timing

The RESBANK (restore from register bank) instruction is used to restore data saved in a register
bank. After restoring data from the register banks with the RESBANK instruction at the end of the
interrupt service routine, execute the RTE instruction to return from the exception handling.

RENESAS
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6.8.3 Save and Restore Operations after Saving to All Banks

If an interrupt occurs and usage of the register banks is enabled for the interrupt accepted by the
CPU in a state where saving has been performed to all register banks, automatic saving to the
stack is performed instead of register bank saving if the BOVE bit in the bank number register
(IBNR) is cleared to 0. If the BOVE bit in IBNR is set to 1, register bank overflow exception
occurs and data is not saved to the stack.

Save and restore operations when using the stack are as follows:
(1) Saving to Stack

1. The status register (SR) and program counter (PC) are saved to the stack during interrupt
exception handling.

2. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are saved to
the stack. The registers are saved to the stack in the order of MACL, MACH, GBR, PR, R14,
R13, ..., R1, and RO.

3. The register bank overflow bit (BO) in SR is set to 1.

4. The bank number bit (BN) value in the bank number register (IBNR) remains set to the
maximum value of 15.

(2) Restoration from Stack

When the RESBANK (restore from register bank) instruction is executed with the register bank
overflow bit (BO) in SR set to 1, the CPU operates as follows:

1. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored
from the stack. The registers are restored from the stack in the order of RO, R1, ..., R13, R14,
PR, GBR, MACH, and MACL.

2. The bank number bit (BN) value in the bank number register (IBNR) remains set to the
maximum value of 15.
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6.8.4 Register Bank Exception

There are two register bank exceptions (register bank errors): register bank overflow and register
bank underflow.

(1) Register Bank Overflow

This exception occurs if, after data has been saved to all of the register banks, an interrupt for
which register bank use is allowed is accepted by the CPU, and the BOVE bit in the bank number
register (IBNR) is set to 1. In this case, the bank number bit (BN) value in the bank number
register (IBNR) remains set to the bank count of 15 and saving is not performed to the register
bank.

(2) Register Bank Underflow

This exception occurs if the RESBANK (restore from register bank) instruction is executed when
no data has been saved to the register banks. In this case, the values of RO to R14, GBR, MACH,
MACL, and PR do not change. In addition, the bank number bit (BN) value in the bank number
register (IBNR) remains set to 0.

6.8.5 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. When this
happens, the CPU operates as follows:

1. The exception service routine start address which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a register bank overflow, and
the start address of the executed RESBANK instruction for a register bank underflow. To
prevent multiple interrupts from occurring at a register bank overflow, the interrupt priority
level that caused the register bank overflow is written to the interrupt mask level bits (I3 to 10)
of the status register (SR).

4. Program execution starts from the exception service routine start address.
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6.9 Data Transfer with Interrupt Request Signals
Interrupt request signals can be used to activate the DMAC and transfer data.

Interrupt sources that are designated to activate the DMAC are masked without being input to the
INTC. The mask condition is as follows:

Mask condition = DME e (DEO e interrupt source select 0 + DE1 e interrupt source select 1
+ DE2 e interrupt source select 2 + DE3 e interrupt source select 3 +
DE4 e interrupt source select 4 + DE5 e interrupt source select 5 + DE6
e interrupt source select 6 + DE7 e interrupt source select 7)

Figure 6.13 shows a block diagram of interrupt control.

Here, DME is bit 0 in DMAOR of the DMAC, and DEn (n = 0 to 7) is bit 0 in CHCRO to CHCR7
of the DMAC. For details, see section 9, Direct Memory Access Controller (DMAC).

Interrupt source ——

DMAC
Interrupt source

flag clearing
(by DMAC)

Interrupt source (not specified as DMAC activating source)

CPU interrupt request
INTC CPU

Figure 6.13 Interrupt Control Block Diagram
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6.9.1 Handling Interrupt Request Signals as Sources for CPU Interrupt but Not DMAC
Activating

1 Do not select DMAC activating sources or clear the DME bit to 0. If, DMAC activating
sources are selected, clear the DE bit to O for the relevant channel of the DMAC.

2. When interrupts occur, interrupt requests are sent to the CPU.

3. The CPU clears the interrupt source and performs the necessary processing in the interrupt
exception service routine.

6.9.2 Handling Interrupt Request Signals as Sources for Activating DMAC but Not CPU

Interrupt

1. Select DMAC activating sources and set both the DE and DME bits to 1. This masks CPU
interrupt sources regardless of the interrupt priority register settings.
2. Activating sources are applied to the DMAC when interrupts occur.

3. The DMAC clears the interrupt sources when starting transfer.
6.10  Usage Note

6.10.1 Timing to Clear an Interrupt Source

The interrupt source flags should be cleared in the interrupt exception service routine. After
clearing the interrupt source flag, "time from occurrence of interrupt request until interrupt
controller identifies priority, compares it with mask bits in SR, and sends interrupt request signal
to CPU" shown in table 6.5 is required before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not inadvertently
accepted again, read the interrupt source flag after it has been cleared, and then execute an RTE
instruction.
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Section 7 User Break Controller (UBC)

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Instruction fetch or data read/write (bus master
(CPU or DMAC) selection in the case of data read/write), data size, data contents, address value,
and stop timing in the case of instruction fetch are break conditions that can be set in the UBC.
Since this LSI uses a Harvard architecture, instruction fetch on the CPU bus (C bus) is performed
by issuing bus cycles on the instruction fetch bus (F bus), and data access on the C bus is
performed by issuing bus cycles on the memory access bus (M bus). The UBC monitors the C bus
and internal bus (I bus).

7.1 Features

1. The following break comparison conditions can be set.

Number of break channels: four channels (channels 0 to 3)

User break can be requested as the independent condition on channels 0, 1, 2, and 3.
e Address

Comparison of the 32-bit address is maskable in 1-bit units.

One of the three address buses (F address bus (FAB), M address bus (MAB), and I address bus
(IAB)) can be selected.

e Bus master when I bus is selected
Selection of CPU cycles or DMAC cycles
e Buscycle
Instruction fetch (only when C bus is selected) or data access
e Read/write
e Operand size
Byte, word, and longword
2. Exception handling routine for user-specified break conditions can be executed.

3. In an instruction fetch cycle, it can be selected whether PC breaks are set before or after an
instruction is executed.

4. When a break condition is satisfied, a trigger signal is output from the UBCTRG pin.
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Figure 7.1 shows a block diagram of the UBC.

| bus C bus
Access
control IAB MAB FAB I bus
Access BBR 0
comparator
~— BAR_0 —
Address
comparator ] BAMR 0 J—
-~ Channel 0
Access [ BBR_1 |
comparator =
~—o BAR_1 —
Address
comparator ‘_| BAMR 1 |<—>
Channel 1
comparator =
~— BAR_2 —
Address
comparator . I BAMR 2 —
Channel 2
Access BBR 3
comparator =
|~ BAR_3 —
Address
comparator | BAMR 3 ]
Channel 3
— BRCR I
Control
[Legend]
BBR: Break bus cycle register

BAR: Break address register
BAMR: Break address mask register
BRCR: Break control register

I—» User break interrupt request

UBCTRG pin output

Figure 7.1 Block Diagram of UBC

Rev. 2.00 May. 08, 2008 Page 144 of 1200
REJ09B0344-0200

RENESAS




Section 7 User Break Controller (UBC)

7.2 Input/Output Pin

Table 7.1 shows the pin configuration of the UBC.

Table 7.1  Pin Configuration
Pin Name Symbol /0 Function
UBC trigger UBCTRG Output Indicates that a setting condition is

satisfied on either channel 0, 1, 2, or 3 of
the UBC.

7.3 Register Descriptions

The UBC has the following registers.

Table 7.2  Register Configuration
Abbrevia- Access
Channel Register Name tion R/W Initial Value  Address Size
0 Break address register_0 BAR_O R/W H'00000000 HFFFC0400 32
Break address mask register_0 BAMR_O R/W H'00000000 H'FFFC0404 32
Break bus cycle register_0 BBR_0 R/W H'0000 H'FFFCO4A0 16
1 Break address register_1 BAR_1 R/W H'00000000 HFFFC0410 32
Break address mask register_1 BAMR_1 R/W H'00000000 H'FFFC0414 32
Break bus cycle register_1 BBR_1 R/W H'0000 H'FFFC04B0 16
2 Break address register_2 BAR_2 R/W H'00000000 H'FFFC0420 32
Break address mask register_2 BAMR_2 R/W H'00000000 H'FFFC0424 32
Break bus cycle register_2 BBR_2 R/W H'0000 H'FFFC04A4 16
3 Break address register_3 BAR_3 R/W H'00000000 H'FFFC0430 32
Break address mask register_3 BAMR_3 R/W H'00000000 H'FFFC0434 32
Break bus cycle register_3 BBR_3 R/W H'0000 H'FFFC04B4 16
Common Break control register BRCR R/W H'00000000 H'FFFC04CO 32
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7.3.1 Break Address Register_0 (BAR_0)

BAR_0 is a 32-bit readable/writable register. BAR_O specifies the address used as a break
condition in channel 0. The control bits CDO_1 and CDO0_0 in the break bus cycle register_0
(BBR_0) select one of the three address buses for a break condition of channel 0. BAR_O is
initialized to H'00000000 by a power-on reset, but retains its previous value by a manual reset or
in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BA0_31BA0_30[BA0_29BA0_28[BA0_27[BA0_26BA0_25BA0_24BA0_23BA0_22BA0_21[BA0_20BA0_19BA0_18BA0_17/8A0_1q

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FAO_15|BAO_1 4|BAO_1 3|BAO_148A0_1 1|BAO_1(1 BA0_9 | BA0_8 | BAO_7| BA0_6 | BA0_5 | BA0O_4 | BA0_3 | BA0_2 | BAO_1 | BAO_Ol

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

31to0 BAO0_31to AllO R/W  Break Address 0

BAO_O Store an address on the CPU address bus (FAB or
MAB) or IAB specifying break conditions of channel 0.

When the C bus and instruction fetch cycle are
selected by BBR_0, specify an FAB address in bits
BAO_31 to BAO_O.

When the C bus and data access cycle are selected by
BBR_0, specify an MAB address in bits BAO_31 to
BAO_O.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_0 to 0.

Rev. 2.00 May. 08, 2008 Page 146 of 1200
REJ09B0344-0200 RRENESAS



Section 7 User Break Controller (UBC)

7.3.2 Break Address Mask Register_0 (BAMR_0)

BAMR_0 is a 32-bit readable/writable register. BAMR_0 specifies bits masked in the break
address bits specified by BAR_0. BAMR_0 is initialized to H'00000000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAMO,31 |BAMO,30|BAMO,29| BAMO,28|BAMO,27| BAM0,25|BAM0,25|BAM0,24| BAMO,23|BAMO,22| BAMO_21 |BAMO,20|BAMO,1 9| BAMO,18|BAMO,17| BAMO_1 sl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAMO_15|BAMO_14|EAMO_13|BAMO_12|BAMO_11|BAMO_10| BAMO_9| BAMO_8| BAMO_7| BAMO_6| BAMO_5 | BAMO_4| BAMO_3| BAMO_2 | BAMO_1 | BAMO_Ol

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAMO_31to AllO R/W  Break Address Mask O

BAMO_0 Specify bits masked in the channel-0 break address

bits specified by BAR_0 (BA0_31 to BAO_O).

0: Break address bit BAO_n is included in the break
condition

1: Break address bit BAO_n is masked and not
included in the break condition

Note: n=31to0

Rev. 2.00 May. 08, 2008 Page 147 of 1200
RENESAS REJ09B0344-0200



Section 7 User Break Controller (UBC)

7.3.3 Break Bus Cycle Register_0 (BBR_0)

BBR_0 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) including or excluding of the data bus value, (3) bus master of the I bus, (4) C
bus cycle or I bus cycle, (5) instruction fetch or data access, (6) read or write, and (7) operand size
as the break conditions of channel 0. BBR_0 is initialized to H'0000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I - ‘ - ‘uleo‘ - ‘ - ‘ - ‘ CPO[1:0] ‘ CDO[1:0] ‘ 1DO[1:0] ‘ RWO[1:0] ‘ SZ0[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R/W R R R RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15, 14 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBIDO 0 R/W  User Break Interrupt Disable 0

Disables or enables user break interrupt requests
when a channel-0 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled

12t010 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

9,8 CPO[1:0] 00 R/W  |-Bus Bus Master Select 0

Select the bus master when the bus cycle of the
channel-0 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

x1: CPU cycle is included in break conditions
1x: DMAC cycle is included in break conditions
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Bit

Bit Name

Initial
Value

R/W

Description

7,6

CDO[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 0

Select the C bus cycle or | bus cycle as the bus cycle
of the channel-0 break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

5,4

IDO[1:0]

00

R/W

Instruction Fetch/Data Access Select O

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel-0 break condition. If
the instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2

RWO[1:0]

00

R/W

Read/Write Select 0

Select the read cycle or write cycle as the bus cycle of
the channel-0 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0

SZ0[1:0]

00

R/W

Operand Size Select 0

Select the operand size of the bus cycle for the
channel-0 break condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]

X:

Don't care
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7.3.4 Break Address Register_1 (BAR_1)

BAR_1 is a 32-bit readable/writable register. BAR_1 specifies the address used as a break
condition in channel 1. The control bits CD1_1 and CD1_0 in the break bus cycle register_1
(BBR_1) select one of the three address buses for a break condition of channel 1. BAR_1 is
initialized to H'00000000 by a power-on reset, but retains its previous value by a manual reset or
in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BA1 31BA1 30[BA1 29BA1 28BA1 27[BA1 26BA1 25BA1 24BA1 23BA1 22BA1 21[BA1 20BA1 19BA1 18BA1_17BA1 14

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FA1_15|BA1_14|BA1_13|BA1_148A1_1 1|BA1_1(1 BA1_9| BA1_8| BA1_7| BA1_6| BA1_5| BA1_4| BA1_3| BA1_2 | BA1_1 | BA1_0|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

31to0 BA1_31to AllO R/W  Break Address 1

BA1_0 Store an address on the CPU address bus (FAB or
MAB) or IAB specifying break conditions of channel 1.

When the C bus and instruction fetch cycle are
selected by BBR_1, specify an FAB address in bits
BA1_31 to BA1_0.

When the C bus and data access cycle are selected by
BBR_1, specify an MAB address in bits BA1_31 to
BA1_0.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_1 to 0.
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Section 7 User Break Controller (UBC)

7.3.5 Break Address Mask Register_1 (BAMR_1)

BAMR_1 is a 32-bit readable/writable register. BAMR_1 specifies bits masked in the break
address bits specified by BAR_1. BAMR_1 is initialized to H'00000000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM1,31 |BAM1,30|BAML29|BAM1,25|BAM1,27|BAM1,25|BAM1,25|BAM1,24|BAM1,23|BAM1,22|BAM1,21 |BAM1,20|BAM1,19|BAM1,18|BAM1,17|BAMU sl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM1_15|BAM1_14|EAM1_13|BAM1_12|BAM1_11|BAM1_10| BAM1_9| BAM1_8| BAM1_7| BAM1_6| BAM1_5 | BAM1_4| BAM1_3| BAM1_2 | BAM1_1 | BAM1_O|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAM1_31to AllO R/W  Break Address Mask 1

BAM1_0 Specify bits masked in the channel-1 break address

bits specified by BAR_1 (BA1_31 to BA1_0).

0: Break address bit BA1_n is included in the break
condition

1: Break address bit BA1_n is masked and not
included in the break condition

Note: n=31to0
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Section 7 User Break Controller (UBC)

7.3.6 Break Bus Cycle Register_1 (BBR_1)

BBR_1 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) including or excluding of the data bus value, (3) bus master of the I bus, (4) C
bus cycle or I bus cycle, (5) instruction fetch or data access, (6) read or write, and (7) operand size
as the break conditions of channel 1. BBR_1 is initialized to H'0000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I - ‘ - ‘UBID1‘ - ‘ - ‘ - ‘ CP1[1:0] ‘ CD1[1:0] ‘ ID1[1:0] ‘ RW1[1:0] ‘ SZ1[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R/W R R R RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15, 14 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBID1 0 R/W  User Break Interrupt Disable 1

Disables or enables user break interrupt requests
when a channel-1 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled

12t010 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

9,8 CP1[1:0] 00 R/W  |-Bus Bus Master Select 1

Select the bus master when the bus cycle of the
channel-1 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

x1: CPU cycle is included in break conditions
1x: DMAC cycle is included in break conditions
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Section 7 User Break Controller (UBC)

Bit

Bit Name

Initial
Value

R/W

Description

7,6

CD1[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 1

Select the C bus cycle or | bus cycle as the bus cycle
of the channel-1 break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

5,4

ID1[1:0]

00

R/W

Instruction Fetch/Data Access Select 1

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel-1 break condition. If
the instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

RW1[1:0]

00

R/W

Read/Write Select 1

Select the read cycle or write cycle as the bus cycle of
the channel-1 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0

SZ1[1:0]

00

R/W

Operand Size Select 1

Select the operand size of the bus cycle for the
channel-1 break condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]

X:

Don't care
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Section 7 User Break Controller (UBC)

7.3.7 Break Address Register_2 (BAR_2)

BAR_2 is a 32-bit readable/writable register. BAR_2 specifies the address used as a break
condition in channel 2. The control bits CD2_1 and CD2_0 in the break bus cycle register_2
(BBR_2) select one of the three address buses for a break condition of channel 2. BAR_2 is
initialized to H'00000000 by a power-on reset, but retains its previous value by a manual reset or
in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Ba2 31BA2 30[BA2 29BA2 28BA2 27[BA2 26BA2 25BA2 24BA2 23BA2 22BA2 21BA2 20BA2 19BA2 18BA2 17BA2 1q

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FA2_15|BA2_1 4|BA2_1 3|BA2_148A2_1 1|BA2_1(1 BA2_9 | BA2_8 | BA2_7| BA2_6 | BA2_5 | BA2_4 | BA2_3 | BA2_2 | BA2_1 | BA2_0|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

31to0 BA2_31to AllO R/W  Break Address 2

BA2_0 Store an address on the CPU address bus (FAB or
MAB) or IAB specifying break conditions of channel 2.

When the C bus and instruction fetch cycle are
selected by BBR_2, specify an FAB address in bits
BA2_31 to BA2_0.

When the C bus and data access cycle are selected by
BBR_2, specify an MAB address in bits BA2_31 to
BAO_2.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_2 to 0.
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7.3.8 Break Address Mask Register_2 (BAMR_2)

BAMR_2 is a 32-bit readable/writable register. BAMR_2 specifies bits masked in the break
address bits specified by BAR_2. BAMR_2 is initialized to H'00000000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM2,31 |BAM2,30|BAM2,29| BAM2,25|BAM2,27| BAM2,25|BAM2,25|BAM2,24| BAM2,23|BAM2,22| BAM2_21 |BAM2,20|BAM2,1 9| BAM2,18|BAM2,17| BAM2_1 sl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM2_15|BAM2_14|EAM2_13|BAM2_12|BAM2_11|BAM2_10| BAM2_9| BAM2_8| BAM2_7| BAM2_6| BAM2_5 | BAM2_4| BAM2_3| BAM2_2 | BAM2_1 | BAM2_0|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAM2_31to AllO R/W  Break Address Mask 2

BAM2_0 Specify bits masked in the channel-2 break address

bits specified by BAR_2 (BA2_31 to BA2_0).

0: Break address bit BA2_n is included in the break
condition

1: Break address bit BA2_n is masked and not
included in the break condition

Note: n=31to0
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7.3.9 Break Bus Cycle Register_2 (BBR_2)

BBR_2 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrups, (2) including or excluding of the data bus value, (3) bus master of the I bus, (4) C
bus cycle or I bus cycle, (5) instruction fetch or data access, (6) read or write, and (7) operand size
as the break conditions of channel 2. BBR_2 is initialized to H'0000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I - ‘ - ‘ulez‘ - ‘ - ‘ - ‘ CP2[1:0] ‘ CD2[1:0] ‘ 1D2[1:0] ‘ RW2[1:0] ‘ SZ2[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R/W R R R RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15, 14 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBID2 0 R/W  User Break Interrupt Disable 2

Disables or enables user break interrupt requests
when a channel-2 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled

12t010 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

9,8 CP2[1:0] 00 R/W  |-Bus Bus Master Select 2

Select the bus master when the bus cycle of the
channel-2 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

x1: CPU cycle is included in break conditions
1x: DMAC cycle is included in break conditions
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Bit

Bit Name

Initial
Value

R/W

Description

7,6

CD2[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 2

Select the C bus cycle or | bus cycle as the bus cycle
of the channel-2 break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

5,4

ID2[1:0]

00

R/W

Instruction Fetch/Data Access Select 2

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel-2 break condition. If
the instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

RW2[1:0]

00

R/W

Read/Write Select 2

Select the read cycle or write cycle as the bus cycle of
the channel-2 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0

SZ2[1:0]

00

R/W

Operand Size Select 2

Select the operand size of the bus cycle for the
channel-2 break condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]

X:

Don't care
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7.3.10  Break Address Register_3 (BAR_3)

BAR_3 is a 32-bit readable/writable register. BAR_3 specifies the address used as a break
condition in channel 3. The control bits CD3_1 and CD3_0 in the break bus cycle register_3
(BBR_3) select one of the three address buses for a break condition of channel 3. BAR_3 is
initialized to H'00000000 by a power-on reset, but retains its previous value by a manual reset or
in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
A3 31BA3 30[BA3_29BA3 28BA3 27[BA3 26BA3 25BA3 24BA3 23BA3 22BA3 21[BA3 20BA3_19BA3 18BA3_178A3 1q

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FAS_15|BA3_1 4|BA3_1 3|BA3_148A3_1 1|BAS_1(1 BA3_9 | BA3_8 | BA3_7| BA3_6 | BA3_5 | BA3_4 | BA3_3 | BA3_2 | BA3_1 | BAS_Ol

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

31to0 BA3 31to AlO R/W  Break Address 3

BA3_0 Store an address on the CPU address bus (FAB or
MAB) or IAB specifying break conditions of channel 3.

When the C bus and instruction fetch cycle are
selected by BBR_3, specify an FAB address in bits
BA3_31 to BA3_0.

When the C bus and data access cycle are selected by
BBR_3, specify an MAB address in bits BA3_31 to
BA3_0.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_3 to 0.
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7.3.11 Break Address Mask Register_3 (BAMR_3)

BAMR_3 is a 32-bit readable/writable register. BAMR_3 specifies bits masked in the break
address bits specified by BAR_3. BAMR_3 is initialized to H'00000000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM3,31 |BAM3,30|BAM3,29| BAM3,25|BAM3,27| BAM3,25|BAM3,25|BAM3,24| BAM3,23|BAM3,22| BAMS3_21 |BAM3,20|BAM3,1 9| BAM3,18|BAM3,17| BAMS3_1 sl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM3_15|BAM3_14|EAM3_13|BAM3_12|BAM3_11|BAM3_10| BAM3_9| BAM3_8| BAM3_7| BAM3_6| BAM3_5 | BAM3_4| BAM3_3| BAMS3_2 | BAM3_1 | BAM3_0|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAM3_31to AllO R/W  Break Address Mask 3

BAM3_0 Specify bits masked in the channel-3 break address

bits specified by BAR_3 (BA3_31 to BA3_0).

0: Break address bit BA3_n is included in the break
condition

1: Break address bit BA3_n is masked and not
included in the break condition

Note: n=31to0
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7.3.12  Break Bus Cycle Register_3 (BBR_3)

BBR_3 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) including or excluding of the data bus value, (3) bus master of the I bus, (4) C
bus cycle or I bus cycle, (5) instruction fetch or data access, (6) read or write, and (7) operand size
as the break conditions of channel 3. BBR_3 is initialized to H'0000 by a power-on reset, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I - ‘ - ‘UBIDs‘ - ‘ - ‘ - ‘ CP3[1:0] ‘ CD3[1:0] ‘ ID3[1:0] ‘ RW3[1:0] ‘ SZ3[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R/W R R R RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15, 14 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBID3 0 R/W  User Break Interrupt Disable 3

Disables or enables user break interrupt requests
when a channel-3 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled

12t010 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

9,8 CP3[1:0] 00 R/W  |-Bus Bus Master Select 3

Select the bus master when the bus cycle of the
channel-3 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

x1: CPU cycle is included in break conditions
1x: DMAC cycle is included in break conditions
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Bit

Bit Name

Initial
Value

R/W

Description

7,6

CD3[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 3

Select the C bus cycle or | bus cycle as the bus cycle
of the channel-3 break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

5,4

ID3[1:0]

00

R/W

Instruction Fetch/Data Access Select 3

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel-3 break condition. If
the instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2

RW3[1:0]

00

R/W

Read/Write Select 3

Select the read cycle or write cycle as the bus cycle of
the channel-3 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0

SZ3[1:0]

00

R/W

Operand Size Select 3

Select the operand size of the bus cycle for the
channel-3 break condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]

X:

Don't care
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7.3.13  Break Control Register (BRCR)
BRCR sets the following conditions:

1. Specifies whether user breaks are set before or after instruction execution.
2. Specifies the pulse width of the UBCTRG output when a break condition is satisfied.

BRCR is a 32-bit readable/writable register that has break condition match flags and bits for
setting other break conditions. For the condition match flags of bits 15 to 12, writing 1 is invalid
(previous values are retained) and writing 0 is only possible. To clear the flag, write O to the flag
bit to be cleared and 1 to all other flag bits. BRCR is initialized to H'00000000 by a power-on
reset, but retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T Towna]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|scrg|Fc | scn1/u=c | san/u:c | scnSAFC | SCI\OIIFD| SCI;/IFD | SCI;/IFD| SCI\SIIFD| PCBS| PCBZ| PCB1 | PCBO|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW

I o
os)
uy)
uy)

Initial
Bit Bit Name Value R/W  Description
31018 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

17,16 CKSJ[1:0] 00 R/W  Clock Select

These bits specify the pulse width output to the
UBCTRG pin when a break condition is satisfied.

00: Pulse width of UBCTRG is one bus clock cycle
01: Pulse width of UBCTRG is two bus clock cycles
10: Pulse width of UBCTRG is four bus clock cycles
11: Pulse width of UBCTRG is eight bus clock cycles
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Bit

Bit Name

Initial
Value

R/W

Description

15

SCMFCO

0

R/W

C Bus Cycle Condition Match Flag 0

When the C bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 0 does not
match

1: The C bus cycle condition for channel 0 matches

14

SCMFCH1

R/W

C Bus Cycle Condition Match Flag 1

When the C bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 1 does not
match

1: The C bus cycle condition for channel 1 matches

13

SCMFC2

R/W

C Bus Cycle Condition Match Flag 2

When the C bus cycle condition in the break conditions
set for channel 2 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 2 does not
match

1: The C bus cycle condition for channel 2 matches

12

SCMFC3

R/W

C Bus Cycle Condition Match Flag 3

When the C bus cycle condition in the break conditions
set for channel 3 is satisfied, this flag is setto 1. In
order to clear this flag, write O to this bit.

0: The C bus cycle condition for channel 3 does not
match

1: The C bus cycle condition for channel 3 matches

11

SCMFDO

R/W

| Bus Cycle Condition Match Flag 0

When the | bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 0 does not
match

1: The I bus cycle condition for channel 0 matches

RENESAS
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Initial
Bit Bit Name Value R/W  Description
10 SCMFD1 0 R/W | Bus Cycle Condition Match Flag 1

When the | bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 1 does not
match

1: The | bus cycle condition for channel 1 matches

9 SCMFD2 0 R/W | Bus Cycle Condition Match Flag 2

When the | bus cycle condition in the break conditions
set for channel 2 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 2 does not
match

1: The | bus cycle condition for channel 2 matches

8 SCMFD3 0 R/W | Bus Cycle Condition Match Flag 3

When the | bus cycle condition in the break conditions
set for channel 3 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 3 does not
match

1: The | bus cycle condition for channel 3 matches

7 PCB3 0 R/W  PC Break Select 3

Selects the break timing of the instruction fetch cycle
for channel 3 as before or after instruction execution.

0: PC break of channel 3 is generated before
instruction execution

1: PC break of channel 3 is generated after instruction
execution

6 PCB2 0 R/W  PC Break Select 2

Selects the break timing of the instruction fetch cycle
for channel 2 as before or after instruction execution.

0: PC break of channel 2 is generated before
instruction execution

1: PC break of channel 2 is generated after instruction
execution
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Initial
Bit Bit Name Value R/W  Description

5 PCB1 0 R/W  PC Break Select 1

Selects the break timing of the instruction fetch cycle
for channel 1 as before or after instruction execution.

0: PC break of channel 1 is generated before
instruction execution

1: PC break of channel 1 is generated after instruction
execution

4 PCBO 0 R/W  PC Break Select 0

Selects the break timing of the instruction fetch cycle
for channel 0 as before or after instruction execution.

0: PC break of channel 0 is generated before
instruction execution

1: PC break of channel 0 is generated after instruction
execution

3to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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7.4 Operation

7.4.1 Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception handling is described
below:

1.

The break address is set in a break address register (BAR). The masked address bits are set in a
break address mask register (BAMR). The bus break conditions are set in the break bus cycle
register (BBR). Three control bit groups of BBR (C bus cycle/I bus cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generated if
even one of these groups is set to 00. The relevant break control conditions are set in the bits of
the break control register (BRCR). Make sure to set all registers related to breaks before setting
BBR, and branch after reading from the last written register. The newly written register values
become valid from the instruction at the branch destination.

In the case where the break conditions are satisfied, the UBC sends a user break interrupt
request to the CPU, sets the C bus condition match flag (SCMFC) or I bus condition match
flag (SCMFD) for the appropriate channel, and outputs a pulse to the UBCTRG pin with the
width set by the CKS1 and CKSO bits. Setting the UBID bit in BBR to 1 enables external
monitoring of the trigger output without requesting user break interrupts.

On receiving a user break interrupt request signal, the INTC determines its priority. Since the
user break interrupt has a priority level of 15, it is accepted when the priority level set in the
interrupt mask level bits (I3 to 10) of the status register (SR) is 14 or lower. If the I3 to IO bits
are set to a priority level of 15, the user break interrupt is not accepted, but the conditions are
checked, and condition match flags are set if the conditions match. For details on ascertaining
the priority, see section 6, Interrupt Controller (INTC).

Condition match flags (SCMFC and SCMFD) can be used to check which condition has been
satisfied. They are set when the conditions match, but are not reset. To use these flags again,
write O to the corresponding bit of the flags.

It is possible that the breaks set in channels 0 to 3 occur around the same time. In this case,
there will be only one user break request to the CPU, but these four break channel match flags
may be set at the same time.

When selecting the I bus as the break condition, note as follows:

— Several bus masters, including the CPU and DMAC, are connected to the I bus. The UBC

monitors bus cycles generated by the bus master specified by BBR, and determines the
condition match.
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— I bus cycles (including read fill cycles) resulting from instruction fetches on the C bus by
the CPU are defined as instruction fetch cycles on the I bus, while other bus cycles are
defined as data access cycles.

— The DMAC only issues data access cycles for I bus cycles.

— If a break condition is specified for the I bus, even when the condition matches in an I bus
cycle resulting from an instruction executed by the CPU, at which instruction the user
break is to be accepted cannot be clearly defined.

7.4.2 Break on Instruction Fetch Cycle

1. When C bus/instruction fetch/read/word or longword is set in the break bus cycle register
(BBR), the break condition is the FAB bus instruction fetch cycle. Whether PC breaks are set
before or after the execution of the instruction can then be selected with the PCBO or PCB1 bit
of the break control register (BRCR) for the appropriate channel. If an instruction fetch cycle is
set as a break condition, clear LSB in the break address register (BAR) to 0. A break cannot be
generated as long as this bit is set to 1.

2. A break for instruction fetch which is set as a break before instruction execution occurs when it
is confirmed that the instruction has been fetched and will be executed. This means a break
does not occur for instructions fetched by overrun (instructions fetched at a branch or during
an interrupt transition, but not to be executed). When this kind of break is set for the delay slot
of a delayed branch instruction, the break is not generated until the execution of the first
instruction at the branch destination.

Note: If a branch does not occur at a delayed branch instruction, the subsequent instruction is
not recognized as a delay slot.

3. When setting a break condition for break after instruction execution, the instruction set with
the break condition is executed and then the break is generated prior to execution of the next
instruction. As with pre-execution breaks, a break does not occur with overrun fetch
instructions. When this kind of break is set for a delayed branch instruction and its delay slot,
the break is not generated until the first instruction at the branch destination.

4. When an instruction fetch cycle is set, the break data register (BDR) is ignored. Therefore,
break data cannot be set for the break of the instruction fetch cycle.

5. If the I bus is set for a break of an instruction fetch cycle, the setting is invalidated.
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7.4.3 Break on Data Access Cycle

1. If the C bus is specified as a break condition for data access break, condition comparison is
performed for the virtual address accessed by the executed instructions, and a break occurs if
the condition is satisfied. If the I bus is specified as a break condition, condition comparison is
performed for the physical address of the data access cycles that are issued by the bus master
specified by the bits to select the bus master of the I bus, and a break occurs if the condition is
satisfied. For details on the CPU bus cycles issued on the I bus, see 6 in section 7.4.1, Flow of
the User Break Operation.

2. The relationship between the data access cycle address and the comparison condition for each
operand size is listed in table 7.3.

Table 7.3 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BAR), for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003

3. If the data access cycle is selected, the instruction at which the break will occur cannot be
determined.
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7.4.4 Value of Saved Program Counter

When a break occurs, the address of the instruction from where execution is to be resumed is
saved to the stack, and the exception handling state is entered. If the C bus (FAB)/instruction fetch
cycle is specified as a break condition, the instruction at which the break should occur can be
uniquely determined. If the C bus/data access cycle or I bus/data access cycle is specified as a
break condition, the instruction at which the break should occur cannot be uniquely determined.

1.

When C bus (FAB)/instruction fetch (before instruction execution) is specified as a break
condition:

The address of the instruction that matched the break condition is saved to the stack. The
instruction that matched the condition is not executed, and the break occurs before it. However
when a delay slot instruction matches the condition, the instruction is executed, and the branch
destination address is saved to the stack.

When C bus (FAB)/instruction fetch (after instruction execution) is specified as a break
condition:

The address of the instruction following the instruction that matched the break condition is
saved to the stack. The instruction that matches the condition is executed, and the break occurs
before the next instruction is executed. However when a delayed branch instruction or delay
slot matches the condition, the instruction is executed, and the branch destination address is
saved to the stack.

When C bus/data access cycle or I bus/data access cycle is specified as a break condition:

The address after executing several instructions of the instruction that matched the break
condition is saved to the stack.
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7.4.5 Usage Examples
(1) Break Condition Specified for C Bus Instruction Fetch Cycle
(Example 1-1)

e Register specifications
BAR_0 = H'00000404, BAMR_0 = H'00000000, BBR_0 = H'0054, BAR_1 = H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BRCR = H'00000020
<Channel 0>
Address:  H'00000404, Address mask: H'00000000

Bus cycle: C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>
Address:  H'00008010, Address mask: H'00000006

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

e Register specifications
BAR_0 =H'00027128, BAMR_0 = H'00000000, BBR_0 = H'005A, BAR_1= H'00031415,
BAMR_1 = H'00000000, BBR_1 = H'0054, BRCR = H'00000000
<Channel 0>
Address:  H'00027128, Address mask: H'00000000
Bus cycle: C bus/instruction fetch (before instruction execution)/write/word
<Channel 1>
Address: H'00031415, Address mask: H'00000000
Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)
On channel 0, a user break does not occur since instruction fetch is not a write cycle. On
channel 1, a user break does not occur since instruction fetch is performed for an even address.
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(Example 1-3)

(2)

Register specifications

BBR_0 = H'0054, BAR_0 = H'00008404, BAMR_0 = H'00000FFF, BBR_1 = H'0054,

BAR_1 =H'00008010, BAMR_1 = H'00000006, BRCR = H'00000020

<Channel 0>

Address:  H'00008404, Address mask: H'O0000FFF

Bus cycle: C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>

Address:  H'00008010, Address mask: H'00000006

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with addresses H'00008000 to H'O000O8FFE is executed
or before an instruction with addresses H'00008010 to H'00008016 are executed.

Break Condition Specified for C Bus Data Access Cycle

(Example 2-1)

Register specifications

BBR_0=H'0064, BAR_0 = H'00123456, BAMR_0 = H'00000000,

BBR_1=H'006A, BAR_1 = H000ABCDE, BAMR_1 = H'000000FF, BRCR = H'00000000
<Channel 0>

Address:  H'00123456, Address mask: H'00000000

Bus cycle: C bus/data access/read (operand size is not included in the condition)

<Channel 1>

Address: H'000ABCDE, Address mask: H'O00000FF

Bus cycle: C bus/data access/write/word

On channel 0, a user break occurs with longword read from address H'00123456, word read
from address H'00123456, or byte read from address H'00123456. On channel 1, a user break
occurs when word is written in addresses H'O00ABCO00 to H'0O00ABCFE.
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3

Break Condition Specified for I Bus Data Access Cycle

(Example 3-1)

Register specifications

BBR_0 =H'0094, BAR_0 = H'00314156, BAMR_0 = H'00000000,

BBR_1 =H'12A9, BAR_1 = H'00055555, BAMR_1 = H'00000000, BRCR = H'00000000
<Channel 0>

Address:  H'00314156, Address mask: H'00000000

Bus cycle: I bus/instruction fetch/read (operand size is not included in the condition)
<Channel 1>

Address:  H'00055555, Address mask: H'00000000

Bus cycle: I bus/data access/write/byte

On channel 0, the setting of I bus/instruction fetch is ignored.

On channel 1, a user break occurs when the DMAC writes byte data in address H'00055555 on
the I bus (write by the CPU does not generate a user break).
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7.5 Usage Notes

1. The CPU can read from or write to the UBC registers via the I bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new value is actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, read from the last written register. Instructions after then are valid for the newly
written register value.

2. The UBC cannot monitor access to the C bus and I bus cycles in the same channel.

When a user break interrupt request and another exception source occur at the same
instruction, which has higher priority is determined according to the priority levels defined in
table 5.1 in section 5, Exception Handling. If an exception source with higher priority occurs,
the user break interrupt request is not received.

4. Note the following when a break occurs in a delay slot.

If a pre-execution break is set at a delay slot instruction, the user break interrupt request is not
received immediately before execution of the branch destination.

5. User breaks are disabled during UBC module standby mode. Do not read from or write to the
UBC registers during UBC module standby mode; the values are not guaranteed.

6. Do not set an address within an interrupt exception handling routine whose interrupt priority
level is at least 15 (including user break interrupts) as a break address.

7. Do not set break after instruction execution for the SLEEP instruction or for the delayed
branch instruction where the SLEEP instruction is placed at its delay slot.

8. When setting a break for a 32-bit instruction, set the address where the upper 16 bits are
placed. If the address of the lower 16 bits is set and a break before instruction execution is set
as a break condition, the break is handled as a break after instruction execution.

9. Do not set a user break before instruction execution for the instruction following the DIVU or
DIVS instruction. If a user break before instruction execution is set for the instruction
following the DIVU or DIVS instruction and an exception or interrupt occurs during execution
of the DIVU or DIVS instruction, a user break occurs before instruction execution even though
execution of the DIVU or DIVS instruction is halted.

10. Do not set a user break both before instruction execution and after instruction execution for
instruction of the same address. If, for example, a user break before instruction execution on
channel 0 and a user break after instruction on channel 1 are set at the instruction of the same
address, the condition match flag for the channel 1 is set even though a user break on channel 0
occurs before instruction execution.
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Section 8 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. BSC functions enable this LSI to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

8.1 Features

The BSC has the following features.

1.

External address space
— A maximum of 64 Mbytes for each of areas CSO to CS7.

— Can specify the normal space interface, SRAM interface with byte selection, burst ROM
(clock synchronous or asynchronous), MPX-1/0, and SDRAM for each address space.

— Can select the data bus width (8 or 16 bits) for each address space.
— Controls insertion of wait cycles for each address space.
— Controls insertion of wait cycles for each read access and write access.

— Can set independent idle cycles during the continuous access for five cases: read-write (in
same space/different spaces), read-read (in same space/different spaces), the first cycle is a
write access.

Normal space interface

— Supports the interface that can directly connect to the SRAM.
Burst ROM interface (clock asynchronous)

— High-speed access to the ROM that has the page mode function.
MPX-1/O interface

— Can directly connect to a peripheral LSI that needs an address/data multiplexing.
SDRAM interface

— Can set the SDRAM in up to two areas.

— Multiplex output for row address/column address.

— Efficient access by single read/single write.

— High-speed access in bank-active mode.

— Supports an auto-refresh and self-refresh.

— Supports low-frequency and power-down modes.

— Issues MRS and EMRS commands.
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6. SRAM interface with byte selection

— Can connect directly to a SRAM with byte selection.
7. Burst ROM interface (clock synchronous)

— Can connect directly to a ROM of the clock-synchronous type.
8. Bus arbitration

— Shares all of the resources with other CPU and outputs the bus enable after receiving the
bus request from external devices.

9. Refresh function

— Supports the auto-refresh and self-refresh functions.

— Specifies the refresh interval using the refresh counter and clock selection.

— Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).
10. Usage as interval timer for refresh counter

— Generates an interrupt request at compare match.
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Figure 8.1 shows a block diagram of the BSC.

|

[ownon ]

I CSOWCR I<—>

I CS7WCR I<—>

I CSOBCR |4->

CS7BCR  |<g=p—

Module bus

BREQ > Bus
mastership [«
BACK controller
— > Wait
WAIT controller
CS0to CS7 < Area
controller |
MD1, MDO > <
A25 to A0, Memor
D15 to DO y
i i . controller
BS,RDWR, =
RD, WE1, WEO,
RASL,
CASL o
CKE, DQMxx, AH,
\
- » Refresh
REFOUT - controller
]
-
[Legend]
CMNCR: Common control register

CSnWCR: CSn space wait control register (n =0 to 7)

CSnBCR: CSn space bus control register (n = 0 to 7)

SDCR:

SDRAM control register

RTCSR: Refresh timer control/status register

RTCNT:

Refresh timer counter

RTCOR: Refresh time constant register

Internal bus

Figure 8.1 Block Diagram of BSC
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8.2 Input/Output Pins

Table 8.1 shows the pin configuration of the BSC.

Table 8.1 Pin Configuration

Name /0 Function

A25 to AO Output  Address bus

D15 to DO I/0 Data bus

BS Output  Bus cycle start

CS0to CS7  Output  Chip select

RD/WR Output  Read/write
Connects to WE pins when SDRAM or SRAM with byte selection is
connected.

RD Output  Read pulse signal (read data output enable signal)
Functions as a strobe signal for indicating memory read cycles when
PCMCIA is used.

AH Output A signal used to hold an address when MPX-1/O is in use

WE1/DQMLU Output  Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a SRAM with byte selection is
connected.
Functions as the select signals for D15 to D8 when SDRAM is
connected.

WEO/DQMLL Output Indicates that D7 to DO are being written to.
Connected to the byte select signal when a SRAM with byte selection is
connected.
Functions as the select signals for D7 to DO when SDRAM is connected.

RASL Output  Connects to RAS pin when SDRAM is connected.

CASL Output  Connects to CAS pin when SDRAM is connected.

CKE Output  Connects to CKE pin when SDRAM is connected.

WAIT Input External wait input

BREQ Input Bus request input

BACK Output  Bus enable output

REFOUT Output  Refresh request output in bus-released state

MD1, MDO Input Select bus width (8 or 16 bits) of area 0 and modes including

enabling/disabling of the on-chip ROM.
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8.3 Area Overview

8.3.1 Address Map

In the architecture, this LSI has a 32-bit address space, which is divided into external address
space and on-chip spaces (on-chip ROM, on-chip RAM, on-chip peripheral modules, and reserved
areas) according to the upper bits of the address.

The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the external address space is listed below.

Table 8.2  Address Map in On-Chip ROM-Enabled Mode

Address Space Memory to be Connected Size

H'0000 0000 to H'0007 FFFF ~ On-chip ROM On-chip ROM 512 Kbytes

H'0008 0000 to H'0O1FF FFFF  Other Reserved area —

H'0200 0000 to H'03FF FFFF ~ CS0 Normal space, SRAM with byte selection, 32 Mbytes
burst ROM (asynchronous or synchronous)

H'0400 0000 to H'07FF FFFF ~ CS1 Normal space, SRAM with byte selection 64 Mbytes

H'0800 0000 to H'OBFF FFFF ~ CS2 Normal space, SRAM with byte selection, 64 Mbytes
SDRAM

H'0C00 0000 to H'OFFF FFFF ~ CS3 Normal space, SRAM with byte selection, 64 Mbytes
SDRAM

H'1000 0000 to H'13FF FFFF  CS4 Normal space, SRAM with byte selection, 64 Mbytes
burst ROM (asynchronous)

H'1400 0000 to H'17FF FFFF ~ CS5 Normal space, SRAM with byte selection, 64 Mbytes
MPX-1/0

H'1800 0000 to H'1BFF FFFF  CS6 Normal space, SRAM with byte selection 64 Mbytes

H'1CO00 0000 to H'1FFF FFFF  CS7 Normal space, SRAM with byte selection 64 Mbytes

H'2000 0000 to H'FFF7 FFFF  Other Reserved area —

H'FFF8 0000 to H'FFFB FFFF  Other On-chip RAM, reserved area* —

H'FFFC 0000 to H'FFFF FFFF  Other On-chip peripheral modules, reserved area* —

Note: * For the on-chip RAM space, access the addresses shown in section 22, On-Chip RAM.
For the on-chip peripheral module space, access the addresses shown in section 26,
List of Registers. Do not access addresses which are not described in these sections.
Otherwise, the correct operation cannot be guaranteed.
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Table 8.3 Address Map in On-Chip ROM-Disabled Mode

Address Space Memory to be Connected Size

H'0000 0000 to H'03FF FFFF ~ CS0 Normal space, SRAM with byte selection, 64 Mbytes
burst ROM (asynchronous or synchronous)

H'0400 0000 to H'07FF FFFF ~ CS1 Normal space, SRAM with byte selection 64 Mbytes

H'0800 0000 to H'OBFF FFFF  CS2 Normal space, SRAM with byte selection, 64 Mbytes
SDRAM

H'0C00 0000 to H'OFFF FFFF ~ CS3 Normal space, SRAM with byte selection, 64 Mbytes
SDRAM

H'1000 0000 to H'13FF FFFF  CS4 Normal space, SRAM with byte selection, 64 Mbytes
burst ROM (asynchronous)

H'1400 0000 to H'17FF FFFF ~ CS5 Normal space, SRAM with byte selection, 64 Mbytes
MPX-1/O

H'1800 0000 to H'1BFF FFFF  CS6 Normal space, SRAM with byte selection 64 Mbytes

H'1C00 0000 to H'1FFF FFFF  CS7 Normal space, SRAM with byte selection 64 Mbytes

H'2000 0000 to H'FFF7 FFFF  Other Reserved area —

H'FFF8 0000 to H'FFFB FFFF  Other On-chip RAM, reserved area* —

H'FFFC 0000 to H'FFFF FFFF  Other On-chip peripheral modules, reserved area* —

Note: * For the on-chip RAM space, access the addresses shown in section 22, On-Chip RAM.
For the on-chip I/O register space, access the addresses shown in section 26, List of
Registers. Do not access addresses which are not described in these sections.
Otherwise, the correct operation cannot be guaranteed.

8.3.2 Setting Operating Modes

This LSI can set the following modes of operation at the time of power-on reset using the external
pins.

e Single-Chip Mode
In single-chip mode, no access is made to the external bus, and the LSI is activated by the on-
chip ROM program upon a power-on reset. The BSC module enters the module standby state
to reduce power consumption.

¢ On-Chip ROM-Enabled Mode/On-Chip ROM-Disabled Mode

In on-chip ROM-enabled mode, since the first half of area 0 is allocated to the on-chip ROM,
the LSI can be activated by the on-chip ROM program upon a power-on reset. The second half
of area 0 is the external memory space.
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In on-chip ROM-disabled mode, the LSI is activated by the program stored in the external
memory allocated to area 0. The second half of area 0 is the external memory space. In this
case, a ROM is assumed for the external memory of area 0. Therefore, minimum functions are
provided for the pins including address bus, data bus, CS0, and RD. Although BS, RDWR,
WEn, and other pins are shown in the examples of access waveforms in this section, these are
examples when pin settings are performed by the pin function controller. For details, see
section 19, Pin Function Controller (PFC). Do not perform any operation except for area 0 read
access until the pin settings by the program is completed.

e Initial Settings of Data Bus Widths for Areas 0 to 7
The initial settings of data bus widths of areas 0 to 7 can be selected at a time as 8 or 16 bits.
In on-chip ROM-disabled mode, the data bus width of area 0 cannot be changed from its initial
setting after a power-on reset, but the data bus widths of areas 1 to 7 can be changed by
register settings in the program. In on-chip ROM-enabled mode, all the data bus widths of
areas 0 to 7 can be changed by register settings in the program. Note that data bus widths will
be restricted depending on memory types.

o Initial Settings of Endianness
The initial settings of byte-data alignment of areas 0 to 7 can be selected as big endian or little
endian. In on-chip ROM-disabled mode, the endianness of area 0 cannot be changed from its
initial setting after a power-on reset, but the endianness of areas 1 to 7 can be changed by
register settings in the program. In on-chip ROM-enabled mode, all the endianness of areas 0
to 7 can be changed by register settings in the program. Little endian cannot be selected in area
0. Since both 32-bit and 16-bit accesses are included in instruction fetches, no instructions can
be assigned in little endian area. Accordingly, instructions should be executed in big endian
area.

For details of mode settings, see section 3, MCU Operating Modes.
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84 Register Descriptions
The BSC has the following registers.

Do not access spaces other than area 0 until settings of the connected memory interface are
completed.

Table 8.4  Register Configuration

Register Name Abbreviation R/W Initial Value  Address Access Size
Common control register CMNCR R/W  H'00001010  H'FFFC0000 32
CSn space bus control register CSnBCR R/W H'36DB0400 H'FFFC 0004to 32

(in activation ~ H'FFFC 0020
with 16-bit bus

width)
CSn space wait control register CSnWCR R/W  H'00000500 H'FFFC0028to 32
H'FFFC 0044
SDRAM control register SDCR R/W  H'00000000 H'FFFC004C 32
Refresh timer control/status register RTCSR R/W  H'00000000 H'FFFC0050 32
Refresh timer counter RTCNT R/W  H'00000000 H'FFFC0054 32
Refresh time constant register RTCOR R/W  H'00000000 H'FFFC0058 32
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8.4.1 Common Control Register (CMNCR)

CMNCR is a 32-bit register that controls the common items for each area. This register is
initialized to H'00001010 by a power-on reset and retains the value by a manual reset and in
software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S N N N N N N N N N A O N

Initial value: 0 0
R/W: R R R R R R R R R R R R

o
us)
us)
us)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ - ‘BLOCK‘ DPRTY[1:0] DMAIW[2:0] ‘ e ‘ - ‘ - ‘ e ‘ oz ‘ e
Initial value: 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0

R/W: R R R R RW RW RW RW RW RW RW R R RW R/W R/W

Initial
Bit Bit Name Value R/W  Description
31t0 13 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
12 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
11 BLOCK 0 R/W  Bus Lock

Specifies whether or not the BREQ signal is received.
0: Receives BREQ.
1: Does not receive BREQ.

10,9 DPRTY[1:0] 00 R/W  DMA Burst Transfer Priority

Specify the priority for a refresh request/bus
mastership request during DMA burst transfer.

00: Accepts a refresh request and bus mastership
request during DMA burst transfer.

01: Accepts a refresh request but does not accept a
bus mastership request during DMA burst transfer.

10: Accepts neither a refresh request nor a bus
mastership request during DMA burst transfer.

11: Reserved (setting prohibited)
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Bit

Bit Name

Initial
Value

R/W

Description

8to6

DMAIW[2:0]

000

R/W

Wait states between access cycles when DMA single
address transfer is performed.

Specify the number of idle cycles to be inserted after
an access to an external device with DACK when DMA
single address transfer is performed. The method of
inserting idle cycles depends on the contents of
DMAIWA.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

5

DMAIWA

0

R/W

Method of inserting wait states between access cycles
when DMA single address transfer is performed.

Specifies the method of inserting the idle cycles
specified by the DMAIW[2:0] bit. Clearing this bit will
make this LSl insert the idle cycles when another
device, which includes this LSI, drives the data bus
after an external device with DACK drove it. However,
when the external device with DACK drives the data
bus continuously, idle cycles are not inserted. Setting
this bit will make this LSl insert the idle cycles after an
access to an external device with DACK, even when
the continuous access cycles to an external device
with DACK are performed.

0: Idle cycles inserted when another device drives the
data bus after an external device with DACK drove
it.

1: Idle cycles always inserted after an access to an
external device with DACK

Reserved

This bit is always read as 1. The write value should
always be 1.
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Bit

Bit Name

Initial
Value

R/W

Description

0

Reserved

These bits are always read as 0. The write value
should always be 0.

HIZCKIO

R/W

High-Z CK Control

Specifies the state in CK standby mode and when bus
mastership is released.

0: CKiis in high impedance state in standby mode and
bus-released state.

1: CK is driven in standby mode and bus-released
state.

HIZMEM

R/W

High-Z Memory Control

Specifies the pin state in standby mode for A25 to AQ,
BS, CSn, RD/WR, WEn/DQMxx, AH, and RD. At bus-
released state, these pins are in high-impedance state
regardless of the setting value of the HIZMEM bit.

0: High impedance in standby mode.
1: Driven in standby mode

HIZCNT

R/W

High-Z Control

Specifies the state in standby mode and bus-released
state for CKE, RASL, and CASL.

0: CKE, RASL, and CASL are in high-impedance state
in standby mode and bus-released state.

1: CKE, RASL, and CASL are driven in standby mode
and bus-released state.

RENESAS
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8.4.2 CSn Space Bus Control Register (CSnBCR) (n =0 to 7)

CSnBCR is a 32-bit readable/writable register that specifies the type of memory connected to a
space, data bus width of an area, endian, and the number of waits between access cycles. This
register is initialized to H'36DB0x00 by a power-on reset and retains the value by a manual reset
and in software standby mode.

Do not access external memory other than area 0 until CSnBCR initial setting is completed.

Idle cycles may be inserted even when they are not specified. For details, see section 8.5.10, Wait
between Access Cycles.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| - | IWW[2:0] IWRWD([2:0] IWRWS[2:0] IWRRD[2:0] IWRRS[2:0]

Initial value: 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | TYPE[2:0] |ENDIAN| BSZ[1:0] | - | - | - | - | - | - | - | - |

Initial value: 0 0 0 0 0 1% 1% 0 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW R R R R R R R R R

Note: * CSnBCR samples the external pins (MD1 and MDO) that specify the bus width at power-on reset.

Initial
Bit Bit Name Value R/W  Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Bit

Initial
Bit Name Value

R/W

Description

30 to 28

IWW[2:0] 011

R/W

Idle Cycles between Write-Read Cycles and Write-
Write Cycles

These bits specify the number of idle cycles to be
inserted after the access to a memory that is
connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

27 t0 25

IWRWD[2:0] 011

R/W

Idle Cycles for Another Space Read-Write

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target access cycle is a read-write one in
which continuous access cycles switch between
different spaces.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W  Description
24t022 IWRWS[2:0] 011 R/W  Idle Cycles for Read-Write in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-write cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

21t019 IWRRD[2:0] 011 R/W Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles switch between different
space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Bit

Bit Name

Initial
Value

R/W

Description

1810 16

IWRRS[2:0]

011

R/W

Idle Cycles for Read-Read in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

15

Reserved

This bit is always read as 0. The write value should
always be 0.

141012 TYPE[2:0]

000

R/W

Specify the type of memory connected to a space.
000: Normal space

001: Burst ROM (clock asynchronous)

010: MPX-I/O

011: SRAM with byte selection

100: SDRAM

101: Reserved (setting prohibited)

110: Reserved (setting prohibited)

111: Burst ROM (clock synchronous)

For details of memory type in each area, see tables 8.2
and 8.3.

11

ENDIAN

0

R/W

Endian Select

Specifies data alignment in a space.
0: Big endian

1: Little endian

Rev. 2.00 May. 08, 2008 Page 189 of 1200

RENESAS REJ09B0344-0200



Section 8 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description

10,9 BSZ[1:0] 11* R/W  Data Bus Width Specification
Specify the data bus widths of spaces.
00: Reserved (setting prohibited)
01: 8-bit size
10: 16-bit size
11: Reserved (setting prohibited)
For MPX-I/O, selects bus width by address

Notes: 1. If area 5 is specified as MPX-I/O, the bus
width can be specified as 8 bits or 16 bits
by the address according to the SZSEL bit
in CS5WCR by specifying the BSZ[1:0]
bits to 11. The fixed bus width can be
specified as 8 bits or 16 bits.

2. The initial data bus width for areas 0 to 7
is specified by external pins. In on-chip
ROM-disabled mode, writing to the BSZ1
and BSZ0 bits in CSOBCR is ignored, but
the bus width settings in CS1BCR to
CS7BCR can be modified. In on-chip
ROM-enabled mode, the bus width
settings in CSOBCR to CS7BCR can be
modified.

3. If area 2 or area 3 is specified as SDRAM
space, the bus width can be specified as
16 bits only.

4. If area 0 or 4 is specified as clock-
synchronous burst ROM space, the bus
width can be specified as 16 bits only.

8to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

Note: * CSnBCR samples the external pins (MD1 and MDO) that specify the bus width at
power-on reset.
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8.4.3 CSn Space Wait Control Register (CSnWCR) (n =0 to 7)

CSnWCR specifies various wait cycles for memory access. The bit configuration of this register
varies as shown below according to the memory type (TYPE2 to TYPEO) specified by the CSn
space bus control register (CSnBCR). Specify CSnWCR before accessing the target area. Specify
CSnBCR first, then specify CSnWCR.

CSnWCR is initialized to H'00000500 by a power-on reset and retains the value by a manual reset
and in software standby mode.

(1) Normal Space, SRAM with Byte Selection, MPX-1/O

e CSOWCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

[T T [ T [ [ T T T T el [ T T
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SWI1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW R R R R RW  R/W

Initial
Bit Bit Name Value R/W  Description
31to21 —* AllO R/W  Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS* 0 R/W  Byte Access Selection when SRAM with Byte
Selection is Used

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RD/WR signal at the write
timing.
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Bit

Bit Name

Initial
Value

R/W

Description

19t0 13

*

AllO

R/W

Reserved

Set these bits to 0 when the interface for normal space
or SRAM with byte selection is used.

12, 11

SW[1:0]

00

R/W

Number of Delay Cycles from Address, CS0O Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CSO0 assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

10to 7

WR[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Initial
Bit Bit Name Value R/W  Description
6 WM 0 R/W  External Wait Mask Specification
Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address, CS0
Negation
Specify the number of delay cycles from RD and WEn
negation to address and CSO negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
Note * To connect the burst ROM to the CS0 space and switch to the burst ROM interface

after activation in ROM-disabled mode, set the TYPE[2:0] bits in CSOBCR after setting
the burst number by the bits 20 and 21 and the burst wait cycle number by the bits16
and 17. Do not write 1 to the reserved bits other than above bits.
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e CSIWCR, CSTWCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

[T T T T T T [T T T Tol [ o

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R RW R PRW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SW[1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEN signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RD/WR signal at the write

timing.
19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
18to 16  WW][2:0] 000 R/W  Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WRI[3:0] setting (number of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
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Bit Bit Name

Initial
Value

R/W

Description

151013 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11 SW[1:0]

00

R/W

Number of Delay Cycles from Address, CSn Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

10t07  WRI[3:0]

1010

R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
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Initial
Bit Bit Name  Value R/W  Description
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address, CSn

Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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e CS2WCR, CS3WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[T T [ T [ [ T [ T T Jwl [ T T

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T - T T-T —wes  Twl [-[-T-[-T]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

us)
ss)
us)
uy)
us)
us)

R/W: R R R R R RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19to 11 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit

Bit Name

Initial
Value

R/W

Description

10to 7

WR[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to0

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.
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e CS4WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ -[-[-[-] [ [ - [ - [ Jes] - [ wmeo
Initial value: 0 o 0 0 0 0 0 0 0 0 0 0 0 0 o 0
RW: R R R R R R R R R R R RW R RW RW RW
Bitt 15 14 13 12 11109 8 7 6 5 4 3 2 1 0
I ‘ - ‘ ‘ SWI[1:0] WR[3:0] ‘WM‘ - ‘ - ‘ - ‘ - ‘ HW[1:0]
Initial value: 0 o 0 o 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.

20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WERn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18t0o 16  WWI[2:0] 000 R/W  Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WRI[3:0] setting (number of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

15t0 13

All O

R

Reserved

These bits are always read as 0. The write value
should always be 0.

12, 11

SW[1:0]

00

R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to 7

WR[3:0]

1010

R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Initial
Bit Bit Name Value R/W  Description
6 WM 0 R/W  External Wait Mask Specification
Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address, CS4

Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

RENESAS
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e CS5WCR

Bit: 31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

L -1 -T-1-]

‘ - ‘ - ‘ - ‘SZSEL\MEX(‘SN/\ - \ WW[2:0]

Initial value: 0 0 0 0 0 0
R/W: R R R R R R

;o
I o
;o
T o

RW  R/W R RW RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SWI1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

R/W: R R R RW RW RW RW RW RW RW R R R R RW  R/W

Initial
Bit Bit Name Value R/W  Description
31to22 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
21 SZSEL 0 R/W  MPX-1/O Interface Bus Width Specification

Specifies an address to select the bus width when the
BSZ[1:0] of CS5BCR are specified as 11. This bit is
valid only when area 5 is specified as MPX-1/0O.

0: Selects the bus width by address A14
1: Selects the bus width by address A21

The relationship between the SZSEL bit and bus width
selected by A14 or A21 are summarized below.

SZSEL A14 A21 Bus Width
0 0 Not affected 8 bits

0 1 Not affected 16 bits

1 Not affected 0 8 bits

1 Not affected 1 16 bits
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Initial
Bit Bit Name Value R/W  Description
20 MPXW 0 R/W  MPX-1/O Interface Address Wait

This bit setting is valid only when area 5 is specified as

MPX-1/0. Specifies the address cycle insertion wait for

MPX-1/O interface.

0: Inserts no wait cycle

1: Inserts 1 wait cycle

BAS 0 R/W  SRAM with Byte Selection Byte Access Select

This bit setting is valid only when area 5 is specified as

SRAM with byte selection.

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18to 16  WWJ[2:0] 000 R/W  Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for

write access.

000: The same cycles as WR[3:0] setting (humber of

read access wait cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

15t0 13 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value R/W  Description
12, 11 SWI1:0] 00 R/W  Number of Delay Cycles from Address, CS5 Assertion

to RD, WE Assertion

Specify the number of delay cycles from address and
CS5 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to7 WRI[3:0] 1010 R/W  Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to2 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,

CS5 Negation

Specify the number of delay cycles from RD and WEnN
negation to address and CS5 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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e CS6WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CT T T T T T T T T T Tewl[ [ T]
Initial value: 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R R R R

o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SWI1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

us)

R/W: R R R RW RW RW RW RW RW RW R R R RW  R/W

Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RD/WR signal at the write
timing.

19t0 183 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

12, 11 SWI[1:0] 00 R/W  Number of Delay Cycles from Address, CS6 Assertion
to RD, WEn Assertion

Specify the number of delay cycles from address, CS6
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit

Bit Name

Initial
Value

R/W

Description

10to 7

WR[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WN

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification of this bit is valid even when the
number of access wait cycles is 0.

0: The external wait input is valid
1: The external wait input is ignored

5to2

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

1,0

HW[1:0]

00

R/W

Number of Delay Cycles from RD, WEn Negation to
Address, CS6 Negation

Specify the number of delay cycles from RD, WEn
negation to address, and CS6 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

RENESAS
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(2) Burst ROM (Clock Asynchronous)

e CSOWCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LT [ T T T- T T-T [ Tewwl [ Tow
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R/W  R/W R R RW R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[T T T T T wo  Twl [ T [ T
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

R/W: R R R R R RW RW RW RW RW R R R R R R

Initial
Bit Bit Name Value R/W  Description
31t022 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

21,20 BST[1:0] 00 R/W  Burst Count Specification

Specify the burst count for 16-byte access. These bits
must not be set to B'11.

Bus Width BST[1:0] Burst count

8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
19, 18 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit

Bit Name

Initial
Value

R/W

Description

17,16

BWI[1:0]

00

R/W

Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

15 to 11

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

10to 7

W[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

RENESAS
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Initial
Bit Bit Name Value R/W  Description
6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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e CS4WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[T [ T T T T [ T [ Tl [ [om
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW  R/W R R RW  R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SWI1:0] W[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW  R/W

Initial
Bit Bit Name Value R/W Description
31t022 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

21,20 BST[1:0] 00 R/W  Burst Count Specification

Specify the burst count for 16-byte access. These bits
must not be set to B'11.

Bus Width BST[1:0] Burst count

8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
19, 18 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles
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Bit

Bit Name

Initial
Value R/W

Description

15t0 13

AllO R

Reserved

These bits are always read as 0. The write value
should always be 0.

12, 11

SW[1:0]

00 R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to 7

W[3:0]

1010 R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Initial
Bit Bit Name Value R/W Description
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,

CS4 Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

RENESAS
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(3) SDRAM*

e CS2WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-l r-r-r-r-r-fr-f-7-f-7-7-7-7-]

Initial value: 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CT T T T T T Tewo [ ] T T T T
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to11 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
10 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
9 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
8,7 A2CL[1:0] 10 R/W  CAS Latency for Area 2
Specify the CAS latency for area 2.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6100 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

Note: * If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or SRAM with byte selection.
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e CS3WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[N N N N N N N O A A N N

Initial value: 0 0
R/W: R R R R R R R R R R R R

o
o
o
o
o
o
o
o
o
o
o
o)

R R

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| - ‘ WTRP[1:0]* ‘WTRCDUZO]* ‘ A3CL[1:0] ‘ - ‘ - ‘ TRWL[1:0]* ‘ WTRC[1:0]*

Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R RW R/W R RW  R/W R RW  R/W RW  R/W R RW R/W

sy)
uy)

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL[1:0], and WTRC[1:0] bit settings are
used in both areas in common.

Initial
Bit Bit Name Value R/W Description
31to15 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

14,13 WTRP[1:0]* 00 R/W  Number of Auto-Precharge Completion Wait Cycles

Specify the number of minimum precharge completion
wait cycles as shown below.

e From the start of auto-precharge and issuing of
ACTV command for the same bank

e From issuing of the PRE/PALL command to issuing
of the ACTV command for the same bank

o Till entering power-down mode or deep power-
down mode

e From the issuing of PALL command to issuing REF
command in auto-refresh mode

e From the issuing of PALL command to issuing
SELF command in self-refresh mode

The setting for areas 2 and 3 is common.
00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles
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Bit

Bit Name

Initial
Value

R/W

Description

12

0

R

Reserved

This bit is always read as 0. The write value should
always be 0.

11,10

WTRCDI[1:0]

01

R/W

Number of Wait Cycles between ACTV Command and
READ(A)/WRIT(A) Command

Specify the minimum number of wait cycles from
issuing the ACTV command to issuing the
READ(A)/WRIT(A) command. The setting for areas 2
and 3 is common.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

Reserved

This bit is always read as 0. The write value should
always be 0.

8,7

A3CL[1:0]

10

R/W

CAS Latency for Area 3

Specify the CAS latency for area 3.
00: 1 cycle

01: 2 cycles

10: 3 cycles

11: 4 cycles

6,5

All O

Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
4,3 TRWL[1:0]* 00 R/W  Number of Auto-Precharge Startup Wait Cycles

Specify the number of minimum auto-precharge

startup wait cycles as shown below.

e Cycle number from the issuance of the WRITA
command by this LSI until the completion of auto-
precharge in the SDRAM.

Equivalent to the cycle number from the issuance
of the WRITA command until the issuance of the
ACTV command. Confirm that how many cycles
are required between the WRITE command receive
in the SDRAM and the auto-precharge activation,
referring to each SDRAM data sheet. And set the
cycle number so as not to exceed the cycle number
specified by this bit.

e Cycle number from the issuance of the WRITA
command until the issuance of the PRE command.
This is the case when accessing another low
address in the same bank in bank active mode.

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles

2 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

RENESAS
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Initial
Bit Bit Name Value R/W Description
1,0 WTRCI[1:0]* 00 R/W  Number of Idle Cycles from REF Command/Self-

Refresh Release to ACTV/REF/MRS Command

Specify the number of minimum idle cycles in the
periods shown below.

e From the issuance of the REF command until the
issuance of the ACTV/REF/MRS command

e From releasing self-refresh until the issuance of the
ACTV/REF/MRS command.

The setting for areas 2 and 3 is common.

00: 2 cycles

01: 3 cycles

10: 5 cycles

11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL[1:0],
and WTRC[1:0] bit settings are used in both areas in common.

If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or SRAM with byte selection.
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(4) Burst ROM (Clock Synchronous)

e CSOWCR
Bitt 3 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ - [ | |- [T -T- [T -] ] ewa
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ - [ -] | Wz fwa | T T T -1 -1
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to 18 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
17,16 BWI[1:0] 00 R/W  Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to 11 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

Rev. 2.00 May. 08, 2008 Page 219 of 1200

RENESAS REJ09B0344-0200



Section 8 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description
10to7  WI[3:0] 1010 R/W  Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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8.44 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMSs to be
connected.

SDCR is initialized to H'00000000 by a power-on reset and retains the value by a manual reset and
in software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ A2ROWI1:0] ‘ - ‘ A2COL[1:0]

Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W  R/W R RW R/W

o
o
o
o
o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ DEEP ‘ SLOW‘ RFSH ‘RMODE‘PDOWN‘ BACTV‘ - ‘ - ‘ - ‘ A3ROWI[1:0] ‘ - ‘ A3COL[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW R RW R R R RW RW R RW RW
Initial

Bit Bit Name Value R/W  Description

31t021 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

20, 19 A2ROWI[1:0] 00 R/W  Number of Bits of Row Address for Area 2
Specify the number of bits of row address for area 2.
00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)

18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

17,16 A2COL[1:0] 00 R/W  Number of Bits of Column Address for Area 2
Specify the number of bits of column address for
area 2.
00: 8 bits
01: 9 bits
10: 10 bits

11: Reserved (setting prohibited)
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Bit

Initial
Bit Name Value R/W

Description

15, 14

— AllO R

Reserved

These bits are always read as 0. The write value
should always be 0.

13

DEEP 0 R/W

Deep Power-Down Mode

This bit is valid for low-power SDRAM. If the RFSH or
RMODE bit is set to 1 while this bit is set to 1, the deep
power-down entry command is issued and the low-
power SDRAM enters deep power-down mode.

0: Self-refresh mode
1: Deep power-down mode

12

SLOW 0 R/W

Low-Frequency Mode

Specifies the output timing of command, address, and
write data for SDRAM and the latch timing of read data
from SDRAM. Setting this bit makes the hold time for
command, address, write and read data extended for
half cycle (output or read at the falling edge of CK).
This mode is suitable for SDRAM with low-frequency
clock.

0: Command, address, and write data for SDRAM is

output at the rising edge of CK. Read data from
SDRAM is latched at the rising edge of CK.
1: Command, address, and write data for SDRAM is

output at the falling edge of CK. Read data from
SDRAM is latched at the falling edge of CK.

11

RFSH 0 R/W

Refresh Control

Specifies whether or not the refresh operation of the
SDRAM is performed.

0: No refresh

1: Refresh
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Bit

Bit Name

Initial
Value

R/W

Description

10

RMODE

0

R/W

Refresh Control

Specifies whether to perform auto-refresh or self-
refresh when the RFSH bit is 1. When the RFSH bit is
1 and this bit is 1, self-refresh starts immediately.
When the RFSH bit is 1 and this bit is 0, auto-refresh
starts according to the contents that are set in registers
RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

PDOWN

Power-Down Mode

Specifies whether the SDRAM will enter power-down

mode after the access to the SDRAM. With this bit

being set to 1, after the SDRAM is accessed, the CKE

signal is driven low and the SDRAM enters power-

down mode.

0: The SDRAM does not enter power-down mode after
being accessed.

1: The SDRAM enters power-down mode after being
accessed.

BACTV

R/W

Bank Active Mode

Specifies to access whether in auto-precharge mode

(using READA and WRITA commands) or in bank

active mode (using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRITA
commands)

1: Bank active mode (using READ and WRIT
commands)

Note: Bank active mode can be set only in area 3,
and only the 16-bit bus width can be set. When
both the CS2 and CS3 spaces are set to
SDRAM, specify auto-precharge mode.

7105

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

RENESAS
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Initial
Bit Bit Name Value R/W  Description

4,3 A3ROWI[1:0] 00 R/W  Number of Bits of Row Address for Area 3

Specify the number of bits of the row address for
area 3.

00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)

2 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

1,0 A3COL[1:0] 00 R/W  Number of Bits of Column Address for Area 3

Specify the number of bits of the column address for
area 3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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8.4.5 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM. RTCSR is initialized to H'00000000 by
a power-on reset and retains the value by a manual reset and in software standby mode.

When RTCSR is written, the upper 16 bits of the write data must be H'AS5A to cancel write

protection.

The phase of the clock for incrementing the count in the refresh timer counter (RTCNT) is
adjusted only by a power-on reset. Note that there is an error in the time until the compare match
flag is set for the first time after the timer is started with the CKS[2:0] bits being set to a value

other than B'000.
Bitt 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ ‘ ‘ - ‘ CMF ‘ CMIE ‘ CKS[2:0] RRC[2:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W  Description
31to8 — All0 R Reserved
These bits are always read as 0.
7 CMF 0 R/W  Compare Match Flag

Indicates that a compare match occurs between the

refresh timer counter (RTCNT) and refresh time

constant register (RTCOR). This bit is set or cleared in

the following conditions.

0: Clearing condition: When 0 is written in CMF after
reading out RTCSR during CMF = 1.

1: Setting condition: When the condition RTCNT =
RTCOR is satisfied.

Rev. 2.00 May. 08, 2008 Page 225 of 1200

RENESAS REJ09B0344-0200



Section 8 Bus State Controller (BSC)

Bit

Bit Name

Initial
Value

R/W

Description

CMIE

0

R/W

Compare Match Interrupt Enable

Enables or disables CMF interrupt requests when the
CMF bit in RTCSR is set to 1.

0: Disables CMF interrupt requests.
1: Enables CMF interrupt requests.

5t03

CKS[2:0]

000

R/W

Clock Select

Select the clock input to count-up the refresh timer
counter (RTCNT).

000: Stop the counting-up
001: By/4

010: B¢/16

011: B§/64

100: By/256

101: B¢/1024

110: B$/2048

111: B¢/4096

2100

RRC[2:0]

000

R/W

Refresh Count

Specify the number of continuous refresh cycles, when
the refresh request occurs after the coincidence of the
values of the refresh timer counter (RTCNT) and the
refresh time constant register (RTCOR). These bits
can make the period of occurrence of refresh long.

000: 1 time

001: 2 times

010: 4 times

011: 6 times

100: 8 times

101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)
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8.4.6 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit counter that increments using the clock selected by bits CKS[2:0] in RTCSR.
When RTCNT matches RTCOR, RTCNT is cleared to 0. The value in RTCNT returns to O after
counting up to 255. When the RTCNT is written, the upper 16 bits of the write data must be
H'AS5A to cancel write protection. This counter is initialized to H'00000000 by a power-on reset
and retains the value by a manual reset and in software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-+r-t-t-t-;t-rt-&1-71-7T-[]-"]}

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W  Description
31to8 — All0 R Reserved
These bits are always read as 0.
7100 AllO R/W  8-Bit Counter
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8.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit register. When RTCOR matches RTCNT, the CMF bit in RTCSR is set to 1
and RTCNT is cleared to 0.

When the RFSH bit in SDCR is 1, a memory refresh request is issued by this matching signal.
This request is maintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request is ignored.

The REFOUT signal can be asserted when a refresh request is generated while the bus is released.
For details, see the description of Relationship between Refresh Requests and Bus Cycles in
section 8.5.6 (9), Relationship between Refresh Requests and Bus Cycles, and section 8.5.11, Bus
Arbitration.

When the CMIE bit in RTCSR is set to 1, an interrupt request is issued by this matching signal.
The request continues to be output until the CMF bit in RTCSR is cleared. Clearing the CMF bit
only affects the interrupt request and does not clear the refresh request. Therefore, a combination
of refresh request and interval timer interrupt can be specified so that the number of refresh
requests are counted by using timer interrupts while refresh is performed periodically.

When RTCOR is written, the upper 16 bits of the write data must be H'AS5A to cancel write
protection. This register is initialized to H'00000000 by a power-on reset and retains the value by a
manual reset and in software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
.- r-r-r-r-Fr-fr- e e

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

-t -r-r-T-T-7-17T [ [ T [ 1T [ [ |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW. R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0.
7t00 AllO R/W 8-Bit Register
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8.5 Operation

8.5.1 Endian/Access Size and Data Alignment

This LSI supports big endian in which the 0 address is the most significant byte (MSB), and little
endian in which the 0 address is the least significant byte (LSB) in the byte data. In a space of
areas 1 to 7, endian can be set by the CSnBCR setting while the target space is not accessed. In a
space of area 0, the CSnBCR setting is invalid in on-chip ROM-disabled mode. In on-chip ROM-
enabled mode, endian can be set by the CSnBCR setting in a space of areas 0 to 7.

Two data bus widths (8 bits and 16 bits) are available for normal memory and SRAM with byte
selection. Only 16-bit data bus width is available for SDRAM. For MPX-I/O, the data bus width is
fixed at 8 bits or 16 bits, or 8 bits or 16 bits can be selected by the access address. Data alignment
is performed in accordance with the data bus width of the device. This also means that when
longword data is read from a byte-width device, the read operation must be done four times. In
this LSI, data alignment and conversion of data length is performed automatically between the
respective interfaces.

Tables 8.5 to 8.8 show the relationship between device data width and access unit. Note that
addresses corresponding to the strobe signals for the 16-bit bus width differ between big endian
and little endian. WE1 indicates the 0 address in big-endian mode, but WEO indicates the 0
address in little-endian mode.

Table 8.5  16-Bit External Device Access and Data Alignment in Big-Endian Mode

Data Bus Strobe Signals

Operation D15 to D8 D7 to DO WE1, DQMLU WEO, DQMLL
Byte access at 0 Data7to 0 — Assert —

Byte access at 1 — Data 7 to O — Assert

Byte access at 2 Data7to 0 — Assert —

Byte access at 3 — Data 7 to O — Assert

Word access at 0 Data 15t0 8 Data 7to 0 Assert Assert

Word access at 2 Data15t0 8 Data 7 to 0 Assert Assert
Longword 1sttime at0 Data 23 to 16 Data 31 to 24 Assert Assert

access at 0 2ndtimeat2 Data7to0 Data15t0 8 Assert Assert
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Table 8.6  8-Bit External Device Access and Data Alignment in Big-Endian Mode

Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WE1, DQMLU WEO, DQMLL
Byte access at 0 — Data 7to 0 — Assert
Byte access at 1 — Data 7 to O — Assert
Byte access at 2 — Data 7to 0 — Assert
Byte access at 3 — Data 7 to O — Assert
Word access at 0 1sttimeat0 — Data 15t0 8 — Assert
2ndtimeat1 — Data 7to 0 — Assert
Word access at 2 1sttimeat2 — Data 15t0 8 — Assert
2ndtimeat3 — Data 7 to 0 — Assert
Longword i1sttimeat0 — Data 31 to 24 — Assert
access at 0 2ndtimeat2 — Data 23 to 16 — Assert
3rdtimeat2 — Data15t0 8 — Assert
4thtme at3 — Data 7to 0 — Assert
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Table 8.7  16-Bit External Device Access and Data Alignment in Little-Endian Mode

Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WE1, DQMLU WEO, DQMLL
Byte access at 0 — Data 7to 0 — Assert
Byte access at 1 Data 7to 0 Assert —
Byte access at 2 — Data 7to 0 — Assert
Byte access at 3 Data 7to 0 Assert —
Word access at 0 Data 15t0 8 Data 7to 0 Assert Assert
Word access at 2 Data 15t0 8 Data 7 to 0 Assert Assert
Longword i1sttimeat0 Data15t08 Data 7 to O Assert Assert
access at 0 2ndtime at2 Data 31to24 Data 23 to 16 Assert Assert

Table 8.8  8-Bit External Device Access and Data Alignment in Little-Endian Mode

Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WE1, DOMLU WEO, DQMLL
Byte access at 0 — Data 7to 0 — Assert
Byte access at 1 — Data 7 to O — Assert
Byte access at 2 — Data 7to 0 — Assert
Byte access at 3 — Data 7to 0 — Assert
Word access at 0 1sttimeat0 — Data 7to 0 — Assert
2ndtimeat1 — Data 15t0 8 — Assert
Word access at 2 1sttimeat2 — Data 7to 0 — Assert
2ndtimeat3 — Data15t0 8 — Assert
Longword i1sttimeat0 — Data 7 to O — Assert
access at 0 2ndtimeat2 — Data 15t0 8 — Assert
3rdtimeat2 — Data 23 to 16 — Assert
4thtmeat3 — Data 31 to 24 — Assert
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8.5.2 Normal Space Interface
(1) Basic Timing

For access to a normal space, this LSI uses strobe signal output in consideration of the fact that
mainly static RAM will be directly connected. When using SRAM with a byte-selection pin, see
section 8.5.8, SRAM Interface with Byte Selection. Figure 8.2 shows the basic timings of normal
space access. A no-wait normal access is completed in two cycles. The BS signal is asserted for
one cycle to indicate the start of a bus cycle.

A25 to A0 X

D15 to DO

RD/WR

Write

Read RD \ E /

DACKn™ \ /

Note: * The waveform for DACKn is when active low is specified.

Figure 8.2 Normal Space Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 16 bits are always
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read in case of a 16-bit device. When writing, only the WEn signal for the byte to be written is
asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal is in a read state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer, to avoid collision.

Figures 8.3 and 8.4 show the basic timings of normal space access. If the WM bit in CSnWCR is
cleared to 0, a Tnop cycle is inserted after the CSn space access to evaluate the external wait

(figure 8.3). If the WM bit in CSnWCR is set to 1, external waits are ignored and no Tnop cycle is
inserted (figure 8.4).

' T . T2 , Tnop , T . T2

CK

LS SEERED GRED &

Read
D15 to DO

Write

D15 to DO
BS

DACKn™*

Note: * The waveform for DACKn is when actlve Iow is specmed

Figure 8.3 Continuous Access for Normal Space 1
Bus Width = 16 Bits, Longword Access, CSnWCR.WM Bit = 0
(Access Wait = 0, Cycle Wait = 0)
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yoTto T2 T T2
1 T 1 T 1 T 1

CK

1
d U
1
1
1 1
1 1
A25 to A0 i ,
1

WEn '

1 1 [’ 1 1

3 1 | 1 1
Write I | ]
1 T T

D15 to DO —( X
o
1 1 1
1 1 D 1

DACKn*_;\é

Note: * The waveform for DACKn is when active low is specified.

X
HERENG
mey

Figure 8.4 Continuous Access for Normal Space 2
Bus Width = 16 Bits, Longword Access, CSnWCR.WM Bit = 1
(Access Wait = 0, Cycle Wait = 0)
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128K x 8-bit
This LSI SRAM
A17 B | A16
Al : ~{ Ao
CSn [ei5)
RD OE
D15 - 1/07
_D8f— 1/00
WEH WE
b7
_Do - A16
WEO I
A0
cS
OE
107
1/00
WE

Figure 8.5 Example of 16-Bit Data-Width SRAM Connection

128K x 8-bit
This LSI SRAM
A16 A16
A0 AO
CSn CcS
RD OE
D7 1107
DO 1/100
WEO WE

Figure 8.6 Example of 8-Bit Data-Width SRAM Connection
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8.5.3 Access Wait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO0 in CSnWCR. It is possible for areas 1, 4, 5, and 7 to insert wait cycles independently in read
access and in write access. Areas 0, 2, 3, and 6 have common access wait for read cycle and write
cycle. The specified number of Tw cycles are inserted as wait cycles in a normal space access
shown in figure 8.7.

A25 to AQ X:
=y e
RDWR X:

{ R 1\ /o

Read | 1
D15 to DO /\::)_

]

Note: * The waveform for DACKn is when active IoW is specified.

Figure 8.7 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CSnWCR is cleared to 0, the external wait input WAIT signal is also
sampled. WAIT pin sampling is shown in figure 8.8. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CK at the transition from the T1 or Tw
cycle to the T2 cycle.

Wait states inserted
by WAIT signal
T Tw Tw Twx T2

Lo e

Write ! 1 , 1 i 1 1 , 1 , :
D15 to DO —{ Y—
LZUSAVARRRAARAERRRA WP AEY/Z0 e \AVARRANNY

BS \ . i v

e NERERERERE

Note: * The waveform for DACKn is when active low is specified.

Figure 8.8 Wait Cycle Timing for Normal Space Access
(Wait Cycle Insertion Using WAIT Signal)
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8.54 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO0. Therefore, a flexible interface to an external device
can be obtained. Figure 8.9 shows an example. A Th cycle and a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

.Th.T1.T2.Tf.
S U o U an U a0
A25toAO:§X::::::::X:
N L

RD ! , H , \ : i i
Read E . E . i . : :
D15 to DO N ; N ; N \ N

WEn | ' ' '
Write { E : : ' ' : ' :
D15 to DO —— Y—

Note: * The waveform for DACKn is when active low is specified.

Figure 8.9 CSn Assert Period Expansion
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8.5.5 MPX-1/O Interface

Access timing for the MPX space is shown below. In the MPX space, CS5, AH, RD, and WEn
signals control the accessing. The basic access for the MPX space consists of 2 cycles of address
output followed by an access to a normal space. The bus width for the address output cycle or the
data input/output cycle is fixed to 8 bits or 16 bits. Alternatively, it can be 8 bits or 16 bits
depending on the address to be accessed.

Output of the addresses D15 to DO or D7 to DO is performed from cycle Ta2 to cycle Ta3.
Because cycle Tal has a high-impedance state, collisions of addresses and data can be avoided
without inserting idle cycles, even in continuous access cycles. Address output is increased to 3
cycles by setting the MPXW bit in CSSWCR to 1.

The RD/WR signal is output at the same time as the CS5 signal; it is high in the read cycle and
low in the write cycle.

The data cycle is the same as that in a normal space access.

Timing charts are shown in figures 8.10 to 8.12.
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Address

Data

Address

T [m) o c o [9p] *
7A _R a L a AB g
e = 2 8]
~ ~ <
Q a fa)
a Q
o) [Te)
la} la}
(l)\nl\ (l)\nl\
3 2
o) =
o =

Note: * The waveform for DACKn is when active low is specified.

Figure 8.10 Access Timing for MPX Space (Address Cycle No Wait, Data Cycle No Wait)
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Tadw Ta2 Ta3 T1 T2

Tail

A25 to AO :X

S
......... i ol
(a]
ol
©
||||||||||||||||| ID
........... O S R
[2] [2]
[%] [%]
o o
B R =} I o
S -]
< <
T n o c
z B 8 T 8
e 2 ko)
P ~
s )
© o)
o la)

Read

{
- |

Note: * The waveform for DACKn is when active low is specified.

Figure 8.11 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait)
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L A
Read : : : ' 1 1 1 1 : 1
D15/D7 to DO —+——+— Address :

W:f:f:i:;:;\:
Write{ N e e R

-N~ -

D15/D7 to DO —-—-—( Address X
FZZEAVARNEANTURAVARAGUUEUNVARAVARRERRRGRRRAN:

Note: * The waveform for DACKn is when active low is specified.

Figure 8.12 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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8.5.6 SDRAM Interface
(1) SDRAM Direct Connection

The SDRAM that can be connected to this LSI is a product that has 11/12/13 bits of row address,
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting precharge mode in
read and write command cycles.

The control signals for direct connection of SDRAM are RASL, CASL, RD/WR, DQMUL,
DQMLL, CKE, CS2, and CS3. All the signals other than CS2 and CS3 are common to all areas,
and signals other than CKE are valid when CS2 or CS3 is asserted. SDRAM can be connected to
up to 2 spaces. The data bus width of the area that is connected to SDRAM can be set to 16 bits
only.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as
SDRAM operating mode.

Commands for SDRAM can be specified by RASL, CASL, RD/WR, and specific address signals.
These commands supports:

e NOP

e Auto-refresh (REF)

o Self-refresh (SELF)

e All banks pre-charge (PALL)

e Specified bank pre-charge (PRE)
e Bank active (ACTV)

e Read (READ)

e Read with pre-charge (READA)
o  Write (WRIT)

e Write with pre-charge (WRITA)
e Write mode register (MRS, EMRS)

The byte to be accessed is specified by DQMUL and DQMLL. Reading or writing is performed
for a byte whose corresponding DQMzxx is low. For details on the relationship between DQMxx
and the byte to be accessed, see section 8.5.1, Endian/Access Size and Data Alignment.

Figure 8.13 shows an example of the connection of the SDRAM with the LSI.
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64M SDRAM
This LSI (1M x 16-bit x 4-bank)
Al4 A13
A1 A0
CKE CKE
CK CLK
CSn cS
RASL RAS
CASL CAS
RD/WR WE
D15 /015
DO 1/00
DQMLU DQMU
DQMLL DQML

Figure 8.13 Example of 16-Bit Data Width SDRAM Connection
(RASU and CASU are Not Used)

(2) Address Multiplexing

An address multiplexing is specified so that SDRAM can be connected without external
multiplexing circuitry according to the setting of bits BSZ[1:0] in CSnBCR, bits A2ROWT[1:0],
and A2COL[1:0], A3ROW]1:0], and A3COL[1:0] in SDCR. Tables 8.9 to 8.11 show the
relationship between the settings of bits BSZ[1:0], A2ZROW[1:0], A2COL[1:0], A3BROW[1:0], and
A3COL[1:0] and the bits output at the address pins. Do not specify those bits in the manner other
than this table, otherwise the operation of this LSI is not guaranteed. A29 to A18 are not
multiplexed and the original values of address are always output at these pins.

The AO pin of SDRAM specifies a word address. Therefore, connect the AO pin of SDRAM to the
Al pin of the LSI; then connect the A1 pin of SDRAM to the A2 pin of the LSI, and so on.
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Table 8.9  Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (1)-1
Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
Al4 A22 Al4
A13 A21%#* A21%#* A12 (BA1) Specifies bank
A12 A20* A20+ A11 (BAO)
A11 A19 L/H* A10/AP Specifies

address/precharge

A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 A14 A6 A5
A5 A13 A5 A4
A4 A12 A4 A3
A3 A1l A3 A2
A2 A10 A2 A1
A1 A9 A1l A0
A0 A8 A0 Unused

Example of connected memory

16-Mbit product (512 Kwords x 16 bits x 2 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 8.9  Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (1)-2
Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 00 (8 bits)
Output Pin of Row Address Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
Al4 A22+* A22+* A13 (BA1) Specifies bank
A13 A21%#* A21%#* A12 (BAO)
A12 A20 A12 A11 Address
A11 A19 L/H* A10/AP Specifies

address/precharge

A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 A14 A6 A5
A5 A13 A5 A4
A4 A12 A4 A3
A3 A1l A3 A2
A2 A10 A2 A1
A1 A9 A1l A0
A0 A8 A0 Unused

Example of connected memory

64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to access
the mode.

2. Bank address specification
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Table 8.10 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (2)-1

Setting

A2/3 A2/3
BSz ROW coL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 01 (9 bits)
Output Pin of Row Address Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A24 A15
Al4 A23+#* A23+#* A13 (BA1) Specifies bank
A13 A22+* A22+* A12 (BAO)
A12 A21 A12 A11 Address
A11 A20 L/H* A10/AP Specifies

address/precharge

A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 A14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 Al A2 A1
Al A10 Al A0
A0 A9 A0 Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 8.10 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (2)-2

Setting
A2/3 A2/3
BSz ROW coL
[1:0] [1:0] [1:0]

10 (16 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address Column Address

This LSI Output Cycle  Output Cycle SDRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25 A15

Al4 A24+* A24+* A13 (BA1) Specifies bank

A13 A23+#* A23+* A12 (BAO)

A12 A22 A12 A11 Address

A11 A21 L/H* A10/AP Specifies
address/precharge

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 A17 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 A4 A4 A3

A3 A13 A3 A2

A2 A12 A2 A1

Al A1l Al A0

A0 A10 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 8.11 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (3)-1

Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 01 (9 bits)
Output Pin of Row Address Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A24%* A24%* A14 (BA1) Specifies bank
Al4 A23+#* A23+#* A13 (BAO)
A13 A22 A13 A12 Address
Al12 A21 Al12 A1l
A11 A20 L/H* A10/AP Specifies

address/precharge

A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 A14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 Al A2 A1
Al A10 Al A0
A0 A9 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 8.11 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (3)-2

Setting
A2/3 A2/3
BSz ROW coL
[1:0] [1:0] [1:0]

10 (16 bits) 10 (13 bits) 10 (10 bits)
Output Pin of Row Address Column Address

This LSI Output Cycle  Output Cycle SDRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25% A25% A14 (BA1) Specifies bank

Al4 A24+* A24+* A13 (BAO)

A13 A23 A13 A12 Address

Al12 A22 A12 A1l

A11 A21 L/H* A10/AP Specifies
address/precharge

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 A17 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 A4 A4 A3

A3 A13 A3 A2

A2 A12 A2 A1

Al A1l Al A0

A0 A10 A0 Unused

Example of connected memory

512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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(3) Burst Read
A burst read occurs in the following cases with this LSI.

e Access size in reading is larger than data bus width.
e 16-byte transfer in DMAC

This LSI always accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 8 times to read 16-byte continuous data from the SDRAM that
is connected to a 16-bit data bus. This access is called the burst read with the burst number 8.
Table 8.12 shows the relationship between the access size and the number of bursts.

Table 8.12 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts
16 bits 8 bits 1

16 bits 1

32 bits 2

16 bits 8

Figures 8.14 and 8.15 show a timing chart in burst read. In burst read, an ACTV command is
output in the Tr cycle, the READ command is issued in the Tcl, Tc2, and Tc3 cycles, the READA
command is issued in the Tc4 cycle, and the read data is received at the rising edge of the external
clock (CK) in the Td1 to Td4 cycles. The Tap cycle is used to wait for the completion of an auto-
precharge induced by the READA command in the SDRAM. In the Tap cycle, a new command
will not be issued to the same bank. However, access to another CS space or another bank in the
same SDRAM space is enabled. The number of Tap cycles is specified by the WTRP1 and
WTRPO bits in CS3WCR.

In this LSI, wait cycles can be inserted by specifying each bit in CS3WCR to connect the SDRAM
in variable frequencies. Figure 8.15 shows an example in which wait cycles are inserted. The
number of cycles from the Tr cycle where the ACTV command is output to the Tcl cycle where
the READ command is output can be specified using the WTRCD1 and WTRCDO bits in
CS3WCR. If the WTRCD1 and WTRCDO bits specify one cycles or more, a Trw cycle where the
NOT command is issued is inserted between the Tr cycle and Tc1 cycle. The number of cycles
from the Tc1 cycle where the READ command is output to the Td1 cycle where the read data is
latched can be specified for the CS2 and CS3 spaces independently, using the A2CL1 and A2CL0O
bits in CS2WCR or the A3CL1 and A3CLO bits in CS3WCR and WTRCDO bit in CS3WCR. The
number of cycles from Tcl to Td1 corresponds to the SDRAM CAS latency. The CAS latency for
the SDRAM is normally defined as up to three cycles. However, the CAS latency in this LSI can
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be specified as 1 to 4 cycles. This CAS latency can be achieved by connecting a latch circuit

between this LSI and the SDRAM.

A Tde cycle is an idle cycle required to transfer the read data into this LSI and occurs once for

every burst read or every single read.

Td2 Td3 Td4

Td1

S

A12/A11%1
RASL, RASU
CASL, CASU

D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.14 Burst Read Basic Timing (CAS Latency 1, Auto-Precharge)
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Td1 Td2 Td3 Td4

Tw

A12/A11#1
D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.15 Burst Read Wait Specification Timing (CAS Latency 2,

1 Cycle, Auto-Precharge)

WTRCDI1:0]
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(4) Single Read

A read access ends in one cycle when the data bus width is larger than or equal to the access size.
This, simply stated, is single read. As the SDRAM is set to the burst read with the burst length 1,
only the required data is output. A read access that ends in one cycle is called single read.

Figure 8.16 shows the single read basic timing.

CK

A25 to AO X
A12/A11%1 .x j /
CSn N\

A

|
[

i/ E

[

f
[

w/
[9)
<
X
%

[T

—/

|
r

DACKn*2 —\

|

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.16 Basic Timing for Single Read (CAS Latency 1, Auto-Precharge)
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(5) Burst Write
A burst write occurs in the following cases in this LSI.

e Access size in writing is larger than data bus width.
e 16-byte transfer in DMAC

This LSI always accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 8 times to write 16-byte continuous data to the SDRAM that is
connected to a 16-bit data bus. This access is called burst write with the burst number 8.

The relationship between the access size and the number of bursts is shown in table 8.12.

Figure 8.17 shows a timing chart for burst writes. In burst write, an ACTV command is output in
the Tr cycle, the WRIT command is issued in the Tcl, Tc2, and Tc3 cycles, and the WRITA
command is issued to execute an auto-precharge in the Tc4 cycle. In the write cycle, the write data
is output simultaneously with the write command. After the write command with the auto-
precharge is output, the Trw1 cycle that waits for the auto-precharge initiation is followed by the
Tap cycle that waits for completion of the auto-precharge induced by the WRITA command in the
SDRAM. Between the Trwl and the Tap cycle, a new command will not be issued to the same
bank. However, access to another CS space or another bank in the same SDRAM space is enabled.
The number of Trw1 cycles is specified by the TRWLI1 and TRWLO bits in CS3WCR. The
number of Tap cycles is specified by the WTRP1 and WTRPO bits in CS3WCR.
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A12/A11#1

~
_~

CASL

A\

DQMxx

\
/

D15 to DO

B!

S

DACKn*2 _'\

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.17 Basic Timing for Burst Write (Auto-Precharge)
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(6) Single Write

A write access ends in one cycle when the data bus width is larger than or equal to access size. As
a single write or burst write with burst length 1 is set in SDRAM, only the required data is output.
The write access that ends in one cycle is called single write. Figure 8.18 shows the single write

basic timing.

CK

A25toA0:X —X X
A12/A11%1 5( 7

oo |

D15 to DO -
° A

BS

DACKn*2 _\

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.18 Single Write Basic Timing (Auto-Precharge)
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(7) Bank Active

The SDRAM bank function can be used to support high-speed access to the same row address.
When the BACTV bit in SDCR is 1, access is performed using commands without auto-precharge
(READ or WRIT). This function is called bank-active function. This function is valid only for
either the upper or lower bits of area 3. When area 3 is set to bank-active mode, area 2 should be
set to normal space or SRAM with byte selection. When areas 2 and 3 are both set to SDRAM or
both the upper and lower bits of area 3 are connected to SDRAM, auto-precharge mode must be
set.

When the bank-active function is used, precharging is not performed when the access ends. When
accessing the same row address in the same bank, it is possible to issue the READ or WRIT
command immediately, without issuing an ACTV command. As SDRAM is internally divided
into several banks, it is possible to activate one row address in each bank. If the next access is to a
different row address, a PRE command is first issued to precharge the relevant bank, then when
precharging is completed, the access is performed by issuing an ACTV command followed by a
READ or WRIT command. If this is followed by an access to a different row address, the access
time will be longer because of the precharging performed after the access request is issued. The
number of cycles between issuance of the PRE command and the ACTV command is determined
by the WTRP1 and WTPRO bits in CS3WCR.

In a write, when an auto-precharge is performed, a command cannot be issued to the same bank
for a period of Trwl + Tap cycles after issuance of the WRITA command. When bank active mode
is used, READ or WRIT commands can be issued successively if the row address is the same. The
number of cycles can thus be reduced by Trwl + Tap cycles for each write.

There is a limit on tRAS, the time for placing each bank in the active state. If there is no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of tRAS.

A burst read cycle without auto-precharge is shown in figure 8.19, a burst read cycle for the same
row address in figure 8.20, and a burst read cycle for different row addresses in figure 8.21.
Similarly, a burst write cycle without auto-precharge is shown in figure 8.22, a burst write cycle
for the same row address in figure 8.23, and a burst write cycle for different row addresses in
figure 8.24.

In figure 8.20, a Tnop cycle in which no operation is performed is inserted before the Tc cycle that
issues the READ command. The Tnop cycle is inserted to acquire two cycles of CAS latency for
the DQMxx signal that specifies the read byte in the data read from the SDRAM. If the CAS
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latency is specified as two cycles or more, the Tnop cycle is not inserted because the two cycles of
latency can be acquired even if the DQMxx signal is asserted after the Tc cycle.

When bank active mode is set, if only access cycles to the respective banks in the area 3 space are
considered, as long as access cycles to the same row address continue, the operation starts with the
cycle in figure 8.19 or 8.23, followed by repetition of the cycle in figure 8.20 or 8.23. An access to
a different area during this time has no effect. If there is an access to a different row address in the
bank active state, after this is detected the bus cycle in figure 8.20 or 8.23 is executed instead of
that in figure 8.21 or 8.24. In bank active mode, too, all banks become inactive after a refresh
cycle or after the bus is released as the result of bus arbitration.

Td1 Td2 Td3 Td4
Tr Tel Tc2 Tc3 Tc4 Tde

CK

A25 to A0

atzatts X 1\ !
cs3 '\

RASL A\ /

|

CASL

L]

RD/WR

D
X
X

W)
O
=
X
X

D15 to DO

BS

|

DACKn*2

)

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.19 Burst Read Timing (Bank Active, Different Bank, CAS Latency 1)
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D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.20 Burst Read Timing (Bank Active, Same Row Addresses in the Same Bank, CAS

Latency 1)
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Td2 Td3 Td4

Td1

D15 to DO

1. Address pin to be connected to pin A10 of SDRAM.

Notes:

2. The waveform for DACKn is when active low is specified.

Figure 8.21 Burst Read Timing (Bank Active, Different Row Addresses in the Same Bank,

CAS Latency 1)
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o5\ -
met TN/ T

CASL i \ z

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.22 Single Write Timing (Bank Active, Different Bank)
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ck N/ \

A25 to AO X ' X:
A12/A11#1 . \ /_

cs3 1\ /

RASL

o —__
D15 to DO _,_|_<:>_
DACKn*2 _\

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.23 Single Write Timing (Bank Active, Same Row Addresses in the Same Bank)
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D15 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.24 Single Write Timing (Bank Active, Different Row Addresses in the Same Bank)
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(8) Refreshing

This LSI has a function for controlling SDRAM refreshing. Auto-refreshing can be performed by
clearing the RMODE bit to 0 and setting the RFSH bit to 1 in SDCR. A continuous refreshing can
be performed by setting the RRC2 to RRCO bits in RTCSR. If SDRAM is not accessed for a long
period, self-refresh mode, in which the power consumption for data retention is low, can be
activated by setting both the RMODE bit and the RFSH bit to 1.

(a) Auto-refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2 to CKS0
in RTCSR, and the value set by in RTCOR. The value of bits CKS2 to CKS0 in RTCOR should
be set so as to satisfy the refresh interval stipulation for the SDRAM used. First make the settings
for RTCOR, RTCNT, and the RMODE and RFSH bits in SDCR, then make the CKS2 to CKS0
and RRC2 to RRCO settings. When the clock is selected by bits CKS2 to CKS0, RTCNT starts
counting up from the value at that time. The RTCNT value is constantly compared with the
RTCOR value, and if the two values are the same, a refresh request is generated and an auto-
refresh is performed for the number of times specified by the RRC2 to RRCO. At the same time,
RTCNT is cleared to zero and the count-up is restarted.

Figure 8.25 shows the auto-refresh cycle timing. After starting, the auto refreshing, PALL
command is issued in the Tp cycle to make all the banks to pre-charged state from active state
when some bank is being pre-charged. Then REF command is issued in the Trr cycle after
inserting idle cycles of which number is specified by the WTRP1 and WTRPO bits in CS3WCR. A
new command is not issued for the duration of the number of cycles specified by the WTRC1 and
WTRCO bits in CS3WCR after the Trr cycle. The WTRC1 and WTRCO bits must be set so as to
satisfy the SDRAM refreshing cycle time stipulation (tRC). An idle cycle is inserted between the
Tp cycle and Trr cycle when the setting value of the WTRP1 and WTRPO bits in CS3WCR is
longer than or equal to 1 cycle.
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-Z

CASL
RD/WR

DQMxx
D15 to DO
DACKn#*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.25 Auto-Refresh Timing
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(b) Self-refreshing

Self-refresh mode in which the refresh timing and refresh addresses are generated within the
SDRAM. Self-refreshing is activated by setting both the RMODE bit and the RFSH bit in SDCR
to 1. After starting the self-refreshing, PALL command is issued in Tp cycle after the completion
of the pre-charging bank. A SELF command is then issued after inserting idle cycles of which
number is specified by the WTRP1 and WTRPO bits in CS3WSR. SDRAM cannot be accessed
while in the self-refresh state. Self-refresh mode is cleared by clearing the RMODE bit to 0. After
self-refresh mode has been cleared, command issuance is disabled for the number of cycles
specified by the WTRC1 and WTRCO bits in CS3WCR.

Self-refresh timing is shown in figure 8.26. Settings must be made so that self-refresh clearing and
data retention are performed correctly, and auto-refreshing is performed at the correct intervals.
When self-refreshing is activated from the state in which auto-refreshing is set, or when exiting
standby mode other than through a power-on reset, auto-refreshing is restarted if the RFSH bit is
set to 1 and the RMODE bit is cleared to 0 when self-refresh mode is cleared. If the transition
from clearing of self-refresh mode to the start of auto-refreshing takes time, this time should be
taken into consideration when setting the initial value of RTCNT. Making the RTCNT value 1 less
than the RTCOR value will enable refreshing to be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby state is
entered using the LSI standby function, and is maintained even after recovery from standby mode
due to an interrupt. Note that the necessary signals such as CKE must be driven even in standby
state by setting the HIZCNT bit in CMNCR to 1.

The self-refresh state is not cleared by a manual reset. In case of a power-on reset, the bus state
controller's registers are initialized, and therefore the self-refresh state is cleared.
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.26 Self-Refresh Timing
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(9) Relationship between Refresh Requests and Bus Cycles

If a refresh request occurs during bus cycle execution, the refresh cycle must wait for the bus cycle
to be completed. If a refresh request occurs while the bus is released by the bus arbitration
function, the refresh will not be executed until the bus mastership is acquired. This LSI has the
REFOUT pin to request the bus while waiting for refresh execution. For REFOUT pin function
selection, see section 19, Pin Function Controller (PFC). This LSI continues to assert REFOUT
(low level) until the bus is acquired.

On receiving the asserted REFOUT signal, the external device must negate the BREQ signal and
return the bus. If the external bus does not return the bus for a period longer than the specified
refresh interval, refresh cannot be executed and the SDRAM contents may be lost.

If a new refresh request occurs while waiting for the previous refresh request, the previous refresh
request is deleted. To refresh correctly, a bus cycle longer than the refresh interval or the bus
mastership occupation must be prevented from occurring.

If a bus mastership is requested during self-refresh, the bus will not be released until the refresh is
completed.
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(10) Low-Frequency Mode

When the SLOW bit in SDCR is set to 1, output of commands, addresses, and write data, and
fetch of read data are performed at a timing suitable for operating SDRAM at a low frequency.

Figure 8.27 shows the access timing in low-frequency mode. In this mode, commands, addresses,
and write data are output in synchronization with the falling edge of CK, which is half a cycle
delayed than the normal timing. Read data is fetched at the rising edge of CK, which is half a
cycle faster than the normal timing. This timing allows the hold time of commands, addresses,
write data, and read data to be extended.

If SDRAM is operated at a high frequency with the SLOW bit set to 1, the setup time of
commands, addresses, write data, and read data are not guaranteed. Take the operating frequency
and timing design into consideration when making the SLOW bit setting.

Tr Tct Td1 Tde Tap Tr Tel Tnop Trwl Tap

CK

CKE

A25 to AO . IX I IX : I . IX I :X ; :X : iX
. T

=

I

=
A
X
~

D15 to DO : : 5‘\ C ,‘:

BS

DACKn?*2 _“\

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.27 Low-Frequency Mode Access Timing

Rev. 2.00 May. 08, 2008 Page 270 of 1200
REJ09B0344-0200 RRENESAS




Section 8 Bus State Controller (BSC)

(11) Power-Down Mode

If the PDOWN bit in SDCR s set to 1, the SDRAM is placed in power-down mode by bringing

the CKE signal to the low level in the non-access cycle. This power-down mode can effectively
lower the power consumption in the non-access cycle. However, please note that if an access

occurs in power-down mode, a cycle of overhead occurs because a cycle is needed to assert the

CKE in order to cancel power-down mode.

Figure 8.28 shows the access timing in power-down mode.

Power-down

A25 to A0

.y
Iy
Vo
N

n A10 of SDRAM

Notes: 1. Address pin to be connected to p

D15 to DO

2. The waveform for DACKn is when active low is specified.

Figure 8.28 Power-Down Mode Access Timing

Rev. 2.00 May. 08, 2008 Page 271 of 1200

REJ09B0344-0200

RENESAS



Section 8 Bus State Controller (BSC)

(12) Power-On Sequence

In order to use SDRAM, mode setting must first be made for SDRAM after waiting for 100 ps or
a longer period after powering on. This 100-us or longer period should be obtained by a power-on
reset generating circuit or software.

To perform SDRAM initialization correctly, the bus state controller registers must first be set,
followed by a write to the SDRAM mode register. In SDRAM mode register setting, the address
signal value at that time is latched by a combination of the CSn, RASL, CASL, and RD/WR
signals. If the value to be set is X, the bus state controller provides for value X to be written to the
SDRAM mode register by performing a write to address HFFFC4000 + X for area 2 SDRAM,
and to address HFFFC5000 + X for area 3 SDRAM. In this operation the data is ignored, but the
mode write is performed as a byte-size access. To set burst read/single write, CAS latency 2 to 3,
wrap type = sequential, and burst length 1 supported by the LSI, arbitrary data is written in a byte-
size access to the addresses shown in table 8.13. In this time O is output at the external address
pins of A12 or later.

Table 8.13 Access Address in SDRAM Mode Register Write

o Setting for Area 2
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC4440 H'0000440
3 H'FFFC4460 H'0000460

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC4040 H'0000040
3 H'FFFC4060 H'0000060
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e Setting for Area 3
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC5440 H'0000440
3 H'FFFC5460 H'0000460

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC5040 H'0000040
3 H'FFFC5060 H'0000060

Mode register setting timing is shown in figure 8.29. A PALL command (all bank pre-charge
command) is firstly issued. A REF command (auto refresh command) is then issued 8 times. An
MRS command (mode register write command) is finally issued. Idle cycles, of which number is
specified by the WTRP1 and WTRPO bits in CS3WCR, are inserted between the PALL and the
first REF. Idle cycles, of which number is specified by the WTRC1 and WTRCO bits in CS3WCR,
are inserted between REF and REF, and between the 8th REF and MRS. Idle cycles, of which
number is one or more, are inserted between the MRS and a command to be issued next.

It is necessary to keep idle time of certain cycles for SDRAM before issuing PALL command after
power-on. Refer to the manual of the SDRAM for the idle time to be needed. When the pulse
width of the reset signal is longer than the idle time, mode register setting can be started
immediately after the reset, but care should be taken when the pulse width of the reset signal is
shorter than the idle time.
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure 8.29 SDRAM Mode Write Timing (Based on JEDEC)
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(13) Low-Power SDRAM
The low-power SDRAM can be accessed using the same protocol as the normal SDRAM.

The differences between the low-power SDRAM and normal SDRAM are that partial refresh
takes place that puts only a part of the SDRAM in the self-refresh state during the self-refresh
function, and that power consumption is low during refresh under user conditions such as the
operating temperature. The partial refresh is effective in systems in which there is data in a work
area other than the specific area can be lost without severe repercussions.

The low-power SDRAM supports the extension mode register (EMRS) in addition to the mode
registers as the normal SDRAM. This LSI supports issuing of the EMRS command.

The EMRS command is issued according to the conditions specified in table below. For example,
if data HOYYYYYYY is written to address HFFFC5XXO in longword, the commands are issued
to the CS3 space in the following sequence: PALL -> REF x 8§ -> MRS -> EMRS. In this case, the

MRS and EMRS issue addresses are H'0000XX0 and HYYYYYYY, respectively. If data
H1IYYYYYYY is written to address HFFFC5XXO0 in longword, the commands are issued to the

CS3 space in the following sequence: PALL -> MRS -> EMRS.

Table 8.14 Output Addresses when EMRS Command Is Issued

Write MRS EMRS
Command to be Access Access Command Command
Issued Address Access Data Size Issue Address Issue Address
CS2 MRS H'FFFCAXX0  H'"siiis 16 bits H'0000XX0 —
CS3 MRS H'FFFC5XX0  H'"siis 16 bits H'0000XX0 —
CS2 MRS + EMRS H'FFFC4XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS3 MRS + EMRS H'FFFC5XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS2 MRS + EMRS H'FFFC4XX0 H1YYYYYYY 32 bits H'0000XX0 HYYYYYYY
(without refresh)
CS3 MRS + EMRS H'FFFC5XX0 H1YYYYYYY 32 bits H'0000XX0 HYYYYYYY
(without refresh)
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Te

EMRS

p Temw Tnop

Tmw_ Tno
) MF{SL

Trc

DQMxx
D15 to DO

BS

DACKn*4

Notes: 1. Address pin to be connected to pin BA1 of SDRAM.

2. Address pin to be connected to pin BAO of SDRAM.
3. Address pin to be connected to pin A10 of SDRAM.

4. The waveform for DACKn is when active low is specified.

Figure 8.30 EMRS Command Issue Timing
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e Deep power-down mode

The low-power SDRAM supports deep power-down mode as a low-power consumption mode.
In the partial self-refresh function, self-refresh is performed on a specific area. In deep power-
down mode, self-refresh will not be performed on any memory area. This mode is effective in
systems where all of the system memory areas are used as work areas.

If the RMODE bit in the SDCR is set to 1 while the DEEP and RFSH bits in the SDCR are set to
1, the low-power SDRAM enters deep power-down mode. If the RMODE bit is cleared to O, the
CKE signal is pulled high to cancel deep power-down mode. Before executing an access after
returning from deep power-down mode, the power-up sequence must be re-executed.

Tp Tpw ) Tdpd , Trc Trc Trc Trc Trc

CK

CKE

A25 to AO :)( — Y :

S GNagy=-========
w L
RSt N )

BEEEEEEEE

owR TN TN ST

bV 1 1 1 1 )

Al A"

CASL

D15 to DO

(
||ll')) !
A

L | ! /,III||III

DACKn#2 ))

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.31 Deep Power-Down Mode Transition Timing
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8.5.7 Burst ROM (Clock Asynchronous) Interface

The burst ROM (clock asynchronous) interface is used to access a memory with a high-speed read
function using a method of address switching called burst mode or page mode. In a burst ROM
(clock asynchronous) interface, basically the same access as the normal space is performed, but
the 2nd and subsequent access cycles are performed only by changing the address, without
negating the RD signal at the end of the 1st cycle. In the 2nd and subsequent access cycles,
addresses are changed at the falling edge of the CK.

For the 1st access cycle, the number of wait cycles specified by the W3 to WO bits in CSnWCR is
inserted. For the 2nd and subsequent access cycles, the number of wait cycles specified by the W1
to WO bits in CSnWCR is inserted.

In the access to the burst ROM (clock asynchronous), the BS signal is asserted only to the first
access cycle. An external wait input is valid only to the first access cycle.

In the single access or write access that does not perform the burst operation in the burst ROM
(clock asynchronous) interface, access timing is same as a normal space. In addition, there are
some restrictions on 16-byte write access. For details, see section 8.6, Usage Notes.

Table 8.15 lists a relationship between bus width, access size, and the number of bursts. Figure
8.32 shows a timing chart.

Table 8.15 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width  Access Size CSnWCR. BST[1:0] Bits Number of Bursts Access Count

8 bits 8 bits Not affected 1 1
16 bits Not affected 2 1

32 bits Not affected 4 1

16 bytes 00 16 1

01 4 4

16 bits 8 bits Not affected 1 1
16 bits Not affected 1 1

32 bits Not affected 2 1

16 bytes 00 8 1

01 2 4

10* 4 2

2,4,2 3
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Note: * When the bus width is 16 bits, the access size is 16 bits, and the BST[1:0] bits in
CSnWCR are 10, the number of bursts and access count depend on the access start
address. At address H'xxx0 or H'xxx8, 4-4 burst access is performed. At address H'xxx4
or H'xxxC, 2-4-2 burst access is performed.

CT1 o Tw  Tw  TB2: Twb: TB2: Twb: TB2 ' Twb:'@ T2 !

sififi:r—\':ifm,'gim;',sim;',s

v TN
=TT
e\

Note: * The waveform for DACKn is when active low is specified.

Figure 8.32 Burst ROM Access Timing (Clock Asynchronous)
(Bus Width = 32 Bits, 16-Byte Transfer (Number of Burst 4), Wait Cycles Inserted in First
Access =2, Wait Cycles Inserted in Second and Subsequent Access Cycles = 1)
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8.5.8 SRAM Interface with Byte Selection

The SRAM interface with byte selection is for access to an SRAM which has a byte-selection pin
(WEn). This interface has 16-bit data pins and accesses SRAMs having upper and lower byte
selection pins, such as UB and LB.

When the BAS bit in CSnWCR is cleared to O (initial value), the write access timing of the SRAM
interface with byte selection is the same as that for the normal space interface. While in read
access of a byte-selection SRAM interface, the byte-selection signal is output from the WEn pin,
which is different from that for the normal space interface. The basic access timing is shown in
figure 8.33. In write access, data is written to the memory according to the timing of the byte-
selection pin (WEn). For details, please refer to the Data Sheet for the corresponding memory.

If the BAS bit in CSnWCR is set to 1, the WEn pin and RD/WR pin timings change. Figure 8.34
shows the basic access timing. In write access, data is written to the memory according to the
timing of the write enable pin (RD/WR). The data hold timing from RD/WR negation to data write
must be acquired by setting the HW1 and HWO bits in CSnWCR. Figure 8.35 shows the access
timing when a software wait is specified.
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* The waveform for DACKn is when active low is specified.

Note:

Figure 8.33 Basic Access Timing for SRAM with Byte Selection (BAS
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CK

A25 to AO

D15 to DO

N

D15 to DO

N

Read <

Write <

Note: * The waveform for DACKn is when active low is specified.

=1)

Figure 8.34 Basic Access Timing for SRAM with Byte Selection (BAS
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CK
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Note: * The waveform for DACKn is when active low is specified.

Figure 8.35 Wait Timing for SRAM with Byte Selection (BAS =1)
(SWI[1:0] = 01, WR[3:0] = 0001, HW[1:0] = 01)
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64K x 16-bit
This LSI SRAM
A16 A15
A1 A0
CSn Cs
RD OF
RD/WR WE
D15 110 15
Do 1100
WEH1 UB
WEO B

Figure 8.36 Example of Connection with 16-Bit Data-Width SRAM with Byte Selection
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8.5.9 Burst ROM (Clock Synchronous) Interface

The burst ROM (clock synchronous) interface is supported to access a ROM with a synchronous
burst function at high speed. The burst ROM interface accesses the burst ROM in the same way as
a normal space. This interface is valid only for area 0.

In the first access cycle, wait cycles are inserted. In this case, the number of wait cycles to be
inserted is specified by the W3 to WO bits in CSOWCR. In the second and subsequent cycles, the
number of wait cycles to be inserted is specified by the BW1 and BWO bits in CSOWCR.

While the burst ROM (clock synchronous) is accessed, the BS signal is asserted only for the first
access cycle and an external wait input is also valid for the first access cycle.

If the bus width is 16 bits, the burst length must be specified as 8. The burst ROM interface does
not support the 8-bit bus width for the burst ROM.

The burst ROM interface performs burst operations for all read access. For example, in a
longword access over a 16-bit bus, valid 16-bit data is read two times and invalid 16-bit data is
read six times. These invalid data read cycles increase the memory access time and degrade the
program execution speed and DMA transfer speed. To prevent this problem, using 16-byte read by
the DMA is recommended. The burst ROM interface performs write access in the same way as
normal space access.

T1 Tw Tw T2B Twb T2B Twb T2B Twb T2B Twb
T T d -~ v v

-~

T2B Twb T2B Twb T2B Twb T2
3 -t <—
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Azstvoi::::.:x:.:x:.:x:.:Ix:::x:.:x:.:x:.:xjc
CSO N\ ' v v e e e
i B R
=10 B N T S S A S S S N S S A S ML S 2
D1510 D0 ——ter—t—i—{ ——{ — —{ T
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B Ny

DACKn* —\ 1 ' i !

Note: * The waveform for DACKn is when active low is specified.

Figure 8.37 Burst ROM Access Timing (Clock Synchronous)
(Burst Length = 8, Wait Cycles Inserted in First Access = 2,
Wait Cycles Inserted in Second and Subsequent Access Cycles = 1)
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8.5.10 Wait between Access Cycles

As the operating frequency of LSIs becomes higher, the off-operation of the data buffer often
collides with the next data access when the read operation from devices with slow access speed is
completed. As a result of these collisions, the reliability of the device is low and malfunctions may
occur. A function that avoids data collisions by inserting idle (wait) cycles between continuous
access cycles has been newly added.

The number of wait cycles between access cycles can be set by the WM bit in CSnWCR, bits
IWW2 to IWWO0, IWRWD2 to IWRWDO, IWRWS2 to IWRWSO0, IWRRD2 to IWRRDO, and
IWRRS2 to IWRRS 0 in CSnBCR, and bits DMAIW?2 to DMAIWO0 and DMAIWA in CMNCR.
The conditions for setting the idle cycles between access cycles are shown below.

Continuous access cycles are write-read or write-write

Continuous access cycles are read-write for different spaces
Continuous access cycles are read-write for the same space
Continuous access cycles are read-read for different spaces

Continuous access cycles are read-read for the same space

A e

Data output from an external device caused by DMA single address transfer is followed by
data output from another device that includes this LSI (DMAIWA = 0)

7. Data output from an external device caused by DMA single address transfer is followed by any
type of access (DMAIWA = 1)

For the specification of the number of idle cycles between access cycles described above, refer to
the description of each register.

Besides the idle cycles between access cycles specified by the registers, idle cycles must be
inserted to interface with the internal bus or to obtain the minimum pulse width for a multiplexed
pin (WEn). The following gives detailed information about the idle cycles and describes how to
estimate the number of idle cycles.

The number of idle cycles on the external bus from CSn negation to CSn or CSm assertion is
described below.

There are eight conditions that determine the number of idle cycles on the external bus as shown
in table 8.16. The effects of these conditions are shown in figure 8.38.
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Table 8.16 Conditions for Determining Number of Idle Cycles

No. Condition Description Range Note
(1) DMAIWI[2:0]in These bits specify the number of 0to 12 When 0O is specified for the
CMNCR idle cycles for DMA single address number of idle cycles, the
transfer. This condition is effective DACK signal may be asserted
only for single address transfer and continuously. This causes a
generates idle cycles after the discrepancy between the
access is completed. number of cycles detected by
the device with DACK and the
DMAC transfer count,
resulting in a malfunction.
(2) Iw=#x[2:0]in  These bits specify the number of 0to 12 Do not set 0 for the number of
CSnBCR idle cycles for access other than idle cycles between memory

single address transfer. The
number of idle cycles can be
specified independently for each
combination of the previous and
next cycles. For example, in the
case where reading CS1 space
followed by reading other CS
space, the bits IWRRD[2:0] in
CS1BCR should be set to B'100 to
specify six or more idle cycles. This
condition is effective only for access
cycles other than single address
transfer and generates idle cycles
after the access is completed.

types which are not allowed
to be accessed successively.

SDRAM-related

These bits specify precharge 0to3

Specify these bits in

bits in completion and startup wait cycles accordance with the
CSnWCR and idle cycles between commands specification of the target
for SDRAM access. This condition SDRAM.
is effective only for SDRAM access
and generates idle cycles after the
access is completed
(4) WMin This bit enables or disables external 0 or 1
CSnWCR WAIT pin input for the memory

types other than SDRAM. When
this bit is cleared to 0 (external
WAIT enabled), one idle cycle is
inserted to check the external WAIT
pin input after the access is
completed. When this bit is set to 1
(disabled), no idle cycle is
generated.
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No. Condition

Description Range

Note

(5)

Read data
transfer cycle

One idle cycle is inserted after a Oor1
read access is completed. This idle

cycle is not generated for the first or
middle cycles in divided access

cycles. This is neither generated

when the HM[1:0] bits in CSnWCR

are not B'00.

One idle cycle is always
generated after a read cycle
with SDRAM interface.

(6)

Internal bus
idle cycles, etc.

External bus access requests from 0 or
the CPU or DMAC and their results larger
are passed through the internal

bus. The external bus enters idle

state during internal bus idle cycles

or while a bus other than the

external bus is being accessed.

This condition is not effective for

divided access cycles, which are
generated by the BSC when the

access size is larger than the

external data bus width.

The number of internal bus
idle cycles may not become 0
depending on the 1¢:B¢ clock
ratio. Tables 8.17 and 8.18
show the relationship
between the clock ratio and
the minimum number of
internal bus idle cycles.

(7)

Write data wait
cycles

During write access, a write cycle is 0 or 1
executed on the external bus only
after the write data becomes ready.
This write data wait period
generates idle cycles before the
write cycle. Note that when the
previous cycle is a write cycle and
the internal bus idle cycles are
shorter than the previous write
cycle, write data can be prepared in
parallel with the previous write cycle
and therefore, no idle cycle is
generated (write buffer effect).

For write — write or write —
read access cycles,
successive access cycles
without idle cycles are
frequently available due to
the write buffer effect
described in the left column. If
successive access cycles
without idle cycles are not
allowed, specify the minimum
number of idle cycles
between access cycles
through CSnBCR.

Idle cycles
between
different
memory types

To ensure the minimum pulse width 0to 2.5

on the signal-multiplexed pins, idle
cycles may be inserted before
access after memory types are
switched. For some memory types,
idle cycles are inserted even when
memory types are not switched.

The number of idle cycles
depends on the target
memory types. See table
8.19.
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In the above conditions, a total of four conditions, that is, condition (1) or (2) (either one is
effective), condition (3) or (4) (either one is effective), a set of conditions (5) to (7) (these are
generated successively, and therefore the sum of them should be taken as one set of idle cycles),
and condition (8) are generated at the same time. The maximum number of idle cycles among
these four conditions become the number of idle cycles on the external bus. To ensure the
minimum idle cycles, be sure to make register settings for condition (1) or (2).

e UL

Previous access |

External bus idle cycles

pupipinip

—_—

i Next access
l———————

o _ [

Idle cycle after access
-

Idle cycle before access

Y

 m——

[1]DMAIW[2:0] setting in CMNCR

[2]IWW[2:0] setting in CSnBCR
IWRWD][2:0] setting in CSnBCR
IWRWSJ[2:0] setting in CSnBCR
IWRRDJ[2:0] setting in CSnBCR
IWRRSI2:0] setting in CSNnBCR

Either one of them

is effective Condition [1] or [2]

[3]WTRP[1:0] setting in CSNWCR
TRWL1:0] setting in CSnWCR
WTRC[1:0] setting in CSnWCR

[4]WM setting in CSNWCR

Either one of them

: ! Condition [3] or [4]
is effective

[5]Read
data
transfer

[6] Internal bus idle cycles, etc.

[7] Write
data
wait

Set of conditions
[5]to [7]

[8] Idle cycles
between
different
memory types

Condition [8]

Note: A total of four conditions (condition [1] or [2], condition [3] or [4], a set of conditions [5] to [7],
and condition [8]) generate idle cycle at the same time. Accordingly, the maximum number of
cycles among these four conditions become the number of idle cycles.

Figure 8.38 Idle Cycle Conditions
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Table 8.17 Minimum Number of Idle Cycles on Internal Bus (CPU Operation)

Clock Ratio (1¢:B¢)

CPU Operation 4:1 2:1 1:1
Write — write 2 2 3
Write — read 0 0 1
Read — write 2 2 3
Read — read 0 0 1

Table 8.18 Minimum Number of Idle Cycles on Internal Bus (DMAC Operation)

Transfer Mode

DMAC Operation Dual Address

Single Address

Write — write 0 2
Write — read Oor2 0
Read — write 0 0
Read — read 0 2

Notes: 1. The write — write and read — read columns in dual address transfer indicate the cycles

in the divided access cycles.

2. For the write — read cycles in dual address transfer, 0 means different channels are
activated successively and 2 means when the same channel is activated successively.

3. The write — read and read — write columns in single address transfer indicate the case
when different channels are activated successively. The "write" means transfer from a
device with DACK to external memory and the "read" means transfer from external
memory to a device with DACK.
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Table 8.19 Number of Idle Cycles Inserted between Access Cycles to Different Memory

Types
Next Cycle
SDRAM
Burst ROM MPX- Byte SRAM Byte SRAM (Low-Frequency Burst ROM
Previous Cycle SRAM (Asynchronous) I/O (BAS=0) (BAS=1) SDRAM Mode) (Synchronous)
SRAM 0 0 1 0 1 1 1.5 0
Burst ROM 0 0 1 0 1 1 1.5 0
(asynchronous)
MPX-1/O 1 1 0 1 1 1 15 1
Byte SRAM 0 0 1 0 1 1 1.5 0
(BAS =0)
Byte SRAM 1 1 2 1 0 0 15 1
(BAS =1)
SDRAM 1 1 2 1 0 0 — 1
SDRAM 15 15 25 15 0.5 — 1 15
(low-frequency
mode)
Burst ROM 0 0 1 0 1 1 15 0
(synchronous)

Figure 8.39 shows sample estimation of idle cycles between access cycles. In the actual operation,
the idle cycles may become shorter than the estimated value due to the write buffer effect or may
become longer due to internal bus idle cycles caused by stalling in the pipeline due to CPU
instruction execution or CPU register conflicts. Please consider these errors when estimating the
idle cycles.
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Sample Estimation of Idle Cycles between Access Cycles

This example estimates the idle cycles for data transfer from the CS1 space to CS2 space by CPU access. Transfer is
repeated in the following order: CS1 read — CS1 read — CS2 write — CS2 write — CS1 read — ...

¢ Conditions
The bits for setting the idle cycles between access cycles in CS1BCR and CS2BCR are all set to 0.

In CS1WCR and CS2WCR, the WM bit is set to 1 (external WAIT pin disabled) and the HW[1:0] bits are set to 00
(CS negation is not extended).
10:B¢ is set to 4:1, and no other processing is done during transfer.

For both the CS1 and CS2 spaces, normal SRAM devices are connected, the bus width is 32 bits, and access size is

also 32 bits.

The idle cycles generated under each condition are estimated for each pair of access cycles. In the following table,
R indicates a read cycle and W indicates a write cycle.

Condition R->R|R->W |W->W|W->R Note

[11or[2] 0 0 0 0 CSnBCRis set to 0.

[3] or [4] 0 0 0 0 The WM bit is set to 1.

[5] 1 1 0 0 Generated after a read cycle.

[6] 0 2 2 0 See the 1¢:Bo = 4:1 columns in table 8.17.

[7] 0 1 0 0 No idle cycle is generated for the second time due to the
write buffer effect.

[5] + [6] + [7] 0 2 0

[8] 0 0 0 Value for SRAM — SRAM access

Estimated idle 1 2 0 Maximum value among conditions [1] or [2], [3] or [4],

cycles [5] + [6] + [7], and [8]

Actual idle 1 4 2 1 The estimated value does not match the actual value in

cycles the W — R cycles because the internal idle cycles due to
condition [6] is estimated as 0 but actually an internal idle
cycle is generated due to execution of a loop condition
check instruction.

Figure 8.39 Comparison between Estimated Idle Cycles and Actual Value
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8.5.11 Bus Arbitration

The bus arbitration of this LSI has the bus mastership in the normal state and releases the bus
mastership after receiving a bus request from another device.

Bus mastership is transferred at the boundary of bus cycles. Namely, bus mastership is released
immediately after receiving a bus request when a bus cycle is not being performed. The release of
bus mastership is delayed until the bus cycle is complete when a bus cycle is in progress. Even
when from outside the LSI it looks like a bus cycle is not being performed, a bus cycle may be
performing internally, started by inserting wait cycles between access cycles. Therefore, it cannot
be immediately determined whether or not bus mastership has been released by looking at the CSn
signal or other bus control signals. The states that do not allow bus mastership release are shown
below.

1. Between the read and write cycles of a TAS instruction, or 64-bit transfer cycle of an FMOV
instruction

2. Multiple bus cycles generated when the data bus width is smaller than the access size (for
example, between bus cycles when longword access is made to a memory with a data bus
width of 8 bits)

3. 16-byte transfer by the DMAC

4. Setting the BLOCK bit in CMNCR to 1

Moreover, by using DPRTY bit in CMNCR, whether the bus mastership request is received or not
can be selected during DMAC burst transfer.

The LST has the bus mastership until a bus request is received from another device. Upon
acknowledging the assertion (low level) of the external bus request signal BREQ, the LSI releases
the bus at the completion of the current bus cycle and asserts the BACK signal. After the LSI
acknowledges the negation (high level) of the BREQ signal that indicates the external device has
released the bus, it negates the BACK signal and resumes the bus usage.

With the SDRAM interface, all bank pre-charge commands (PALLSs) are issued when active banks
exist and the bus is released after completion of a PALL command.

The bus sequence is as follows. The address bus and data bus are placed in a high-impedance state
synchronized with the rising edge of CK. The bus mastership enable signal is asserted 0.5 cycles
after the above timing, synchronized with the falling edge of CK. The bus control signals (BS,
@, RASL, CASL, CKE, DQMxx, WEn, E, and RD/W) are placed in the high-impedance
state at subsequent rising edges of CK. Bus request signals are sampled at the falling edge of
CKIO. Note that CKE, RASL, and CASL can continue to be driven at the previous value even in
the bus-released state by setting the HIZCNT bit in CMNCR.
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The sequence for reclaiming the bus mastership from an external device is described below. 1.5
cycles after the negation of BREQ is detected at the falling edge of CK, the bus control signals are
driven high. The bus acknowledge signal is negated at the next falling edge of the clock. The
fastest timing at which actual bus cycles can be resumed after bus control signal assertion is at the
rising edge of the CK where address and data signals are driven. Figure 8.40 shows the bus
arbitration timing.

When it is necessary to refresh SDRAM while releasing the bus mastership, the bus mastership
should be returned using the REFOUT signal. For details on the selection of REFOUT, see section
19, Pin Function Controller (PFC). The REFOUT signal is kept asserting at low level until the bus
mastership is acquired. The BREQ signal is negated by asserting the REFOUT signal and the bus
mastership is returned from the external device. If the bus mastership is not returned for a
refreshing period or longer, the contents of SDRAM cannot be guaranteed because a refreshing
cannot be executed.

While releasing the bus mastership, the SLEEP instruction (to enter sleep mode or standby mode),
as well as a manual reset, cannot be executed until the LSI obtains the bus mastership.

The BREQ input signal is ignored in standby mode and the BACK output signal is placed in the
high impedance state. If the bus mastership request is required in this state, the bus mastership
must be released by pulling down the BACK pin to enter standby mode.

The bus mastership release (BREQ signal for high level negation) after the bus mastership request
(BREQ signal for low level assertion) must be performed after the bus usage permission (BACK
signal for low level assertion). If the BREQ signal is negated before the BACK signal is asserted,
only one cycle of the BACK signal is asserted depending on the timing of the BREQ signal to be
negated and this may cause a bus contention between the external device and the LSI.

C2C S I T | VA Y S B

postopo e L L L
otst0D0 W ) T ———
Csn —— N b N

Other bus " T u. ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

contorol sigals

Figure 8.40 Bus Arbitration Timing (Clock Mode 7 or CMNCR.HIZCNT = 1)
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8.5.12  Others
(1) Reset

The bus state controller (BSC) can be initialized completely only at power-on reset. At power-on
reset, all signals are negated and data output buffers are turned off regardless of the bus cycle state
after the internal reset is synchronized with the internal clock. All control registers are initialized.
In standby, sleep, and manual reset, control registers of the bus state controller are not initialized.
At manual reset, only the current bus cycle being executed is completed. Since the RTCNT
continues counting up during manual reset signal assertion, a refresh request occurs to initiate the
refresh cycle.

(2) Access from the Side of the LSI Internal Bus Master

Since the bus state controller (BSC) incorporates a one-stage write buffer, the BSC can execute an
access via the internal bus before the previous external bus cycle is completed in a write cycle. If
the on-chip module is read or written after the external low-speed memory is written, the on-chip
module can be accessed before the completion of the external low-speed memory write cycle.

In read cycles, the CPU is placed in the wait state until read operation has been completed. To
continue the process after the data write to the device has been completed, perform a dummy read
to the same address to check for completion of the write before the next process to be executed.

The write buffer of the BSC functions in the same way for an access by a bus master other than
the CPU such as the DMAC. Accordingly, to perform dual address DMA transfers, the next read
cycle is initiated before the previous write cycle is completed. Note, however, that if both the
DMA source and destination addresses exist in external memory space, the next write cycle will
not be initiated until the previous write cycle is completed.

Changing the registers in the BSC while the write buffer is operating may disrupt correct write
access. Therefore, do not change the registers in the BSC immediately after a write access. If this
change becomes necessary, do it after executing a dummy read of the write data.

(3) On-Chip Peripheral Module Access

Access to the on-chip peripheral module registers from the internal bus requires 2 or more cycles
of the peripheral module clock (P$). When the CPU writes to an on-chip peripheral register,
however, the CPU can execute the following instructions without waiting for the register write to
complete.

This section describes the case where the system switches to software standby mode to reduce
power consumption as an example. In this case, the code sets the STBCR register STBY bit to 1

Rev. 2.00 May. 08, 2008 Page 295 of 1200
RENESAS REJ09B0344-0200



Section 8 Bus State Controller (BSC)

and then executes a SLEEP instruction. The code must, however, perform a dummy read of the
STBCR register before executing the SLEEP instruction. If the dummy read is not performed, the
CPU will execute the SLEEP instruction before the STBY bit is set to 1, and the system will not
switch to the intended software standby mode, but rather will switch to sleep mode. The dummy
read of the STBCR register is required to wait for the write to the STBY bit to complete.

In other cases as well, application code should perform a dummy read of the same register after a
register write instruction and only then execute the following instructions for the intended purpose
to assure that the changes due to internal register writes are reflected when the following
instructions are executed as in this example.

The table below lists the number of access cycles required for CPU accesses to the on-chip
peripheral module registers.

Table 8.20 On-Chip Peripheral Module Register Access Cycle Counts

Access Cycles

Write (2+n) x I¢p + (1+4m) x B¢ + 2 x P

Read (24n) x 1o + (1+4m) x Bo + 2 x P + (2+1) x 1

Note: These are the numbers of cycles when the instruction is executed from internal ROM or
internal RAM.

When 1p:Bpis 1:1;n=0,1=0

When lp:Bpis2:1;n=00r1,1=1

When 1¢:Bpis4:1;n=01t03,1=2

When 1¢:B$ is 8:1;n=01t07,1=2

When B¢:Pdis 1:1;, m=0

When By:Pd is 2:1; m=0or 1

When By:Ppis4:1; m=01to 3

Note that n and m depend on the internal execution state.

This product adopts synchronized logic and has a hierarchical bus structure. Data input and output
for each of the busses is synchronized with the rising edge of the 1¢ clock for the C bus, the B¢
clock for the I bus, and the P¢ clock for the peripheral bus.

Figure 8.41 shows an example of the write timing to the peripheral bus when the relationship
between the clocks is Ip:Bo:Pd = 4:4:1. Data is output in synchronization with I¢ to the C bus, to
which the CPU is connected. When 1¢:B¢ is 1:1, 2 x I$ + B¢ periods are required for data
transfers from the C bus to the I bus. For transfers from the I bus to the peripheral bus when B¢:P¢
is 4:1, since there are four clock cycles during a single P¢ clock period, the timing with which the
data is placed on the peripheral bus is as follows: there are four timings for P¢ x 1, and up to 4 B¢
periods are required for the P¢ rising edge, which is the timing for transfers from the I bus to the
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peripheral bus (the example in figure 8.41 is for 4 x B¢). Therefore, when B¢:P¢ is 4:1, data is
transferred from the I bus to the peripheral bus in time (1+m) x B¢, where m = 0 to 3 periods.
Note that the relationship between the timing with which the data appears on the I bus and the P¢

rising edge depends on the program execution state. In figure 8.41, since n = 0 and m = 3, the
access time will be 2 x I + 4 x B + 2 x P¢.

o T e

C bus
B

| bus

Po | L | [ |

Peripheral bus )

(24n) x lo (1+m) x Bo 2 x Po

Figure 8.41 Internal Peripheral I/O Register Timing when 1$:B¢:P¢ = 4:4:1

Figure 8.42 shows an example of the write timing to the peripheral bus when the relationship
between the clocks is Ip:Bo:Pd = 4:2:1. Although transfers from the C bus to the peripheral bus
are performed the same way for write, for read, the value read from the peripheral bus must be
transferred to the CPU. Although the transfers from the peripheral bus to the I bus and from the I
bus to the C bus are all performed on the corresponding bus clock rising edge, since I > B > P¢,
(2 + 1) x I¢ periods are actually required. In the example in figure 8.42, sincen=1,m=1,and i =
1, the access period will be 3 x Iop + 2 x B + 2 x Po + 3 x I¢.

C bus

| bus

Peripheral bus

(2+n) x 1o (14m) x B 2xPo 2+1) x 1o

Figure 8.42 Internal Peripheral I/0 Register Timing when I$:B¢:P¢ = 4:2:1
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8.6 Usage Notes

8.6.1 Burst ROM Interface

When the burst ROM interface (clock asynchronous) is used and the following three conditions
are met, read/write access from the external bus space immediately after write access may be
invalid.

1. The 16-bit bus width is used for the burst ROM interface (clock asynchronous). (The
CSnBCR.TYPE[2:0] setting is B'001 and the CSnWCR.BSZ[1:0] setting is B'10)

2. The burst length is specified as 4. (The CSnWCR.BST[1:0] setting is B'10)

3. Write-back is performed with operand cache or 16-byte write access is performed with the
DMAC for the burst ROM interface set as above.
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Section 9 Direct Memory Access Controller (DMAC)

The DMAC can be used in place of the CPU to perform high-speed transfers between external
devices that have DACK (transfer request acknowledge signal), external memory, on-chip
memory, memory-mapped external devices, and on-chip peripheral modules.

9.1 Features

e Number of channels: Eight channels (channels 0 to 7) selectable
Four channels (channels O to 3) can receive external requests.
e 4-Gbyte physical address space

o Transfer data length is selectable: Byte, word (two bytes), longword (four bytes), and 16 bytes
(longword x 4)

e Maximum transfer count: 16,777,216 transfers (24 bits)
e Address mode: Dual address mode and single address mode are supported.
e Transfer requests

— External request

— On-chip peripheral module request

— Auto request

The following modules can issue on-chip peripheral module requests.

— FEight SCIF sources, two IIC3 sources, one A/D converter source, five MTU2 sources, and
two CMT sources

e Selectable bus modes
— Cycle steal mode (normal mode and intermittent mode)
— Burst mode

o Selectable channel priority levels: The channel priority levels are selectable between fixed
mode and round-robin mode.

e Interrupt request: An interrupt request can be sent to the CPU on completion of half- or full-
data transfer. Through the HE and HIE bits in CHCR, an interrupt is specified to be issued to
the CPU when half of the initially specified DMA transfer is completed.

e External request detection: There are following four types of DREQ input detection.
— Low level detection
— High level detection
— Rising edge detection
— Falling edge detection
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e Transfer request acknowledge and transfer end signals: Active levels for DACK and TEND
can be set independently.

e Support of reload functions in DMA transfer information registers: DMA transfer using the
same information as the current transfer can be repeated automatically without specifying the
information again. Modifying the reload registers during DMA transfer enables next DMA
transfer to be done using different transfer information. The reload function can be enabled or
disabled independently in each channel.
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Figure 9.1 shows the block diagram of the DMAC.

DMA transfer request signal

DMA transfer acknowledge signal

E P
D N —>
On-chip ! lteration |
memory ' control e—»|DMATCR_n
On-chip .
peripheral module H Register
i ) control
HEIEIE !
© % : »| Statup |
[0} c | = -
.5- § : control
= = .
el |- : A ;

L |
p | CHCR_n I( )
Request
Interrupt controller 'DEIn control >
i DMARSO
H —
N1 ; Y to DMARS3

A A

External ROM | ) S
o Bus
. interface
External RAM K ) :
External device ] GOCREEEEEEEEEETETELEES DMAC module -=--------~ !
(memory mapped) <:> |\J
External device C> Bus state
(with acknowledge) C> controller
DREQO to DREQ3
DACKO to DACKS,
TENDO, TEND1 77
[Legend]
RDMATCR: DMA reload transfer count register CHCR: DMA channel control register
DMATCR: DMA transfer count register DMAOR: DMA operation register
RSAR: DMA reload source address register DMARSO to DMARS3: DMA extension resource selectors 0 to 3
SAR: DMA source address register HEIn: DMA transfer half-end interrupt request to the CPU
RDAR: DMA reload destination address register DEIn: DMA transfer end interrupt request to the CPU
DAR: DMA destination address register n=0to7

Figure 9.1 Block Diagram of DMAC
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9.2 Input/Output Pins

The external pins for DMAC are described below. Table 9.1 lists the configuration of the pins that
are connected to external bus. DMAC has pins for four channels (channels 0 to 3) for external bus

use.

Table 9.1 Pin Configuration
Channel Name Abbreviation 1/0 Function
0 DMA transfer request DREQO | DMA transfer request input from an
external device to channel 0
DMA transfer request DACKO 0] DMA transfer request acknowledge
acknowledge output from channel 0 to an external
device
1 DMA transfer request DREQ1 | DMA transfer request input from an
external device to channel 1
DMA transfer request DACK1 0] DMA transfer request acknowledge
acknowledge output from channel 1 to an external
device
2 DMA transfer request DREQ2 | DMA transfer request input from an
external device to channel 2
DMA transfer request DACK2 0] DMA transfer request acknowledge
acknowledge output from channel 2 to an external
device
3 DMA transfer request DREQS3 | DMA transfer request input from an
external device to channel 3
DMA transfer request DACK3 0] DMA transfer request acknowledge
acknowledge output from channel 3 to an external
device
0 DMA transfer end TENDO 0] DMA transfer end output for channel 0
1 DMA transfer end TEND1 0] DMA transfer end output for channel 1
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9.3

Register Descriptions

The DMAC has the registers listed in table 9.2. There are four control registers and three reload
registers for each channel, and one common control register is used by all channels. In addition,
there is one extension resource selector per two channels. Each channel number is expressed in the

register names, as in SAR_0 for SAR in channel 0.

Table 9.2  Register Configuration
Access
Channel Register Name Abbreviation R/W Initial Value Address Size
0 DMA source address  SAR_O R/W  H'00000000 H'FFFE1000 16, 32
register_0
DMA destination DAR_O R/W  H'00000000 H'FFFE1004 16, 32
address register_0
DMA transfer count DMATCR_0 R/W H'00000000 HFFFE1008 16, 32
register_0
DMA channel control CHCR_O R/W*' H'00000000 H'FFFE100C 8, 16, 32
register_0
DMA reload source RSAR_O R/W  H'00000000 H'FFFE1100 16, 32
address register_0
DMA reload destination RDAR_O R/W  H'00000000 H'FFFE1104 16, 32
address register_0
DMA reload transfer RDMATCR_0 R/W H'00000000 H'FFFE1108 16, 32
count register_0
1 DMA source address  SAR_1 R/W  H'00000000 H'FFFE1010 16, 32
register_1
DMA destination DAR_1 R/W  H'00000000 H'FFFE1014 16, 32
address register_1
DMA transfer count DMATCR_1 R/W H'00000000 HFFFE1018 16, 32
register_1
DMA channel control  CHCR_1 R/W*' H'00000000 H'FFFE101C 8, 16, 32
register_1
DMA reload source RSAR_1 R/W  H'00000000 HFFFE1110 16,32
address register_1
DMA reload destination RDAR_1 R/W  H'00000000 H'FFFE1114 16, 32
address register_1
DMA reload transfer RDMATCR_1 R/W H'00000000 HFFFE1118 16, 32
count register_1
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
2 DMA source address  SAR_2 R/W  H'00000000 HFFFE1020 16, 32
register_2
DMA destination DAR_2 R/W  H'00000000 H'FFFE1024 16, 32
address register_2
DMA transfer count DMATCR_2 R/W H'00000000 H'FFFE1028 16, 32
register_2
DMA channel control CHCR_2 R/W#' H'00000000 H'FFFE102C 8, 16, 32
register_2
DMA reload source RSAR_2 R/W  H'00000000 HFFFE1120 16, 32
address register_2
DMA reload destination RDAR_2 R/W  H00000000 HFFFE1124 16, 32
address register_2
DMA reload transfer RDMATCR_2 R/W H'00000000 H'FFFE1128 16, 32
count register_2
3 DMA source address  SAR_3 R/W  H'00000000 HFFFE1030 16, 32
register_3
DMA destination DAR_3 R/W  H'00000000 H'FFFE1034 16, 32
address register_3
DMA transfer count DMATCR_3 R/W H'00000000 H'FFFE1038 16, 32
register_3
DMA channel control CHCR_3 R/W#' H'00000000 H'FFFE103C 8, 16, 32
register_3
DMA reload source RSAR_3 R/W  H'00000000 HFFFE1130 16, 32
address register_3
DMA reload destination RDAR_3 R/W  H00000000 HFFFE1134 16, 32
address register_3
DMA reload transfer RDMATCR_3 R/W H'00000000 H'FFFE1138 16, 32
count register_3
Rev. 2.00 May. 08, 2008 Page 304 of 1200
REJ09B0344-0200 RENESAS



Section 9 Direct Memory Access Controller (DMAC)

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
4 DMA source address  SAR_4 R/W  H'00000000 H'FFFE1040 16, 32
register_4
DMA destination DAR_4 R/W  H'00000000 H'FFFE1044 16, 32
address register_4
DMA transfer count DMATCR_4 R/W H'00000000 H'FFFE1048 16, 32
register_4
DMA channel control CHCR_4 R/W*' H'00000000 H'FFFE104C 8, 16, 32
register_4
DMA reload source RSAR_4 R/W  H'00000000 H'FFFE1140 16, 32
address register_4
DMA reload destination RDAR_4 R/W  H'00000000 H'FFFE1144 16, 32
address register_4
DMA reload transfer RDMATCR_4 R/W H'00000000 H'FFFE1148 16, 32
count register_4
5 DMA source address  SAR_5 R/W  H'00000000 H'FFFE1050 16, 32
register_5
DMA destination DAR_5 R/W  H'00000000 H'FFFE1054 16, 32
address register_5
DMA transfer count DMATCR_5 R/W H'00000000 HFFFE1058 16, 32
register_5
DMA channel control CHCR_5 R/W*' H'00000000 H'FFFE105C 8, 16, 32
register_5
DMA reload source RSAR_5 R/W  H'00000000 H'FFFE1150 16, 32
address register_5
DMA reload destination RDAR_5 R/W  H'00000000 H'FFFE1154 16, 32
address register_5
DMA reload transfer RDMATCR_5 R/W H'00000000 H'FFFE1158 16, 32
count register_5
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
6 DMA source address  SAR_6 R/W  H'00000000 H'FFFE1060 16, 32
register_6
DMA destination DAR_6 R/W  H'00000000 H'FFFE1064 16, 32
address register_6
DMA transfer count DMATCR_6 R/W H'00000000 H'FFFE1068 16, 32
register_6
DMA channel control CHCR_6 R/W*' H'00000000 H'FFFE106C 8, 16, 32
register_6
DMA reload source RSAR_6 R/W  H'00000000 H'FFFE1160 16, 32
address register_6
DMA reload destination RDAR_6 R/W  H'00000000 H'FFFE1164 16, 32
address register_6
DMA reload transfer RDMATCR_6 R/W H'00000000 H'FFFE1168 16, 32
count register_6
7 DMA source address  SAR_7 R/W  H'00000000 H'FFFE1070 16, 32
register_7
DMA destination DAR_7 R/W  H'00000000 H'FFFE1074 16, 32
address register_7
DMA transfer count DMATCR_7 R/W H'00000000 HFFFE1078 16, 32
register_7
DMA channel control CHCR_7 R/W*' H'00000000 H'FFFE107C 8, 16, 32
register_7
DMA reload source RSAR_7 R/W  H'00000000 HFFFE1170 16, 32
address register_7
DMA reload destination RDAR_7 R/W  H'00000000 H'FFFE1174 16, 32
address register_7
DMA reload transfer RDMATCR_7 R/W H'00000000 H'FFFE1178 16, 32
count register_7
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
Common DMA operation register DMAOR R/W:* H'0000 H'FFFE1200 8, 16
Oand 1 DMA extension DMARSO R/W  H'0000 H'FFFE1300 16
resource selector 0
2and 3 DMA extension DMARS1 R/W  H'0000 H'FFFE1304 16
resource selector 1
4 and 5 DMA extension DMARS2 R/W  H'0000 H'FFFE1308 16
resource selector 2
6and7 DMA extension DMARS3 R/W  H'0000 H'FFFE130C 16

resource selector 3

Notes: 1. For the HE and TE bits in CHCRn, only 0 can be written to clear the flags after 1 is
read.

2. For the AE and NMIF bits in DMAOR, only 0 can be written to clear the flags after 1 is
read.

9.3.1 DMA Source Address Registers (SAR)

The DMA source address registers (SAR) are 32-bit readable/writable registers that specify the
source address of a DMA transfer. During a DMA transfer, these registers indicate the next source
address. When the data of an external device with DACK is transferred in single address mode,
SAR is ignored.

To transfer data of 16-bit or 32-bit width, specify the address with 16-bit or 32-bit address
boundary respectively. To transfer data in units of 16 bytes, set a value at a 16-byte boundary.

SAR is initialized to H'00000000 by a reset and retains the value in software standby mode and
module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

.1 [ [ [ [ T [ [ T [ T |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

. 1 [ [ [ [ [ 1 [ 1 [ [ T [ T |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.2 DMA Destination Address Registers (DAR)

The DMA destination address registers (DAR) are 32-bit readable/writable registers that specify
the destination address of a DMA transfer. During a DMA transfer, these registers indicate the
next destination address. When the data of an external device with DACK is transferred in single
address mode, DAR is ignored.

To transfer data of 16-bit or 32-bit width, specify the address with 16-bit or 32-bit address
boundary respectively. To transfer data in units of 16 bytes, set a value at a 16-byte boundary.

DAR is initialized to H'00000000 by a reset and retains the value in software standby mode and
module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.3 DMA Transfer Count Registers (DMATCR)

The DMA transfer count registers (DMATCR) are 32-bit readable/writable registers that specify
the number of DMA transfers. The transfer count is 1 when the setting is H'00000001, 16,777,215
when H'OOFFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. During a DMA
transfer, these registers indicate the remaining transfer count.

The upper eight bits of DMATCR are always read as 0, and the write value should always be 0. To
transfer data in 16 bytes, one 16-byte transfer (128 bits) counts one.

DMATCR is initialized to H'00000000 by a reset and retains the value in software standby mode
and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

. r-r-r-fr-fr-r-fr-r

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW

o
I o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.34 DMA Channel Control Registers (CHCR)

The DMA channel control registers (CHCR) are 32-bit readable/writable registers that control
DMA transfer mode.

The DO, AM, AL, DL, and DS bits which specify the DREQ and DACK external pin functions
can be read and written to in channels 0 to 3, but they are reserved in channels 4 to 7. The TL bit
which specifies the TEND external pin function can be read and written to in channels 0 and 1, but
it is reserved in channels 2 to 7.

CHCR is initialized to H'00000000 by a reset and retains the value in software standby mode and
module standby mode.

Bt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
[rc] -] - Jmo| - | - [ -] -Jool | -] - [we][ue]am]al

Initialvale: 0 0o ©0 ©0 ©0 0 O 0 ©O0O 0 ©0 0 0 0 0 0
RW.: RW R R RW R R R R RW RW R R R(W* RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DM[1:0] SM[1:0] RS[3:0] ‘ DL ‘ DS ‘ B ‘ TS[1:0] ‘ IE ‘ TE ‘ DE I

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/(W)* RW

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W  Descriptions
31 TC 0 R/W  Transfer Count Mode

Specifies whether to transmit data once or for the
count specified in DMATCR by one transfer request.
Note that when this bit is set to 0, the TB bit must not
be set to 1 (burst mode). When the SCIF or IIC3 is
selected for the transfer request source, this bit (TC)
must not be set to 1.

0: Transmits data once by one transfer request

1: Transmits data for the count specified in DMATCR
by one transfer request

30, 29 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Descriptions

28 RLD

0

R/W

Reload Function Enable or Disable
Enables or disables the reload function.
0: Disables the reload function

1: Enables the reload function

271024 —

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

23 DO

R/W

DMA Overrun

Selects whether DREQ is detected by overrun 0 or by
overrun 1. This bit is valid only in CHCR_O to
CHCR_3. This bit is reserved in CHCR_4 and
CHCR_7; it is always read as 0 and the write value
should always be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1

22 TL

R/W

Transfer End Level

Specifies the TEND signal output is high active or low
active. This bit is valid only in CHCR_0 and CHCR_1.
This bit is reserved in CHCR_2 to CHCR_7; it is
always read as 0 and the write value should always be
0.

0: Low-active output from TEND
1: High-active output from TEND

21,20 —

All O

Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit

Bit Name

Initial
Value

R/W

Descriptions

19

HE

0

R/(W)*

Half-End Flag

This bit is set to 1 when the transfer count reaches half
of the DMATCR value that was specified before
transfer starts.

If DMA transfer ends because of an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR before the transfer count reaches
half of the initial DMATCR value, the HE bit is not set
to 1. If DMA transfer ends due to an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR after the HE bit is set to 1, the bit
remains set to 1.

To clear the HE bit, write O to it after HE = 1 is read.

0: DMATCR > (DMATCR set before transfer starts)/2
during DMA transfer or after DMA transfer is
terminated

[Clearing condition]
e Writing O after reading HE = 1.
1: DMATCR < (DMATCR set before transfer starts)/2

18

HIE

R/W

Half-End Interrupt Enable

Specifies whether to issue an interrupt request to the
CPU when the transfer count reaches half of the
DMATCR value that was specified before transfer
starts.

When the HIE bit is set to 1, the DMAC requests an
interrupt to the CPU when the HE bit becomes 1.

0: Disables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2

1: Enables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2
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Initial

Bit Bit Name Value R/W Descriptions

17 AM 0 R/W  Acknowledge Mode
Specifies whether DACK is output in data read cycle or
in data write cycle in dual address mode.
In single address mode, DACK is always output
regardless of the specification by this bit.
This bit is valid only in CHCR_0 to CHCR_3. This bit is
reserved in CHCR_4 to CHCR_7; it is always read as
0 and the write value should always be 0.
0: DACK output in read cycle (dual address mode)
1: DACK output in write cycle (dual address mode)

16 AL 0 R/W  Acknowledge Level

Specifies the DACK (acknowledge) signal output is
high active or low active.

This bit is valid only in CHCR_0 to CHCR_3. This bit is
reserved in CHCR_4 to CHCR_7; it is always read as
0 and the write value should always be 0.

0: Low-active output from DACK
1: High-active output from DACK

RENESAS
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Initial
Bit Bit Name Value R/W Descriptions
15,14 DM[1:0] 00 R/W Destination Address Mode

These bits select whether the DMA destination
address is incremented, decremented, or left fixed. (In
single address mode, DM1 and DMO bits are ignored
when data is transferred to an external device with
DACK.)

00: Fixed destination address (Setting prohibited in 16-
byte transfer)

01: Destination address is incremented (+1 in 8-bit
transfer, +2 in 16-bit transfer, +4 in 32-bit transfer,
+16 in 16-byte transfer)

10: Destination address is decremented (-1 in 8-bit
transfer, —2 in 16-bit transfer, —4 in 32-bit transfer,
setting prohibited in 16-byte transfer)

11: Setting prohibited

13, 12 SM[1:0] 00 R/W Source Address Mode

These bits select whether the DMA source address is
incremented, decremented, or left fixed. (In single
address mode, SM1 and SMO bits are ignored when
data is transferred from an external device with
DACK.)

00: Fixed source address (Setting prohibited in 16-
byte-unit transfer)

01: Source address is incremented (+1 in byte-unit
transfer, +2 in word-unit transfer, +4 in longword-
unit transfer, +16 in 16-byte-unit transfer)

10: Source address is decremented (-1 in byte-unit
transfer, —2 in word-unit transfer, —4 in longword-
unit transfer, setting prohibited in 16-byte-unit
transfer)

11: Setting prohibited
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Initial
Bit Bit Name Value R/W Descriptions
11t08 RS[3:0] 0000 R/W Resource Select

These bits specify which transfer requests will be sent
to the DMAC. The changing of transfer request source
should be done in the state when DMA enable bit (DE)
is setto 0.

0000: External request, dual address mode

0001: Setting prohibited

0010: External request/single address mode
External address space — External device with
DACK

0011: External request/single address mode
External device with DACK — External address
space

0100: Auto request

0101: Setting prohibited

0110: Setting prohibited

0111: Setting prohibited

1000: DMA extension resource selector

1001: Setting prohibited

1010: Setting prohibited

1011: Setting prohibited

1100: Setting prohibited

1101: Setting prohibited

1110: Setting prohibited

1111: Setting prohibited

Note: External request specification is valid only in
CHCR_0 to CHCR_3. If a request source is
selected in channels CHCR_4 to CHCR_7, no
operation will be performed.
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Initial
Bit Bit Name Value R/W

Descriptions

7 DL 0 R/W
6 DS 0 R/W

DREQ Level
DREQ Edge Select

These bits specify the sampling method of the DREQ
pin input and the sampling level.

These bits are valid only in CHCR_0 to CHCR_3.
These bits are reserved in CHCR_4 to CHCR_7; they
are always read as 0 and the write value should
always be 0.

If the transfer request source is specified as an on-chip
peripheral module or if an auto-request is specified, the
specification by these bits is ignored.

00: DREQ detected in low level
01: DREQ detected at falling edge
10: DREQ detected in high level
11: DREQ detected at rising edge

5 B 0 R/W

Transfer Bus Mode

Specifies bus mode when DMA transfers data. Note
that burst mode must not be selected when TC = 0.

0: Cycle steal mode
1: Burst mode

4,3 TS[1:0] 00 R/W

Transfer Size
These bits specify the size of data to be transferred.

Select the size of data to be transferred when the
source or destination is an on-chip peripheral module
register of which transfer size is specified.

00: Byte unit

01: Word unit (two bytes)

10: Longword unit (four bytes)
11: 16-byte unit (four longwords)

2 IE 0 R/W

Interrupt Enable

Specifies whether or not an interrupt request is
generated to the CPU at the end of the DMA transfer.
Setting this bit to 1 generates an interrupt request
(DEI) to the CPU when TE bit is set to 1.

0: Disables an interrupt request
1: Enables an interrupt request

Rev. 2.00 May. 08, 2008 Page 316 of 1200
REJ09B0344-0200

RENESAS



Section 9 Direct Memory Access Controller (DMAC)

Initial
Bit Bit Name Value R/W Descriptions
1 TE 0 R/(W)* Transfer End Flag
This bit is set to 1 when DMATCR becomes 0 and
DMA transfer ends.
The TE bit is not set to 1 in the following cases.
e DMA transfer ends due to an NMI interrupt or
DMA address error before DMATCR becomes 0.
o DMA transfer is ended by clearing the DE bit and
DME bit in DMA operation register (DMAOR).
To clear the TE bit, write 0 after reading TE = 1.
Even if the DE bit is set to 1 while this bit is set to 1,
transfer is not enabled.
0: During the DMA transfer or DMA transfer has been
terminated
[Clearing condition]
e Writing O after reading TE = 1
1: DMA transfer ends by the specified count
(DMATCR = 0)
0 DE 0 R/W DMA Enable

Enables or disables the DMA transfer. In auto-request
mode, DMA transfer starts by setting the DE bit and
DME bit in DMAOR to 1. In this case, all of the bits
TE, NMIF in DMAOR, and AE must be 0. In an
external request or peripheral module request, DMA
transfer starts if DMA transfer request is generated by
the devices or peripheral modules after setting the
bits DE and DME to 1. In this case, however, all of the
bits TE, NMIF, and AE must be 0 as in the case of
auto-request mode. Clearing the DE bit to 0 can
terminate the DMA transfer.

0: DMA transfer disabled
1: DMA transfer enabled
Note: * Only 0 can be written to clear the flag after 1 is read.
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9.3.5 DMA Reload Source Address Registers (RSAR)
The DMA reload source address registers (RSAR) are 32-bit readable/writable registers.

When the reload function is enabled, the RSAR value is written to the source address register
(SAR) at the end of the current DMA transfer. In this case, a new value for the next DMA transfer
can be preset in RSAR during the current DMA transfer. When the reload function is disabled,
RSAR is ignored.

To transfer data of 16-bit or 32-bit width, specify the address with 16-bit or 32-bit address
boundary respectively. To transfer data in units of 16 bytes, set a value at a 16-byte boundary.

RSAR is initialized to H'00000000 by a reset and retains the value in software standby mode and
module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.6 DMA Reload Destination Address Registers (RDAR)
The DMA reload destination address registers (RDAR) are 32-bit readable/writable registers.

When the reload function is enabled, the RDAR value is written to the destination address register
(DAR) at the end of the current DMA transfer. In this case, a new value for the next DMA transfer
can be preset in RDAR during the current DMA transfer. When the reload function is disabled,
RDAR is ignored.

To transfer data of 16-bit or 32-bit width, specify the address with 16-bit or 32-bit address
boundary respectively. To transfer data in units of 16 bytes, set a value at a 16-byte boundary.

RDAR is initialized to H'00000000 by a reset and retains the value in software standby mode and
module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.7 DMA Reload Transfer Count Registers (RDMATCR)
The DMA reload transfer count registers (RDMATCR) are 32-bit readable/writable registers.

When the reload function is enabled, the RDMATCR value is written to the transfer count register
(DMATCR) at the end of the current DMA transfer. In this case, a new value for the next DMA
transfer can be preset in RDMATCR during the current DMA transfer. When the reload function
is disabled, RDMATCR is ignored.

The upper eight bits of RDMATCR are always read as 0, and the write value should always be 0.

As in DMATCR, the transfer count is 1 when the setting is H'00000001, 16,777,215 when
H'O0OFFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. To transfer data in
16 bytes, one 16-byte transfer (128 bits) counts one.

RDMATCR is initialized to H'00000000 by a reset and retains the value in software standby mode
and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

- r-r-r-r-r-r-r ¢ [ @ [ [}
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW

I o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.8 DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit readable/writable register that specifies the
priority level of channels at the DMA transfer. This register also shows the DMA transfer status.

DMAOR is initialized to H'0000 by a reset and retains the value in software standby mode and
module standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - \ - \ CMS[1:0] \ - \ - \ PR[1:0] \ - \ - \ - \ - \ - \ AE \ NMIF \ DME I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW R/W R R RW R/W R R R R R R/(W)*R/(W)* R/W

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W  Description
15, 14 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

13,12 CMSJ1:0] 00 R/W  Cycle Steal Mode Select

These bits select either normal mode or intermittent
mode in cycle steal mode.

It is necessary that the bus modes of all channels be
set to cycle steal mode to make intermittent mode
valid.

00: Normal mode
01: Setting prohibited
10: Intermittent mode 16

Executes one DMA transfer for every 16 cycles of
B¢ clock.

11: Intermittent mode 64

Executes one DMA transfer for every 64 cycles of
B¢ clock.

11,10 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
9,8 PRI[1:0] 00 R/W  Priority Mode
These bits select the priority level between channels
when there are transfer requests for multiple channels
simultaneously.
00: Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 >
CH5 > CH6 > CH7
01: Fixed mode 2: CHO > CH4 > CH1 > CH5 > CH2 >
CH6 > CH3 > CH7
10: Setting prohibited
11: Round-robin mode (only supported in CHO to CH3)
7t03 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
2 AE 0 R/(W)* Address Error Flag
Indicates whether an address error has occurred by
the DMAC. When this bit is set, even if the DE bit in
CHCR and the DME bit in DMAOR are set to 1, DMA
transfer is not enabled. This bit can only be cleared by
writing O after reading 1.
0: No DMAC address error
1: DMAC address error occurred
[Clearing condition]
e Writing O after reading AE = 1
1 NMIF 0 R/(W)* NMI Flag

Indicates that an NMlI interrupt occurred. When this bit
is set, even if the DE bit in CHCR and the DME bit in
DMAOR are set to 1, DMA transfer is not enabled. This
bit can only be cleared by writing 0 after reading 1.

When the NMl is input, the DMA transfer in progress
can be done in one transfer unit. Even if the NMI
interrupt is input while the DMAC is not in operation,
the NMIF bit is set to 1.

0: No NMI interrupt

1: NMI interrupt occurred

[Clearing condition]

e Writing O after reading NMIF = 1
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Initial
Bit Bit Name Value R/W  Description
0 DME 0 R/W  DMA Master Enable

Enables or disables DMA transfer on all channels. If
the DME bit and DE bit in CHCR are set to 1, DMA
transfer is enabled.

However, transfer is enabled only when the TE bit in
CHCR of the transfer corresponding channel, the NMIF
bit in DMAOR, and the AE bit are all cleared to 0.
Clearing the DME bit to 0 can terminate the DMA
transfer on all channels.

0: DMA transfer is disabled on all channels
1: DMA transfer is enabled on all channels

Note: * Only 0 can be written to clear the flag after 1 is read.

If the priority mode bits are modified after a DMA transfer, the channel priority is initialized. If
fixed mode 2 is specified, the channel priority is specified as CHO > CH4 > CH1 > CH5 > CH2 >
CH6 > CH3 > CH7. If fixed mode 1 is specified, the channel priority is specified as CHO > CH1 >
CH2 > CH3 > CH4 > CH5 > CH6 > CH7. If round-robin mode is specified, the transfer end
channel is reset.

Table 9.3 show the priority change in each mode (modes 0 to 2) specified by the priority mode
bits. In each priority mode, the channel priority to accept the next transfer request may change in
up to three ways according to the transfer end channel.

For example, when the transfer end channel is channel 1, the priority of the channel to accept the
next transfer request is specified as CH2 > CH3 > CHO >CH1 > CH4 > CHS5 > CH6 > CH7. When
the transfer end channel is any one of the channels 4 to 7, round-robin will not be applied and the
priority level is not changed at the end of transfer in the channels 4 to 7.

The DMAC internal operation for an address error is as follows:

e No address error: Read (source to DMAC) — Write (DMAC to destination)
e Address error in source address: Nop — Nop

e Address error in destination address: Read — Nop
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Table 9.3 Combinations of Priority Mode Bits

Priority Level at the End of Transfer

Transfer Priority Mode
End Bits High <« » Low
Mode CH No. PR[1] PR[0] © 1 2 3 4 5 6 7
Mode 0 Any 0 0 CHo CH1 CH2 CH3 CH4 CH5 CH6 CH7
(fixed mode 1) channel
Mode 1 Any 0 1 CHO CH4 CHA1 CH5 CH2 CH6 CH3 CH7
(fixed mode 2) channel
Mode 2 CHo 1 1 CH1 CH2 CH3 CHO CH4 CH5 CH6 CH7
(round-robin mode) - o 1, 1 1 CH2 CH3 CHO CH1 CH4 CH5 CHe CH?
CH2 1 1 CH3 CHO CH1 CH2 CH4 CH5 CH6 CH7
CH3 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH4 1 1 CHO CHA1 CH2 CH3 CH4 CH5 CH6 CH7
CH5 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CHe6 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH7 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
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9.3.9 DMA Extension Resource Selectors 0 to 3 (DMARSO to DMARS3)

The DMA extension resource selectors (DMARS) are 16-bit readable/writable registers that
specify the DMA transfer sources from peripheral modules in each channel. DMARSO is for
channels 0 and 1, DMARSI is for channels 2 and 3, DMARS?2 is for channels 4 and 5, and
DMARS3 is for channels 6 and 7. Table 9.4 shows the specifiable combinations.

DMARS can specify transfer requests from eight SCIF sources, two IIC3 sources, one A/D
converter source, five MTU?2 sources, and two CMT sources.

DMARS isinitialized to H'0000 by areset and retains the value in software standby mode and
module standby mode.

e DMARSO

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH1 MID[5:0] CH1 RID[1:0] CHO MID[5:0] CHO RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARSI

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH3 MID[5:0] CH3 RID[1:0] CH2 MID[5:0] CH2 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS2

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH5 MID[5:0] CH5 RID[1:0] CH4 MID[5:0] CH4 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS3

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH7 MID[5:0] CH7 RID[1:0] CH6 MID[5:0] CH6 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Transfer requests from the various modules specify MID and RID as shown in table 9.4.

Table 9.4 DMARS Settings

Setting Value for One

Peripheral Module Channel ({MID, RID}) MID RID Function
SCIF_0 transmitter H'81 B'100000 B'01 Transmit
SCIF_0 receiver H'82 B'10 Receive
SCIF_1 transmitter H'85 B'100001 B'01 Transmit
SCIF_1 receiver H'86 B'10 Receive
SCIF_2 transmitter H'89 B'100010 B'0O1 Transmit
SCIF_2 receiver H'8A B'10 Receive
SCIF_3 transmitter H'8D B'100011 B'O1 Transmit
SCIF_3 receiver H'8E B'10 Receive
[IC3 transmitter H'A1 B'101000 B'01 Transmit
IIC3 receiver H'A2 B'10 Receive
A/D converter H'B3 B'101100 B'11 —
MTU2_0 H'E3 B'111000 B'11 —
MTU2_1 H'E7 B'111001 B'11 —
MTU2_2 H'EB B'111010 B'11 —
MTU2_3 HEF B'111011 B'11 —
MTU2_4 H'F3 B'111100 B'11 —
CMT_O H'FB B'111110 B'11 —
CMT_1 H'FF B'111111 B'11 —

When MID or RID other than the values listed in table 9.4 is set, the operation of this LSI is not
guaranteed. The transfer request from DMARS is valid only when the resource select bits
(RS[3:0]) in CHCRO to CHCR?7 have been set to B'1000. Otherwise, even if DMARS has been set,
the transfer request source is not accepted.
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94 Operation

When there is a DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto request, external request, and on-chip
peripheral module request. In bus mode, burst mode or cycle steal mode can be selected.

94.1 Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA operation
register (DMAOR), and DMA extension resource selector (DMARS) are set for the target transfer
conditions, the DMAC transfers data according to the following procedure:

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, NMIF = 0)

2. When a transfer request comes and transfer is enabled, the DMAC transfers one transfer unit of
data (depending on the TSO and TS1 settings). For an auto request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 for each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When half of the specified transfer count is exceeded (when DMATCR reaches half of the
initial value), an HEI interrupt is sent to the CPU if the HIE bit in CHCR is set to 1.

4. When transfer has been completed for the specified count (when DMATCR reaches 0), the
transfer ends normally. If the IE bit in CHCR is set to 1 at this time, a DEI interrupt is sent to
the CPU.

5. When an address error in the DMAC or an NMI interrupt is generated, the transfer is
terminated. Transfers are also terminated when the DE bit in CHCR or the DME bit in
DMAOR is cleared to 0.

Figure 9.2 is a flowchart of this procedure.
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Initial settings
(SAR, DAR, DMATCR, CHCR,
DMAOR, DMARS)

Y

DE,DME =1 an
NMIF, AE, TE = 0?

Transfer request
occurs?+1

Bus mode,
transfer request mode,

%3 REQ detection syste

A

Yes

A

/

Transfer (one transfer unit);
DMATCR - 1 — DMATCR,
SAR and DAR updated

DMATCR = 0? No
Yes
DMATCR=1/2 ?
TE=1
L] HE=1
DEI interrupt request
(when IE = 1) +
L] HEI interrupt request
When reload function is enabled, (when HE = 1)
RSAR — SAR, RDAR — DAR,
and RDMATCR — DMATCR v
v When the TC bitin CHCR is 0, or
For a request from an for a request from an on-chip peripheral
on-chip peripheral module, module, the transfer acknowledge
the transfer acknowledge signal signal is sent to the module
is sent to the module. .

NMIF = 1
orAE=10orDE=0
or DME = 0?

( Transfer end ) ( Normal end ) Cl'ransferterminated)

Notes: 1. In auto-request mode, transfer begins when the NMIF, AE, and TE bits are cleared to 0 and the

DE and DME bits are setto 1.

2. DREQ level detection in burst mode (external request) or cycle steal mode.
3. DREQ edge detection in burst mode (external request), or auto request mode in burst mode.

Figure 9.2 DMA Transfer Flowchart
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9.4.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated in external devices and on-chip peripheral modules that are neither the
transfer source nor destination.

Transfers can be requested in three modes: auto request, external request, and on-chip peripheral
module request. The request mode is selected by the RS[3:0] bits in CHCR_0 to CHCR_7 and
DMARSO to DMARS3.

(1) Auto-Request Mode

When there is no transfer request signal from an external source, as in a memory-to-memory
transfer or a transfer between memory and an on-chip peripheral module unable to request a
transfer, auto-request mode allows the DMAC to automatically generate a transfer request signal
internally. When the DE bits in CHCR_0 to CHCR_7 and the DME bit in DMAOR are set to 1,
the transfer begins so long as the TE bits in CHCR_0 to CHCR_7, and the AE and NMIF bits in
DMAGOR are 0.

(2) External Request Mode

In this mode a transfer is performed at the request signals (DREQO to DREQ?3) of an external
device. Choose one of the modes shown in table 9.5 according to the application system. When the
DMA transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, NMIF = 0), DMA transfer is
performed upon a request at the DREQ input.

Table 9.5  Selecting External Request Modes with the RS Bits

Transfer
RS[3] RS[2] RS[1] RS[0] Address Mode Transfer Source Destination
0 0 0 0 Dual address mode  Any Any
0 0 1 0 Single address mode External memory, External device with

memory-mapped DACK
external device

1 External device with External memory,
DACK memory-mapped
external device

Choose to detect DREQ by either the edge or level of the signal input with the DL and DS bits in
CHCR_0 to CHCR_3 as shown in table 9.6. The source of the transfer request does not have to be
the data transfer source or destination.
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Table 9.6  Selecting External Request Detection with DL and DS Bits

CHCR
DL bit DS bit Detection of External Request
0 0 Low level detection
1 Falling edge detection
1 0 High level detection
1 Rising edge detection

When DREQ is accepted, the DREQ pin enters the request accept disabled state (non-sensitive
period). After issuing acknowledge DACK signal for the accepted DREQ, the DREQ pin again
enters the request accept enabled state.

When DREQ is used by level detection, there are following two cases by the timing to detect the
next DREQ after outputting DACK.

Overrun O: Transfer is terminated after the same number of transfer has been performed as
requests.

Overrun 1: Transfer is terminated after transfers have been performed for (the number of requests
plus 1) times.

The DO bit in CHCR selects this overrun O or overrun 1.

Table 9.7  Selecting External Request Detection with DO Bit

CHCR

DO bit External Request
0 Overrun 0

1 Overrun 1
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(3) On-Chip Peripheral Module Request

In this mode, the transfer is performed in response to the DMA transfer request signal from an on-
chip peripheral module.

DMA transfer request signals from on-chip peripheral modules to the DMAC include transmit
data empty and receive data full requests from the SCIF, A/D conversion end request from the
A/D converter, compare match request from the CMT, and data transfer requests from the 1IC3
and MTU2.

When a transfer request signal is sent in on-chip peripheral module request mode while DMA
transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, and NMIF = 0), DMA transfer is
performed.

When the transmit data empty from the SCIF is selected, specify the transfer destination as the
corresponding SCIF transmit data register. Likewise, when the receive data full from the SCIF is
selected, specify the transfer source as the corresponding SCIF receive data register. When a
transfer request is made by the A/D converter, the transfer source must be the A/D data register
(ADDR). When the IIC3 transmit is selected as the transfer request, the transfer destination must
be ICDRT; when the IIC3 reception is selected as the transfer request, the transfer source must be
ICDRR. Any address can be specified for data transfer source and destination when a transfer
request is sent from the CMT or MTU2.
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Table 9.8  Selecting On-Chip Peripheral Module Request Modes with RS3 to RS0 Bits

CHCR DMARS DMA Transfer

Request DMA Transfer Transfer Transfer Bus
RS[3:0] MID RID Source Request Signal Source Destination Mode
1000 100000 01 SCIF_0 transmit TXIO (transmit FIFO data empty) Any SCFTDR_0 Cycle
10 SCIF_Oreceive RXIO (receive FIFO data full) SCFRDR_0 Any steal
100001 01 SCIF_1 transmit TXI1 (transmit FIFO data empty) Any SCFTDR_1
10 SCIF_1 receive RXI (receive FIFO data full) SCFRDR_1 Any
100010 01 SCIF_2 transmit TXI2 (transmit FIFO data empty) Any SCFTDR_2
10 SCIF_2receive RXI2 (receive FIFO data full) SCFRDR_2 Any
100011 01 SCIF_3 transmit TXI3 (transmit FIFO data empty) Any SCFTDR_3
10 SCIF_3receive RXI3 (receive FIFO data full) SCFRDR_3 Any
101000 01 [lIC83 transmit TXI (transmit data empty) Any ICDRT Cycle
10 IIC3 receive RXI (receive data full) ICDRR Any steal
101100 11 A/D converter  ADI (A/D conversion end) ADDR Any Cycle
steal
111000 11 MTU2_0 TGIOA Any Any Cycle
111001 11 MTU2_1 TGHA Any Any zLerZ'tor
111010 11 MTU2_2 TGI2A Any Any
111011 11 MTU2_3 TGI3A Any Any
111100 11 MTU2_4 TGI4A Any Any
111110 11 CMT_0 Compare match 0 Any Any Cycle
111111 11 CMT_1 Compare match 1 Any Any zLerZ'tor
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9.4.3 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selects a
channel according to a predetermined priority order. Three modes (fixed mode 1, fixed mode 2,
and round-robin mode) are selected using the PR1 and PRO bits in DMAOR.

(1) Fixed Mode

In fixed modes, the priority levels among the channels remain fixed. There are two kinds of fixed
modes as follows:

Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7
Fixed mode 2: CHO > CH4 > CH1 > CHS5 > CH2 > CH6 > CH3 > CH7
These are selected by the PR1 and PRO bits in the DMA operation register (DMAOR).

(2) Round-Robin Mode

Each time one unit of word, byte, longword, or 16 bytes is transferred on one channel, the priority
order is rotated. The channel on which the transfer was just finished is rotated to the lowest of the
priority order among the four round-robin channels (channels O to 4). The priority of the channels
other than the round-robin channels (channels 0 to 4) does not change even in round-robin mode.

The round-robin mode operation is shown in figure 9.3. The priority in round-robin mode is CHO

> CHI1 > CH2 > CH3 > CH4 > CHS5 > CH6 > CH7 immediately after a reset.

When round-robin mode has been specified, do not concurrently specify cycle steal mode and
burst mode as the bus modes of any two or more channels.
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(1) When channel 0 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 | Channel 0 is given the lowest priority

among the round-robin channels.

| CH1 >CH2>CH3>CHO>CH4>CH5>CH6>CH7|

Priority order
after transfer

(2) When channel 1 transfers

Initial priority order Channel 1 is given the lowest priority
p y CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 among the round-robin channels. The

\ priority of channel 0, which was higher

than channel 1, is also shifted.

Priority order

after transfer | CH2 > CH3 > CHO > CH1 > CH4 > CH5 > CH6 > CH7 |

(3) When channel 2 transfers

Channel 2 is given the lowest priority
among the round-robin channels. The
. priority of channels 0 and 1, which were
b, higher than channel 2, is also shifted. If
------ ; there is a transfer request only to
channel 5 immediately after that, the
| CH3 > CHO > CH1 > CH2 > CH4 > CH5 > CH6 > CH7 | priority does not change because

channel 5 is not a round-robin channel.

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 |

Priority order
after transfer

Post-transfer priority order )
when there is an | CH3 > CHO > CH1 > CH2 > CH4 > CH5 > CH6 > CH7 |
immediate transfer
request to channel 5 only

(4) When channel 7 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 | Priority order does not change.

;

| CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 |

Priority order
after transfer

Figure 9.3 Round-Robin Mode
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Figure 9.4 shows how the priority order changes when channel O and channel 3 transfers are
requested simultaneously and a channel 1 transfer is requested during the channel O transfer. The

DMAC operates as follows:

Transfer requests are generated simultaneously to channels 0 and 3.

Channel 0 has a higher priority, so the channel O transfer begins first (channel 3 waits for
transfer).

A channel 1 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)

When the channel O transfer ends, channel O is given the lowest priority among the round-robin
channels.

At this point, channel 1 has a higher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

When the channel 1 transfer ends, channel 1 is given the lowest priority among the round-robin
channels.

The channel 3 transfer begins.

When the channel 3 transfer ends, channels 3 and 2 are lowered in priority so that channel 3 is
given the lowest priority among the round-robin channels.

Transfer request ~ Waiting channel(s) DMAC operation Channel priority

(1) Channels 0 and 3

—— (2) Channel 0 transfer stat <——— 0>1>2>3>4>5>6>7
(8) Channel {———» ——
Priority order
1,3 (4) Channel 0 transfer ends changes 1>2>3>0>4>5>6>7
—t— (5) Channel 1 transfer starts /
Priority order
3 (6) Channel 1 transfer ends Chan$>2>3>0>1>4>5>6>7
=T (7) Channel 3 transfer starts /
None Priority order
changes
- 0>1>2>3>4>5>6>7

(8) Channel 3 transfer ends

Figure 9.4 Changes in Channel Priority in Round-Robin Mode
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9.4.4 DMA Transfer Types

DMA transfer has two types; single address mode transfer and dual address mode transfer. They
depend on the number of bus cycles of access to the transfer source and destination. A data
transfer timing depends on the bus mode, which is cycle steal mode or burst mode. The DMAC
supports the transfers shown in table 9.9.

Table 9.9  Supported DMA Transfers

Transfer Destination

External Device External Memory-Mapped On-Chip On-Chip
Transfer Source  with DACK Memory External Device Peripheral Module Memory
External device Not available Dual, single Dual, single Not available Not available
with DACK
External memory  Dual, single Dual Dual Dual Dual
Memory-mapped  Dual, single Dual Dual Dual Dual
external device
On-chip Not available Dual Dual Dual Dual
peripheral module
On-chip memory  Not available Dual Dual Dual Dual

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. 16-byte transfer is available only for on-chip peripheral modules that support longword
access.
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(1) Address Modes

(a) Dual Address Mode

In dual address mode, both the transfer source and destination are accessed (selected) by an
address. The transfer source and destination can be located externally or internally.

DMA transfer requires two bus cycles because data is read from the transfer source in a data read
cycle and written to the transfer destination in a data write cycle. At this time, transfer data is
temporarily stored in the DMAC. In the transfer between external memories as shown in figure
9.5, data is read to the DMAC from one external memory in a data read cycle, and then that data is
written to the other external memory in a data write cycle.

Memory

Transfer source
module

Address bus

{ Datalbus

Transfer destination
module

Data buffer

i

_

The SAR value is an address, data is read from the transfer source module,
and the data is tempolarily stored in the DMAC.

First bus cycle

-~ DMAC --

Memory

Transfer source
module

Address bus

{ Data bus )

Transfer destination
module

.

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure 9.5 Data Flow of Dual Address Mode

Auto request, external request, and on-chip peripheral module request are available for the transfer
request. DACK can be output in read cycle or write cycle in dual address mode. The AM bit in the
channel control register (CHCR) can specify whether the DACK is output in read cycle or write
cycle.

Figure 9.6 shows an example of DMA transfer timing in dual address mode.
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a | L]

Transfer source
A25 to A X address X

Transfer destination]
address !

= — s

D31 to DO : { \ .
; __/

RD ' \ / ;

WEn ;

/

DACKn \ (
(Active-low)

|
Dataread cycle Data write cycle

g

:

(1st cycle) (2nd cycle)

Note: In transfer between external memories, with DACK output in the read cycle,
DACK output timing is the same as that of CSn.

Figure 9.6 Example of DMA Transfer Timing in Dual Mode
(Transfer Source: Normal Memory, Transfer Destination: Normal Memory)
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(b) Single Address Mode

In single address mode, both the transfer source and destination are external devices, either of
them is accessed (selected) by the DACK signal, and the other device is accessed by an address. In
this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one of the external
devices by outputting the DACK transfer request acknowledge signal to it, and at the same time
outputting an address to the other device involved in the transfer. For example, in the case of
transfer between external memory and an external device with DACK shown in figure 9.7, when
the external device outputs data to the data bus, that data is written to the external memory in the
same bus cycle.

External address bus External data bus
A
This LSI >
DMAC Hibemn External
memory
— B
g

3 External device
- .m with DACK

---------- » Data flow (from memory to device)

----- » Data flow (from device to memory)

Figure 9.7 Data Flow in Single Address Mode

Two kinds of transfer are possible in single address mode: (1) transfer between an external device
with DACK and a memory-mapped external device, and (2) transfer between an external device
with DACK and external memory. In both cases, only the external request signal (DREQ) is used
for transfer requests.

Figure 9.8 shows an example of DMA transfer timing in single address mode.
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CK _,_\_,_\_,_\_

A25 to AO ~<—— Address output to external memory space
CSn TN | <—— Select signal to external memory space
WEn |/ <«—— Write strobe signal to external memory space
D31to DO — Data output from external device with DACK
DACKn — | <«—— DACK signal (active-low) to external device with DACK

(a) External device with DACK — External memory space (normal memory)

CK _’_\_’_\_’_\_

A25 to A0 Address output to external memory space
CSn TN | <~—— Select signal to external memory space
RD \_| / <—— Read strobe signal to external memory space
D31 to DO Data output from external memory space
DACKn ™ N___ | <~—— DACK signal (active-low) to external device with DACK

(b) External memory space (normal memory) — External device with DACK

Figure 9.8 Example of DMA Transfer Timing in Single Address Mode
(2) Bus Modes

There are two bus modes; cycle steal and burst. Select the mode by the TB bits in the channel
control registers (CHCR).

(a) Cycle Steal Mode

e Normal mode

In normal mode of cycle steal, the bus mastership is given to another bus master after a one-
transfer-unit (byte, word, longword, or 16-byte unit) DMA transfer. When another transfer
request occurs, the bus mastership is obtained from another bus master and a transfer is
performed for one transfer unit. When that transfer ends, the bus mastership is passed to
another bus master. This is repeated until the transfer end conditions are satisfied.

The cycle-steal normal mode can be used for any transfer section; transfer request source,
transfer source, and transfer destination.

Figure 9.9 shows an example of DMA transfer timing in cycle-steal normal mode. Transfer
conditions shown in the figure are;

— Dual address mode

— DREQ low level detection
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DREQ ~ \ /

Bus mastership returned to CPU once

f_/%
Bus cycle X CPU X CPUX CPU YXDMACYDMACK CPU XDMACKDMACK CPU X
Read/Write Read/Write

Figure 9.9 DMA Transfer Example in Cycle-Steal Normal Mode
(Dual Address, DREQ Low Level Detection)

Intermittent Mode 16 and Intermittent Mode 64

In intermittent mode of cycle steal, DMAC returns the bus mastership to other bus master
whenever a unit of transfer (byte, word, longword, or 16 bytes) is completed. If the next
transfer request occurs after that, DMAC obtains the bus mastership from other bus master
after waiting for 16 or 64 cycles of B¢ clock. DMAC then transfers data of one unit and returns
the bus mastership to other bus master. These operations are repeated until the transfer end
condition is satisfied. It is thus possible to make lower the ratio of bus occupation by DMA
transfer than normal mode of cycle steal.

The cycle-steal intermittent mode can be used for any transfer section; transfer request source,
transfer source, and transfer destination. The bus modes, however, must be cycle steal mode in
all channels.

Figure 9.10 shows an example of DMA transfer timing in cycle-steal intermittent mode.
Transfer conditions shown in the figure are;

— Dual address mode

— DREQ low level detection

pREQ  \ // /

More than 16 or 64 B¢ clock cycles
(depends on the CPU's condition of using bus)

Bus cycle :X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU x:
Read/Write Read/Write

Figure 9.10 Example of DMA Transfer in Cycle-Steal Intermittent Mode
(Dual Address, DREQ Low Level Detection)
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(b) Burst Mode

In burst mode, once the DMAC obtains the bus mastership, it does not release the bus mastership
and continues to perform transfer until the transfer end condition is satisfied. In external request
mode with low level detection of the DREQ pin, however, when the DREQ pin is driven high, the
bus mastership is passed to another bus master after the DMAC transfer request that has already
been accepted ends, even if the transfer end conditions have not been satisfied.

Figure 9.11 shows DMA transfer timing in burst mode.

DREQ /
Bus cycle YCPU X CPU X CPU XDMACKDMACKDMACKDMACK CPU X CPU X

Read Write Read Write

Figure 9.11 DMA Transfer Example in Burst Mode
(Dual Address, DREQ Low Level Detection)

(3) Relationship between Request Modes and Bus Modes by DMA Transfer Category

Table 9.10 shows the relationship between request modes and bus modes by DMA transfer
category.
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Table 9.10 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Address Request Bus Transfer Usable
Mode Transfer Category Mode Mode Size (Bits) Channels
Dual External device with DACK and external memory  External B/C 8/16/32/128 0to3

External device with DACK and memory-mapped External B/C 8/16/32/128 0to3
external device

External memory and external memory All+* B/C 8/16/32/128 0to 7#°
External memory and memory-mapped external  All** B/C 8/16/32/128 0to 7#°
device
Memory-mapped external device and memory- All+* B/C 8/16/32/128 0to 7#°
mapped external device
External memory and on-chip peripheral module  All*' B/C** 8/16/32/128% 0 to 7*°
Memory-mapped external device and All¥' B/C*®  8/16/32/128%* 0 to 7*°
on-chip peripheral module
On-chip peripheral module and on-chip peripheral All*' B/C** 8/16/32/128%* 0 to 7*°
module
On-chip memory and on-chip memory All** B/C 8/16/32/128  0to 7*°
On-chip memory and memory-mapped external All+* B/C 8/16/32/128 0to 7#°
device
On-chip memory and on-chip peripheral module  All*' B/C** 8/16/32/128% 0to 7*°
On-chip memory and external memory All+* B/C 8/16/32/128 0to 7#°

Single External device with DACK and external memory  External B/C 8/16/32/128  0to 3
External device with DACK and memory-mapped External B/C 8/16/32/128 0to3
external device

[Legend]

B: Burst

C: Cycle steal

Notes: 1. External requests, auto requests, and on-chip peripheral module requests are all

available. However, along with the exception of CMT and MTU2 as the transfer request
source, the requesting module must be designated as the transfer source or the
transfer destination.

. Access size permitted for the on-chip peripheral module register functioning as the

transfer source or transfer destination.
If the transfer request is an external request, channels 0 to 3 are only available.

External requests, auto requests, and on-chip peripheral module requests are all
available. In the case of on-chip peripheral module requests, however, the CMT and
MTUZ2 are only available.

Only cycle steal except for the MTU2 and CMT as the transfer request source.
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(4) Bus Mode and Channel Priority

In priority fixed mode (CHO > CH1), when channel 1 is transferring data in burst mode and a
request arrives for transfer on channel 0, which has higher-priority, the data transfer on channel 0
will begin immediately. In this case, if the transfer on channel O is also in burst mode, the transfer
on channel 1 will only resume on completion of the transfer on channel 0.

When channel 0 is in cycle steal mode, one transfer-unit of data on this channel, which has the
higher priority, is transferred. Data is then transferred continuously to channel 1 without releasing
the bus. The bus mastership will then switch between the two in this order: channel 0, channel 1,
channel 0, channel 1, etc. That is, the CPU cycle after the data transfer in cycle steal mode is
replaced with a burst-mode transfer cycle (priority execution of burst-mode cycle). An example of
this is shown in figure 9.12.

When multiple channels are in burst mode, data transfer on the channel that has the highest
priority is given precedence. When DMA transfer is being performed on multiple channels, the
bus mastership is not released to another bus-master device until all of the competing burst-mode
transfers have been completed.

pDMA \/ DMA \/ DMA \/ DMA \/ DMA \/ DMA |/ DMA
X CPUX CH1 X CH1 X CHO% CH1 >|( CHO X CH1 X CH1 XCPU X

CHo CHA1 CHo
DMAC CH1 DMAC CHO and CH1 DMAC CH1
CPU Burst mode Cycle steal mode Burst mode CPU
| | [

Priority: CHO > CH1
CHO: Cycle steal mode
CH1: Burst mode

Figure 9.12 Bus State when Multiple Channels are Operating

In round-robin mode, the priority changes as shown in figure 9.3. Note that channels in cycle steal
and burst modes must not be mixed.
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9.4.5 Number of Bus Cycles and DREQ Pin Sampling Timing
(1) Number of Bus Cycles

When the DMAC is the bus master, the number of bus cycles is controlled by the bus state
controller (BSC) in the same way as when the CPU is the bus master. For details, see section 8,
Bus State Controller (BSC).

(2) DREQ Pin Sampling Timing

Figures 9.13 to 9.16 show the DREQ input sampling timings in each bus mode.

oK S I I Iy

Bus cycle X_cpu X cru X bmac X cPu X
| 1st acceptance \_2nd acceptance

DREQ \\\\\\\\\\\\_\_\\\\\\\\}\\\ Y

(Rising) k on sensitive period

DACK | |
(Active-high)

E ™ Acceptance start

Figure 9.13 Example of DREQ Input Detection in Cycle Steal Mode Edge Detection

oK S I B B

Bus cycle X__CPu_X_cpu X" DMAC X_ cPu_ X

DREQ glstacceptance ____ G2nd acceptance

Overunoar_[TN\enzenstiepercs NN NN

DACK | l

(Active-high) "~ Acceptance
start

Bus cycle :x CPU X CPU :X DMAC X CPU X

DREQ gistacceptance o2nd acooptance

©verun 1at [T\ tensersirepered T} MY

DACK |

(Active-high) — Acceptance

start

Figure 9.14 Example of DREQ Input Detection in Cycle Steal Mode Level Detection
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CK

Bus cycle X cpu X _cpu_ X DmAC DMAC
DREQ ~ Burst acceptance

(Rising) \ \Non sensitive period ) \
onc L

(Active-high)

Figure 9.15 Example of DREQ Input Detection in Burst Mode Edge Detection

CK

Bus cycle X cpu X DMAC
DREQ . Ist acceptance

(Overrun 0 at v ™ )

high level) R\ Non sensitive period\\

DACK

(Active-high)

CK ] ]
Bus cycle X cpu X__cpu_ X DMAC DMAC
: : ' 3rd
DREQ . 1st acceptance . 2nd acceptance \\ pacceptance
Overrun 1 at T i ) \ T
il I \Wen sensitve period\\}" i\
DACK |

(Active-high) ,
— Acceptance — Acceptance
start start

Figure 9.16 Example of DREQ Input Detection in Burst Mode Level Detection
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Figure 9.17 shows the TEND output timing.

o« S rere e

End of DMA transfer
Buscyce ~ X_DMAC X CcPU__X DMAC_ X CPU_ X _CcPu_ X

DREQ

DACK I | I |
TEND | |

Figure 9.17 Example of DMA Transfer End Signal Timing
(Cycle Steal Mode Level Detection)

The unit of the DMA transfer is divided into multiple bus cycles when 16-byte transfer is
performed for an 8-bit or 16-bit external device, when longword access is performed for an 8-bit
or 16-bit external device, or when word access is performed for an 8-bit external device. When a
setting is made so that the DMA transfer size is divided into multiple bus cycles and the CS signal
is negated between bus cycles, note that DACK and TEND are divided like the CS signal for data
alignment. Also, if the DREQ detection is set to level-detection mode (DS bit in CHCR = 0), the
DREQ sampling may not be detected correctly with divided DACK, and one extra overrun may
occur at maximum.

Use a setting that does not divide DACK or specify a transfer size smaller than the external device
bus width if DACK is divided. Figure 9.18 shows this example.

Rev. 2.00 May. 08, 2008 Page 347 of 1200
RENESAS REJ09B0344-0200




CK

Section 9 Direct Memory Access Controller (DMAC)

E 3
3 So ©
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< B _R la) = o < 2

is divided into multiple bus cycles and the CS is negated between

the bus cycles, TEND is also divided.

RENESAS

Figure 9.18 BSC Normal Memory Access

Note: TEND is asserted for the last unit of DMA transfer. If a transfer unit
(No Wait, Idle Cycle 1, Longword Access to 16-Bit Device)
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9.5 Usage Note

9.5.1 Half-End Flag Setting and Half-End Interrupt

When monitoring the half-end flag status in CHCR or using the half-end interrupt together with
the reload function, the following precautions must be observed.

For the reload transfer count in RDMATCR, always set a value equal to the initial transfer count
(the value in DMATCR).

If the first setting of DMATCR differs from the RDMATCR setting used in the second and
following DMA transfer, the half-end flag setting timing may be earlier than half of the transfer
count or the half-end flag may not be set. The same is true for the half-end interrupt.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU?2)

This LSI has an on-chip multi-function timer pulse unit 2 (MTU?2) that comprises six 16-bit timer
channels.

10.1 Features

e Maximum 16 pulse input/output lines and three pulse input lines
e Selection of eight counter input clocks for each channel (four clocks for channel 5)
e The following operations can be set for channels 0 to 4:

— Waveform output at compare match

— Input capture function

— Counter clear operation

— Multiple timer counters (TCNT) can be written to simultaneously

— Simultaneous clearing by compare match and input capture is possible

— Register simultaneous input/output is possible by synchronous counter operation

— A maximum 12-phase PWM output is possible in combination with synchronous operation.
However, waveform output by compare match for channel 5 is not possible.

e Buffer operation settable for channels 0, 3, and 4

e Phase counting mode settable independently for each of channels 1 and 2

e Cascade connection operation

e Fast access via internal 16-bit bus

e 28 interrupt sources

e Automatic transfer of register data

e A/D converter start trigger can be generated

e Module standby mode can be settable

e A total of six-phase waveform output, which includes complementary PWM output, and
positive and negative phases of reset PWM output by interlocking operation of channels 3 and
4, is possible.

e AC synchronous motor (brushless DC motor) drive mode using complementary PWM output
and reset PWM output is settable by interlocking operation of channels 0, 3, and 4, and the
selection of two types of waveform outputs (chopping and level) is possible.

e Dead time compensation counter available in channel 5

e In complementary PWM mode, interrupts at the crest and trough of the counter value and A/D
converter start triggers can be skipped.
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Table 10.1 MTU2 Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock Po/1 Po/1 Po/1 P¢/1 P¢/1 P¢/1
Pd/4 P/4 Pd/4 P¢/4 P¢/4 P¢/4
Pd/16 Pd/16 Pd/16 P¢/16 P¢/16 P¢/16
P/64 P/64 P/64 P¢/64 P¢/64 P¢/64
TCLKA P¢/256 P¢/1024 P¢/256 P¢/256
TCLKB TCLKA TCLKA P¢/1024 P¢/1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB
General registers TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRU_5
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4 TGRV_5
TGRE_O TGRW_5
General registers/ TGRC_0 — — TGRC_3 TGRC_4 —
buffer registers TGRD_0 TGRD_3 TGRD_4
TGRF_0
1/0 pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A Input pins
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B TIC5U
TIOCOC TIOC3C TIOC4C TIC5V
TIOCOD TIOC3D TIOC4D TIC5W
Counter clear TGR TGR TGR TGR TGR TGR
function compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
Compare 0 output V N N v v —
mateh 4 o put N v \ \ —
output
Toggle N N v v —
output
Input capture \/ v v v v v
function
Synchronous N N N v v —
operation
PWM mode 1 v v v N N _
PWM mode 2 V V V — — —
Complementary — — — v v —
PWM mode
Reset PWM mode — — — v v —
AC synchronous — — v v —

motor drive mode
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Phase counting  — v v — — —
mode
Buffer operation — — N N _
Dead time — — — — — V
compensation
counter function
DMAC activation TGR TGR TGR TGR TGR —
compare compare compare compare compare
match or match or match or match or match or
input capture input capture input capture input capture input capture
A/D converter start TGRA_0 TGRA_1 TGRA_2 TGRA_S3 TGRA_4 —
trigger compare compare compare compare compare
match or match or match or match or match or
input capture input capture input capture input capture input capture
TGRE_O TCNT_4
compare underflow
match (trough) in
complement
ary PWM
mode

RENESAS
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Interrupt sources 7 sources 4 sources 4 sources 5 sources 5 sources 3 sources
e Compare e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture capture capture capture capture capture
0A 1A 2A 3A 4A 5U
e Compare e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture capture capture capture capture capture
0B 1B 2B 3B 4B 5V
e Compare e Overflow e Overflow e Compare e Compare e Compare
matchor o Underflow o Underflow match or match or match or
input input input input
capture capture capture capture
oC 3C 4C 5W
e Compare e Compare e Compare
match or match or match or
input input input
capture capture capture
oD 3D 4D
e Compare e Overflow e Overflow
match OE or
e Compare underflow
match OF
e Overflow
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

A/D converter start — — — — e AD —
request delaying converter
function start
request at
a match
between
TADCOR
A_4 and
TCNT_4
e AD
converter
start
request at
a match
between
TADCOR
B_4 and
TCNT_4
Interrupt skipping — — — e Skips e Skips —
function TGRA_3 TCIV_4
compare interrupts

match
interrupts

[Legend]
v Possible
— Not possible
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Figure 10.1 shows a block diagram of the MTU2.

Internal clock:

S HE
1 o[¢|2
C> 2] Ll D% z|2|2|8 Interrupt request signals
HMEEE 2l2le)e]e Channel 3: TGIA 3
< Bl <] | () TGIB_3
Input/output pins E | ; | TGIC_3
Channel 3: TIOC3A o P TGID_3
TIOC3B 2 ol TCIV_3
] slz]lx .
TIOC3C é % E g @ - cl<lolola Channel 4: TGIA_4
TIOC3D “ 5 (j g C) HHEHEE TGIB_4
Channel 4: TIOC4A S s - E e =lFEFFLF TGIC_4
TIOC4B g o Slo|¥ -) TGID_4
TIoCAC ks 1P ToN 4
TIOC4D s —_——
8 ] =
- EE 2lels|s
(]~ @ HEHE
@ ClFIFIF
of O
Input pins w0
% h | 5: TGl
Channel 5: TIC5U olefa|e|a HEIHREHE Channel &: TGIU_S
Elolclu|s z z z|% TGIV_5
icsv I b e SEEEEE TGW_5
TICsSW o é = /!
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Clock input o
Po/1 « E] ) Peripheral bus
Po4 o ¢ [ .
P06 gl 2 |I= ;
) | = S a
Po/64 s| £ o« @D A/D converter conversion
P0/256 °l s |5 I kD " qiartsignal
Po/1024 =
External clock: TCLKA — |
TCLKB ol |«
TCLKC o ,% 2] - el
TCLKD 2 zlc|a
<:> 5 S EEE
Szl Fl=lF Interrupt request signals
o M ElEl B ‘- Channel 0: TGIA_0
Input/output pins o - TGIB_O
Channel 0: TIOCOA 2 1 7 TGIC_O
TIOCOB = = o« TGID_0
- o [
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TIoc18 g CIRIEIES Channel 1: TGIA_1
Channel 2: TIOC2A s - TGIB_1
Tioc2B 5 = TCIV_1
o
al|c D TCIU_1
SMEEE Nelololalwle Channel 2: TGIA 2
<:>$ C)zn:ccn:m:ccn: TGIB 2
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S |E|e FlEIRIFLFIF]F o 2
°le E g - TCIU_2
[Legend]
TSTR: Timer start register TCDR: Timer cycle data register
TSYR: Timer synchronous register TCBR: Timer cycle buffer register
TCR:  Timer control register TDDR: Timer dead time data register
TMDR: Timer mode register TGRA: Timer general register A
TIOR: Timer I/O control register TGRB: Timer general register B
TIORH: Timer I/O control register H TGRC: Timer general register C
TIORL: Timer I/O control register L TGRD: Timer general register D
TIER: Timer interrupt enable register TGRE: Timer general register E
TGCR: Timer gate control register TGRF: Timer general register F
TOER: Timer output master enable register TGRU: Timer general register U
TOCR: Timer output control register TGRV: Timer general register V
TSR:  Timer status register TGRW: Timer general register W
TCNT: Timer counter

TCNTS: Timer subcounter

Figure 10.1 Block Diagram of MTU2
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

10.2  Input/Output Pins

Table 10.2 Pin Configuration

Channel Pin Name I/O

Function

Common TCLKA

Input

External clock A input pin
(Channel 1 phase counting mode A phase input)

TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC  Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD Input  External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCOA 1I/O TGRA_O0 input capture input/output compare output/PWM output pin
TIOCOB 1/0 TGRB_0 input capture input/output compare output/PWM output pin
TIOCOC 1/0 TGRC_0 input capture input/output compare output/PWM output pin
TIOCOD 1/O TGRD_0 input capture input/output compare output/PWM output pin
1 TIOC1A 1/O TGRA_1 input capture input/output compare output/PWM output pin
TIOC1B I/O0 TGRB_1 input capture input/output compare output/PWM output pin
2 TIOC2A 1/O TGRA_2 input capture input/output compare output/PWM output pin
TIOC2B I/O0 TGRB_2 input capture input/output compare output/PWM output pin
3 TIOC3A 1I/O0 TGRA_3 input capture input/output compare output/PWM output pin
TIOC3B 1/0 TGRB_3 input capture input/output compare output/PWM output pin
TIOC3C /0 TGRC_3 input capture input/output compare output/PWM output pin
TIOC3D 1/0 TGRD_3 input capture input/output compare output/PWM output pin
4 TIOC4A 1/O0 TGRA_4 input capture input/output compare output/PWM output pin
TIOC4B 1/0 TGRB_4 input capture input/output compare output/PWM output pin
TIOC4C 1/0 TGRC_4 input capture input/output compare output/PWM output pin
TIOC4D 1I/O0 TGRD_4 input capture input/output compare output/PWM output pin
5 TIC5U Input  TGRU_S5 input capture input/external pulse input pin
TIC5V Input  TGRV_5 input capture input/external pulse input pin
TIC5W Input TGRW_5 input capture input/external pulse input pin

Note: For the pin configuration in complementary PWM mode, see table 10.54 in section 10.4.8,
Complementary PWM Mode.

Rev. 2.00 May. 08, 2008 Page 357 of 1200
RENESAS REJ09B0344-0200



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

10.3  Register Descriptions

The MTU?2 has the following registers. For details on register addresses and register states during
each process, refer to section 26, List of Registers. To distinguish registers in each channel, an
underscore and the channel number are added as a suffix to the register name; TCR for channel 0
is expressed as TCR_0.

Table 10.3 Register Descriptions

Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
0 Timer control register_0 TCR_0 R/W H'00 H'FFFE4300 8
Timer mode register_0 TMDR_O R/W  H'00 H'FFFE4301 8
Timer 1/O control register H_.0O TIORH_O0O R/W H'00 H'FFFE4302 8
Timer I/O control register L_0  TIORL_O R/W H'00 H'FFFE4303 8
Timer interrupt enable TIER_O R/W H'00 H'FFFE4304 8
register_0
Timer status register_0 TSR_0O R/W H'CO H'FFFE4305 8
Timer counter_0 TCNT_O R/W H'0000 HFFFE4306 16

Timer general register A_0O TGRA_O R/W H'FFFF HFFFE4308 16

Timer general register B_0 TGRB_0 R/W H'FFFF HFFFE430A 16

Timer general register C_0 TGRC_0 R/W H'FFFF HFFFE430C 16

Timer general register D_0 TGRD_0 R/W H'FFFF HFFFE430E 16

Timer general register E_0 TGRE_O R/W H'FFFF HFFFE4320 16

Timer general register F_0 TGRF_0 R/W H'FFFF HFFFE4322 16

Timer interrupt enable TIER2_0 R/W H'00 H'FFFE4324 8
register2_0
Timer status register2_0 TSR2_0 R/W H'CO H'FFFE4325
Timer buffer operation transfer TBTM_O R/W H'00 H'FFFE4326 8
mode register_0

1 Timer control register_1 TCR_1 R/W H'00 H'FFFE4380 8
Timer mode register_1 TMDR_1 R/W  H'00 H'FFFE4381 8
Timer I/O control register_1 TIOR_1 R/W H'00 H'FFFE4382 8
Timer interrupt enable TIER_1 R/W H'00 H'FFFE4384 8
register_1
Timer status register_1 TSR_1 R/W H'CO H'FFFE4385 8
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Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
1 Timer counter_1 TCNT_1 R/W H'0000 HFFFE4386 16
Timer general register A_1 TGRA_1 R/W H'FFFF HFFFE4388 16
Timer general register B_1 TGRB_1 R/W H'FFFF HFFFE438A 16
Timer input capture control TICCR R/W H'00 H'FFFE4390 8
register
2 Timer control register_2 TCR_2 R/W  H'00 H'FFFE4000 8
Timer mode register_2 TMDR_2 R/W H'00 H'FFFE4001 8
Timer 1/O control register_2 TIOR_2 R/W  H'00 H'FFFE4002 8
Timer interrupt enable TIER_2 R/W H'00 H'FFFE4004 8
register_2
Timer status register_2 TSR_2 R/W H'CO H'FFFE4005 8
Timer counter_2 TCNT_2 R/W H'0000 HFFFE4006 16

Timer general register A_2 TGRA_2 R/W H'FFFF HFFFE4008 16
Timer general register B_2 TGRB_2 R/W H'FFFF HFFFE400A 16

3 Timer control register_3 TCR_3 R/W H'00 H'FFFE4200 8
Timer mode register_3 TMDR_3 R/W H'00 H'FFFE4202 8
Timer I/O control register H_.3 TIORH_3 R/W H'00 H'FFFE4204 8
Timer I/O control register L_3  TIORL_3 R/W H'00 H'FFFE4205 8
Timer interrupt enable TIER_3 R/W H'00 H'FFFE4208 8
register_3
Timer status register_3 TSR_3 R/W H'CO H'FFFE422C 8
Timer counter_3 TCNT_3 R/W H'0000 HFFFE4210 16

Timer general register A_3 TGRA_3 R/W H'FFFF HFFFE4218 16
Timer general register B_3 TGRB_3 R/W H'FFFF H'FFFE421A 16
Timer general register C_3 TGRC_3 R/W H'FFFF HFFFE4224 16
Timer general register D_3 TGRD_3 R/W H'FFFF HFFFE4226 16

Timer buffer operation transfer TBTM_3 R/W H'00 H'FFFE4238 8
mode register_3

4 Timer control register_4 TCR_4 R/W H'00 H'FFFE4201
Timer mode register_4 TMDR_4 R/W H'00 H'FFFE4203
Timer I/O control register H_4 TIORH_4 R/W H'00 H'FFFE4206
Timer I/O control register L_4 TIORL_4 R/W H'00 H'FFFE4207

| | 00| ®©
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Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
4 Timer interrupt enable TIER_4 R/W H'00 H'FFFE4209 8
register_4
Timer status register_4 TSR_4 R/W H'CO H'FFFE422D 8
Timer counter_4 TCNT_4 R/W H'0000 HFFFE4212 16
Timer general register A_4 TGRA_4 R/W H'FFFF H'FFFE421C 16
Timer general register B_4 TGRB_4 R/W H'FFFF H'FFFE421E 16
Timer general register C_4 TGRC_4 R/W H'FFFF HFFFE4228 16
Timer general register D_4 TGRD_4 R/W H'FFFF H'FFFE422A 16
Timer buffer operation transfer TBTM_4 R/W H'00 H'FFFE4239 8
mode register_4
Timer A/D converter start TADCR R/W H'0000 HFFFE4240 16
request control register
Timer A/D converter start TADCORA_4 R/W H'FFFF H'FFFE4244 16
request cycle set register A_4
Timer A/D converter start TADCORB_4 R/W H'FFFF H'FFFE4246 16
request cycle set register B_4
Timer A/D converter start TADCOBRA R/W H'FFFF H'FFFE4248 16
request cycle set buffer register _4
A 4
Timer A/D converter start TADCOBRB R/W H'FFFF H'FFFE424A 16
request cycle set buffer register _4
B_4
5 Timer control register U_5 TCRU_5 R/W H'00 H'FFFE4084 8
Timer control register V_5 TCRV_5 R/W H'00 H'FFFE4094 8
Timer control register W_5 TCRW_5 R/W H00 H'FFFE40A4 8
Timer I/O control register U_5 TIORU_5 R/W H'00 H'FFFE4086 8
Timer 1/O control register V_5 TIORV_5 R/W H'00 H'FFFE4096 8
Timer I/O control register W_5 TIORW_5 R/W H'00 H'FFFE40A6 8
Timer interrupt enable TIER_5 R/W H'00 H'FFFE40B2 8
register_5
Timer status register_5 TSR_5 R/W H'00 H'FFFE40BO 8
Timer start register_5 TSTR_5 R/W  H'00 H'FFFE40B4 8
Timer counter U_5 TCNTU_5 R/W H'0000 HFFFE4080 16
Timer counter V_5 TCNTV_5 R/W H0000 HFFFE4090 16
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Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
5 Timer counter W_5 TCNTW_5 R/W H'0000 HFFFE40A0 16

Timer general register U_5 TGRU_5 R/W H'FFFF HFFFE4082 16
Timer general register V_5 TGRV_5 R/W H'FFFF HFFFE4092 16
Timer general register W_5 TGRW_5 R/W HFFFF H'FFFE40A2 16
Timer compare match clear TCNTCMPCLR R/W  H'00 H'FFFE40B6 8

register
Common Timer start register TSTR R/W H'00 H'FFFE4280
Timer synchronous register TSYR R/W  H'00 H'FFFE4281

Timer counter synchronous TCSYSTR R/W H'00 H'FFFE4282
start register

Timer read/write enable TRWER R/W  H'01 H'FFFE4284 8
register
Common Timer output master enable TOER R/W H'CO H'FFFE420A 8

to3and register
4 Timer output control register 1 TOCRH1 R/W H'00 H'FFFE420E 8
Timer output control register2 TOCR2 R/W H'00 H'FFFE420F 8

Timer gate control register TGCR R/W  H80 H'FFFE420D 8
Timer cycle control register TCDR R/W H'FFFF HFFFE4214 16
Timer dead time data register TDDR R/W H'FFFF H'FFFE4216 16
Timer subcounter TCNTS R H'0000 H'FFFE4220 16
Timer cycle buffer register TCBR R/W H'FFFF HFFFE4222 16
Timer interrupt skipping set TITCR R/W H'00 H'FFFE4230 8
register

Timer interrupt skipping counter TITCNT R H'00 H'FFFE4231
Timer buffer transfer set TBTER R/W H'00 H'FFFE4232
register

Timer dead time enable TDER R/W H'01 H'FFFE4234 8
register

Timer synchronous clear TSYCR R/W H'00 H'FFFE4250 8
register

Timer waveform control register TWCR R/W H'00 H'FFFE4260
Timer output level buffer TOLBR R/W H'00 H'FFFE4236
register
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10.3.1 Timer Control Register (TCR)

The TCR registers are 8-bit readable/writable registers that control the TCNT operation for each
channel. The MTU?2 has a total of eight TCR registers, one each for channels 0 to 4 and three
(TCRU_S, TCRV_5, and TCRW_5) for channel 5. TCR register settings should be conducted
only when TCNT operation is stopped.

Bit: 7 6 5 4 3 2 1 0
| CCLR[2:0] CKEG[1:0] TPSC[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7to5 CCLR[2:0] 000 R/W Counter Clear 0 to 2

These bits select the TCNT counter clearing source.
See tables 10.4 and 10.5 for details.

4,3 CKEG[1:0] 00 R/W Clock Edge 0 and 1

These bits select the input clock edge. When the input
clock is counted using both edges, the input clock
period is halved (e.g. P¢/4 both edges = P¢/2 rising
edge). If phase counting mode is used on channels 1
and 2, this setting is ignored and the phase counting
mode setting has priority. Internal clock edge selection
is valid when the input clock is P¢/4 or slower. When
Pd/1 or the overflow/underflow of another channel is
selected for the input clock, although values can be
written, counter operation compiles with the initial value.

00: Count at rising edge
01: Count at falling edge
1x: Count at both edges

2to0 TPSC[2:0] 000 R/W Time Prescaler 0 to 2

These bits select the TCNT counter clock. The clock
source can be selected independently for each channel.
See tables 10.6 to 10.10 for details.

[Legend]
X: Don't care
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Table 10.4 CCLRO to CCLR2 (Channels 0, 3, and 4)
Bit7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,234 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*'
1 0 0 TCNT clearing disabled
1 TCNT cleared by TGRC compare match/input
capture**
1 0 TCNT cleared by TGRD compare match/input

capture*

TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*'

Notes: 1. Synchronous operation is set by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table 10.5 CCLRO0 to CCLR2 (Channels 1 and 2)

Bit7 Bit 6 Bit 5
Channel Reserved** CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input

capture

TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Table 10.6 TPSCO0 to TPSC2 (Channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table 10.7 TPSCO0 to TPSC2 (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on P$/256

1

Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table 10.8 TPSCO to TPSC2 (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on P¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table 10.9 TPSCO to TPSC2 (Channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 Internal clock: counts on P¢/256
1 Internal clock: counts on P¢/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
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Table 10.10 TPSC1 and TPSCO (Channel 5)

Bit 1 Bit 0
Channel TPSC1 TPSCO Description
5 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64

Note: Bits 7 to 2 are reserved in channel 5. These bits are always read as 0. The write value
should always be 0.

10.3.2 Timer Mode Register (TMDR)

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode of
each channel. The MTU?2 has five TMDR registers, one each for channels 0 to 4. TMDR register
settings should be changed only when TCNT operation is stopped.

Bit: 7 6 5 4 3 2 1 0

| ; | BFE | BFB | BFA | MD[3:0]
Initial value: 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 BFE 0 R/W Buffer Operation E

Specifies whether TGRE_0 and TGRF_0 are to operate
in the normal way or to be used together for buffer
operation.

TGRF compare match is generated when TGRF is
used as the buffer register.

In channels 1 to 4, this bit is reserved. It is always read
as 0 and the write value should always be O.

0: TGRE_0 and TGRF_0 operate normally

1: TGRE_0 and TGRF_0 used together for buffer
operation
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Bit

Bit Name

Initial
Value

R/W

Description

5

BFB

0

R/W

Buffer Operation B

Specifies whether TGRB is to operate in the normal
way, or TGRB and TGRD are to be used together for
buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not
generated in a mode other than complementary PWM.
TGRD compare match is generated in complementary
PWM mode. When compare match occurs during the
Tb period in complementary PWM mode, TGFD is set.
Therefore, set the TGIED bit in the timer interrupt
enable register 3/4 (TIER_3/4) to 0.

In channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.

0: TGRB and TGRD operate normally
1: TGRB and TGRD used together for buffer operation

BFA

R/W

Buffer Operation A

Specifies whether TGRA is to operate in the normal
way, or TGRA and TGRC are to be used together for
buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not
generated in a mode other than complementary PWM.
TGRC compare match is generated when in
complementary PWM mode. When compare match for
channel 4 occurs during the Tb period in
complementary PWM mode, TGFC is set. Therefore,
set the TGIEC bit in the timer interrupt enable register 4
(TIER_4) to 0.

In channels 1 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.

0: TGRA and TGRC operate normally
1: TGRA and TGRC used together for buffer operation

3to0

MD[3:0]

0000

R/W

Modes 0 to 3
These bits are used to set the timer operating mode.
See table 10.11 for details.

RENESAS

Rev. 2.00 May. 08, 2008 Page 367 of 1200
REJ09B0344-0200



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Table 10.11 Setting of Operation Mode by Bits MD0 to MD3

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description

0 0 0

o

Normal operation

Setting prohibited

PWM mode 1

PWM mode 2+

Phase counting mode 1%

Phase counting mode 2+

Phase counting mode 3%

Phase counting mode 4+

Reset synchronous PWM mode*°®

Setting prohibited

Setting prohibited

Setting prohibited

Complementary PWM mode 1 (transmit at crest)*’

Complementary PWM mode 2 (transmit at trough)**

-
o
o
—~|o|=|Oo|lX|=|O|=|O|=|O|=|O|=

Complementary PWM mode 2 (transmit at crest and
trough)*°

[Legend]
X: Don't care
Notes: 1. PWM mode 2 cannot be set for channels 3 and 4.
2. Phase counting mode cannot be set for channels 0, 3, and 4.
3. Reset synchronous PWM mode, complementary PWM mode can only be set for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode cannot be set for channels 0, 1, and 2.
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10.3.3  Timer I/O Control Register (TIOR)

The TIOR registers are 8-bit readable/writable registers that control the TGR registers. The MTU2
has a total of eleven TIOR registers, two each for channels 0, 3, and 4, one each for channels 1 and
2, and three (TIORU_S, TIORV_S5, and TIORW_5) for channel 5.

TIOR should be set while TMDR is set in normal operation, PWM mode, or phase counting mode.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register
operates as a buffer register.

e TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIORH_4

Bit: 7 6 5 4 3 2 1 0
| 10B[3:0] | I0A3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

7to4 10B[3:0] 0000 R/W I/0O Control BO to B3
Specify the function of TGRB.
See the following tables.

TIORH_O: Table 10.12
TIOR_1: Table 10.14
TIOR_2: Table 10.15
TIORH_3: Table 10.16
TIORH_4: Table 10.18

3to0 I0A[3:0] 0000 R/W I/O Control AO to A3
Specify the function of TGRA.
See the following tables.

TIORH_0: Table 10.20
TIOR_1: Table 10.22
TIOR_2: Table 10.23
TIORH_3: Table 10.24
TIORH_4: Table 10.26
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e TIORL_O, TIORL_3, TIORL_4

Bit: 7 6 5 4 3 2 1 0
| 10D[3:0] 10C[3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW

Initial

Bit Bit Name Value R/W Description

7to4 10D[3:0] 0000 R/W I/0 Control DO to D3
Specify the function of TGRD.
See the following tables.
TIORL_O: Table 10.13
TIORL_3: Table 10.17
TIORL_4: Table 10.19

3to 0 10C[3:0] 0000 R/W I/0O Control CO to C3
Specify the function of TGRC.
See the following tables.

TIORL_O: Table 10.21
TIORL_3: Table 10.25
TIORL_4: Table 10.27

e TIORU_S, TIORV_S5, TIORW_S

Bit: 7 6 5 4 3 2 1 0
[ -] -] -] 10C[4:0]
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7t05 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

4t00 10C[4:0] 00000 R/W I/0O Control CO to C4

Specify the function of TGRU_5, TGRV_5, and
TGRW_5.

For details, see table 10.28.
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Table 10.12 TIORH_0 (Channel 0)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_0
IOB3 10B2 10B1 10B0 Function TIOCOB Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
T Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.13 TIORL_0 (Channel 0)

Description

Bit7 Bit6 Bit5 Bit4 TGRD_O0
IOD3 I10D2 I0D1 1I0D0 Function TIOCOD Pin Function

0 0 0 0 Output Output retained*’

1 compare

register®? Initial output is 0

0 output at compare match

1 0 Initial output is 0
1 output at compare match

1 Initial output is 0
Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge

. *2
register Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bit in TMDR_O is set to 1 and TGRD_0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.14 TIOR_1 (Channel 1)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_1
IOB3 10B2 10B1 10B0 Function TIOC1B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
1 X X Input capture at generation of TGRC_0 compare
match/input capture
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.15 TIOR_2 (Channel 2)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_2
IOB3 10B2 10B1 10B0 Function TIOC2B Pin Function

0 0 0 0 Output Output retained*
1 comparé - iial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.16 TIORH_3 (Channel 3)

Description

Bit7 Bit6 Bit 5 Bit4 TGRB_3
IOB3 10B2 10B1 I0OB0 Function TIOC3B Pin Function

0 0 0 0 Output Output retained*
1 comparé - iial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.17 TIORL_3 (Channel 3)

Description

Bit7 Bit6 Bit 5 Bit4 TGRD_3
IOD3 10D2 I0D1 IOD0 Function TIOC3D Pin Function

0 0 0 0 Output Output retained*’
1 comparé - itial output is 0
register*
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register*” Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bit in TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.18 TIORH_4 (Channel 4)

Description

Bit7 Bit6 Bit 5 Bit4 TGRB_4
IOB3 10B2 10B1 I0OB0 Function TIOC4B Pin Function

0 0 0 0 Output Output retained*
1 comparé - iial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.19 TIORL_4 (Channel 4)

Description

Bit7 Bit6 Bit 5 Bit4 TGRD_4
IOD3 10D2 I0D1 IOD0 Function TIOC4D Pin Function

0 0 0 0 Output Output retained*’
1 comparé - itial output is 0
register*
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register*” Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bit in TMDR_4 is set to 1 and TGRD_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.20 TIORH_0 (Channel 0)

Description

Bit3 Bit2 Bit 1 Bit0 TGRA_O
IOA3 I10A2 IOA1 IOA0 Function TIOCOA Pin Function

0 0 0 0 Output Output retained*
7 compare
register

Initial output is 0
0 output at compare match

1 0 Initial output is 0
1 output at compare match

1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge
register

Input capture at falling edge

0
1
1 X Input capture at both edges
X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.21 TIORL_0 (Channel 0)

Description

Bit3 Bit2 Bit1 Bit0 TGRC_O0
IOC3 10C2 10C1 10CO0 Function TIOCOC Pin Function

0 0 0 0 Output Output retained*’

1 compare

register®? Initial output is 0

0 output at compare match

1 0 Initial output is 0
1 output at compare match

1 Initial output is 0
Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge

e
register Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_O0 is set to 1 and TGRC_0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.22 TIOR_1 (Channel 1)

Description

Bit3 Bit2 Bit1 Bit0 TGRA_1
IOA3 I0A2 IOA1 IOAO0 Function TIOC1A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
1 X X Input capture at generation of channel 0/TGRA_0
compare match/input capture
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.23 TIOR_2 (Channel 2)

Description

Bit3 Bit2 Bit1 Bit0 TGRA_2
IOA3 I0A2 IOA1 IOAO0 Function TIOC2A Pin Function

0 0 0 0 Output Output retained*
1 comparé - iial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.24 TIORH_3 (Channel 3)

Description

Bit3 Bit2 Bit1 Bit0 TGRA_3
IOA3 I0A2 IOA1 IOAO0 Function TIOC3A Pin Function

0 0 0 0 Output Output retained*
1 comparé - iial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.25 TIORL_3 (Channel 3)

Description

Bit3 Bit2 Bit1 Bit0 TGRC_3
IOC3 10C2 10C1 10CO0 Function TIOC3C Pin Function

0 0 0 0 Output Output retained*’
1 comparé - itial output is 0
register*
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register*” Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.26 TIORH_4 (Channel 4)

Description

Bit3 Bit2 Bit1 Bit0 TGRA_4
IOA3 I0A2 IOA1 IOAO0 Function TIOC4A Pin Function

0 0 0 0 Output Output retained*
1 comparé - iial output is 0
register
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.27 TIORL_4 (Channel 4)

Description

Bit3 Bit2 Bit1 Bit0 TGRC_4
IOC3 10C2 10C1 10CO0 Function TIOCA4C Pin Function

0 0 0 0 Output Output retained*’
1 comparé - itial output is 0
register*
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
1 register*” Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.28 TIORU_S, TIORV_S5, and TIORW_S (Channel 5)

Description
TGRU_S5,
TGRV_5, and
Bit4 Bit3 Bit2 Bit1 Bit0 TGRW_5
10C4 10C3 10C2 10C1 10CO0 Function TIC5U, TIC5V, and TIC5W Pin Function
0 0 0 0 0 Compare Compare match
1 match register Setting prohibited
1 X Setting prohibited
1 X X Setting prohibited
X X X Setting prohibited
1 0 0 0 0 Input capture  Setting prohibited
1 register Input capture at rising edge
1 0 Input capture at falling edge
1 Input capture at both edges
1 X X Setting prohibited
0 0 Setting prohibited
1 Measurement of low pulse width of external input signal
Capture at trough in complementary PWM mode
1 0 Measurement of low pulse width of external input signal
Capture at crest in complementary PWM mode
1 Measurement of low pulse width of external input signal
Capture at crest and trough in complementary PWM
mode
1 0 0 Setting prohibited
1 Measurement of high pulse width of external input signal
Capture at trough in complementary PWM mode
1 0 Measurement of high pulse width of external input signal
Capture at crest in complementary PWM mode
1 Measurement of high pulse width of external input signal
Capture at crest and trough in complementary PWM
mode
[Legend]
X: Don't care
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10.3.4

Timer Compare Match Clear Register (TCNTCMPCLR)

TCNTCMPCLR is an 8-bit readable/writable register that specifies requests to clear TCNTU_S,
TCNTV_5, and TCNTW_S5. The MTU2 has one TCNTCMPCLR in channel 5.

5 4 3 2 1 0

| N | i | i |CMP CMPlCMP

CLROUICLRSV ICLRSW

Initial value: 0 0 0 0 0 0
R/W: R R R RW RW RW
Initial
Bit Bit Name Value R/W Description
7t03 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
2 CMPCLR5U 0 R/W TCNT Compare Clear 5U
Enables or disables requests to clear TCNTU_5 at
TGRU_5 compare match or input capture.
0: Disables TCNTU_5 to be cleared to H'0000 at
TCNTU_5 and TGRU_5 compare match or input
capture
1: Enables TCNTU_5 to be cleared to H'0000 at
TCNTU_5 and TGRU_5 compare match or input
capture
1 CMPCLR5V 0 R/W TCNT Compare Clear 5V

Enables or disables requests to clear TCNTV_5 at
TGRV_5 compare match or input capture.

0: Disables TCNTV_5 to be cleared to H'0000 at
TCNTV_5 and TGRV_5 compare match or input
capture

1: Enables TCNTV_5 to be cleared to H'0000 at
TCNTV_5 and TGRV_5 compare match or input
capture
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Initial
Bit Bit Name Value R/W Description
0 CMPCLR5W 0 R/W TCNT Compare Clear 5W

Enables or disables requests to clear TCNTW_5 at

TGRW_5 compare match or input capture.

0: Disables TCNTW_5 to be cleared to H'0000 at
TCNTW_5 and TGRW_5 compare match or input
capture

1: Enables TCNTW_5 to be cleared to H'0000 at
TCNTW_5 and TGRW_5 compare match or input
capture

10.3.5 Timer Interrupt Enable Register (TIER)

The TIER registers are 8-bit readable/writable registers that control enabling or disabling of
interrupt requests for each channel. The MTU2 has seven TIER registers, two for channel 0 and

one each for channels 1 to 5.

e TIER_O, TIER 1, TIER_2, TIER_3, TIER 4
Bit: 7 6 5 4 3 2 1 0
|'I'I'GE |TI'GE2|TCIEU |TCIEV |TGIED |TGIEC | TGIEB |TGIEA|

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 TTGE 0 R/W A/D Converter Start Request Enable

Enables or disables generation of A/D converter start
requests by TGRA input capture/compare match.

0: A/D converter start request generation disabled
1: A/D converter start request generation enabled

Rev. 2.00 May. 08, 2008 Page 389 of 1200
RENESAS REJ09B0344-0200



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Initial

Bit Bit Name Value R/W Description

6 TTGE2 0 R/W A/D Converter Start Request Enable 2
Enables or disables generation of A/D converter start
requests by TCNT_4 underflow (trough) in
complementary PWM mode.
In channels 0 to 3, bit 6 is reserved. It is always read as
0 and the write value should always be 0.
0: A/D converter start request generation by TCNT_4

underflow (trough) disabled
1: A/D converter start request generation by TCNT_4
underflow (trough) enabled

5 TCIEU 0 R/W Underflow Interrupt Enable
Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1 and 2.
In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and the write value should always be 0.
0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W Overflow Interrupt Enable
Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.
0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0 R/W TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 3 is reserved. It is always read
as 0 and the write value should always be 0.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled
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Initial
Bit Bit Name Value R/W Description
2 TGIEC 0 R/W TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 2 is reserved. It is always read
as 0 and the write value should always be 0.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled
1 TGIEB 0 R/W TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled
0 TGIEA 0 R/W TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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e TIER2 O

Bt: 7 6 5 4 3 2 1 0
|TTGE2| - | - | - | - | - |TGIEF |TGIEE|
Initialvalue: 0 0 0 0 0 0O 0 O
RW: RW R R R R R RW RW

Initial
Bit Bit Name Value R/W Description

7 TTGE2 0 R/W A/D Converter Start Request Enable 2

Enables or disables generation of A/D converter start
requests by compare match between TCNT_0 and
TGRE_O.

0: A/D converter start request generation by compare
match between TCNT_0 and TGRE_O disabled

1: A/D converter start request generation by compare
match between TCNT_0 and TGRE_0 enabled

6to2 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

1 TGIEF 0 R/W TGR Interrupt Enable F

Enables or disables interrupt requests by compare
match between TCNT_0 and TGRF_0.

0: Interrupt requests (TGIF) by TGFE bit disabled
1: Interrupt requests (TGIF) by TGFE bit enabled

0 TGIEE 0 R/W TGR Interrupt Enable E

Enables or disables interrupt requests by compare
match between TCNT_0 and TGRE_O.

0: Interrupt requests (TGIE) by TGEE bit disabled
1: Interrupt requests (TGIE) by TGEE bit enabled
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e TIER_S

Bit

Bit Name

Initial value:
R/W:

Initial
Value

5 4 3 2 1 0

| - | - |TGIE5U|TGIE5V|TGIE5V\4

0 0 0 0 0 0
R R R RW RW R/W

Description

7t03

All O

Reserved

These bits are always read as 0. The write value should
always be 0.

TGIE5U

R/W

TGR Interrupt Enable 5U

Enables or disables interrupt requests (TGIU_5) by the
CMFUS bit when this bit in TSR_5 is set to 1.

0: Interrupt requests (TGIU_5) disabled
1: Interrupt requests (TGIU_5) enabled

TGIE5V

R/W

TGR Interrupt Enable 5V

Enables or disables interrupt requests (TGIV_5) by the
CMFVS5 bit when this bit in TSR_5 is set to 1.

0: Interrupt requests (TGIV_5) disabled
1: Interrupt requests (TGIV_5) enabled

TGIESW

R/W

TGR Interrupt Enable 5W

Enables or disables interrupt requests (TGIW_5) by the
CMFWS5 bit when this bit in TSR_5 is set to 1.

0: Interrupt requests (TGIW_5) disabled
1: Interrupt requests (TGIW_5) enabled
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10.3.6  Timer Status Register (TSR)

The TSR registers are 8-bit readable/writable registers that indicate the status of each channel. The
MTU?2 has seven TSR registers, two for channel 0 and one each for channels 1 to 5.

e TSR_O, TSR_1, TSR 2, TSR_3, TSR_4

Bit: 7 6 5 4 3 2 1 0
[rcro| - [rcru | Terv [ Taro | Tarc | Tars | Tara |
Initial value: 1 1 0 0 0 0 0 0

R/W: R R RAW)=TR/(W)*1R/(W)*1R/(W)*TR/(W)*1R/(W)*

Note: 1. Writing 0 to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial
Bit Bit Name Value R/W Description

7 TCFD 1 R Count Direction Flag

Status flag that shows the direction in which TCNT
counts in channels 1 to 4.

In channel O, bit 7 is reserved. It is always read as 1
and the write value should always be 1.

0: TCNT counts down
1: TCNT counts up

6 — 1 R Reserved

This bit is always read as 1. The write value should
always be 1.

5 TCFU 0 R/(W)*' Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. Only 0 can be written, for flag clearing.

In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and the write value should always be 0.

[Clearing condition]
e When 0 is written to TCFU after reading TCFU = 1%
[Setting condition]

o When the TCNT value underflows (changes from
H'0000 to H'FFFF)
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Initial
Bit Bit Name Value R/W Description
4 TCFV 0 R/(W)*' Overflow Flag
Status flag that indicates that TCNT overflow has
occurred. Only O can be written, for flag clearing.
[Clearing condition]
e When 0 is written to TCFV after reading
TCFV = 1%
[Setting condition]
¢ When the TCNT value overflows (changes from
H'FFFF to H'0000)
In channel 4, when the TCNT_4 value underflows
(changes from H'0001 to H'0000) in complementary
PWM mode, this flag is also set.
3 TGFD 0 R/(W)*" Input Capture/Output Compare Flag D
Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1
and 2, bit 3 is reserved. It is always read as 0 and the
write value should always be 0.
[Clearing condition]
e When 0 is written to TGFD after reading
TGFD = 1#*
[Setting conditions]
e When TCNT = TGRD and TGRD is functioning as
output compare register
e When TCNT value is transferred to TGRD by input
capture signal and TGRD is functioning as input
capture register
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Initial
Bit Bit Name Value R/W Description
2 TGFC 0 R/(W)*" Input Capture/Output Compare Flag C
Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1
and 2, bit 2 is reserved. It is always read as 0 and the
write value should always be 0.
[Clearing condition]
e When 0 is written to TGFC after reading
TGFC = 1#*
[Setting conditions]
e When TCNT = TGRC and TGRC is functioning as
output compare register
e When TCNT value is transferred to TGRC by input
capture signal and TGRC is functioning as input
capture register
1 TGFB 0 R/(W)*' Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match. Only 0 can be written, for
flag clearing.

[Clearing condition]

e When 0 is written to TGFB after reading
TGFB = 1#*

[Setting conditions]

e When TCNT = TGRB and TGRB is functioning as
output compare register

e When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register
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Initial
Bit Bit Name Value R/W Description
0 TGFA 0 R/(W)*' Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match. Only 0 can be written, for
flag clearing.

[Clearing conditions]

¢ When DMAC is activated by TGIA interrupt

e When 0 is written to TGFA after reading
TGFA = 1#*

[Setting conditions]

e When TCNT = TGRA and TGRA is functioning as
output compare register

e When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

Notes: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

2. When writing to the timer status register (TSR), write 0 to the bit to be cleared after
reading 1. Write 1 to other bits. But 1 is not actually written and the previous value is
held.
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e TSR2 0

Bt 7 6 5 4 3 2 1 0
L- [ -[ -1 -[-7T"- [rere]rore]
Initial value: 1 1t 0o o0 0 0 0 0

RW: R R R R R R R/(W)*! R/(W)*!

Note: 1. Writing 0 to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 R Reserved
These bits are always read as 1. The write value
should always be 1.
5t0o2 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1 TGFF 0 R/(W)*' Compare Match Flag F
Status flag that indicates the occurrence of compare
match between TCNT_0 and TGRF_O0.
[Clearing condition]
e When 0 is written to TGFF after reading
TGFF = 1%
[Setting condition]
e When TCNT_0=TGRF_0 and TGRF_O is
functioning as compare register
0 TGFE 0 R/(W)*' Compare Match Flag E
Status flag that indicates the occurrence of compare
match between TCNT_0 and TGRE_O.
[Clearing condition]
e When 0 is written to TGFE after reading
TGFE = 1#*
[Setting condition]
e When TCNT_0=TGRE_0 and TGRE_O is
functioning as compare register
Notes: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

. When writing to the timer status register (TSR), write 0 to the bit to be cleared after

reading 1. Write 1 to other bits. But 1 is not actually written and the previous value is
held.
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e TSR 5
Bit: 7 6 5 4 3 2 1 0
[ -] -] -] -] - [owrus|omrvsjomrws|
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R/AW)*  RA(W)*TR/(W)*!
Note: 1. Writing 0 to this bit after reading it as 1 clears the flag and is the only allowed way.
Initial
Bit Bit Name Value R/W Description
7t03 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
2 CMFU5 0 R/(W)*' Compare Match/Input Capture Flag U5

Status flag that indicates the occurrence of TGRU_5
input capture or compare match.

[Clearing condition]

e When 0 is written to CMFU5 after reading CMFUS5 = 1

[Setting conditions]

e When TCNTU_5 = TGRU_5 and TGRU_5 is
functioning as output compare register

e When TCNTU_5 value is transferred to TGRU_5 by
input capture signal and TGRU_5 is functioning as
input capture register

e When TCNTU_5 value is transferred to TGRU_5 and
TGRU_5 is functioning as a register for measuring the
pulse width of the external input signal. The transfer
timing is specified by the 10C bits in timer 1/O control
registers U_5, V_5, and W_5 (TIORU_5, TIORV_5,
and TIORW_5).**
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Initial
Bit Bit Name Value R/W Description
1 CMFV5 0 R/(W)*' Compare Match/Input Capture Flag V5

Status flag that indicates the occurrence of TGRV_5 input
capture or compare match.

[Clearing condition]

e When 0 is written to CMFV5 after reading CMFV5 = 1

[Setting conditions]

e When TCNTV_5=TGRV_5and TGRV_5 is
functioning as output compare register

e  When TCNTV_5 value is transferred to TGRV_5 by
input capture signal and TGRV_5 is functioning as
input capture register

e When TCNTV_5 value is transferred to TGRV_5 and
TGRV_5 is functioning as a register for measuring the
pulse width of the external input signal. The transfer
timing is specified by the 10C bits in timer 1/O control
registers U_5, V_5, and W_5 (TIORU_5, TIORV_5,
and TIORW_5).**
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Initial
Bit Bit Name Value R/W Description
0 CMFW5 0 R/(W)*' Compare Match/Input Capture Flag W5

Status flag that indicates the occurrence of TGRW_5
input capture or compare match. Only 0 can be written to
clear this flag.

[Clearing condition]

e When 0 is written to CMFWS5 after reading CMFW5 =
1

[Setting conditions]

e When TCNTW_5 =TGRW_5 and TGRW_5 is
functioning as output compare register

e  When TCNTW_5 value is transferred to TGRW_5 by
input capture signal and TGRW_5 is functioning as
input capture register

e When TCNTW_5 value is transferred to TGRW_5 and
TGRW_5 is functioning as a register for measuring
the pulse width of the external input signal. **

Notes: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

2. Timing for transfer is set by the IOC bit in the timer I/O control register U_5/V_5/W_5
(TIORU_5/V_5/W_5).

10.3.7 Timer Buffer Operation Transfer Mode Register (TBTM)

The TBTM registers are 8-bit readable/writable registers that specify the timing for transferring
data from the buffer register to the timer general register in PWM mode. The MTU?2 has three
TBTM registers, one each for channels 0, 3, and 4.

Bit: 7 6 5 4 3 2 1 0
| ; | ] | - | } | ; | TTSE | TTSB | TTSA |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R RW RW R/W
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Bit Bit Name

Initial
Value R/W

Description

7t03 —

AllO R

Reserved

These bits are always read as 0. The write value should
always be 0.

2 TTSE

0 R/W

Timing Select E

Specifies the timing for transferring data from TGRF_0
to TGRE_O when they are used together for buffer
operation.

In channels 3 and 4, bit 2 is reserved. It is always read
as 0 and the write value should always be 0. When
channel 0 is used in a mode other than PWM mode, do
not set this bit to 1.

0: When compare match E occurs in channel O
1: When TCNT_O is cleared

1 TTSB

0 R/W

Timing Select B

Specifies the timing for transferring data from TGRD to
TGRB in each channel when they are used together for
buffer operation. When the channel is used in a mode
other than PWM mode, do not set this bit to 1.

0: When compare match B occurs in each channel
1: When TCNT is cleared in each channel

0 TTSA

0 R/W

Timing Select A

Specifies the timing for transferring data from TGRC to
TGRA in each channel when they are used together for
buffer operation. When the channel is used in a mode
other than PWM mode, do not set this bit to 1.

0: When compare match A occurs in each channel
1: When TCNT is cleared in each channel
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10.3.8

Timer Input Capture Control Register (TICCR)

TICCR is an 8-bit readable/writable register that specifies input capture conditions when TCNT_1
and TCNT_2 are cascaded. The MTU2 has one TICCR in channel 1.

Bit

Bit Name

Initial value:
R/W:

Initial
Value

5 4 3 2 1 0

| - | } |IZBE|I2AE|I1BE|I1AE|

0 0 0 0 0 0
R R RW RW RW R/W

Description

7t04

AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

I2BE

0

R/W

Input Capture Enable

Specifies whether to include the TIOC2B pin in the
TGRB_1 input capture conditions.

0: Does not include the TIOC2B pin in the TGRB_1
input capture conditions

1: Includes the TIOC2B pin in the TGRB_1 input
capture conditions

I2AE

0

R/W

Input Capture Enable

Specifies whether to include the TIOC2A pin in the
TGRA_1 input capture conditions.

0: Does not include the TIOC2A pin in the TGRA_1
input capture conditions

1: Includes the TIOC2A pin in the TGRA_1 input
capture conditions

I11BE

0

R/W

Input Capture Enable

Specifies whether to include the TIOC1B pin in the
TGRB_2 input capture conditions.

0: Does not include the TIOC1B pin in the TGRB_2
input capture conditions

1: Includes the TIOC1B pin in the TGRB_2 input
capture conditions
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Initial
Bit Bit Name Value R/W Description
0 IHAE 0 R/W Input Capture Enable

Specifies whether to include the TIOC1A pin in the
TGRA_2 input capture conditions.

0: Does not include the TIOC1A pin in the TGRA_2
input capture conditions

1: Includes the TIOC1A pin in the TGRA_2 input
capture conditions

10.3.9 Timer Synchronous Clear Register (TSYCR)

TSYCR is an 8-bit readable/writable register that specifies conditions for clearing TCNT_3 and
TCNT_4 in the MTU2S in synchronization with the MTU2. The MTU2S has one TSYCR in
channel 3 but the MTU2 has no TSYCR.

Bit: 7 6 5 4 3 2 1 0
|CEOA | CE0B | CEOC | CEOD | CE1A | CE1B | CE2A | CE2B |

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 CEOA 0 R/W Clear Enable 0A

Enables or disables counter clearing when the TGFA
flag of TSR_0 in the MTU2 is set.

0: Disables counter clearing by the TGFA flag in TSR_0
1: Enables counter clearing by the TGFA flag in TSR_0

6 CEOB 0 R/W Clear Enable 0B

Enables or disables counter clearing when the TGFB
flag of TSR_0 in the MTU2 is set.

0: Disables counter clearing by the TGFB flag in TSR_0
1: Enables counter clearing by the TGFB flag in TSR_0

Rev. 2.00 May. 08, 2008 Page 404 of 1200
REJ09B0344-0200 RRENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Bit

Bit Name

Initial
Value

R/W

Description

CEOC

0

R/W

Clear Enable 0C

Enables or disables counter clearing when the TGFC
flag of TSR_O in the MTU2 is set.

0: Disables counter clearing by the TGFC flag in TSR_0
1: Enables counter clearing by the TGFC flag in TSR_0

CEOD

R/W

Clear Enable 0D

Enables or disables counter clearing when the TGFD
flag of TSR_0 in the MTU2 is set.

0: Disables counter clearing by the TGFD flag in TSR_0
1: Enables counter clearing by the TGFD flag in TSR_0

CE1A

R/W

Clear Enable 1A

Enables or disables counter clearing when the TGFA
flag of TSR_1 in the MTU2 is set.

0: Disables counter clearing by the TGFA flag in TSR_1
1: Enables counter clearing by the TGFA flag in TSR_1

CE1B

R/W

Clear Enable 1B

Enables or disables counter clearing when the TGFB
flag of TSR_1 in the MTU2 is set.

0: Disables counter clearing by the TGFB flag in TSR_1
1: Enables counter clearing by the TGFB flag in TSR_1

CE2A

R/W

Clear Enable 2A

Enables or disables counter clearing when the TGFA
flag of TSR_2 in the MTU2 is set.

0: Disables counter clearing by the TGFA flag in TSR_2
1: Enables counter clearing by the TGFA flag in TSR_2

CE2B

R/W

Clear Enable 2B

Enables or disables counter clearing when the TGFB
flag of TSR_2 in the MTU2 is set.

0: Disables counter clearing by the TGFB flag in TSR_2
1: Enables counter clearing by the TGFB flag in TSR_2

RENESAS
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10.3.10 Timer A/D Converter Start Request Control Register (TADCR)

TADCR is a 16-bit readable/writable register that enables or disables A/D converter start requests
and specifies whether to link A/D converter start requests with interrupt skipping operation. The
MTU?2 has one TADCR in channel 4.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| BF[1:0] | - | - | - | - | - | - | UT4AE| DT4AE| UT4BE| DT4BE| |TA3AE| |TA4VE| |TB3AE| |TB4VE|
Intialvalue: 06 0 0 0O 0 O 0 O O 0 0 0% 0% 0% 0t O*

R/W: R'W  R/W R R R R R R RW RW RW RW RW RW RW RW

Note: * Do not set to 1 when complementary PWM mode is not selected.

Initial

Bit Bit Name Value R/W Description

15,14 BF[1:0] 00 R/W TADCOBRA_4/TADCOBRB_4 Transfer Timing Select
Select the timing for transferring data from
TADCOBRA_4 and TADCOBRB_4 to TADCORA_4
and TADCORB_4.
For details, see table 10.29.

13to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

7 UT4AE 0 R/W Up-Count TRG4AN Enable

Enables or disables A/D converter start requests
(TRG4AN) during TCNT_4 up-count operation.

0: A/D converter start requests (TRG4AN) disabled
during TCNT_4 up-count operation

1: A/D converter start requests (TRG4AN) enabled
during TCNT_4 up-count operation

6 DT4AE O R/W Down-Count TRG4AN Enable

Enables or disables A/D converter start requests
(TRG4AN) during TCNT_4 down-count operation.

0: A/D converter start requests (TRG4AN) disabled
during TCNT_4 down-count operation

1: A/D converter start requests (TRG4AN) enabled
during TCNT_4 down-count operation
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Initial
Bit Bit Name Value R/W Description
5 UT4BE 0 R/W Up-Count TRG4BN Enable

Enables or disables A/D converter start requests
(TRG4BN) during TCNT_4 up-count operation.

0: A/D converter start requests (TRG4BN) disabled
during TCNT_4 up-count operation

1: A/D converter start requests (TRG4BN) enabled
during TCNT_4 up-count operation

4 DT4BE O R/W Down-Count TRG4BN Enable

Enables or disables A/D converter start requests
(TRG4BN) during TCNT_4 down-count operation.

0: A/D converter start requests (TRG4BN) disabled
during TCNT_4 down-count operation

1: A/D converter start requests (TRG4BN) enabled
during TCNT_4 down-count operation

3 ITASAE 0* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4AN) with TGIA_3 interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping

2 ITAAVE 0* R/W TCIV_4 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4AN) with TCIV_4 interrupt skipping operation.

0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping

1 ITB3AE 0* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4BN) with TGIA_3 interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping
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Initial
Bit Bit Name Value R/W Description
0 ITB4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable
Select whether to link A/D converter start requests
(TRG4BN) with TCIV_4 interrupt skipping operation.
0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping
Notes: 1. TADCR must not be accessed in eight bits; it should always be accessed in 16 bits.

2.

When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to 0 or the skipping count set bits (3ACOR
and 4VCOR) in TITCR are cleared to 0), do not link A/D converter start requests with
interrupt skipping operation (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in the
timer A/D converter start request control register (TADCR) to 0).

If link with interrupt skipping is enabled while interrupt skipping is disabled, A/D
converter start requests will not be issued.

Do not set to 1 when complementary PWM mode is not selected.

Table 10.29 Setting of Transfer Timing by Bits BF1 and BF0

Bit7 Bit 6

BF1 BFO Description

0 0 Does not transfer data from the cycle set buffer register to the cycle
set register.

0 1 Transfers data from the cycle set buffer register to the cycle set
register at the crest of the TCNT_4 count.*’

1 0 Transfers data from the cycle set buffer register to the cycle set
register at the trough of the TCNT_4 count.**

1 1 Transfers data from the cycle set buffer register to the cycle set
register at the crest and trough of the TCNT_4 count.*?

Notes: 1. Data is transferred from the cycle set buffer register to the cycle set register when the

2.

crest of the TCNT_4 count is reached in complementary PWM mode, when compare
match occurs between TCNT_3 and TGRA_3 in reset-synchronized PWM mode, or
when compare match occurs between TCNT_4 and TGRA_4 in PWM mode 1 or
normal operation mode.

These settings are prohibited when complementary PWM mode is not selected.
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10.3.11 Timer A/D Converter Start Request Cycle Set Registers (TADCORA_4 and
TADCORB_4)

TADCORA_4 and TADCORB_4 are 16-bit readable/writable registers. When the TCNT_4 count
reaches the value in TADCORA_4 or TADCORB_4, a corresponding A/D converter start request
will be issued.

TADCORA_4 and TADCORB_4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCORA_4 and TADCORB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.

10.3.12 Timer A/D Converter Start Request Cycle Set Buffer Registers (TADCOBRA_4
and TADCOBRB_4)

TADCOBRA_4 and TADCOBRB_4 are 16-bit readable/writable registers. When the crest or
trough of the TCNT_4 count is reached, these register values are transferred to TADCORA_4 and
TADCORB_4, respectively.

TADCOBRA_4 and TADCOBRB_4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCOBRA_4 and TADCOBRB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.
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10.3.13 Timer Counter (TCNT)

The TCNT counters are 16-bit readable/writable counters. The MTU?2 has eight TCNT counters,
one each for channels 0 to 4 and three (TCNTU_5, TCNTV_5, and TCNTW_5) for channel 5.

The TCNT counters are initialized to H'0000 by a reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TCNT counters must not be accessed in eight bits; they should always be accessed in 16 bits.

10.3.14 Timer General Register (TGR)

The TGR registers are 16-bit readable/writable registers. The MTU?2 has 21 TGR registers, six for
channel 0, two each for channels 1 and 2, four each for channels 3 and 4, and three for channel 5.

TGRA, TGRB, TGRC, and TGRD function as either output compare or input capture registers.
TGRC and TGRD for channels 0, 3, and 4 can also be designated for operation as buffer registers.
TGR buffer register combinations are TGRA and TGRC, and TGRB and TGRD.

TGRE_0 and TGRF_0 function as compare registers. When the TCNT_0 count matches the
TGRE_0 value, an A/D converter start request can be issued. TGRF can also be designated for
operation as a buffer register. TGR buffer register combination is TGRE and TGRF.

TGRU_S5, TGRV_5, and TGRW_5 function as compare match, input capture, or external pulse
width measurement registers.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TGR registers must not be accessed in eight bits; they should always be accessed in 16 bits.
TGR registers are initialized to H'FFFF.
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10.3.15 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that selects operation/stoppage of TCNT for channels 0
to 4.

TSTR_S is an 8-bit readable/writable register that selects operation/stoppage of TCNTU_S,
TCNTV_5, and TCNTW_5 for channel 5.

When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT
counter.

e TSTR
Bit: 7 6 5 4 3 2 1 0
[csta|csta| - [ - | - [csm2|csti|csto
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW R R R RW RW RW
Initial
Bit Bit Name Value R/W Description
7 CST4 0 R/W Counter Start 4 and 3
6 CST3 0 R/W These bits select operation or stoppage for TCNT.
If 0 is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.
0: TCNT_4 and TCNT_3 count operation is stopped
1: TCNT_4 and TCNT_3 performs count operation
5t03 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
2 CST2 0 R/W Counter Start2to 0
CST1 0 R/W These bits select operation or stoppage for TCNT.

0 CSTO 0 R/W If 0 is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O0 performs count operation
e TSTR_S
Bit: 7 5 4 3 2 1 0
[ - | | - | - [cstus|cstys|csTws|
Initial value: 0 0 0 0 0 0 0
RW: R R R R RW RW RW
Initial

Bit Bit Name Value R/W Description

7t03 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.

2 CSTU5 0 R/W Counter Start U5
Selects operation or stoppage for TCNTU_5.

0: TCNTU_5 count operation is stopped
1: TCNTU_S5 performs count operation

1 CSTV5 0 R/W Counter Start V5
Selects operation or stoppage for TCNTV_5.

0: TCNTV_5 count operation is stopped
1: TCNTV_5 performs count operation

0 CSTW5 0 R/W Counter Start W5

Selects operation or stoppage for TCNTW_5.
0: TCNTW_5 count operation is stopped
1: TCNTW_5 performs count operation
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10.3.16 Timer Synchronous Register (TSYR)

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel O to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR is set to 1.

Bit: 7 6 5 4 3 2 1 0
|SYNC4|SYNCS| - | } | ; |SYNC2|SYNC1|SYNCO|

Initial value: 0 0 0 0 0 0 0 0
R/W: RW R/W R R R RW RW RW

Initial
Bit Bit Name Value R/W Description
7 SYNC4 0 R/W Timer Synchronous operation 4 and 3
6 SYNC3 0 R/W These bits are used to select whether operation is
independent of or synchronized with other channels.
When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.
To set synchronous operation, the SYNC bits for at
least two channels must be set to 1. To set
synchronous clearing, in addition to the SYNC bit, the
TCNT clearing source must also be set by means of
bits CCLRO to CCLR2 in TCR.
0: TCNT_4 and TCNT_3 operate independently (TCNT
presetting/clearing is unrelated to other channels)
1: TCNT_4 and TCNT_3 performs synchronous
operation
TCNT synchronous presetting/synchronous clearing
is possible
5t03 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
2 SYNC2 0 R/W Timer Synchronous operation 2 to 0
SYNCH1 0 R/W These bits are used to select whether operation is
0 SYNCO 0 RIW independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be set to 1. To set
synchronous clearing, in addition to the SYNC bit, the
TCNT clearing source must also be set by means of
bits CCLRO to CCLR2 in TCR.

0: TCNT_2 to TCNT_O operates independently (TCNT
presetting /clearing is unrelated to other channels)

1: TCNT_2 to TCNT_0 performs synchronous operation
TCNT synchronous presetting/synchronous clearing
is possible
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10.3.17 Timer Counter Synchronous Start Register (TCSYSTR)

TCSYSTR is an 8-bit readable/writable register that specifies synchronous start of the MTU2 and
MTU2S counters. Note that the MTU2S does not have TCSYSTR.

Bt 7 6 5 4 3 2 1 0
[ scHo | sch1 [ scHa [ scHs [ scha | - [scras|scras|

Initial value: 0 0 0 0 0 0 0 0
R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R/(W)* R/(W)*

Note: * Only 1 can be written to set the register.

Initial
Bit Bit Name Value R/W Description
7 SCHO 0 R/(W)* Synchronous Start
Controls synchronous start of TCNT_0 in the MTU2.

0: Does not specify synchronous start for TCNT_O in
the MTU2

1: Specifies synchronous start for TCNT_0 in the MTU2
[Clearing condition]

e When 1 is set to the CSTO bit of TSTR in MTU2
while SCHO =1

6 SCHA1 0 R/(W)* Synchronous Start
Controls synchronous start of TCNT_1 in the MTU2.

0: Does not specify synchronous start for TCNT_1 in
the MTU2

1: Specifies synchronous start for TCNT_1 in the MTU2
[Clearing condition]

e When 1 is set to the CST1 bit of TSTR in MTU2
while SCH1 =1
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Bit

Bit Name

Initial
Value

R/W

Description

5

SCH2

0

R/(W)*

Synchronous Start
Controls synchronous start of TCNT_2 in the MTU2.

0: Does not specify synchronous start for TCNT_2 in
the MTU2

1: Specifies synchronous start for TCNT_2 in the MTU2
[Clearing condition]

e When 1 is set to the CST2 bit of TSTR in MTU2
while SCH2 = 1

4

SCH3

0

R/(W)*

Synchronous Start
Controls synchronous start of TCNT_3 in the MTU2.

0: Does not specify synchronous start for TCNT_3 in
the MTU2

1: Specifies synchronous start for TCNT_3 in the MTU2
[Clearing condition]

e When 1 is set to the CST3 bit of TSTR in MTU2
while SCH3 =1

3

SCH4

0

R/(W)*

Synchronous Start
Controls synchronous start of TCNT_4 in the MTU2.

0: Does not specify synchronous start for TCNT_4 in
the MTU2

1: Specifies synchronous start for TCNT_4 in the MTU2
[Clearing condition]

e When 1 is set to the CST4 bit of TSTR in MTU2
while SCH4 =1

Reserved

This bit is always read as 0. The write value should
always be 0.

Rev. 2.00 May. 08, 2008 Page 416 of 1200
REJ09B0344-0200

RENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Initial
Bit Bit Name Value R/W Description
1 SCH3S 0 R/(W)* Synchronous Start
Controls synchronous start of TCNT_3S in the MTU2S.

0: Does not specify synchronous start for TCNT_3S in
the MTU2S

1: Specifies synchronous start for TCNT_3S in the
MTU2S

[Clearing condition]

e When 1 is set to the CST3 bit of TSTRS in MTU2S
while SCH3S =1

0 SCH4S 0 R/(W)* Synchronous Start
Controls synchronous start of TCNT_4S in the MTU2S.

0: Does not specify synchronous start for TCNT_4S in
the MTU2S

1: Specifies synchronous start for TCNT_4S in the
MTU2S

[Clearing condition]

e When 1 is set to the CST4 bit of TSTRS in MTU2S
while SCH4S =1

Note: Only 1 can be written to set the register.
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10.3.18 Timer Read/Write Enable Register (TRWER)

TRWER is an 8-bit readable/writable register that enables or disables access to the registers and
counters which have write-protection capability against accidental modification in channels 3 and
4.

Bit: 7 6 5 4 3 2 1 0
L[ -1 -] -] -] [ [~we]

Initial value: 0 0 0 0 0 0 0 1
RW: R R R R R R R R/W

Initial
Bit Bit Name Value R/W Description
7to1 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
0 RWE 1 R/W Read/Write Enable

Enables or disables access to the registers which have
write-protection capability against accidental
modification.

0: Disables read/write access to the registers
1: Enables read/write access to the registers
[Clearing condition]

e When 0 is written to the RWE bit after reading
RWE = 1

e Registers and counters having write-protection capability against accidental modification
22 registers: TCR_3, TCR_4, TMDR_3, TMDR_4, TIORH_3, TIORH_4, TIORL_3,
TIORL_4, TIER_3, TIER_4, TGRA_3, TGRA_4, TGRB_3, TGRB_4, TOER, TOCRI1,
TOCR2, TGCR, TCDR, TDDR, TCNT_3, and TCNT4.
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10.3.19 Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables/disables output settings for output pins
TIOC4D, TIOC4C, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output correctly
if the TOER bits have not been set. Set TOER of CH3 and CH4 prior to setting TIOR of CH3 and

CH4.

Bit Bit Name

Bit:

Initial value:
R/W:

Initial
Value

7

5 4 3 2 1 0

| ; | OE4D | OE4C | OE3D | OE4B | OE4A | OE3B |

R

R/W

0 0 0 0 0 0
RW RW RW RW RW RW

Description

7,6 —

All1

Reserved

These bits are always read as 1. The write value should
always be 1.

5 OE4D

R/W

Master Enable TIOC4D

This bit enables/disables the TIOC4D pin MTU2 output.
0: MTU2 output is disabled (inactive level)*

1: MTU2 output is enabled

4 OE4C

R/W

Master Enable TIOC4C

This bit enables/disables the TIOC4C pin MTU2 output.
0: MTU2 output is disabled (inactive level)*

1: MTUZ2 output is enabled

3 OE3D

R/W

Master Enable TIOC3D

This bit enables/disables the TIOC3D pin MTU2 output.
0: MTU2 output is disabled (inactive level)*

1: MTU2 output is enabled

2 OE4B

R/W

Master Enable TIOC4B

This bit enables/disables the TIOC4B pin MTU2 output.
0: MTU2 output is disabled (inactive level)*

1: MTUZ2 output is enabled

1 OE4A

R/W

Master Enable TIOC4A

This bit enables/disables the TIOC4A pin MTU2 output.
0: MTU2 output is disabled (inactive level)*

1: MTUZ2 output is enabled
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Initial
Bit Bit Name Value R/W Description
0 OE3B 0 R/W Master Enable TIOC3B

This bit enables/disables the TIOC3B pin MTU2 output.
0: MTU2 output is disabled (inactive level)*
1: MTUZ2 output is enabled

Note: * The inactive level is determined by the settings in timer output control registers 1 and 2
(TOCR1 and TOCR2). For details, refer to section 10.3.20, Timer Output Control
Register 1 (TOCR1), and section 10.3.21, Timer Output Control Register 2 (TOCR2).
Set these bits to 1 to enable MTU2 output in other than complementary PWM or reset-
synchronized PWM mode. When these bits are set to 0, low level is output.

10.3.20 Timer Output Control Register 1 (TOCR1)

TOCRI is an 8-bit readable/writable register that enables/disables PWM synchronized toggle
output in complementary PWM mode/reset synchronized PWM mode, and controls output level

inversion of PWM output.

Bit: 7

5 4 3 2 1 0

[ - [esve| - [ - [rocL|ocs|oisn |oLsp|

Initial value: 0

R/W: R R/W

0 0 0 0 0 0
R R R/(W)* RW RW RW

Note: * This bit can be set to 1 only once after a power-on reset. After 1 is written, 0 cannot be written to the bit.

Initial
Bit Bit Name value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 PSYE 0 R/W PWM Synchronous Output Enable
This bit selects the enable/disable of toggle output
synchronized with the PWM period.
0: Toggle output is disabled
1: Toggle output is enabled
5,4 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit

Bit Name

Initial
value

R/W

Description

TOCL

0

R/(W)*'

TOC Register Write Protection**

This bit selects the enable/disable of write access to the
TOCS, OLSN, and OLSP bits in TOCR1.

0: Write access to the TOCS, OLSN, and OLSP bits is
enabled

1: Write access to the TOCS, OLSN, and OLSP bits is
disabled

TOCS

R/W

TOC Select

This bit selects either the TOCR1 or TOCR2 setting to
be used for the output level in complementary PWM
mode and reset-synchronized PWM mode.

0: TOCR1 setting is selected
1: TOCR2 setting is selected

OLSN

R/W

Output Level Select N*°

This bit selects the reverse phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.30.

OLSP

R/W

Output Level Select P*°

This bit selects the positive phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.31.

Notes: 1.

written to the bit.
. Setting the TOCL bit to 1 prevents accidental modification when the CPU goes out of

control.

This bit can be set to 1 only once after a power-on reset. After 1 is written, 0 cannot be

. Clearing the TOCSO bit to 0 makes this bit setting valid.

Table 10.30 Output Level Select Function

Bit 1 Function

Compare Match Output
OLSN Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to active level after elapse of the

dead time after count start.
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Table 10.31 Output Level Select Function

Bit 0 Function

Compare Match Output
OLSP Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Figure 10.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,
OLSP=1.

Active level output (down count)

phase output

' Initial Compare match

TCNT_3, and
TCNT_4 values
A
TGRA_3
TCNT_3
TCNT_4
TGRA_4 <
TDDR ' — —
H'0000 : : : \/ : : » Time
: Compare match : E v
' output (up count) Vo -
Positive - , Compare match ,

! output output (down count)

Reverse Active ! Compare match ! -
phase output | level | ' output (up count) ' Active level | |

Figure 10.2 Complementary PWM Mode Output Level Example
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10.3.21 Timer Output Control Register 2 (TOCR?2)

TOCR?2 is an 8-bit readable/writable register that controls output level inversion of PWM output
in complementary PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| BF[1:0] |OL83N|OLSSP|OL82N|OLSZP|OLS1N|OLS1P|

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7,6 BF[1:0] 00 R/W TOLBR Buffer Transfer Timing Select
These bits select the timing for transferring data from
TOLBR to TOCR2.
For details, see table 10.32.
5 OLS3N 0 R/W Output Level Select 3N*

This bit selects the output level on TIOC4D in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.33.

4 OLS3P 0 R/W Output Level Select 3P*

This bit selects the output level on TIOC4B in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.34.

3 OLS2N 0 R/W Output Level Select 2N*

This bit selects the output level on TIOCA4C in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.35.

2 OLS2P 0 R/W Output Level Select 2P*

This bit selects the output level on TIOC4A in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.36.

1 OLS1N 0 R/W Output Level Select 1N*

This bit selects the output level on TIOC3D in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.37.
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Initial
Bit Bit Name value R/W Description
0 OLS1P R/W Output Level Select 1P*
This bit selects the output level on TIOC3B in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.38.
Note: * Setting the TOCS bitin TOCR1 to 1 makes this bit setting valid.

Table 10.32 Setting of Bits BF1 and BF0

Bit 7 Bit 6 Description

BF1 BFO Complementary PWM Mode Reset-Synchronized PWM Mode

0 0 Does not transfer data from the Does not transfer data from the
buffer register (TOLBR) to TOCR2. buffer register (TOLBR) to TOCR2.

0 1 Transfers data from the buffer Transfers data from the buffer
register (TOLBR) to TOCR2 at the register (TOLBR) to TOCR2 when
crest of the TCNT_4 count. TCNT_3/TCNT_4 is cleared

1 0 Transfers data from the buffer Setting prohibited

register (TOLBR) to TOCR2 at the
trough of the TCNT_4 count.

Transfers data from the buffer
register (TOLBR) to TOCR2 at the
crest and trough of the TCNT_4
count.

Setting prohibited

Table 10.33 TIOC4D Output Level Select Function

Bit 5 Function

Compare Match Output
OLS3N Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of
the dead time after count start.
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Table 10.34 TIOC4B Output Level Select Function

Bit 4 Function

Compare Match Output

OLS3P Initial Output  Active Level Up Count Down Count

0 High level Low level Low level High level

1 Low level High level High level Low level

Table 10.35 TIOC4C Output Level Select Function

Bit 3 Function

Compare Match Output

OLS2N Initial Output  Active Level Up Count Down Count

0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of
the dead time after count start.

Table 10.36 TIOC4A Output Level Select Function

Bit 2 Function

Compare Match Output

OLS2P Initial Output  Active Level Up Count Down Count

0 High level Low level Low level High level

1 Low level High level High level Low level

Table 10.37 TIOC3D Output Level Select Function

Bit 1 Function

Compare Match Output

OLS1N Initial Output  Active Level Up Count Down Count

0 High level Low level High level Low level

1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of
the dead time after count start.
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Table 10.38 TIOC4B Output Level Select Function

Bit 0 Function

Compare Match Output
OLS1P Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

10.3.22 Timer Output Level Buffer Register (TOLBR)

TOLBR is an 8-bit readable/writable register that functions as a buffer for TOCR2 and specifies
the PWM output level in complementary PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| ; | ] |OLSSN|OLSSP|OL82N|OL82P|OLS1N|OLS1P|

Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

Initial

Bit Bit Name value R/W Description

7,6 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

5 OLS3N 0 R/W Specifies the buffer value to be transferred to the
OLS3N bit in TOCR2.

4 OLS3P 0 R/W Specifies the buffer value to be transferred to the
OLS3P bitin TOCR2.

3 OLS2N 0 R/W Specifies the buffer value to be transferred to the
OLS2N bit in TOCR2.

2 OLS2P 0 R/W Specifies the buffer value to be transferred to the
OLS2P bit in TOCR2.

1 OLS1N 0 R/W Specifies the buffer value to be transferred to the
OLS1N bit in TOCR2.

0 OLS1P 0 R/W Specifies the buffer value to be transferred to the

OLS1P bitin TOCR2.
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Figure 10.3 shows an example of the PWM output level setting procedure in buffer operation.

Set bit TOCS [1] [1] Set bit TOCS in TOCRH1 to 1 to enable the TOCR2 setting.

[2] Use bits BF1 and BFO in TOCR2 to select the TOLBR buffer
transfer timing. Use bits OLS3N to OLS1N and OLS3P to OLS1P
to specify the PWM output levels.

Set TOCR2 2]

[38] The TOLBR initial setting must be the same value as specified in
bits OLS3N to OLS1N and OLS3P to OLS1P in TOCR2.

Set TOLBR 3]

Figure 10.3 PWM Output Level Setting Procedure in Buffer Operation

10.3.23 Timer Gate Control Register (TGCR)

TGCR is an 8-bit readable/writable register that controls the waveform output necessary for
brushless DC motor control in reset-synchronized PWM mode/complementary PWM mode. These
register settings are ineffective for anything other than complementary PWM mode/reset-
synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| ; |BDC| N | P | FB |WF | VF | UF |
Initial value: 1 0 0 0 0 0 0 0

R/W: R RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
6 BDC 0 R/W Brushless DC Motor

This bit selects whether to make the functions of this
register (TGCR) effective or ineffective.

0: Ordinary output
1: Functions of this register are made effective
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Initial
Bit Bit Name value R/W Description

5 N 0 R/W Reverse Phase Output (N) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while
the reverse pins (TIOC3D, TIOC4C, and TIOC4D) are
output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

4 P 0 R/W Positive Phase Output (P) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while
the positive pin (TIOC3B, TIOC4A, and TIOC4B) are
output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

3 FB* 0 R/W External Feedback Signal Enable

This bit selects whether the switching of the output of
the positive/reverse phase is carried out automatically
with the MTU2/channel 0 TGRA, TGRB, TGRC input
capture signals or by writing 0 or 1 to bits 2to 0 in
TGCR.

0: Output switching is external input (Input sources are
channel 0 TGRA, TGRB, TGRC input capture signal)

1: Output switching is carried out by software (setting
values of UF, VF, and WF in TGCR).

2 WF 0 R/W Output Phase Switch 2 to 0

VF 0 R/W These bits set the positive phase/negative phase output
phase on or off state. The setting of these bits is valid
only when the FB bit in this register is set to 1. In this
case, the setting of bits 2 to 0 is a substitute for external
input. See table 10.39.

Note: * If the BDC bit in the MTU2S is set to 1, the FB bit should not be cleared to 0.
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Table 10.39 Output level Select Function

Function
Bit2 Bit1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase UPhase V Phase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

10.3.24 Timer Subcounter (TCNTS)
TCNTS is a 16-bit read-only counter that is used only in complementary PWM mode.
The initial value of TCNTS is H'0000.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

. 1 [ [ 1 T [ [ 1 T [ [ [T T [ |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Note:  Accessing the TCNTS in 8-bit units is prohibited. Always access in 16-bit units.
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10.3.25 Timer Dead Time Data Register (TDDR)

TDDR is a 16-bit register, used only in complementary PWM mode that specifies the TCNT_3
and TCNT_4 counter offset values. In complementary PWM mode, when the TCNT_3 and
TCNT_4 counters are cleared and then restarted, the TDDR register value is loaded into the
TCNT_3 counter and the count operation starts.

The initial value of TDDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TDDR in 8-bit units is prohibited. Always access in 16-bit units.

10.3.26 Timer Cycle Data Register (TCDR)

TCDR is a 16-bit register used only in complementary PWM mode. Set half the PWM carrier sync
value as the TCDR register value. This register is constantly compared with the TCNTS counter in
complementary PWM mode, and when a match occurs, the TCNTS counter switches direction
(decrement to increment).

The initial value of TCDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: Accessing the TCDR in 8-bit units is prohibited. Always access in 16-bit units.
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10.3.27 Timer Cycle Buffer Register (TCBR)

TCBR is a 16-bit register used only in complementary PWM mode. It functions as a buffer
register for the TCDR register. The TCBR register values are transferred to the TCDR register
with the transfer timing set in the TMDR register.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TCBR in 8-bit units is prohibited. Always access in 16-bit units.

10.3.28 Timer Interrupt Skipping Set Register (TITCR)

TITCR is an 8-bit readable/writable register that enables or disables interrupt skipping and
specifies the interrupt skipping count. The MTU?2 has one TITCR.

Bit: 7 6 5 4 3 2 1 0
|T3AEN | 3ACOR[2:0] |T4VEN | 4VCOR[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7 T3AEN 0 R/W T3AEN

Enables or disables TGIA_3 interrupt skipping.
0: TGIA_3 interrupt skipping disabled
1: TGIA_S interrupt skipping enabled

6to4 3ACORI[2:0] 000 R/W These bits specify the TGIA_3 interrupt skipping count
within the range from 0 to 7.*

For details, see table 10.40.
3 T4VEN 0 R/W T4VEN
Enables or disables TCIV_4 interrupt skipping.
0: TCIV_4 interrupt skipping disabled
1: TCIV_4 interrupt skipping enabled
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Initial
Bit Bit Name value R/W Description
2to0 4VCOR[2:0] 000 R/W These bits specify the TCIV_4 interrupt skipping count

within the range from 0 to 7.*
For details, see table 10.41.

Note: * When 0 is specified for the interrupt skipping count, no interrupt skipping will be
performed. Before changing the interrupt skipping count, be sure to clear the T3AEN
and T4VEN bits to 0 to clear the skipping counter (TICNT).

Table 10.40 Setting of Interrupt Skipping Count by Bits 3ACOR2 to 3ACOR0

Bit 6 Bit 5 Bit 4
3ACOR2 3ACOR1 3ACORO Description

Does not skip TGIA_S interrupts.

Sets the TGIA_3 interrupt skipping count to 1.

Sets the TGIA_3 interrupt skipping count to 2.

Sets the TGIA_3 interrupt skipping count to 3.

Sets the TGIA_3 interrupt skipping count to 4.

Sets the TGIA_3 interrupt skipping count to 5.

Sets the TGIA_3 interrupt skipping count to 6.

aAlalalalo|l ol ol o
alalo|lo| -2l O
- OoO| =+ O|=|O|—=]| O

Sets the TGIA_3 interrupt skipping count to 7.

Table 10.41 Setting of Interrupt Skipping Count by Bits 4VCOR2 to 4VCOR0

Bit 2 Bit 1 Bit 0
4VCOR2 4VCOR1 4VCORO Description

Does not skip TCIV_4 interrupts.

Sets the TCIV_4 interrupt skipping count to 1.

Sets the TCIV_4 interrupt skipping count to 2.

Sets the TCIV_4 interrupt skipping count to 3.

Sets the TCIV_4 interrupt skipping count to 4.

Sets the TCIV_4 interrupt skipping count to 5.

Sets the TCIV_4 interrupt skipping count to 6.

aAlalal |l ol ol o] o
alalo|lo| w2l o] O
- O|=|O|—=|]O| =] O

Sets the TCIV_4 interrupt skipping count to 7.
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10.3.29 Timer Interrupt Skipping Counter (TITCNT)

TITCNT is an 8-bit readable/writable counter. The MTU2 has one TITCNT. TITCNT retains its
value even after stopping the count operation of TCNT_3 and TCNT_4.

Bit: 5 4 3 2 1 0
3ACNT[2:0] | ; | 4VCNT[2:0] |
Initial value: 0 0 0 0 0 0
R/W: R R R R R R
Initial
Bit Bit Name Value Description
7 — 0 Reserved

This bit is always read as 0.

6to4 3ACNT[2:0] 000

TGIA_3 Interrupt Counter

While the T3AEN bit in TITCR is set to 1, the count in
these bits is incremented every time a TGIA_3 interrupt
occurs.

[Clearing conditions]

e When the BACNT2 to BACNTO value in TITCNT
matches the BACOR2 to 3BACORQO value in TITCR

e When the T3AEN bitin TITCR is cleared to 0

e When the 3BACOR2 to 3ACORQO bits in TITCR are
clearedto O

Reserved
This bit is always read as 0.

2to 0 4VCNT[2:0] 000

TCIV_4 Interrupt Counter

While the T4VEN bit in TITCR is set to 1, the count in
these bits is incremented every time a TCIV_4 interrupt
occurs.

[Clearing conditions]

e When the 4VCNT2 to 4VCNTO value in TITCNT
matches the 4VCOR2 to 4VCOR2 value in TITCR

e When the T4AVEN bit in TITCR is cleared to 0

e When the 4VCOR2 to 4VCOR2 bits in TITCR are
clearedto O

Note: To clear the TITCNT, clear the bits T3AEN and T4VEN in TITCR to 0.
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10.3.30 Timer Buffer Transfer Set Register (TBTER)

TBTER is an 8-bit readable/writable register that enables or disables transfer from the buffer
registers* used in complementary PWM mode to the temporary registers and specifies whether to
link the transfer with interrupt skipping operation. The MTU2 has one TBTER.

Bit: 7 6 5 4 3 2 1 0

- -1 - ] -] ][ smewa |

Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW R/W

Initial
Bit Bit Name Value R/W Description
7to2 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1,0 BTE[1:0] 00 R/W These bits enable or disable transfer from the buffer

registers* used in complementary PWM mode to the
temporary registers and specify whether to link the
transfer with interrupt skipping operation.

For details, see table 10.42.

Note: * Applicable buffer registers:
TGRC_3, TGRD_3, TGRC_4, TGRD_4, and TCBR

Rev. 2.00 May. 08, 2008 Page 434 of 1200

REJ09B0344-0200 RRENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Table 10.42 Setting of Bits BTE1 and BTE(Q

Bit 1 Bit0

BTE1 BTEO Description

0 0 Enables transfer from the buffer registers to the temporary registers*'
and does not link the transfer with interrupt skipping operation.

0 1 Disables transfer from the buffer registers to the temporary registers.

0 Links transfer from the buffer registers to the temporary registers with

interrupt skipping operation.*?

1 1 Setting prohibited

Note: 1. Data is transferred according to the MD3 to MDO bit setting in TMDR. For details, refer
to section 10.4.8, Complementary PWM Mode.

2. When interrupt skipping is disabled (the T3AEN and T4VEN bits are cleared to 0 in the
timer interrupt skipping set register (TITCR) or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0)), be sure to disable link of buffer transfer with
interrupt skipping (clear the BTE1 bit in the timer buffer transfer set register (TBTER) to
0). If link with interrupt skipping is enabled while interrupt skipping is disabled, buffer
transfer will not be performed.
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10.3.31 Timer Dead Time Enable Register (TDER)

TDER is an 8-bit readable/writable register that controls dead time generation in complementary
PWM mode. The MTU2 has one TDER in channel 3. TDER must be modified only while TCNT

stops.
Bit: 7 6 5 4 3 2 1 0
C T - T-T-T T Tw=
Initial value: 0 0 0 0 0 0 0 1
RW: R R R R R R R R/I(W)
Initial
Bit Bit Name Value R/W Description
7to1 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
0 TDER 1 R/(W) Dead Time Enable
Specifies whether to generate dead time.
0: Does not generate dead time
1: Generates dead time*
[Clearing condition]
e When 0 is written to TDER after reading TDER = 1
Note: * TDDR must be setto 1 or a larger value.
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10.3.32 Timer Waveform Control Register (TWCR)

TWCR is an 8-bit readable/writable register that controls the waveform when synchronous counter
clearing occurs in TCNT_3 and TCNT_4 in complementary PWM mode and specifies whether to
clear the counters at TGRA_3 compare match. The CCE bit and WRE bit in TWCR must be
modified only while TCNT stops.

Bit

Bit: 7 6 5 4 3 2 1 0
fcce | - [ - [ - | - | - [scc|wrel

Initial value: 0% 0 0 0 0 0 0 0
RW:RA/W) R R R R R RIW) RAW)

Note: * Do not set to 1 when complementary PWM mode is not selected.

Initial
Bit Name Value R/W Description

CCE 0* R/(W) Compare Match Clear Enable

Specifies whether to clear counters at TGRA_3
compare match in complementary PWM mode.

0: Does not clear counters at TGRA_3 compare match
1: Clears counters at TGRA_3 compare match
[Setting condition]

e When 1 is written to CCE after reading CCE =0

6to2

— AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
1 SCC 0 R/(W)  Synchronous Clearing Control

Specifies whether to clear TCNT_3 and TCNT_4 in the
MTU2S when synchronous counter clearing between
the MTU2 and MTU2S occurs in complementary PWM
mode.

When using this control, place the MTU2S in
complementary PWM mode.

When modifying the SCC bit while the counters are
operating, do not modify the CCE or WRE bits.

Counter clearing synchronized with the MTU2 is
disabled by the SCC bit setting only when synchronous
clearing occurs outside the Tb interval at the trough.
When synchronous clearing occurs in the Tb interval at
the trough including the period immediately after
TCNT_3 and TCNT_4 start operation, TCNT_3 and
TCNT_4 in the MTU2S are cleared.

For the Tb interval at the trough in complementary
PWM mode, see figure 10.40.

In the MTU2, this bit is reserved. It is always read as 0
and the write value should always be 0.

0: Enables clearing of TCNT_3 and TCNT_4 in the
MTU2S by MTU2-MTU2S synchronous clearing
operation

1: Disables clearing of TCNT_3 and TCNT_4 in the
MTU2S by MTU2-MTU2S synchronous clearing
operation

[Setting condition]
e When 1 is written to SCC after reading SCC =0
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Initial
Bit Bit Name Value R/W Description
0 WRE 0 R/(W) Waveform Retain Enable

Selects the waveform output when synchronous
counter clearing occurs in complementary PWM mode.

The output waveform is retained only when
synchronous clearing occurs within the Tb interval at
the trough in complementary PWM mode. When
synchronous clearing occurs outside this interval, the
initial value specified in TOCR is output regardless of
the WRE bit setting. The initial value is also output
when synchronous clearing occurs in the Tb interval at
the trough immediately after TCNT_3 and TCNT_4 start
operation.

For the Tb interval at the trough in complementary
PWM mode, see figure 10.40.

0: Outputs the initial value specified in TOCR

1: Retains the waveform output immediately before
synchronous clearing

[Setting condition]
e When 1 is written to WRE after reading WRE = 0
Note: * Do not setto 1 when complementary PWM mode is not selected.

10.3.33 Bus Master Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer cycle
buffer register (TCBR), timer dead time data register (TDDR), timer cycle data register (TCDR),
timer A/D converter start request control register (TADCR), timer A/D converter start request
cycle set registers (TADCOR), and timer A/D converter start request cycle set buffer registers
(TADCOBR) are 16-bit registers. A 16-bit data bus to the bus master enables 16-bit read/writes. 8-
bit read/write is not possible. Always access in 16-bit units.

All registers other than the above registers are 8-bit registers. These are connected to the CPU by a
16-bit data bus, so 16-bit read/writes and 8-bit read/writes are both possible.
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104  Operation

10.4.1 Basic Functions

Each channel has a TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, cycle counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
Always select MTU2 external pins set function using the pin function controller (PFC).
(1) Counter Operation

When one of bits CSTO to CST4 in TSTR or bits CSTUS, CSTVS5, and CSTWS5 in TSTR_S is set
to 1, the TCNT counter for the corresponding channel begins counting. TCNT can operate as a
free-running counter, periodic counter, for example.

(a) Example of Count Operation Setting Procedure

Figure 10.4 shows an example of the count operation setting procedure.

C Operation selection ) [1] Select the counter clock
with bits TPSC2 to TPSCO

in TCR. At the same time,
| Select counter clock | ] select the input clock edge

with bits CKEG1 and
CKEGO in TCR.

| [2] For periodic counter
( Periodic counter ) ( Free-running counter) operation, select the TGR
| to be used as the TCNT
clearing source with bits

Select counter clearing 2] CCLR2 to CCLRO in TCR.
source

| [3] Designate the TGR
selected in [2] as an output

Select output compare | (3] compare register by means
register of TIOR.
| [4] Set the periodic counter
| Set period | [4] cycle in the TGR selected
T in [2].
Start count operation |[5 P
| Start count operation |[5] | p [5] [5] Setthe CSTbitin TSTRto
<Free-running counter> 1 to start the counter
<Periodic counter> operation.

Figure 10.4 Example of Counter Operation Setting Procedure
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(b) Free-Running Count Operation and Periodic Count Operation:

Immediately after a reset, the MTU2’s TCNT counters are all designated as free-running counters.
When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-count
operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000), the TCFV
bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at this point, the
MTU?2 requests an interrupt. After overflow, TCNT starts counting up again from H'0000.

Figure 10.5 illustrates free-running counter operation.

TCNT value

H'0000

CST bit | H i

TCFV

Time

Figure 10.5 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLRO to CCLR2 in TCR. After the settings have been made, TCNT starts up-count operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the MTU2 requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.
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Figure 10.6 illustrates periodic counter operation.

Counter cleared by TGR

TCNT value
compare match

e

TGR

H'0000 Time

Flag cleared by software or

CST bit | ;
E .~ DMAC activation
TGF I_‘—

Figure 10.6 Periodic Counter Operation
(2) Waveform Output by Compare Match

The MTU?2 can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

(a) Example of Setting Procedure for Waveform Output by Compare Match

Figure 10.7 shows an example of the setting procedure for waveform output by compare match

( Output selection ) [1] Select initial value 0 output or 1 output,
and compare match output value 0

output, 1 output, or toggle output, by
means of TIOR. The set initial value is

Select waveform output | [1] output at the TIOC pin until the first
compare match occurs.
mode

[2] Set the timing for compare match
generation in TGR.

[3] Setthe CST bitin TSTR to 1 to start the

Set output timing [2] count operation.
Start count operation [3]

<Waveform output>

Figure 10.7 Example of Setting Procedure for Waveform Output by Compare Match
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(b) Examples of Waveform Output Operation:

Figure 10.8 shows an example of O output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and 0 is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value

[l o o o R e T Dy R

TGRA [-----mmmmme e T e T

TGRB [--- T - T L S S

H'0000 T T T T T T Time
E i E é No change E é No change

TIOCA ! I ! ! 1 output

TIOCB ,%\ No change ,%\ No change 0 output

Figure 10.8 Example of 0 Output/1 Output Operation
Figure 10.9 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.

TCNT value
Counter cleared by TGRB compare match

HFFFF oo // ..........................................

TGRB  |-- - mmm i m o m e e e e e e g m oo

TGRA |- T e T [

H'0000 T } T } T } T } Time
TIOCB ! I ! | ! I ! | Toggle output

TIOCA ‘ | ‘ | Toggle output

Figure 10.9 Example of Toggle Output Operation
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(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0 and 1,
it is also possible to specify another channel's counter input clock or compare match signal as the
input capture source.

Note: When another channel's counter input clock is used as the input capture input for channels
0 and 1, P¢/1 should not be selected as the counter input clock used for input capture
input. Input capture will not be generated if Pd/1 is selected.

(a) Example of Input Capture Operation Setting Procedure

Figure 10.10 shows an example of the input capture operation setting procedure.

) [1] Designate TGR as an input capture
register by means of TIOR, and select

rising edge, falling edge, or both edges

as the input capture source and input

( Input selection

signal edge.
Select input capture input 1]
[2] Setthe CST bitin TSTR to 1 to start
the count operation.
Start count [2]

<Input capture operation>

Figure 10.10 Example of Input Capture Operation Setting Procedure
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(b)

Example of Input Capture Operation

Figure 10.11 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input capture
input edge, the falling edge has been selected as the TIOCB pin input capture input edge, and
counter clearing by TGRB input capture has been designated for TCNT.

TCNT value
H'0180

H'0160

H'0010
H'0005 |----

Counter cleared by TIOCB

H'0000 T A\
|

TIOCA \

TGRA

TIOCB —l

TGRB X

X H0180

Figure 10.11 Example of Input Capture Operation
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10.4.2  Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 4 can all be designated for synchronous operation. Channel 5 cannot be used for
synchronous operation.

(1) Example of Synchronous Operation Setting Procedure

Figure 10.12 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous

operation (1]
|
(Synchronous presetting) ( Synchronous clearing)
I
Set TCNT [2] )
Clearing No
source generation
channel?
Select counter 3] Set synchronous 4]
clearing source counter clearing
Start count (5] Start count (5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to,
the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 10.12 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation

Figure 10.13 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels O to
2, TGRB_0 compare match has been set as the channel O counter clearing source, and

synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel O to 2 TCNT counters, and the data set in TGRB_O0 is used as the PWM

cycle.

For details of PWM modes, see section 10.4.5, PWM Modes.

TCNTO to TCNT2
values

TGRB_0
TGRB_1
TGRA_O
TGRB_2
TGRA_1
TGRA_2
H'0000

TIOCOA

TIOC1A

TIOC2A | |

Synchronous clearing by TGRB_0 compare match

'

'

r

'

'
T LT T

'

'

r

'

'

T

'

'

'

Time

Figure 10.13 Example of Synchronous Operation
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10.4.3  Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, enables TGRC and TGRD to be used as buffer
registers. In channel 0, TGRF can also be used as a buffer register.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Note: TGRE_O cannot be designated as an input capture register and can only operate as a
compare match register.

Table 10.43 shows the register combinations used in buffer operation.

Table 10.43 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_O TGRD_0
TGRE_O TGRF_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

4 TGRA_4 TGRC_4
TGRB_4 TGRD_4

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 10.14.

Compare match signal

l

Buffer Timer general [\ —
register <l> register )] Comparator K TCNT

Figure 10.14 Compare Match Buffer Operation
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e When TGR is an input capture register
When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

This operation is illustrated in figure 10.15.

Input capture

signal
Buffer Timer general TCNT
register register

Figure 10.15 Input Capture Buffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 10.16 shows an example of the buffer operation setting procedure.

Buffer operation [1] Designate TGR as an input capture register or
P output compare register by means of TIOR.
| [2] Designate TGR for buffer operation with bits
Select TGR function 1] BFA and BFB in TMDR.
| [38] Setthe CST bitin TSTR to 1 start the count
operation.

| Set buffer operation | 2]
Start count [3]

'

<Buffer operation>

Figure 10.16 Example of Buffer Operation Setting Procedure
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(2) Examples of Buffer Operation

(a) When TGR is an output compare register

Figure 10.17 shows an operation example in which PWM mode 1 has been designated for channel
0, and buffer operation has been designated for TGRA and TGRC. The settings used in this
example are TCNT clearing by compare match B, 1 output at compare match A, and 0 output at
compare match B. In this example, the TTSA bit in TBTM is cleared to 0.

As buffer operation has been set, when compare match A occurs the output changes and the value
in buffer register TGRC is simultaneously transferred to timer general register TGRA. This
operation is repeated each time that compare match A occurs.

For details of PWM modes, see section 10.4.5, PWM Modes.

TCNT value

TGRB_0 ~ H'0520

TGRA_O .

H'0000 —— Time

TGRC_O H0200! X THosso ;X T moseo X7
Transferi\ . \ . W\

TGRA 0 X H'0200 ! X " H'0450 X

TIOCA I | I | I |

Figure 10.17 Example of Buffer Operation (1)

(b) When TGR is an input capture register

Figure 10.18 shows an operation example in which TGRA has been designated as an input capture
register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges
have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon the occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.
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TCNT value

HOF07
HO9FB
H0532
H0000 | : : Time
TIOCA l ] [
TeRA | X H0532 X HOFo7 :XH'OQFB

. \ \ \
TGRC ! X X Hos32 X HoFo7

Figure 10.18 Example of Buffer Operation (2)

(3) Selecting Timing for Transfer from Buffer Registers to Timer General Registers in
Buffer Operation

The timing for transfer from buffer registers to timer general registers can be selected in PWM
mode 1 or 2 for channel 0 or in PWM mode 1 for channels 3 and 4 by setting the buffer operation
transfer mode registers (TBTM_0, TBTM_3, and TBTM_4). Either compare match (initial
setting) or TCNT clearing can be selected for the transfer timing. TCNT clearing as transfer
timing is one of the following cases.

e When TCNT overflows (H'FFFF to H'0000)
e  When H'0000 is written to TCNT during counting

e When TCNT is cleared to H'0000 under the condition specified in the CCLR2 to CCLRO bits
in TCR

Note: TBTM must be modified only while TCNT stops.

Figure 10.19 shows an operation example in which PWM mode 1 is designated for channel 0 and
buffer operation is designated for TGRA_0 and TGRC_0. The settings used in this example are
TCNT_O clearing by compare match B, 1 output at compare match A, and 0 output at compare
match B. The TTSA bit in TBTM_O is set to 1.
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TCNT_O value

TGRB O | oo - - oot e ..
H'0520

TGRA_O ; !
H0000 : : Time
TGRC_O 02001} ! H0450 X | Hos20 X
, E\ Transfer ! E\ E '
Tara 0 X | H0200 X H0450 | X Hos2o 1 X

TIOCA _,— | | |_|_

Figure 10.19 Example of Buffer Operation When TCNT_0 Clearing is Selected for
TGRC_0 to TGRA_0 Transfer Timing

10.4.4 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 counter clock upon overflow/underflow of
TCNT_2 as set in bits TPSCO to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase counting mode.
Table 10.44 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1, the counter clock setting is invalid and the
counters operates independently in phase counting mode.

Table 10.44 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_A1 TCNT_2

For simultaneous input capture of TCNT_1 and TCNT_2 during cascaded operation, additional
input capture input pins can be specified by the input capture control register (TICCR). For input
capture in cascade connection, refer to section 10.7.22, Simultaneous Capture of TCNT_1 and
TCNT_2 in Cascade Connection.
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Table 10.45 show the TICCR setting and input capture input pins.

Table 10.45 TICCR Setting and Input Capture Input Pins

Target Input Capture TICCR Setting Input Capture Input Pins
Input capture from TCNT_1to  I12AE bit = O (initial value) TIOC1A

TGRA_T I2AE bit = 1 TIOC1A, TIOC2A

Input capture from TCNT_1to  12BE bit = O (initial value) TIOC1B

TGRB_1 I12BE bit = 1 TIOC1B, TIOC2B

Input capture from TCNT_2 to  I1AE bit = O (initial value) TIOC2A

TGRA 2 AE bit = 1 TIOC2A, TIOC1A

Input capture from TCNT_2 to  I1BE bit = O (initial value) TIOC2B

TGRB_2 1BE bit = 1 TIOC2B, TIOC1B

(1) Example of Cascaded Operation Setting Procedure

Figure 10.20 shows an example of the setting procedure for cascaded operation.

( Cascaded operation ) [1] Setbits TPSC2 to TPSCO in the channel 1
TCR to B'1111 to select TCNT_2 overflow/
| underflow counting.

Set cascading [1] [2] Setthe CST bitin TSTR for the upper and
lower channel to 1 to start the count
| operation.
Start count [2]

<Cascaded operation>

Figure 10.20 Cascaded Operation Setting Procedure
(2) Cascaded Operation Example (a)

Figure 10.21 illustrates the operation when TCNT_2 overflow/underflow counting has been set for
TCNT_1 and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

Rev. 2.00 May. 08, 2008 Page 453 of 1200
RENESAS REJ09B0344-0200




Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

TCLKC _,—|—| I—,_
ow — [ [

TCNT 2 FrrDY_FFFE XFFFFYX 0000 X o001 X o002 X 0001 X oooo X FFFF X

TCNT _1 0000 X 0001 X 0000

Figure 10.21 Cascaded Operation Example (a)
(3) Cascaded Operation Example (b)

Figure 10.22 illustrates the operation when TCNT_1 and TCNT_2 have been cascaded and the
I2AE bit in TICCR has been set to 1 to include the TIOC2A pin in the TGRA_1 input capture
conditions. In this example, the IOAOQ to IOA3 bits in TIOR_1 have selected the TIOC1A rising
edge for the input capture timing while the IOAQ to IOA3 bits in TIOR_2 have selected the
TIOC2A rising edge for the input capture timing.

Under these conditions, the rising edge of both TIOC1A and TIOC2A is used for the TGRA_1
input capture condition. For the TGRA_2 input capture condition, the TIOC2A rising edge is used.

TCNT_2 value

HFFFF
HC256 |- == e e e e

H'6128 g

H'0000

\ Time

TONT_1 (i) | Hosiz2 X HO0513 @ X HO514 X:

| : \

TIOC1A — 4 \ |

TIOC2A r |

TGRA_1 - H'0512 X H'0513
: N E

TGRA 2 \ X HC256

N As MAE in TICCR is 0, data is not captured in TGRA_2 at the TIOC1A input timing.

Figure 10.22 Cascaded Operation Example (b)
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(4) Cascaded Operation Example (c)

Figure 10.23 illustrates the operation when TCNT_1 and TCNT_2 have been cascaded and the
I2AE and I1AE bits in TICCR have been set to 1 to include the TIOC2A and TIOCI1A pins in the
TGRA_1 and TGRA_2 input capture conditions, respectively. In this example, the IOAQ to IOA3
bits in both TIOR_1 and TIOR_2 have selected both the rising and falling edges for the input
capture timing. Under these conditions, the ORed result of TIOC1A and TIOC2A input is used for
the TGRA_1 and TGRA_2 input capture conditions.

TCNT_2 value

HFFFF
H'C256

H'9192
H'6128
H'2064
H'0000

TCNT_1

TIOC1A

TIOC2A

TGRA_1

TGRA_2

; H'0512

: H0513 ! X | Hos14

;)( H'6128

X Hzoes X HC2s6 X Hote2

Figure 10.23 Cascaded Operation Example (c)
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(5) Cascaded Operation Example (d)

Figure 10.24 illustrates the operation when TCNT_1 and TCNT_2 have been cascaded and the
I2AE bit in TICCR has been set to 1 to include the TIOC2A pin in the TGRA_1 input capture
conditions. In this example, the IOAO to IOA3 bits in TIOR_1 have selected TGRA_0 compare
match or input capture occurrence for the input capture timing while the IOAO to IOA3 bits in
TIOR_2 have selected the TIOC2A rising edge for the input capture timing.

Under these conditions, as TIOR_1 has selected TGRA_0 compare match or input capture
occurrence for the input capture timing, the TIOC2A edge is not used for TGRA_1 input capture
condition although the I2AE bit in TICCR has been set to 1.

TCNT_O value Compare match between TCNT_0 and TGRA_O

TGRA_Q [ =m - mmmmmm e T

H'0000 Time
TCNT_2 value '

e oo RS L RREEEEEEEEE
H'DO0O |- oo D B b

H'0000 ; \ i Time

TONT_1 Q H0512 Q \ X

TIOC1A J—I \
TIOC2A r |

TGRA_1 E H'0513

TGRA_2 H'D000

Figure 10.24 Cascaded Operation Example (d)
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10.4.5 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as 0, 1, or toggle output in response to a compare match of each TGR.

TGR registers settings can be used to output a PWM waveform in the range of 0% to 100% duty.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOAO to IOA3 and IOCO to IOC3 in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOBO to IOB3 and IODO to IOD3 in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pin is the initial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 8-phase PWM output is possible in combination use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 10.46.
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Table 10.46 PWM Output Registers and Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCOA TIOCOA
TGRB_0 TIOCOB
TGRC_0 TIOCOC TIOCOC
TGRD_0 TIOCOD

1 TGRA_1 TIOC1A TIOC1A
TGRB_1 TIOC1B

2 TGRA_2 TIOC2A TIOC2A
TGRB_2 TIOC2B

3 TGRA_S TIOC3A Cannot be set
TGRB_3 Cannot be set
TGRC_3 TIOC3C Cannot be set
TGRD_3 Cannot be set

4 TGRA_4 TIOC4A Cannot be set
TGRB_4 Cannot be set
TGRC_4 TIOC4C Cannot be set
TGRD_4 Cannot be set

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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(1) Example of PWM Mode Setting Procedure

Figure 10.25 shows an example of the PWM mode setting procedure.

[1] Select the counter clock with bits TPSC2 to
( PWM mode ) TPSCOin TCR. At the same time, select the
| input clock edge with bits CKEG1 and
CKEGO in TCR.

[2] Use bits CCLR2 to CCLRO in TCR to select
| the TGR to be used as the TCNT clearing
source.

Select counter clock [1]

Select counter clearing [2]
source [3] Use TIOR to designate the TGR as an output
| compare register, and select the initial value
and output value.

Select waveform (3] [4] Set the cycle in the TGR selected in [2], and
output level set the duty in the other TGR.
| [5] Select the PWM mode with bits MD3 to MDO
Set TGR 4] in TMDR.

| [6] Setthe CST bitin TSTR to 1 to start the
count operation.

Set PWM mode [5]
Start count [6]
<PWM mode>

Figure 10.25 Example of PWM Mode Setting Procedure
(2) Examples of PWM Mode Operation
Figure 10.26 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in the TGRB registers
are used as the duty levels.
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TCNT value

TGRA

TGRB
H'0000

Counter cleared by
/ TGRA compare match

Time

TIOCA _l

Figure 10.26 Example of PWM Mode Operation (1)

Figure 10.27 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels O and 1, TGRB_1 compare
match is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0 to TGRD_0, TGRA_1), outputting a 5-phase

PWM waveform.

In this case, the value set in TGRB_1 is used as the cycle, and the values set in the other TGRs are

used as the duty levels.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRAOQ | --
H'0000

Counter cleared by
TGRB_1 compare match

TIOCOA | ; 5 ;

TIOCOB | ; 5

TIOCOC

TIOCOD

TIOC1A

Figure 10.27 Example of PWM Mode Operation (2)
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Figure 10.28 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value
TGRB rewritten
TGRA foommmmmm e e —ai -------------------- N
|
o - TGRB

TGRB TGRB rewritten E 6£v_v@r_1_ o
H'0000 I/ i Time
TIOCA | 0% duty : |

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |----ommm- oO—
TGRB
H'0000 Time

100% duty |_|

4
(o]
Q
>

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten >
TGRA L }
1
1

TGRB rewritten

Time

TGF{IIE’, rewritten

100% duty 0% duty

TIOCA 4

Figure 10.28 Example of PWM Mode Operation (3)
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10.4.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1 and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSCO to TPSC2 and bits
CKEGO and CKEG1 in TCR. However, the functions of bits CCLRO and CCLR1 in TCR, and of
TIOR, TIER, and TGR, are valid, and input capture/compare match and interrupt functions can be
used.

This can be used for two-phase encoder pulse input.

If overflow occurs when TCNT is counting up, the TCFV flag in TSR is set; if underflow occurs
when TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag reveals whether TCNT is
counting up or down.

Table 10.47 shows the correspondence between external clock pins and channels.

Table 10.47 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

(1) Example of Phase Counting Mode Setting Procedure

Figure 10.29 shows an example of the phase counting mode setting procedure.

( Phase counting mode ) (1 ,\Sﬂﬂgigp&?gizo#&tgg mode with bits
l [2] Setthe CST bitin TSTR to 1 to start
Select phase counting [1] the count operation.
mode
|
Start count [2]

<Phase counting mode>

Figure 10.29 Example of Phase Counting Mode Setting Procedure
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(2) Examples of Phase Counting Mode Operation

In phase counting mode, TCNT counts up or down according to the phase difference between two
external clocks. There are four modes, according to the count conditions.

(a) Phase counting mode 1

Figure 10.30 shows an example of phase counting mode 1 operation, and table 10.48 summarizes
the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2) —l I—l l—l !_! !_! I

TCLKB (channel 1) -I
TCLKD (channel 2)

TCNT value

Up-count :

Time

Figure 10.30 Example of Phase Counting Mode 1 Operation
Table 10.48 Up/Down-Count Conditions in Phase Counting Mode 1
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level i Up-count
Low level K
s Low level
K High level
High level R Down-count
Low level i
Y High level
3 Low level
[Legend]

i Rising edge
BN Falling edge
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(b) Phase counting mode 2

Figure 10.31 shows an example of phase counting mode 2 operation, and table 10.49 summarizes
the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) | I | I | I_I I_I l_

TCLKB (channel 1) . . H | i
TCLKD (channel 2) ; ; | . :

TCNT value E E ' : E

Up-COV ! ; I W\

Time
Figure 10.31 Example of Phase Counting Mode 2 Operation

Table 10.49 Up/Down-Count Conditions in Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level i Don't care
Low level KR Don't care

'y Low level Don't care
ER High level Up-count
High level K Don't care
Low level i Don't care
s High level Don't care
K Low level Down-count
[Legend]

i Rising edge
¥:  Falling edge
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(c) Phase counting mode 3

Figure 10.32 shows an example of phase counting mode 3 operation, and table 10.50 summarizes
the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (chamnet2) — L T |
TCLKB (channel 1)
TCLKD (channel 2) 5 5 5 |_| |_| |

TCNT value E i E ' '

Time
Figure 10.32 Example of Phase Counting Mode 3 Operation

Table 10.50 Up/Down-Count Conditions in Phase Counting Mode 3
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level i Don't care
Low level KR Don't care

'y Low level Don't care
K High level Up-count
High level R Down-count
Low level i Don't care
s High level Don't care
K Low level Don't care
[Legend]

L. Rising edge
¥:  Falling edge
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(d) Phase counting mode 4

Figure 10.33 shows an example of phase counting mode 4 operation, and table 10.51 summarizes
the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC @chamel2) I ¢ L ¢ L[ LT L[ 1T

TCLKB (channel 1) ' ! i ' : : ' : !

TCLKD (channel 2) ! ! ! ! ! !_! !_!_
TCNT value i : ' '

Time
Figure 10.33 Example of Phase Counting Mode 4 Operation

Table 10.51 Up/Down-Count Conditions in Phase Counting Mode 4
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Up-count
Low level RA

'y Low level Don't care
ER High level
High level K Down-count
Low level Ky

'y High level Don't care
K Low level
[Legend]

b Rising edge
¥:  Falling edge
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(3) Phase Counting Mode Application Example

Figure 10.34 shows an example in which channel 1 is in phase counting mode, and channel 1 is
coupled with channel 0 to input servo motor 2-phase encoder pulses in order to detect position or
speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA_0 and
TGRC_O are used for the compare match function and are set with the speed control period and
position control period. TGRB_0 is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_O input capture
source, and the pulse widths of 2-phase encoder 4-multiplication pulses are detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, and channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source and store the up/down-counter
values for the control periods.

This procedure enables the accurate detection of position and speed.

Rev. 2.00 May. 08, 2008 Page 467 of 1200
RENESAS REJ09B0344-0200



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

TCLKA
TCLKB

Edge
detection
circuit

Channel 1

TCNT_1

TGRA_1
(speed period capture)

TGRB_1

(position period capture)

TCNT_O

TGRA_O
(speed control period)

TGRC_0
(position control period)

TGRB_0 (pulse width capture)

_[>_

TGRD_O0 (buffer operation)

g
CHH

= v+
|

Channel 0

Figure 10.34 Phase Counting Mode Application Example
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10.4.7 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode, three-phase output of positive and negative PWM waveforms
that share a common wave transition point can be obtained by combining channels 3 and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOC4C,
TIOC4B, and TIOC4D pins function as PWM output pins and TCNT3 functions as an upcounter.

Table 10.52 shows the PWM output pins used. Table 10.53 shows the settings of the registers.

Table 10.52 Output Pins for Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output pin 1
TIOC3D PWM output pin 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4C PWM output pin 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output pin 3
TIOC4D PWM output pin 3' (negative-phase waveform of PWM output 3)

Table 10.53 Register Settings for Reset-Synchronized PWM Mode

Register Description of Setting

TCNT_3 Initial setting of H'0000

TCNT_4 Initial setting of H'0000

TGRA_3 Set count cycle for TCNT_3

TGRB_3 Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D pins
TGRA_4 Sets the turning point for PWM waveform output by the TIOC4A and TIOC4C pins
TGRB_4 Sets the turning point for PWM waveform output by the TIOC4B and TIOC4D pins
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(1) Procedure for Selecting the Reset-Synchronized PWM Mode

Figure 10.35 shows an example of procedure for selecting reset-synchronized PWM mode.

Reset-synchronized [1] Clear the CST3 and CST4 bits in the TSTR
C PWM mode ) to 0 to halt the counting of TCNT. The
| reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.

| Stop counting |[1]
| [2] Set bits TPSC2-TPSCO and CKEG1 and
CKEGO in the TCR_3 to select the counter
Select counter clock and clock and clock edge for channel 3. Set bits
counter clear source 2] CCLR2-CCLRO in the TCR_3 to select TGRA
| compare-match as a counter clear source.
Brushless DC motor [3] When performing brushless DC motor control,
control setting [3] set bit BDC in the timer gate control register

(TGCR) and set the feedback signal input source
| and output chopping or gate signal direct output.

| Set TCNT |4
| [4] Reset TCNT_3 and TCNT_4 to H'0000.
| Set TGR |[5] [5] TGRA_S3 is the period register. Set the waveform
| period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
PWM cycle output enabling, TGRA_4, and TGRB_4. Set times within the

PWM output level setting 6] compare-match range of TCNT_3.
| X < TGRA_3 (X: set value).

Set reset-synchronized 7] [6] Select enabling/disabling of toggle output
PWM mode synchronized with the PMW cycle using bit PSYE
| in the timer output control register (TOCR), and set
the PWM output level with bits OLSP and OLSN.
| Enable waveform output |[8] When specifying the PWM output level by using TOLBR
| as a buffer for TOCR_2, see figure 10.3.

| PFC setting |[9] [7] Set bits MD3-MDO0 in TMDR_3 to B'1000 to select
| the reset-synchronized PWM mode. Do not set to TMDR_4.
| Start count operation |[10] [8] Set the enabling/disabling of the PWM waveform output
pin in TOER.

Reset-synchronized PWM mode [9] Set the port control register and the port I/O register.

[10] Setthe CST3 bit in the TSTR to 1 to start the count
operation.

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X = TGRA, i.e., cycle = duty.

Figure 10.35 Procedure for Selecting Reset-Synchronized PWM Mode
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(2) Reset-Synchronized PWM Mode Operation

Figure 10.36 shows an example of operation in reset-synchronized PWM mode. TCNT_3 and
TCNT_4 operate as upcounters. The counter is cleared when a TCNT_3 and TGRA_3 compare-
match occurs, and then begins incrementing from H'0000. The PWM output pin output toggles
with each occurrence of a TGRB_3, TGRA_4, TGRB_4 compare-match, and upon counter clears.

TCNT_3 and TCNT_4
values
TGRA_3
TGRB_3
TGRA_4
TGRB_4
H'0000

TIOC3B

TIOC3D

TIOC4A

TIOC4C

TIOC4B

TIOC4D

Figure 10.36 Reset-Synchronized PWM Mode Operation Example
(When TOCR’s OLSN =1 and OLSP =1)
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10.4.8 Complementary PWM Mode

In complementary PWM mode, three-phase output of non-overlapping positive and negative
PWM waveforms can be obtained by combining channels 3 and 4. PWM waveforms without non-
overlapping interval are also available.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOC4C, and TIOC4D
pins function as PWM output pins, the TIOC3A pin can be set for toggle output synchronized with
the PWM period. TCNT_3 and TCNT_4 function as up/down counters.

Table 10.54 shows the PWM output pins used. Table 10.55 shows the settings of the registers
used.

A function to directly cut off the PWM output by using an external signal is supported as a port
function.

Table 10.54 Output Pins for Complementary PWM Mode

Channel Output Pin Description

3 TIOC3A Toggle output synchronized with PWM period (or I/O port)
TIOC3B PWM output pin 1
TIOC3C I/O port*
TIOC3D PWM output pin 1'

(non-overlapping negative-phase waveform of PWM output 1;
PWM output without non-overlapping interval is also available)

4 TIOC4A PWM output pin 2
TIOC4B PWM output pin 3
TIOC4C PWM output pin 2'

(non-overlapping negative-phase waveform of PWM output 2;
PWM output without non-overlapping interval is also available)

TIOC4D PWM output pin 3'
(non-overlapping negative-phase waveform of PWM output 3;
PWM output without non-overlapping interval is also available)

Note: * Avoid setting the TIOC3C pin as a timer I/O pin in complementary PWM mode.
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Table 10.55 Register Settings for Complementary PWM Mode

Channel Counter/Register Description Read/Write from CPU
3 TCNT_3 Start of up-count from value set Maskable by TRWER
in dead time register setting*
TGRA_3 Set TCNT_3 upper limit value Maskable by TRWER
(1/2 carrier cycle + dead time) setting*
TGRB_3 PWM output 1 compare register Maskable by TRWER
setting*
TGRC_3 TGRA_3 buffer register Always readable/writable
TGRD_3 PWM output 1/TGRB_3 buffer Always readable/writable
register
4 TCNT_4 Up-count start, initialized to Maskable by TRWER
H'0000 setting*
TGRA_4 PWM output 2 compare register Maskable by TRWER
setting*
TGRB_4 PWM output 3 compare register Maskable by TRWER
setting*
TGRC_4 PWM output 2/TGRA_4 buffer Always readable/writable
register
TGRD_4 PWM output 3/TGRB_4 buffer Always readable/writable

register

Timer dead time data register
(TDDR)

Set TCNT_4 and TCNT_3 offset
value (dead time value)

Maskable by TRWER
setting*

Timer cycle data register
(TCDR)

Set TCNT_4 upper limit value
(1/2 carrier cycle)

Maskable by TRWER
setting*

Timer cycle buffer register
(TCBR)

TCDR buffer register

Always readable/writable

Subcounter (TCNTS)

Subcounter for dead time
generation

Read-only

Temporary register 1 (TEMP1)

PWM output 1/TGRB_3
temporary register

Not readable/writable

Temporary register 2 (TEMP2)

PWM output 2/TGRA_4
temporary register

Not readable/writable

Temporary register 3 (TEMP3)

PWM output 3/TGRB_4
temporary register

Not readable/writable

Note: *

Access can be enabled or disabled according to the setting of bit 0 (RWE) in TRWER

(timer read/write enable register).
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O PWM cycle
Comparator Match output
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3
I S —(O PWM output 1
f
s [~ . [—OPwWMoutput2
Rrent 3y Tonts front 4 S 3 O PwMoutput3
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§ 5 % (O POE2
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| TGRD_3 | | TGRC_4 | | TGRD_4 |

External cutoff
interrupt

[C—""1: Registers that can always be read or written from the CPU

NN\ : Registers that can be read or written from the CPU
(but for which access disabling can be set by TRWER)

"1 : Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure 10.37 Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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(1) Example of Complementary PWM Mode Setting Procedure

An example of the complementary PWM mode setting procedure is shown in figure 10.38.

[1] Clear bits CST3 and CST4 in the timer start register
(Complementary PWM mode) (TSTR) to 0, and halt timer counter (TCNT) operation.
Perform complementary PWM mode setting when
| TCNT_3 and TCNT_4 are stopped.

Stop count operation [1] [2

Set the same counter clock and clock edge for channels
3 and 4 with bits TPSC2-TPSCO and bits CKEG1 and
| CKEGO in the timer control register (TCR). Use bits
Counter clock, counter clear CCLR2-CCLRO to set synchronous clearing only when
source selection [ restarting by a synchronous clear from another channel
| during complementary PWM mode operation.

Brushless DC motor control 3] [3] When performing brushless DC motor control, set bit BDC
setting in the timer gate control register (TGCR) and set the
| feedback signal input source and output chopping or gate
signal direct output.

TCNT setting [4]

Inter-channel synchronization

[4] Setthe dead time in TCNT_3. Set TCNT_4 to H'0000.

(5] [5] Set only when restarting by a synchronous clear from

setting another channel during complementary PWM mode
| operation. In this case, synchronize the channel generating
the synchronous clear with channels 3 and 4 using the timer
TGR setting [6] synchro register (TSYR).
| [6] Set the output PWM duty in the duty registers (TGRB_3,
Enable/disable dead time 7 TGRA_4, TGRB_4) and puﬁer registgrs (TGRD_3, TGRACA,
generation TGRD_4). Set the same initial value in each corresponding
| TGR.
Dead time, carrier cycle [7] This setting is necessary only when no dead time should be

setting generated. Make appropriate settings in the timer dead time
| enable register (TDER) so that no dead time is generated.

PWM cycle output enabling, |15 (g] Set the dead time in the dead time register (TDDR), 1/2 the
PWM output level setting carrier cycle in the carrier cycle data register (TCDR) and
| carrier cycle buffer register (TCBR), and 1/2 the carrier cycle
Complementary PWM mode plus the dead time in TGRA_3 and TGRC_3. When no dead
setting [10] time generation is selected, set 1 in TDDR and 1/2 the carrier
| cycle + 1in TGRA_3 and TGRC_3.

Select enabling/disabling of toggle output synchronized with

the PWM cycle using bit PSYE in the timer output control

| register 1 (TOCR1), and set the PWM output level with bits OLSP
and OLSN. When specifying the PWM output level by using

PFC setting [12] TOLBR as a buffer for TOCR_2, see figure 10.3.

Enable waveform output [11] o

| [10] Select complementary PWM mode in timer mode register 3
(TMDR_3). Do not set in TMDR_4.

Start count operation [13]

[11] Set enabling/disabling of PWM waveform output pin output in
‘ the timer output master enable register (TOER).

Y

<Complementary PWM modes [12] Set the port control register and the port I/O register.

[13] Set bits CST3 and CST4 in TSTR to 1 simultaneously to start
the count operation.

Figure 10.38 Example of Complementary PWM Mode Setting Procedure
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(2) Outline of Complementary PWM Mode Operation

In complementary PWM mode, 6-phase PWM output is possible. Figure 10.39 illustrates counter
operation in complementary PWM mode, and figure 10.40 shows an example of complementary
PWM mode operation.

(a) Counter Operation

In complementary PWM mode, three counters—TCNT_3, TCNT_4, and TCNTS—perform
up/down-count operations.

TCNT_3 is automatically initialized to the value set in TDDR when complementary PWM mode
is selected and the CST bit in TSTR is 0.

When the CST bit is set to 1, TCNT_3 counts up to the value set in TGRA_3, then switches to
down-counting when it matches TGRA_3. When the TCNT3 value matches TDDR, the counter
switches to up-counting, and the operation is repeated in this way.

TCNT_4 is initialized to H'0000.

When the CST bit is set to 1, TCNT4 counts up in synchronization with TCNT_3, and switches to
down-counting when it matches TCDR. On reaching H'0000, TCNT4 switches to up-counting,
and the operation is repeated in this way.

TCNTS is a read-only counter. It need not be initialized.

When TCNT_3 matches TCDR during TCNT_3 and TCNT_4 up/down-counting, down-counting
is started, and when TCNTS matches TCDR, the operation switches to up-counting. When
TCNTS matches TGRA_3, it is cleared to H'0000.

When TCNT_4 matches TDDR during TCNT_3 and TCNT_4 down-counting, up-counting is
started, and when TCNTS matches TDDR, the operation switches to down-counting. When
TCNTS reaches H'0000, it is set with the value in TGRA_3.

TCNTS is compared with the compare register and temporary register in which the PWM duty is
set during the count operation only.
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TCNT_3

Counter value TCNT_4
TCNTS

TGRA_3 : :
TCDR ' ; ; '

: N\ : : :

: TCNT_3 | ! :

TONT4  qonTs : : E

TDDR i o o :
H'0000 : ' / :

Time

Figure 10.39 Complementary PWM Mode Counter Operation
(b) Register Operation

In complementary PWM mode, nine registers are used, comprising compare registers, buffer
registers, and temporary registers. Figure 10.40 shows an example of complementary PWM mode
operation.

The registers which are constantly compared with the counters to perform PWM output are
TGRB_3, TGRA_4, and TGRB_4. When these registers match the counter, the value set in bits
OLSN and OLSP in the timer output control register (TOCR) is output.

The buffer registers for these compare registers are TGRD_3, TGRC_4, and TGRD_4.

Between a buffer register and compare register there is a temporary register. The temporary
registers cannot be accessed by the CPU.

Data in a compare register is changed by writing the new data to the corresponding buffer register.
The buffer registers can be read or written at any time.

The data written to a buffer register is constantly transferred to the temporary register in the Ta
interval. Data is not transferred to the temporary register in the Tb interval. Data written to a
buffer register in this interval is transferred to the temporary register at the end of the Tb interval.

The value transferred to a temporary register is transferred to the compare register when TCNTS
for which the Tb interval ends matches TGRA_3 when counting up, or H'0000 when counting
down. The timing for transfer from the temporary register to the compare register can be selected
with bits MD3 to MDO in the timer mode register (TMDR). Figure 10.40 shows an example in
which the mode is selected in which the change is made in the trough.

In the tb interval (tb1 in figure 10.40) in which data transfer to the temporary register is not
performed, the temporary register has the same function as the compare register, and is compared
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with the counter. In this interval, therefore, there are two compare match registers for one-phase
output, with the compare register containing the pre-change data, and the temporary register
containing the new data. In this interval, the three counters—TCNT_3, TCNT_4, and TCNTS—
and two registers—compare register and temporary register—are compared, and PWM output
controlled accordingly.

Rev. 2.00 May. 08, 2008 Page 478 of 1200
REJ09B0344-0200 RRENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)
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Figure 10.40 Example of Complementary PWM Mode Operation
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(c) Initialization

In complementary PWM mode, there are six registers that must be initialized. In addition, there is
a register that specifies whether to generate dead time (it should be used only when dead time
generation should be disabled).

Before setting complementary PWM mode with bits MD3 to MDO in the timer mode register
(TMDR), the following initial register values must be set.

TGRC_3 operates as the buffer register for TGRA_3, and should be set with 1/2 the PWM carrier
cycle + dead time Td. The timer cycle buffer register (TCBR) operates as the buffer register for
the timer cycle data register (TCDR), and should be set with 1/2 the PWM carrier cycle. Set dead
time Td in the timer dead time data register (TDDR).

When dead time is not needed, the TDER bit in the timer dead time enable register (TDER) should
be cleared to 0, TGRC_3 and TGRA_3 should be set to 1/2 the PWM carrier cycle + 1, and TDDR
should be set to 1.

Set the respective initial PWM duty values in buffer registers TGRD_3, TGRC_4, and TGRD_4.

The values set in the five buffer registers excluding TDDR are transferred simultaneously to the
corresponding compare registers when complementary PWM mode is set.

Set TCNT_4 to H'0000 before setting complementary PWM mode.

Table 10.56 Registers and Counters Requiring Initialization

Register/Counter Set Value
TGRC_3 1/2 PWM carrier cycle + dead time Td

(1/2 PWM carrier cycle + 1 when dead time generation
is disabled by TDER)

TDDR Dead time Td (1 when dead time generation is
disabled by TDER)

TCBR 1/2 PWM carrier cycle

TGRD_3, TGRC_4, TGRD_4 Initial PWM duty value for each phase

TCNT_4 H'0000

Note: The TGRC_3 set value must be the sum of 1/2 the PWM carrier cycle set in TCBR and
dead time Td set in TDDR. When dead time generation is disabled by TDER, TGRC_3
must be set to 1/2 the PWM carrier cycle + 1.
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(d) PWM Output Level Setting

In complementary PWM mode, the PWM pulse output level is set with bits OLSN and OLSP in
timer output control register 1 (TOCR1) or bits OLS1P to OLS3P and OLS1N to OLS3N in timer
output control register 2 (TOCR2).

The output level can be set for each of the three positive phases and three negative phases of 6-
phase output.

Complementary PWM mode should be cleared before setting or changing output levels.

(e) Dead Time Setting

In complementary PWM mode, PWM pulses are output with a non-overlapping relationship
between the positive and negative phases. This non-overlap time is called the dead time.

The non-overlap time is set in the timer dead time data register (TDDR). The value set in TDDR is
used as the TCNT_3 counter start value, and creates non-overlap between TCNT_3 and TCNT_4.
Complementary PWM mode should be cleared before changing the contents of TDDR.

(f) Dead Time Suppressing

Dead time generation is suppressed by clearing the TDER bit in the timer dead time enable
register (TDER) to 0. TDER can be cleared to 0 only when 0 is written to it after reading TDER =
1.

TGRA_3 and TGRC_3 should be set to 1/2 PWM carrier cycle + 1 and the timer dead time data
register (TDDR) should be set to 1.

By the above settings, PWM waveforms without dead time can be obtained. Figure 10.41 shows
an example of operation without dead time.
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TGRA_3=TCDR+1

TCDR

TGRA_4
TGRC_4

TDDR=1

H'0000

Buffer register TGRC_4

Temporary register TEMP2

Compare register TGRA_4

Transfer from temporary register
to compare register

Data1

Data2

Ta Tb1 Ta Tb2 Ta
TCNT:
TCNT_3
TCNT_4
, Data1 X Data2
1 Data1 X Data2

Qutput waveform Initial output |

Output waveform Initial outputl

Output waveform is active-low.

Figure 10.41 Example of Operation without Dead Time
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(g) PWM Cycle Setting

In complementary PWM mode, the PWM pulse cycle is set in two registers—TGRA_3, in which
the TCNT_3 upper limit value is set, and TCDR, in which the TCNT_4 upper limit value is set.
The settings should be made so as to achieve the following relationship between these two
registers:

With dead time: TGRA_3 set value = TCDR set value + TDDR set value
Without dead time: TGRA_3 set value = TCDR set value + 1

The TGRA_3 and TCDR settings are made by setting the values in buffer registers TGRC_3 and
TCBR. The values set in TGRC_3 and TCBR are transferred simultaneously to TGRA_3 and
TCDR in accordance with the transfer timing selected with bits MD3 to MDO in the timer mode
register (TMDR).

The updated PWM cycle is reflected from the next cycle when the data update is performed at the
crest, and from the current cycle when performed in the trough. Figure 10.42 illustrates the
operation when the PWM cycle is updated at the crest.

See the following section, Register Data Updating, for the method of updating the data in each
buffer register.

TGRC_3 TGRA_3

Counter value update update

¢

TCNT_3

TGRA 3 3 } TCNT 4

Time

Figure 10.42 Example of PWM Cycle Updating
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(h) Register Data Updating

In complementary PWM mode, the buffer register is used to update the data in a compare register.
The update data can be written to the buffer register at any time. There are five PWM duty and
carrier cycle registers that have buffer registers and can be updated during operation.

There is a temporary register between each of these registers and its buffer register. When
subcounter TCNTS is not counting, if buffer register data is updated, the temporary register value
is also rewritten. Transfer is not performed from buffer registers to temporary registers when
TCNTS is counting; in this case, the value written to a buffer register is transferred after TCNTS
halts.

The temporary register value is transferred to the compare register at the data update timing set
with bits MD3 to MDO in the timer mode register (TMDR). Figure 10.43 shows an example of
data updating in complementary PWM mode. This example shows the mode in which data
updating is performed at both the counter crest and trough.

When rewriting buffer register data, a write to TGRD_4 must be performed at the end of the
update. Data transfer from the buffer registers to the temporary registers is performed
simultaneously for all five registers after the write to TGRD_4.

A write to TGRD_4 must be performed after writing data to the registers to be updated, even when
not updating all five registers, or when updating the TGRD_4 data. In this case, the data written to
TGRD_4 should be the same as the data prior to the write operation.
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Figure 10.43 Example of Data Update in Complementary PWM Mode
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(i) Imitial Output in Complementary PWM Mode

In complementary PWM mode, the initial output is determined by the setting of bits OLSN and
OLSP in timer output control register 1 (TOCR1) or bits OLSIN to OLS3N and OLS1P to OLS3P
in timer output control register 2 (TOCR?2).

This initial output is the PWM pulse non-active level, and is output from when complementary
PWM mode is set with the timer mode register (TMDR) until TCNT_4 exceeds the value set in
the dead time register (TDDR). Figure 10.44 shows an example of the initial output in
complementary PWM mode.

An example of the waveform when the initial PWM duty value is smaller than the TDDR value is
shown in figure 10.45.

Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4
TGRA_4 "
TDDR Ko - T
' L N L1 Time
T 1 -
Initial output + | Dead time [

Negative phase i/ i i Active level [
output ,

Positive phase ; — — ) |—'—:
output—:/ - ! I Active level !

Y Y
Complementary TCNT_3, 4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure 10.44 Example of Initial Output in Complementary PWM Mode (1)
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Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4

TDDR
TGRA_4 ¢

N

Time

Initial output

Active level

Positive phase
output—/

Negative phase
output—/

Y \
Complementary TCNT_3, 4 count start

PWM mode (TSTR setting)
(TMDR setting)

Figure 10.45 Example of Initial Output in Complementary PWM Mode (2)
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() Complementary PWM Mode PWM Output Generation Method

In complementary PWM mode, 3-phase output is performed of PWM waveforms with a non-
overlap time between the positive and negative phases. This non-overlap time is called the dead
time.

A PWM waveform is generated by output of the output level selected in the timer output control
register in the event of a compare-match between a counter and data register. While TCNTS is
counting, data register and temporary register values are simultaneously compared to create
consecutive PWM pulses from 0 to 100%. The relative timing of on and off compare-match
occurrence may vary, but the compare-match that turns off each phase takes precedence to secure
the dead time and ensure that the positive phase and negative phase on times do not overlap.
Figures 10.46 to 10.48 show examples of waveform generation in complementary PWM mode.

The positive phase/negative phase off timing is generated by a compare-match with the solid-line
counter, and the on timing by a compare-match with the dotted-line counter operating with a delay
of the dead time behind the solid-line counter. In the T1 period, compare-match a that turns off the
negative phase has the highest priority, and compare-matches occurring prior to a are ignored. In
the T2 period, compare-match c¢ that turns off the positive phase has the highest priority, and
compare-matches occurring prior to ¢ are ignored.

In normal cases, compare-matches occur in the ordera >b —>c¢ —>d (orc >d — a' > b'), as
shown in figure 10.46.

If compare-matches deviate from the a — b — ¢ — d order, since the time for which the negative
phase is off is less than twice the dead time, the figure shows the positive phase is not being turned
on. If compare-matches deviate from the ¢ - d — a' — b' order, since the time for which the
positive phase is off is less than twice the dead time, the figure shows the negative phase is not
being turned on.

If compare-match ¢ occurs first following compare-match a, as shown in figure 10.47, compare-
match b is ignored, and the negative phase is turned off by compare-match d. This is because
turning off of the positive phase has priority due to the occurrence of compare-match ¢ (positive
phase off timing) before compare-match b (positive phase on timing) (consequently, the waveform
does not change since the positive phase goes from off to off).

Similarly, in the example in figure 10.48, compare-match a' with the new data in the temporary
register occurs before compare-match ¢, but other compare-matches occurring up to ¢, which turns
off the positive phase, are ignored. As a result, the negative phase is not turned on.

Thus, in complementary PWM mode, compare-matches at turn-off timings take precedence, and
turn-on timing compare-matches that occur before a turn-off timing compare-match are ignored.
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! T1 period - T2 period * T1 period—
TGR3A_3 ! ; '
TCDR ¢

; a . :
TDDR >< : b :
H'0000 . ; —
Positive phase | | I j
Negative phase | |

Figure 10.46 Example of Complementary PWM Mode Waveform Output (1)

~———— T1 period . T2 period ; T1 period —
TGRA 3

H'0000 *

Positive phase

Negative phase

Figure 10.47 Example of Complementary PWM Mode Waveform Output (2)
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<~—T1 period i T2 period T1 period——

TGRA_3

'
'
'
'
'
f
'
'
'
'
'
'
'

TCDR !

TDDR

H'0000

Positive phase

Negative phase

Figure 10.48 Example of Complementary PWM Mode Waveform Output (3)

< T1 period - . T2 period T1 period —

TGRA_3

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 10.49 Example of Complementary PWM Mode 0% and 100% Waveform Output (1)
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T1 period T2 period T1 period—
TGRA_3
TCDR 4
a b
TDDR
H'0000 :

Positive phase : l

Negative phase

Figure 10.50 Example of Complementary PWM Mode 0% and 100% Waveform Output (2)

T1 period T2 period T1 period—

TGRA_3

TCDR

TDDR

@

H'0000

Positive phase

Negative phase 4,—|

Figure 10.51 Example of Complementary PWM Mode 0% and 100% Waveform Output (3)
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Positive phase

T1 period T2 period T1 period——
TGRA_3
y 4
A
TCDR a b
TDDR
H'0000 : : : :
| i c b d a

Negative phase l

Figure 10.52 Example of Complementary PWM Mode 0% and 100% Waveform Output (4)

T1 period T2 period T1 period—
(] aid b
TGRA_3 O
TCDR
TDDR
H'0000

Positive phase

Negative phase

Figure 10.53 Example of Complementary PWM Mode 0% and 100% Waveform Output (5)
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(k) Complementary PWM Mode 0% and 100% Duty Output

In complementary PWM mode, 0% and 100% duty cycles can be output as required. Figures
10.49 to 10.53 show output examples.

100% duty output is performed when the data register value is set to H'0000. The waveform in this
case has a positive phase with a 100% on-state. 0% duty output is performed when the data
register value is set to the same value as TGRA_3. The waveform in this case has a positive phase
with a 100% off-state.

On and off compare-matches occur simultaneously, but if a turn-on compare-match and turn-off
compare-match for the same phase occur simultaneously, both compare-matches are ignored and
the waveform does not change.

(1) Toggle Output Synchronized with PWM Cycle

In complementary PWM mode, toggle output can be performed in synchronization with the PWM
carrier cycle by setting the PSYE bit to 1 in the timer output control register (TOCR). An example
of a toggle output waveform is shown in figure 10.54.

This output is toggled by a compare-match between TCNT_3 and TGRA_3 and a compare-match
between TCNT4 and H'0000.

The output pin for this toggle output is the TIOC3A pin. The initial output is 1.

TGRA_3

H'0000

Toggle output
TIOC3A pin

Figure 10.54 Example of Toggle Output Waveform Synchronized with PWM Output
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(m) Counter Clearing by Another Channel

In complementary PWM mode, by setting a mode for synchronization with another channel by
means of the timer synchronous register (TSYR), and selecting synchronous clearing with bits
CCLR2 to CCLRO in the timer control register (TCR), it is possible to have TCNT_3, TCNT_4,
and TCNTS cleared by another channel.

Figure 10.55 illustrates the operation.

Use of this function enables counter clearing and restarting to be performed by means of an
external signal.

TCNTS

TGRA_3
TCDR

TDDR

H'0000

Channel 1
Input capture A

_—

TCNT_1

Synchronous counter clearing by channel 1 input capture A

Figure 10.55 Counter Clearing Synchronized with Another Channel
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(m) Output Waveform Control at Synchronous Counter Clearing in Complementary PWM
Mode

Setting the WRE bit in TWCR to 1 suppresses initial output when synchronous counter clearing
occurs in the Tb interval at the trough in complementary PWM mode and controls abrupt change
in duty cycle at synchronous counter clearing.

Initial output suppression is applicable only when synchronous clearing occurs in the Tb interval
at the trough as indicated by (10) or (11) in figure 10.56. When synchronous clearing occurs
outside that interval, the initial value specified by the OLS bits in TOCR is output. Even in the Tb
interval at the trough, if synchronous clearing occurs in the initial value output period (indicated
by (1) in figure 10.56) immediately after the counters start operation, initial value output is not
suppressed.

This function can be used in both the MTU2 and MTU2S. In the MTU2, synchronous clearing
generated in channels 0 to 2 in the MTU2 can cause counter clearing in complementary PWM
mode; in the MTU2S, compare match or input capture flag setting in channels 0 to 2 in the MTU2
can cause counter clearing.

Counter start

\Tb interval Tb interval Tb interval
— -~ ~— ~—

BTN R N e s

TCDR

TGRB_3 foeectorrrrsssssnnnceeenss s : e

L
o

1 Output waveform is active-low

Hoooo L
Positive phase ; !

Negative phase ! | I

M @) @ @ 6 © 0 © ©) (10) (11)

{

Figure 10.56 Timing for Synchronous Counter Clearing
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e Example of Procedure for Setting Output Waveform Control at Synchronous Counter Clearing
in Complementary PWM Mode
An example of the procedure for setting output waveform control at synchronous counter
clearing in complementary PWM mode is shown in figure 10.57.

synchronous counter clearin start register (TSTR) to 0, and halt timer
counter (TCNT) operation. Perform
TWCR setting while TCNT_3 and

<Output waveform control at > [1] Clear bits CST3 and CST4 in the timer
9

Stop count operation [1] TCNT_4 are stopped.
[2] Read bit WRE in TWCR and then write 1
to it to suppress initial value output at
Set TWCR and counter clearing.
complementary PWM mode 2]
[3] Set bits CST3 and CST4 in TSTR to 1 to
start count operation.
Start count operation [3]

:

Output waveform control at
synchronous counter clearing

Figure 10.57 Example of Procedure for Setting Output Waveform Control at Synchronous
Counter Clearing in Complementary PWM Mode

e Examples of Output Waveform Control at Synchronous Counter Clearing in Complementary
PWM Mode

Figures 10.58 to 10.61 show examples of output waveform control in which the MTU2
operates in complementary PWM mode and synchronous counter clearing is generated while
the WRE bit in TWCR is set to 1. In the examples shown in figures 10.58 to 10.61,
synchronous counter clearing occurs at timing (3), (6), (8), and (11) shown in figure 10.56,
respectively.

In the MTU?2S, these examples are equivalent to the cases when the MTU2S operates in

complementary PWM mode and synchronous counter clearing is generated while the SCC bit
is cleared to 0 and the WRE bit is set to 1 in TWCR.
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Synchronous clearing Bit WRE = 1
TGRA_3
TCDR +
TGRB_3  frrorrrmrmrmsmsnrasenece
TDDR -
H'0000

Positive phase

L
Negative phase | I I | I

: , Output waveform is active-low.

Figure 10.58 Example of Synchronous Clearing in Dead Time during Up-Counting
(Timing (3) in Figure 10.56; Bit WRE of TWCR in MTU2 is 1)
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Synchronous clearing Bit WRE = 1
TGRA_3 '
TCDR
TGRB_3 [-rremeeemeseeemeeeee I
TDDR -
H'0000

Positive phase

Negative phase | | : | | |

1 Output waveform is active-low.

Figure 10.59 Example of Synchronous Clearing in Interval Tb at Crest
(Timing (6) in Figure 10.56; Bit WRE of TWCR in MTU2 is 1)
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Synchronous clearing Bit WRE = 1
TGRA_3 B
TCDR
TGRB_3 |--oeeemmmmmmesmmsmeeeeees e \\.' .........................
TDDR -} |
H'0000

Positive phase

L |

L

Negative phase | |

Output waveform is active-low.

L L

Figure 10.60 Example of Synchronous Clearing in Dead Time during Down-Counting
(Timing (8) in Figure 10.56; Bit WRE of TWCR is 1)
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Bit WRE = 1 Synchronous clearing
TGRA_3 :
TCDR
TGRB_3 |-rereeerearesssressmmnsnmnes f e e X X LSRR o SR
TCNT_3 E
(MTU2) :
TCNT_4 .
(MTU2) .
TDDR
H'0000

Positive phase | I

Initial value output is suppressed.

Negative phase | | |

Output waveform is active-low.

—

—

Figure 10.61 Example of Synchronous Clearing in Interval Th at Trough
(Timing (11) in Figure 10.56; Bit WRE of TWCR is 1)
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(0) Suppressing MTU2-MTU2S Synchronous Counter Clearing

In the MTU?2S, setting the SCC bit in TWCR to 1 suppresses synchronous counter clearing caused
by the MTU2.

Synchronous counter clearing is suppressed only within the interval shown in figure 10.62. When
using this function, the MTU2S should be set to complementary PWM mode.

For details of synchronous clearing caused by the MTU2, refer to the description about MTU2S
counter clearing caused by MTU?2 flag setting source (MTU2-MTU2S synchronous counter
clearing) in section 10.4.10, MTU2-MTU?2S Synchronous Operation.

MTU2-MTU2S synchronous counter
clearing is suppressed.

MTU2-MTU2S synchronous counter
clearing is suppressed.
[ |

Tb interval
immediately
after counter Tb interval Tb interval Tb interval Tb interval
operation starts  at the crest at the trough at the crest at the trough
, | | . \ | | | .
TGRA_3 T s P M e [

Lo B O > & T D T &
TGRB_3 i < S S
TDDR — A R R ¥
H'0000 ' ‘

|

Figure 10.62 MTU2-MTU2S Synchronous Clearing-Suppressed Interval Specified by SCC
Bit in TWCR
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e Example of Procedure for Suppressing MTU2-MTU2S Synchronous Counter Clearing

An example of the procedure for suppressing MTU2-MTU?2S synchronous counter clearing is
shown in figure 10.63.

clearing suppress to 0, and halt count operation. Clear bits CST of TSTR in the

< MTU2-MTU2S synchronous counter > [1] Clear bits CST of the timer start register (TSTR) in the MTU2S
MTU2 to 0, and halt count operation.

[2] Set the complementary PWM mode in the MTU2S and
1] compare match/input capture operation in the MTU2. When bit
WRE in TWCR should be set, make appropriate setting here.

Stop count operation (MTU2 and MTU2S)

[3] Set bits CST3 and CST4 of TSTR in the MTU2S to 1 to start
count operation. For MTU2-MTU2S synchronous counter
* Complementary PWM mode (MTU2S) clearing, set bits CST of TSTR in the MTU2 to 1 to start count
o Compare match/input capture A
. operation in any one of TCNT_0 to TCNT_2.
operation (MTU2)

¢ Bit WRE in TWCR (MTU2S)

o Set the following. 2]

[4] Read TWCR and then set bit SCC in TWCR to 1 to suppress
MTU2-MTU2S synchronous counter clearing*. Here, do not
modify the CCE and WRE bit values in TWCR of the MTU2S.

3] MTU2-MTU2S synchronous counter clearing is suppressed in
the intervals shown in figure 10.62.

Start count operation (MTU2 and MTU2S)

Note: * The SCC bit value can be modified during counter

Set bit SCC in TWCR (MTU2S) [4] operation. However, if a synchronous clearing occurs
when bit SCC is modified from 0 to 1, the synchronous
l clearing may not be suppressed. If a synchronous

clearing occurs when bit SCC is modified from 1 to 0, the

Output waveform control at synchronous clearing may be suppressed.

synchronous counter clearing and
synchronous counter clearing suppress

Figure 10.63 Example of Procedure for Suppressing MTU2-MTU2S Synchronous Counter
Clearing

e Examples of Suppression of MTU2-MTU2S Synchronous Counter Clearing
Figures 10.64 to 10.67 show examples of operation in which the MTU2S operates in
complementary PWM mode and MTU2-MTU?2S synchronous counter clearing is suppressed
by setting the SCC bit in TWCR in the MTU2S to 1. In the examples shown in figures 10.64 to
10.67, synchronous counter clearing occurs at timing (3), (6), (8), and (11) shown in figure
10.56, respectively.

In these examples, the WRE bit in TWCR of the MTU2S is set to 1.
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MTU2-MTU2S Bit WRE =1
synchronous clearing Bit SCC =1
TGRA_3 b
TCDR + !
TGRB_3 ‘. ---------------------------
TCNT_3
(MTU2S)
Counters TCNT_4
are not cleared (MTU2S)
TDDR
H'0000

Positive phase

Negative phase | |

L | I
I [

Output waveform is active-low.

Figure 10.64 Example of Synchronous Clearing in Dead Time during Up-Counting
(Timing (3) in Figure 10.56; Bit WRE is 1 and Bit SCC is 1 in TWCR of MTU2S)
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MTU2-MTU2S Bit WRE =1
synchronous clearing Bit SCC =1
TGRA_3 /_4\ _______________________
TCDR \
L 1c1: - T S—o Y S LI V. USSR, (S
: TCNT_3
' (MTU2S)
; TCNT_4
E Counters (MTU2S)
1are not cleared
TDDR -
H'0000 :

Positive phase | | |
Negative phase | | E | I

Output waveform is active-low.

Figure 10.65 Example of Synchronous Clearing in Interval Tb at Crest
(Timing (6) in Figure 10.56; Bit WRE is 1 and Bit SCC is 1 in TWCR of MTU2S)
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I [

Output waveform is active-low.

Negative phase | |

MTU2-MTU2S Bit WRE =1
synchronous clearing Bit SCC =1
TGRA_3 .
TCDR |
L 3= T R e Sty Ot S o O S & A €
TCNT_3 \ Counters
(MTU2S) . are not cleared
TCNT_4 E
(MTU2S) '
TDDR
H'0000 :
Positive phase | | ! |

Figure 10.66 Example of Synchronous Clearing in Dead Time during Down-Counting
(Timing (8) in Figure 10.56; Bit WRE is 1 and Bit SCC is 1 in TWCR of MTU2S)
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Bit WRE =1 MTU2-MTU2S
Bit SCC =1 synchronous clearing
TGRA_3 N
TCDR + .
B3 =TI BTSN o SR o STRIRERERIRTIR: 0 (RN RIS @ SO
TCNT_3 !
(MTU2S) ,
TCNT 4 E
(MTU2S) !
| Counters
TDDR - are cleared

H'0000 \\‘—/‘/

Positive phase | |
Negative phase | I I
Output waveform is active-low. M Initial value output

is suppressed.

Figure 10.67 Example of Synchronous Clearing in Interval Th at Trough
(Timing (11) in Figure 10.56; Bit WRE is 1 and Bit SCC is 1 in TWCR of MTU2S)
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(p) Counter Clearing by TGRA_3 Compare Match

In complementary PWM mode, by setting the CCE bit in the timer waveform control register
(TWCR), it is possible to have TCNT_3, TCNT_4, and TCNTS cleared by TGRA_3 compare
match.

Figure 10.68 illustrates an operation example.

Notes: 1. Use this function only in complementary PWM mode 1 (transfer at crest)

2. Do not specify synchronous clearing by another channel (do not set the SYNCO to
SYNCH4 bits in the timer synchronous register (TSYR) to 1 or the CEOA, CEOB, CEOC,
CEOD, CE1A, CEIB, CEI1C, and CE1D bits in the timer synchronous clear register
(TSYCR) to 1).

3. Do not set the PWM duty value to H'0000.

4. Do not set the PSYE bit in timer output control register 1 (TOCR1) to 1.

Counter cleared
by TGRA_3 compare match

TGRA_3

TCDR

TGRB_3

TDDR

H'0000

Output waveform | | | |
Output waveform | | I |

Output waveform is active-high.

Figure 10.68 Example of Counter Clearing Operation by TGRA_3 Compare Match
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(q) Example of AC Synchronous Motor (Brushless DC Motor) Drive Waveform Output

In complementary PWM mode, a brushless DC motor can easily be controlled using the timer gate
control register (TGCR). Figures 10.69 to 10.72 show examples of brushless DC motor drive
waveforms created using TGCR.

When output phase switching for a 3-phase brushless DC motor is performed by means of external
signals detected with a Hall element, etc., clear the FB bit in TGCR to 0. In this case, the external
signals indicating the polarity position are input to channel O timer input pins TIOCOA, TIOCOB,
and TIOCOC (set with PFC). When an edge is detected at pin TIOCOA, TIOCOB, or TIOCOC, the
output on/off state is switched automatically.

When the FB bit is 1, the output on/off state is switched when the UF, VF, or WF bit in TGCR is
cleared to O or set to 1.

The drive waveforms are output from the complementary PWM mode 6-phase output pins. With
this 6-phase output, in the case of on output, it is possible to use complementary PWM mode
output and perform chopping output by setting the N bit or P bit to 1. When the N bit or P bit is 0,
level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN and OLSP bits in the
timer output control register (TOCR) regardless of the setting of the N and P bits.

External input ~ TIOCOA pin

TIOCOBpin __+ ! — P —

TIOCOC pin : i i ) : | | |

6-phase output TIOC3B pin
TIOC3D pin

TIOC4A pin

TIOCA4C pin

TIOC4B pin

TIOC4D pin

When BDC =1, N =0, P =0, FB = 0, output active level = high

Figure 10.69 Example of Output Phase Switching by External Input (1)
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TIOCOA pin

External input

TIOCOB pin

TIOCOC pin

TIOC3B pin

6-phase output

TIOC3D pin

TIOC4A pin

TIOCA4C pin

TIOC4B pin

TIOC4D pin

high

0, output active level =

WhenBDC=1,N=1,P=1,FB

Figure 10.70 Example of Output Phase Switching by External Input (2)

£
2 = 7 Q
8 o m
FFW now
o >
Q
T
5
j=3
>
o
@
o
o g
(O] @
~ ©

TIOC3D pin

TIOC4A pin

TIOCA4C pin

TIOC4B pin

TIOC4D pin

high

0, FB = 1, output active level

1,N=0,P=

When BDC

Figure 10.71 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1)
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TGCR UF bit
VF bit L o L o

WE bit : b — Lo

6-phase output TIOC3B pin ” ”l ||| ”” : : : : :

TIOC3D pin : ' '

TIOC4A pin | :_“J'“'I_“J'l_n ! !
TIOCA4C pin . . . ””””” : : :
(CC T U 11 O
TIOC4D pin ”””””“ ' o |||||||||||| '

When BDC =1,N=1,P =1, FB = 1, output active level = high

Figure 10.72 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2)

(r) A/D Converter Start Request Setting

In complementary PWM mode, an A/D converter start request can be issued using a TGRA_3
compare-match, TCNT_4 underflow (trough), or compare-match on a channel other than channels
3 and 4.

When start requests using a TGRA_3 compare-match are specified, A/D conversion can be started
at the crest of the TCNT_3 count.

A/D converter start requests can be set by setting the TTGE bit to 1 in the timer interrupt enable
register (TIER). To issue an A/D converter start request at a TCNT_4 underflow (trough), set the
TTGE2 bit in TIER_4 to 1.

Rev. 2.00 May. 08, 2008 Page 510 of 1200
REJ09B0344-0200 RRENESAS




Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(3) Interrupt Skipping in Complementary PWM Mode

Interrupts TGIA_3 (at the crest) and TCIV_4 (at the trough) in channels 3 and 4 can be skipped up
to seven times by making settings in the timer interrupt skipping set register (TITCR).

Transfers from a buffer register to a temporary register or a compare register can be skipped in
coordination with interrupt skipping by making settings in the timer buffer transfer register
(TBTER). For the linkage with buffer registers, refer to description (c), Buffer Transfer Control
Linked with Interrupt Skipping, below.

A/D converter start requests generated by the A/D converter start request delaying function can
also be skipped in coordination with interrupt skipping by making settings in the timer A/D
converter request control register (TADCR). For the linkage with the A/D converter start request
delaying function, refer to section 10.4.9, A/D Converter Start Request Delaying Function.

The setting of the timer interrupt skipping setting register (TITCR) must be done while the
TGIA_3 and TCIV_4 interrupt requests are disabled by the settings of TIER_3 and TIER_4 along
with under the conditions in which TGFA_3 and TCFV_4 flag settings by compare match never
occur. Before changing the skipping count, be sure to clear the T3AEN and T4VEN bits to O to
clear the skipping counter.

(a) Example of Interrupt Skipping Operation Setting Procedure

Figure 10.73 shows an example of the interrupt skipping operation setting procedure. Figure 10.74
shows the periods during which interrupt skipping count can be changed.

[1] Set bits TBAEN and T4VEN in the timer interrupt

C Interrupt skipping ) sl;ipping set retgister (TITCR) to 0 to clear the
skipping counter.

[2] Specify the interrupt skipping count within the
Clear interrupt skipping counter | [1] range from 0 to 7 times in bits 3ACOR2 to
3ACORO0 and 4VCOR2 to 4VCORO in TITCR, and
enable interrupt skipping through bits T3AEN and

T4VEN.
Set skipping count and 2]
enable interrupt skipping Note: The setting of TITCR must be done while the
TGIA_3 and TCIV_4 interrupt requests are
disabled by the settings of TIER_3

and TIER_4 along with under the conditions in
<Interrupt skipping> which TGFA_3 and TCFV_4 flag settings by

compare match never occur.

Before changing the skipping count, be sure to

clear the T3AEN and T4VEN bits to 0 to clear

the skipping counter.

Figure 10.73 Example of Interrupt Skipping Operation Setting Procedure
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'Period during which Period during which Period during which Period during which

changing skipping count changing skipping count changing skipping count changing skipping count
can be performed can be performed can be performed can be performed

Figure 10.74 Periods during which Interrupt Skipping Count can be Changed

(b) Example of Interrupt Skipping Operation

Figure 10.75 shows an example of TGIA_3 interrupt skipping in which the interrupt skipping
count is set to three by the 3ACOR bit and the T3AEN bit is set to 1 in the timer interrupt skipping
set register (TITCR).

Interrupt skipping period Interrupt skipping period

TGIA_3 interrupt

flag set signal |_| |_| |_| |_|

l

Skipping counter 00 01 02 03 \ 00 01 02 03 \

TGFA_3 flag

Figure 10.75 Example of Interrupt Skipping Operation
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(c) Buffer Transfer Control Linked with Interrupt Skipping

In complementary PWM mode, whether to transfer data from a buffer register to a temporary
register and whether to link the transfer with interrupt skipping can be specified with the BTE1
and BTEO bits in the timer buffer transfer set register (TBTER).

Figure 10.76 shows an example of operation when buffer transfer is suppressed (BTE1 = 0 and
BTEO = 1). While this setting is valid, data is not transferred from the buffer register to the
temporary register.

Figure 10.77 shows an example of operation when buffer transfer is linked with interrupt skipping
(BTE1 =1 and BETO = 0). While this setting is valid, data is not transferred from the buffer
register outside the buffer transfer-enabled period.

There are two types of timing in which data is transferred from the buffer register to the temporary
register or to general register, depending on the buffer register modification timing after an
interrupt occurrence.

Note that the buffer transfer-enabled period depends on the T3AEN and T4VEN bit settings in the
timer interrupt skipping set register (TITCR). Figure 10.78 shows the relationship between the
T3AEN and T4VEN bit settings in TITCR and buffer transfer-enabled period.

Note: This function must always be used in combination with interrupt skipping.
When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to O or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0), make sure that buffer transfer is not linked with
interrupt skipping (clear the BTE1 bit in the timer buffer transfer set register (TBTER) to
0). If buffer transfer is linked with interrupt skipping while interrupt skipping is disabled,
buffer transfer is never performed.
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TCNT_3

TCNT_4

datal

Bit BTEO in TBTER —I

Bit BTE1 in TBTER

Buffer register Data1 Data2

®)
o

Temporary register

X Data2

Data*

%

General register Data*

X Data2

X
-

EBuffer transfer is suppressedi

[Legend]

(1) No data is transferred from the buffer register to the temporary register in the buffer transfer-disabled period
(bits BTE1 and BTEO in TBTER are set to 0 and 1, respectively).

(2) Data is transferred from the temporary register to the general register even in the buffer transfer-disabled period.

(3) After buffer transfer is enabled, data is transferred from the buffer register to the temporary register.

Note: * When buffer transfer at the crest is selected.

Figure 10.76 Example of Operation when Buffer Transfer is Suppressed
(BTE1=0and BTE0=1)
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(1) When the buffer register is modified within one carrier cycle after a TGIA_3 interrupt has occurred

ATGIA_3 interrupt has occurred ATGIA_3 interrupt has occurred

:

" > .
Buffer registgr modification timing Buffer registgr modification timing
A '
Buffer transfer-enabled period H H
. .
TITCR{G:4] ' 2 .
' '
TITCNT[6:4] ] 0 l: 1 2 ] 0 ]: 1
v v
Buffer register Data X , Datal X i Data2
v v
0 0
Temporary register Data X ' Datatl X + Data2
. .
General register Data X Data1 X Data2
f f

(2) When the buffer register is modified after one carrier cycle has been passed from a TGIA_3 interrupt occurrence

ATGIA_3 interrupt has occurred ATGIA_3 interrupt has occurred

!

Buffer register modification timing

1

Buffer transfer-enabled period

TITCR[6:4] 2

'

TITCNT6:4] l 0 l 1 l 2 l 0 l i 1
v
Buffer register Data X Datal .
.

Temporary register Data X E Datai
g
'

General register Data X Datatl

h

Note: MD[3:0] in TMDR_3 = 1101
Buffer transfer at the crest is selected.
The skipping count is set to two.
T3AEN and T4VEN are set to 1 and cleared to 0, respectively.

Figure 10.77 Example of Operation when Buffer Transfer is Linked with Interrupt
Skipping (BTE1 =1 and BTE( = 0)
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Skipping counter BACNT 0 I 1 I 2 I 3 I 0

Skipping counter 4VCNT 0 I 1 I 2 I 3 I

Buffer transfer-enabled period
(T3AEN is set to 1)

-

Buffer transfer-enabled period
(T4VEN is set to 1)

Buffer transfer-enabled period |_|_,_|
(T3AEN and T4VEN are set to 1)

Note: MD[3:0] in TMDR_3 = 1111
Buffer transfer at the crest and trough is selected.
The skipping count is set to three.
T3AEN and T4VEN are set to 1.

Figure 10.78 Relationship between Bits T3AEN and T4VEN in TITCR and Buffer
Transfer-Enabled Period
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(4) Complementary PWM Mode Output Protection Function
Complementary PWM mode output has the following protection functions.

(a) Register and counter miswrite prevention function

With the exception of the buffer registers, which can be rewritten at any time, access by the CPU
can be enabled or disabled for the mode registers, control registers, compare registers, and
counters used in complementary PWM mode by means of the RWE bit in the timer read/write
enable register (TRWER). The applicable registers are some (21 in total) of the registers in
channels 3 and 4 shown in the following:

e TCR_3 and TCR_4, TMDR_3 and TMDR_4, TIORH_3 and TIORH_4, TIORL_3 and
TIORL_4, TIER_3 and TIER_4, TCNT_3 and TCNT_4, TGRA_3 and TGRA_4, TGRB_3
and TGRB_4, TOER, TOCR, TGCR, TCDR, and TDDR.

This function enables miswriting due to CPU runaway to be prevented by disabling CPU access to
the mode registers, control registers, and counters. When the applicable registers are read in the
access-disabled state, undefined values are returned. Writing to these registers is ignored.

(b) Halting of PWM output by external signal

The 6-phase PWM output pins can be set automatically to the high-impedance state by inputting
specified external signals. There are four external signal input pins.

See section 12, Port Output Enable 2 (POE2), for details.
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10.4.9 A/D Converter Start Request Delaying Function

A/D converter start requests can be issued in channel 4 by making settings in the timer A/D
converter start request control register (TADCR), timer A/D converter start request cycle set
registers (TADCORA_4 and TADCORB_4), and timer A/D converter start request cycle set
buffer registers (TADCOBRA_4 and TADCOBRB_4).

The A/D converter start request delaying function compares TCNT_4 with TADCORA_4 or
TADCORB_4, and when their values match, the function issues a respective A/D converter start
request (TRG4AN or TRG4BN).

A/D converter start requests (TRG4AN and TRG4BN) can be skipped in coordination with
interrupt skipping by making settings in the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in
TADCR.

e Example of Procedure for Specifying A/D Converter Start Request Delaying Function

Figure 10.79 shows an example of procedure for specifying the A/D converter start request
delaying function.

[1] Set the cycle in the timer A/D converter start request cycle
A/D converter start request buffer register (TADCOBRA_4 or TADCOBRB_4) and timer
delaying function A/D converter start request cycle register (TADCORA _4 or
TADCORB_4). (The same initial value must be specified in
the cycle buffer register and cycle register.)

Set A/D converter start request cycle

1] [2] Use bits BF1 and BF2 in the timer A/D converter start
request control register (TADCR) to specify the timing of
transfer from the timer A/D converter start request cycle

L buffer register to A/D converter start request cycle register.

* Set the timing of transfer_ [2] » Specify whether to link with interrupt skipping through bits

. fsrgﬂir‘:&’g';esxitﬂ?‘i‘:gr’fg;ztz;ping ITA3AE, ITA4VE, ITB3AE, and [TB4VE.

o Use bits TU4AE, DT4AE, UT4BE, and DT4BE to enable

e Enable A/D converter start .
request delaying function A/D conversion start requests (TRG4AN or TRG4BN).

Notes: 1. Perform TADCR setting while TCNT_4 is stopped.
l 2. Do not set BF1 to 1 when complementary PWM mode
is not selected.
A/D converter start request 3. Do not set ITASAE, ITA4VE, ITB3AE, ITB4VE,
delaying function DT4AE, or DT4BE to 1 when complementary PWM

mode is not selected.

Figure 10.79 Example of Procedure for Specifying A/D Converter
Start Request Delaying Function
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e Basic Operation Example of A/D Converter Start Request Delaying Function

Figure 10.80 shows a basic example of A/D converter request signal (TRG4AN) operation
when the trough of TCNT_4 is specified for the buffer transfer timing and an A/D converter
start request signal is output during TCNT_4 down-counting.

Transfer from cycle buffer Transfer from cycle buffer Transfer from cycle buffer
register to cycle register register to cycle register register to cycle register
TADCORA_4 l l
TCNT_4

TADCOBRA74 .................... H

A/D converter start request . ; - ‘ .
(TRG4AN) |_| |_| (Complementary PWM mode)

Figure 10.80 Basic Example of A/D Converter Start Request Signal (TRG4AN) Operation

o Buffer Transfer

The data in the timer A/D converter start request cycle set registers (TADCORA_4 and
TADCORB_4) is updated by writing data to the timer A/D converter start request cycle set
buffer registers (TADCOBRA_4 and TADCOBRB_4). Data is transferred from the buffer
registers to the respective cycle set registers at the timing selected with the BF1 and BFO bits
in the timer A/D converter start request control register (TADCR_4).

e A/D Converter Start Request Delaying Function Linked with Interrupt Skipping
A/D converter start requests (TRG4AN and TRG4BN) can be issued in coordination with
interrupt skipping by making settings in the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in
the timer A/D converter start request control register (TADCR).
Figure 10.81 shows an example of A/D converter start request signal (TRG4AN) operation
when TRG4AN output is enabled during TCNT_4 up-counting and down-counting and A/D
converter start requests are linked with interrupt skipping.
Figure 10.82 shows another example of A/D converter start request signal (TRG4AN)
operation when TRG4AN output is enabled during TCNT_4 up-counting and A/D converter
start requests are linked with interrupt skipping.
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Note: This function must be used in combination with interrupt skipping.
When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to O or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0), make sure that A/D converter start requests are not
linked with interrupt skipping (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in
the timer A/D converter start request control register (TADCR) to 0).

NVAVAY;

TGIA_3 interrupt |

skipping counter 00 o1 | 00 | 01 | |

TCIV_4 interrupt
skipping counter

i
| i |
TGIA_3 A/D request-enabled H
i
i

[ 00 [ 01 [

1

00 [ o1 | [
|
|

period

'
TCIV_4 A/D request-enabled 1
period |

A/D converter start request (TRG4AN)

When linked with TGIA_3 and TCIV_4
interrupt skipping

'

'

When linked with TCIV_4

When linked with TGIA_3 ‘ ‘
interrupt skipping
interrupt skipping ;

|_| |_| (UT4AE/DT4AE = 1)

Note: * When the interrupt skipping count is set to two.

Figure 10.81 Example of A/D Converter Start Request Signal (TRG4AN) Operation Linked
with Interrupt Skipping
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" A A A A
TADCORA_4 \/ \/ v
TGIA_3 interrupt
skipping counter 00 | | 02

TCIV_4 interrupt

skipping counter 00

o1 [ 02 [ 00 [ 01 [

TGIA_3 A/D request-enabled

.
H
H
:
b 00 [ o1 [ |
H
H

[

period

TCIV_4 A/D request-enabled

I

period

A/D converter start request (TRG4AN)
When linked with TGIA_3 and TCIV_4
interrupt skipping

When linked with TGIA_3
interrupt skipping

When linked with TCIV_4
interrupt skipping

Note: * When the interrupt skipping count is set to two.

Ll (UT4AE=1)

DT4AE =0

Figure 10.82 Example of A/D Converter Start Request Signal (TRG4AN) Operation Linked

with Interrupt Skipping
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10.4.10 MTU2-MTU2S Synchronous Operation

(1) MTU2-MTU2S Synchronous Counter Start

The counters in the MTU2 and MTU2S which operate at different clock systems can be started

synchronously by making the TCSYSTR settings in the MTU?2.

(a) Example of MTU2-MTU2S Synchronous Counter Start Setting Procedure

Figure 10.83 shows an example of synchronous counter start setting procedure.

MTU2-MTU2S synchronous
counter start

Stop count operation

Set the necessary operation

Set TCSYSTR

l

<Counter operation starts>

1

(2]

(3]

[1] Use TSTR registers in the MTU2 and MTU2S and halt the
counters used for synchronous start operation.

[2] Specify necessary operation with appropriate registers such as
TCR and TMDR.

[3] In TCSYSTR in the MTU2, set the bits corresponding to the
counters to be started synchronously to 1. The TSTRs are
automatically set appropriately and the counters start
synchronously.

Notes: 1. Even if a bit in TCSYSTR corresponding to an operating
counter is cleared to 0, the counter will not stop. To stop
the counter, clear the corresponding bit in TSTR to 0
directly.

2. To start channels 3 and 4 in reset-synchronized PWM
mode or complementary PWM mode, make appropriate
settings in TCYSTR according to the TSTR setting for
the respective mode. For details, refer to section 10.4.7,
Reset-Synchronized PWM Mode, and section 10.4.8,
Complementary PWM Mode.

Figure 10.83 Example of Synchronous Counter Start Setting Procedure
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(b) Examples of Synchronous Counter Start Operation

Figures 10.84 (1) to (4) show examples of synchronous counter start operation when the clock
frequency ratios between the MTU2 and MTU2S are 1:1, 1:2, 1:3, and 1:4, respectively. In these
examples, the count clock is set to P¢/1.

MTU2 clock [ 1 1 L1 ©[1 1
MTU2S clock I I I I I I I I I I
Automatically cleared after
7\ TCSYSTR setting is made
TCSYSTR H'00 X ws1t X H'00
MTU2/TSTR H'00 X H'42
MTU2S/TSTR H'00 X H'80
MTU2/TCNT_1 H'0000 X Hoo01 XX HO0002 Y
MTU2S/TCNT_4 H'0000 X Hooo1 XX HO0002 >

Figure 10.84 (1) Example of Synchronous Counter Start Operation (MTU2-to-MTU2S
Clock Frequency Ratio = 1:1)
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wrzaock [ ] | L[ L1 L] |

MTUZScIock|||||||||||||||||||||

Automatically cleared after
7\ TCSYSTR setting is made

TCSYSTR H'00 X Hst X H'00
MTU2/TSTR H'00 X H'42
MTU2S/TSTR H'00 X H'80
MTU2/TCNT_1 H'0000 X Ho001 XX HO0002 )
H'0002 H'0004
MTU2S/TCNT_4 H'0000
H'0001 H'0003

Figure 10.84 (2) Example of Synchronous Counter Start Operation (MTU2-to-MTU2S
Clock Frequency Ratio = 1:2)

MTU2 clock [ 1 1 1 °—7 I

MTU2S clock Illlllllllllllllllll||||||||||||

Automatically cleared after
77\ TCSYSTR setting is made

TCSYSTR H'00 X w51 X H'00
MTU2/TSTR H'00 X H'42
MTU2S/TSTR H'00 X H'80
MTU2/TCNT_1 H'0000 X Ho001 XX HO0002 )

H'0002 _ H'0004

MTU2S/TCNT_4 H'0000

H'0001 H'0003

Figure 10.84 (3) Example of Synchronous Counter Start Operation (MTU2-to-MTU2S
Clock Frequency Ratio = 1:3)
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MTU2 clock [ 1 1 1 °—7 I

MTU2S clock |||||||||||||||||||||||||||||||||||||||||||

Automatically cleared after
77\ TCSYSTR setting is made

TCSYSTR H'00 X w51 X H'00
MTU2/TSTR H'00 X H'42
MTU2S/TSTR H'00 X H'80
MTU2/TCNT_1 H'0000 X Hoo01 XX HO0002 )

H'0002 H'0004

MTU2S/TCNT_4 H'0000

H'0001 H'0003

Figure 10.84 (4) Example of Synchronous Counter Start Operation (MTU2-to-MTU2S
Clock Frequency Ratio = 1:4)
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(2) MTU2S Counter Clearing Caused by MTU?2 Flag Setting Source (MTU2-MTU2S

Synchronous Counter Clearing)

The MTU?2S counters can be cleared by sources for setting the flags in TSR_0 to TSR_2 in the
MTU?2 through the TSYCR_3 settings in the MTU2S.

(a) Example of Procedure for Specifying MTU2S Counter Clearing by MTU2 Flag Setting

Source

Figure 10.85 shows an example of procedure for specifying MTU2S counter clearing by MTU?2

flag setting source.

MTU2S counter clearing by
MTU2S flag setting source

Stop count operation

Set TSYCR_3

Start channel 3 or 4 in MTU2S

Start one of channels 0 to 2 in MTU2

;

<Counter clearing by flag setting>

[1]

(2]

(4]

[1] Use TSTR registers in the MTU2 and MTU2S and halt the
counters used for this function.

[2] Use TSYCR_3 in the MTU2S to specify the flag setting source
to be used for the TCNT_3 and TCNT_4 clearing source.

[3] Start TCNT_3 or TCNT_4 in the MTU2S.
[4] Start TCNT_0, TCNT_1, or TCNT_2 in the MTU2.
Note: The TSYCR_S3 setting is ignored while the counter is

stopped. The setting becomes valid after TCNT_3 or
TCNT4 is started.

Figure 10.85 Example of Procedure for Specifying MTU2S Counter
Clearing by MTU?2 Flag Setting Source
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(b) Examples of MTU2S Counter Clearing Caused by MTU2 Flag Setting Source

Figures 10.86 (1) and 10.86 (2) show examples of MTS2S counter clearing caused by MTU?2 flag
setting source.

TSYCR_3 H'00>< H'80

TCNT_O value in MTU2 Compare match between TCNT_0 and TGRA_0
TGRA_Q [------mmmcmmmmmmcmme e e e e e Y m e e s (e m e m e
TCNT_0 in MTU2
H'0000 ) L L Time

TCNT_4 value in MTU2S

TCNT_4 in MTU2S ‘ - :

H'0000 | | Time

Figure 10.86 (1) Example of MTU2S Counter Clearing
Caused by MTU2 Flag Setting Source (1)

TSYCR_3 H'OO>< H'FO

TCNT_0 value in MTU2 Compare match between TCNT_0 and TGR

TGRD_O | o-omm e N TR e
TGRB_O TCNT_0 in MTU2

TGRC_0 S
TGRA_Q [remmmmmmmmmmmmmmmmmee oo OFm T oo S

H'0000

Time

TCNT_4 value in MTU2S ! :

TCNT_4 in MTU2S

H'0000 Time

Figure 10.86 (2) Example of MTU2S Counter Clearing
Caused by MTU?2 Flag Setting Source (2)
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10.4.11 External Pulse Width Measurement
The pulse widths of up to three external input lines can be measured in channel 5.

(1) Example of External Pulse Width Measurement Setting Procedure

External pulse width [1] Use bits TPSC1 and TPSCO in TCR to select the
measurement counter clock.
| [2] In TIOR, select the high level or low level for the pulse
Select counter clock 1] width measuring condition.

| [3] Set bits CST in TSTR to 1 to start count operation.

Select pulse width measuring | 5] Notes: 1. Do not set bits CMPCLR5U, CMPCLR5V, or

conditions CMPCLR5W in TCNTCMPCLR to 1.
| 2. Do not set bits TGIE5U, TGIE5V, or TGIE5SW in
TIER_5to 1.
Start count operation (3] 3. The value in TCNT is not captured in TGR.

!

<External pulse width measurement>

Figure 10.87 Example of External Pulse Width Measurement Setting Procedure

(2) Example of External Pulse Width Measurement

TCNT5_U 0000 | 0001 |0002 |0003| 0004| 0005| 0006| 0007 \ 0007| 0008|0009|000A| 000B
I

Figure 10.88 Example of External Pulse Width Measurement
(Measuring High Pulse Width)
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10.4.12 Dead Time Compensation

By measuring the delay of the output waveform and reflecting it to duty, the external pulse width
measurement function can be used as the dead time compensation function while the
complementary PWM is in operation.

AN

[ /
/I Tdead
Upper arm signal
Lower arm signal
Inverter output detection signal
Tdelay
Dead time delay signal

Figure 10.89 Delay in Dead Time in Complementary PWM Operation
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(1) Example of Dead Time Compensation Setting Procedure

Figure 10.90 shows an example of dead time compensation setting procedure by using three
counters in channel 5.

[1] Place channels 3 and 4 in complementary PWM mode. For
details, refer to section 10.4.8, Complementary PWM Mode.

CComplementary PWM mode> [1]
[2] Specify the external pulse width measurement function for

| the target TIOR in channel 5. For details, refer to section
C External pulse width > 10.4.11, External Pulse Width Measurement.
[2]

measurement

[3] Set bits CST3 and CST4 in TSTR and bits CST5U, CST5V,
and CST5W in TSTR2 to 1 to start count operation.

Start count operation in
channels 3to 5 [4] When the capture condition specified in TIOR is satisfied,
| the TCNT_5 value is captured in TGR_5.

[5] For U-phase dead time compensation, when an interrupt is
generated at the crest (TGIA_3) or trough (TCIV_4) in

| complementary PWM mode, read the TGRU_5 value,

calculate the difference in time in TGRB_3, and write the

Interrupt processing [5] corrected value to TGRD_3 in the interrupt processing.

For the V phase and W phase, read the TGRV_5 and

TGRW_5 values and write the corrected values to TGRC_4

and TGRD_4, respectively, in the same way as for U-phase

compensation.

The TCNT_5 value should be cleared through the

TCNTCMPCLR setting or by software.

TCNT_5 input capture occurs [4] *

Notes: The PFC settings must be completed in advance.
* As an interrupt flag is set under the capture condition
specified in TIOR, do not enable interrupt requests in
TIER_5.

Figure 10.90 Example of Dead Time Compensation Setting Procedure
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ch3/4

- +
MTU Complementary @
PWM output H
1

o w
Dead time S 2R
chs delay input < | 'nverter output %K Motor
g | monitor signals U w
3 Vv
—] .
E U
K

/&

Figure 10.91 Example of Motor Control Circuit Configuration
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10.4.13 TCNT Capture at Crest and/or Trough in Complementary PWM Operation

The TCNT value is captured in TGR at either the crest or trough or at both the crest and trough
during complementary PWM operation. The timing for capturing in TGR can be selected by
TIOR.

Figure 10.92 shows an example in which TCNT is used as a free-running counter without being
cleared, and the TCNT value is captured in TGR at the specified timing (either crest or trough, or
both crest and trough).

TGRA_4 I ! /
/ Tdead

Upper arm signal

Lower arm signal

Inverter output monitor signal

Tdelay
Dead time delay signal ]
Up-count/down-count signal (udflg) —
TCNT[15:0] 3QE7|KM| 3E5B 3ED3 lmml 3F37 3FAF!
TGR[15:0] :)% 3DE7 )é 3E5B )% 3ED3 )x( 3F37 )?EAF

Figure 10.92 TCNT Capturing at Crest and/or Trough in Complementary PWM Operation
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10.5 Interrupt Sources

10.5.1 Interrupt Sources and Priorities

There are three kinds of MTU2 interrupt source; TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing the generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, however the priority order
within a channel is fixed. For details, see section 6, Interrupt Controller (INTC).

Table 10.57 lists the MTU?2 interrupt sources.
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Table 10.57 MTU2 Interrupts

Channel Name

Interrupt Source

Interrupt DMAC

Flag

Activation

Priority

0 TGIA_O

TGRA_O input capture/compare match

TGFA_O

Possible

TGIB_O

TGRB_0 input capture/compare match

TGFB_0

Not possible

TGIC_O

TGRC_0 input capture/compare match

TGFC_0

Not possible

TGID_0

TGRD_0 input capture/compare match

TGFD_0

Not possible

TCIV_0

TCNT_O overflow

TCFV_0

Not possible

TGIE_O

TGRE_0 compare match

TGFE_O

Not possible

TGIF_0

TGRF_0 compare match

TGFF_0

Not possible

1 TGIA_1

TGRA_1 input capture/compare match

TGFA_1

Possible

TGIB_1

TGRB_1 input capture/compare match

TGFB_1

Not possible

TCIV_1

TCNT_1 overflow

TCFV_1

Not possible

TCIU_1

TCNT_1 underflow

TCFU_1

Not possible

2 TGIA_2

TGRA_2 input capture/compare match

TGFA_2

Possible

TGIB_2

TGRB_2 input capture/compare match

TGFB_2

Not possible

TCIV_2

TCNT_2 overflow

TCFV_2

Not possible

TCIU_2

TCNT_2 underflow

TCFU_2

Not possible

3 TGIA_3

TGRA_S3 input capture/compare match

TGFA_3

Possible

TGIB_3

TGRB_3 input capture/compare match

TGFB_3

Not possible

TGIC_3

TGRC_3 input capture/compare match

TGFC_3

Not possible

TGID_3

TGRD_3 input capture/compare match

TGFD_3

Not possible

TCIV_3

TCNT_3 overflow

TCFV_3

Not possible

4 TGIA_4

TGRA_4 input capture/compare match

TGFA_4

Possible

TGIB_4

TGRB_4 input capture/compare match

TGFB_4

Not possible

TGIC_4

TGRC_4 input capture/compare match

TGFC_4

Not possible

TGID_4

TGRD_4 input capture/compare match

TGFD_4

Not possible

TCIV_4

TCNT_4 overflow/underflow

TCFV_4

Not possible

5 TGIU_5

TGRU_S5 input capture/compare match

TGFU_5

Not possible

TGIV_5

TGRV_5 input capture/compare match

TGFV_5

Not possible

TGIW_5 TGRW_5 input capture/compare match

TGFW_5

Not possible

High
A

v
Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. The MTU2 has 21 input capture/compare match
interrupts, six for channel 0, four each for channels 3 and 4, two each for channels 1 and 2, and
three for channel 5. The TGFE_0 and TGFF_0 flags in channel O are not set by the occurrence of
an input capture.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to
1 by the occurrence of TCNT overflow on a channel. The interrupt request is cleared by clearing
the TCFV flag to 0. The MTU?2 has five overflow interrupts, one for each channel.

(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to
1 by the occurrence of TCNT underflow on a channel. The interrupt request is cleared by clearing
the TCFU flag to 0. The MTU?2 has two underflow interrupts, one each for channels 1 and 2.

10.5.2 DMAC Activation

The DMAC can be activated by the TGRA input capture/compare match interrupt in each channel.
For details, see section 9, Direct Memory Access Controller (DMAC).

In the MTU2, a total of five TGRA input capture/compare match interrupts can be used as DMAC
activation sources, one each for channels O to 4.
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10.5.3 A/D Converter Activation

The A/D converter can be activated by one of the following three methods in the MTU2. Table
10.58 shows the relationship between interrupt sources and A/D converter start request signals.

(1) A/D Converter Activation by TGRA Input Capture/Compare Match or at TCNT_4
Trough in Complementary PWM Mode

The A/D converter can be activated by the occurrence of a TGRA input capture/compare match in
each channel. In addition, if complementary PWM operation is performed while the TTGE2 bit in
TIER_4 is set to 1, the A/D converter can be activated at the trough of TCNT_4 count (TCNT_4 =
H'0000).

A/D converter start request signal TRGAN is issued to the A/D converter under either one of the
following conditions.

e When the TGFA flag in TSR is set to 1 by the occurrence of a TGRA input capture/compare
match on a particular channel while the TTGE bit in TIER is set to 1

e  When the TCNT_4 count reaches the trough (TCNT_4 = H'0000) during complementary
PWM operation while the TTGE2 bit in TIER_4 is set to 1

When either condition is satisfied, if A/D converter start signal TRGAN from the MTU?2 is
selected as the trigger in the A/D converter, A/D conversion will start.

(2) A/D Converter Activation by Compare Match between TCNT_0 and TGRE_0

The A/D converter can be activated by generating A/D converter start request signal TRGON
when a compare match occurs between TCNT_0 and TGRE_O in channel 0.

When the TGFE flag in TSR2_0 is set to 1 by the occurrence of a compare match between
TCNT_0 and TGRE_O in channel O while the TTGE?2 bit in TIER2_0 is set to 1, A/D converter
start request TGRON is issued to the A/D converter. If A/D converter start signal TGRON from the
MTU?2 is selected as the trigger in the A/D converter, A/D conversion will start.
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(3) A/D Converter Activation by A/D Converter Start Request Delaying Function

The A/D converter can be activated by generating A/D converter start request signal TRG4AN or
TRG4BN when the TCNT_4 count matches the TADCORA or TADCORB value if the TAD4AE
or TAD4BE bit in the A/D converter start request control register (TADCR) is set to 1. For details,
refer to section 10.4.9, A/D Converter Start Request Delaying Function.

A/D conversion will start if A/D converter start signal TRG4AN from the MTU?2 is selected as the
trigger in the A/D converter when TRG4AN is generated or if TRG4BN from the MTU?2 is
selected as the trigger in the A/D converter when TRG4BN is generated.

Table 10.58 Interrupt Sources and A/D Converter Start Request Signals
A/D Converter Start Request
Target Registers Interrupt Source Signal
TGRA_O and TCNT_O Input capture/compare match  TRGAN
TGRA_1 and TCNT_1
TGRA_2 and TCNT_2
TGRA_3 and TCNT_3
TGRA_4 and TCNT_4

TCNT_4 TCNT_4 Trough in

complementary PWM mode
TGRE_0 and TCNT_O Compare match TRGON
TADCORA and TCNT_4 TRG4AN
TADCORB and TCNT_4 TRG4BN
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10.6  Operation Timing
10.6.1 Input/Output Timing
(1) TCNT Count Timing

Figures 10.93 and 94 show TCNT count timing in internal clock operation, and figure 10.95
shows TCNT count timing in external clock operation (normal mode), and figure 10.96 shows
TCNT count timing in external clock operation (phase counting mode).

Uy

Po
Internal clock Q) F@i O_Rising edge
ook [ ] [ 1]
TCNT N-1 X N ) N+
Figure 10.93 Count Timing in Internal Clock Operation (Channels 0 to 4)
P Uy
Internal clock _| O Rising edge
dook ! 1
TCNT N-1 X N
Figure 10.94 Count Timing in Internal Clock Operation (Channel 5)
-  JUUHUUUUL Lt

External clock % Falling edge

q) Rising edge

S~
—

TCNT input
clock

—

TONT N-1 X

N+1

N A

Figure 10.95 Count Timing in External Clock Operation (Channels 0 to 4)
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- JUHUUUHUUUUyyoe

External Rising edge Falling edge
B .
TCNT input | |

clock

) N-1

=z

TCNT N-1 X

Figure 10.96 Count Timing in External Clock Operation (Phase Counting Mode)
(2) Output Compare Output Timing

A compare match signal is generated in the final state in which TCNT and TGR match (the point
at which the count value matched by TCNT is updated). When a compare match signal is
generated, the output value set in TIOR is output at the output compare output pin (TIOC pin).
After a match between TCNT and TGR, the compare match signal is not generated until the
TCNT input clock is generated.

Figure 10.97 shows output compare output timing (normal mode and PWM mode) and figure
10.98 shows output compare output timing (complementary PWM mode and reset synchronous
PWM mode).

e T LT L L L L
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare | |

match signal

TIOC pin X

Figure 10.97 Output Compare Output Timing (Normal Mode/PWM Mode)
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- 4 LT L L L L L
TCNT input | |
clock

TCNT N X N+ 1
TGR N

Compare | |

match signal

TIOC pin X

Figure 10.98 Output Compare Output Timing
(Complementary PWM Mode/Reset Synchronous PWM Mode)

(3) Input Capture Signal Timing

Figure 10.99 shows input capture signal timing.

ST [ A O A
Input capture

input J |
Input capture

signal | |

X N+

A

TCNT :X N

TGR

T

Figure 10.99 Input Capture Input Signal Timing
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(4) Timing for Counter Clearing by Compare Match/Input Capture

Figures 10.100 and 101 show the timing when counter clearing on compare match is specified,
and figure 10.102 shows the timing when counter clearing on input capture is specified.

S I I I I I

Compare
match signal

[ 1
Counter I_!
I

clear signal

TCNT N H'0000

TGR N

Figure 10.100 Counter Clear Timing (Compare Match) (Channels 0 to 4)

S I I I I I

Compare
match signal

[ 1
Counter I_!
I

clear signal

TCNT N-1 H'0000

TGR N

Figure 10.101 Counter Clear Timing (Compare Match) (Channel 5)
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A [ I B O I S A O R S N R

Input capture
signal

Counter clear

!_I
1

signal

TONT N ) H'0000
\

TGR X N

Figure 10.102 Counter Clear Timing (Input Capture) (Channels 0 to 5)
(5) Buffer Operation Timing

Figures 10.103 to 10.105 show the timing in buffer operation.

Po ||||||||||||||||||

TCNT n

Compare
match buffer | |
signal 1

TGRA, E
TGRB n - X

i/’

n+1

TGRC,
TGRD

Figure 10.103 Buffer Operation Timing (Compare Match)
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e LT
Input capture
signal | |

TCNT N

rom I ST
\ \

TGRC,

TGRD ) n X N

Figure 10.104 Buffer Operation Timing (Input Capture)

- UYL L

TCNT n

TCNT clear | |
signal

Buffer transfer
signal

TGRA, TGRB,
TGRE

TGRC, TGRD,
TGRF

Figure 10.105 Buffer Transfer Timing (when TCNT Cleared)
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(6) Buffer Transfer Timing (Complementary PWM Mode)

Figures 10.106 to 10.108 show the buffer transfer timing in complementary PWM mode.

- T L L L L
TCNTS H'0000

TGRD_4 | |
write signal

Temporary register | |
transfer signal

Buffer n X N

register

Ten_wporary n X N
register

Figure 10.106 Transfer Timing from Buffer Register to Temporary Register (TCNTS Stop)

Po

TCNTS P-x X P X H'0000

TGRD_4 1
write signal .

Buffer X
register

Temporary

X n
register

||
|
—

Figure 10.107 Transfer Timing from Buffer Register to Temporary Register
(TCNTS Operating)
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- LT L L
TCNTS P —EX P X
Buffer transfer

signal | |

H'0000

Temporary
register

Compare
register

Figure 10.108 Transfer Timing from Temporary Register to Compare Register

10.6.2 Interrupt Signal Timing
(1) TGF Flag Setting Timing in Case of Compare Match

Figures 10.109 and 110 show the timing for setting of the TGF flag in TSR on compare match,
and TGI interrupt request signal timing.

oo T L L L L
TCNT input | |
clock

TONT N ) N+ 1
TGR N

Compare I_l

match signal

TGF flag |

TGl interrupt |

Figure 10.109 TGI Interrupt Timing (Compare Match)
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oo T L L L L
TCNT input | |
clock

TCNT N-1 ) N
TGR N
Compare | |

match signal

TGF flag |

TGl interrupt |

Figure 10.110 TGI Interrupt Timing (Compare Match) (Channel 5)
(2) TGF Flag Setting Timing in Case of Input Capture

Figures 10.111 and 112 show the timing for setting of the TGF flag in TSR on input capture, and
TGI interrupt request signal timing.

Po UL
ahonal e ]

TONT N

TGR \X N

TGF flag |

TGl interrupt |

Figure 10.111 TGI Interrupt Timing (Input Capture) (Channels 0 to 4)
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sgnal ]

TCNT N

TGR \X N
TGF flag |

TGl interrupt |

Figure 10.112 TGI Interrupt Timing (Input Capture) (Channel 5)
(3) TCFYV Flag/TCFU Flag Setting Timing

Figure 10.113 shows the timing for setting of the TCFV flag in TSR on overflow, and TCIV
interrupt request signal timing.

Figure 10.114 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU
interrupt request signal timing.

Po ST
TCNT input | |
clock

ZSE;IOW) HFFFF X H'0000
Overflow
signal | |

TCFV flag |

TCIV interrupt |

Figure 10.113 TCIV Interrupt Setting Timing
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S [ I I I A O A I
1

H'0000 )

[ ]

TCFU flag I

TCNT
input clock

TCNT
(underflow)

HFFFF

Underflow
signal

TCIU interrupt I

Figure 10.114 TCIU Interrupt Setting Timing
(4) Status Flag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing O to it. When the DMAC is
activated, the flag is cleared automatically. Figures 10.115 and 116 show the timing for status flag
clearing by the CPU, and figure 10.117 shows the timing for status flag clearing by the DMAC.

TSR write cycle

T T2

T

Address

X TSR address X

Write signal

L

Status flag

Interrupt
request signal

Figure 10.115

Timing for Status Flag Clearing by CPU (Channels 0 to 4)
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TSR write cycle

T1 T2
S I I O S I O
Address X TSR address X
Write signal | I
Status flag |

Interrupt |
request signal

Figure 10.116 Timing for Status Flag Clearing by CPU (Channel 5)

| DMAC read cycle . DMAC write cycle

I T 1
P¢B¢||||||||||||||||||||||||
Address X Source address X Dgzt(ij?:;ign X
Status flag |

Interrupt |
request signal

Flag clear
signal | |

Figure 10.117 Timing for Status Flag Clearing by DTC Activation (Channels 0 to 4)

Rev. 2.00 May. 08, 2008 Page 549 of 1200
RENESAS REJ09B0344-0200




Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

10.7  Usage Notes

10.7.1 Module Standby Mode Setting

MTU?2 operation can be disabled or enabled using the standby control register. The initial setting
is for MTU?2 operation to be halted. Register access is enabled by clearing module standby mode.
For details, refer to section 23, Power-Down Modes.

10.7.2  Input Clock Restrictions

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The MTU2 will not operate properly at narrower
pulse widths.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.118 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
| Overlap |ence |Overlap, ence ;

TCLKA 5
(TCLKC) i
TCLKB '
(TCLKD)

1 Pulse width |

Pulse width

' '
' ——
' '
' '
| '

'

—

Pulse width Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.118 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.7.3  Caution on Period Setting

When counter clearing on compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

e Channel 0 to 4

P
fo_ PO
(N+1)
e Channel 5
fo_ PO
N
Where f: Counter frequency

Po: Peripheral clock operating frequency
N: TGR set value

10.7.4  Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
precedence and the TCNT write is not performed.

Figure 10.119 shows the timing in this case.

TCNT write cycle
T1 T2
Po ST L
Address XTCNT addressX

Counter clear
signal

Write signal | I
[ 1

TCNT N Y Hoo00

Figure 10.119 Contention between TCNT Write and Clear Operations
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10.7.5 Contention between TCNT Write and Increment Operations

If incrementing occurs in the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 10.120 shows the timing in this case.

TCNT write cycle
T1 T2
o LT LT L L L L
Address XTCNT addressX
Write signal | I
TCNT input
clock | |
TONT N f,om
TCNT write data

Figure 10.120 Contention between TCNT Write and Increment Operations
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10.7.6  Contention between TGR Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write is executed and the
compare match signal is also generated.

Figure 10.121 shows the timing in this case.

TGR write cycle
T T2
o T LT LT LI LT LT LT LT
Address X TGR address X
Write signal | I
match sinal [ 1
TCNT N L N+t
TGR N o™
TGR write data

Figure 10.121 Contention between TGR Write and Compare Match
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10.7.7  Contention between Buffer Register Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the data that is transferred to TGR
by the buffer operation is the data after write.

Figure 10.122 shows the timing in this case.

TGR write cycle
T T2

e
Py I I v I

Address Buffer register
address

Write signal

Compare match
signal

Compare match
buffer signal

1L

Buffer register write data
a 9

S

Buffer register N

v

TGR

Figure 10.122 Contention between Buffer Register Write and Compare Match
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10.7.8  Contention between Buffer Register Write and TCNT Clear

When the buffer transfer timing is set at the TCNT clear by the buffer transfer mode register
(TBTM), if TCNT clear occurs in the T2 state of a TGR write cycle, the data that is transferred to
TGR by the buffer operation is the data before write.

Figure 10.123 shows the timing in this case.

TGR write cycle
T T2

e
Po ||||||||||||||||||

Buffer transfer

Address Buffer register

address
Write signal | |
TCNT clear I_l
signal

stonal Buff ist ite dat
' uffer register write data
: Sz 9

Buffer register N E x M

TGR X N

Figure 10.123 Contention between Buffer Register Write and TCNT Clear
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10.7.9  Contention between TGR Read and Input Capture

If an input capture signal is generated in the T1 state of a TGR read cycle, the data that is read will
be the data in the buffer before input capture transfer for channels 0 to 4, and the data after input
capture transfer for channel 5.

Figures 10.124 and 125 show the timing in this case.

TGR read cycle

T1 T2
Po ST
Address X TGR address X

Read signal | I
Input capture l_l
signal

TGR D G
Int | dat: \
bnugrna ata X N

Figure 10.124 Contention between TGR Read and Input Capture (Channels 0 to 4)

TGR read cycle

T1 T2
Po S L
Address X TGR address X

Read signal | I
Input capture | |
signal

TGR N X M

Internal data
bus X M

Figure 10.125 Contention between TGR Read and Input Capture (Channel 5)
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10.7.10 Contention between TGR Write and Input Capture

If an input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed for channels O to 4. For channel

5, write to TGR is performed and the input capture signal is generated.

Figures 10.126 and 127 show the timing in this case.

TGR write cycle
T1 T2

S I I A A

Address X TGR address X

Write signal

Input capture

L

signal
TCNT M
—
TGR ) M

Figure 10.126 Contention between TGR Write and Input Capture (Channels 0 to 4)

TGR write cycle
T1 T2

S I I A A

Address X TGR address X

Write signal

signal

L]
Input capture I_l
M

TCNT

TGR write data

TGR )

Figure 10.127 Contention between TGR Write and Input Capture (Channel 5)
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10.7.11 Contention between Buffer Register Write and Input Capture

If an input capture signal is generated in the T2 state of a buffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 10.128 shows the timing in this case.

Buffer register write cycle
T T2

ot
Py T
Address Buf;%rd rrggisster X
Write signal | I
Input capture
signal | |
TCNT TN
s
TGR M : X N
—
Buffer register X M

Figure 10.128 Contention between Buffer Register Write and Input Capture

10.7.12 TCNT2 Write and Overflow/Underflow Contention in Cascade Connection

With timer counters TCNT1 and TCNT?2 in a cascade connection, when a contention occurs
during TCNT_1 count (during a TCNT_2 overflow/underflow) in the T, state of the TCNT_2
write cycle, the write to TCNT_2 is conducted, and the TCNT_1 count signal is disabled. At this
point, if there is match with TGRA_1 and the TCNT_1 value, a compare signal is issued.
Furthermore, when the TCNT_1 count clock is selected as the input capture source of channel 0,
TGRA_O to D_0 carry out the input capture operation. In addition, when the compare match/input
capture is selected as the input capture source of TGRB_1, TGRB_1 carries out input capture
operation. The timing is shown in figure 10.129.

For cascade connections, be sure to synchronize settings for channels 1 and 2 when setting TCNT
clearing.

Rev. 2.00 May. 08, 2008 Page 558 of 1200
REJ09B0344-0200 RRENESAS




Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

TCNT write cycle
T1 T2
& JTU L L L L L
Address XTCNT72 addressX
Write signal | |
TCNT_2 X H'FFFE X H'FFFF X < N X N+1
TCNT_2 write data

TGRA_2to .
TGRB_2 HFFFF
Ch2 compare- | |
match signal A/B
TCNT_1 input e ': Disabled
clock H '
TCNT_1 M
TGRA_1 M

Ch1 compare-
match signal A

Ch1 input capture

[ ]
TGRB_1 N X M
[ ]

signal B

TCNT_O P

TGRA_O to

TGRD_0 Q X P

ChO input capture | |
signal Ato D

Figure 10.129 TCNT_2 Write and Overflow/Underflow Contention with Cascade
Connection
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10.7.13 Counter Value during Complementary PWM Mode Stop

When counting operation is suspended with TCNT_3 and TCNT_4 in complementary PWM
mode, TCNT_3 has the timer dead time register (TDDR) value, and TCNT_4 is held at H'0000.

When restarting complementary PWM mode, counting begins automatically from the initialized
state. This explanatory diagram is shown in figure 10.130.

When counting begins in another operating mode, be sure that TCNT_3 and TCNT_4 are set to
the initial values.

TGRA_3
TCDR

TDDR
H'0000
‘ Complementary PWM ‘ : Complementary PWM
mode operation T T mode operation
Counter Complementary

operation stop PMW restart

Figure 10.130 Counter Value during Complementary PWM Mode Stop

10.7.14 Buffer Operation Setting in Complementary PWM Mode

In complementary PWM mode, conduct rewrites by buffer operation for the PWM cycle setting
register (TGRA_3), timer cycle data register (TCDR), and duty setting registers (TGRB_3,
TGRA_4, and TGRB_4).

In complementary PWM mode, channel 3 and channel 4 buffers operate in accordance with bit
settings BFA and BFB of TMDR_3. When TMDR_3's BFA bit is set to 1, TGRC_3 functions as a
buffer register for TGRA_3. At the same time, TGRC_4 functions as the buffer register for
TGRA_4, and TCBR functions as the TCDR's buffer register.
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10.7.15 Reset Sync PWM Mode Buffer Operation and Compare Match Flag

When setting buffer operation for reset sync PWM mode, set the BFA and BFB bits of TMDR_4
to 0. The TIOC4C pin will be unable to produce its waveform output if the BFA bit of TMDR_4 is
setto 1.

In reset sync PWM mode, the channel 3 and channel 4 buffers operate in accordance with the BFA
and BFB bit settings of TMDR_3. For example, if the BFA bit of TMDR_3 is set to 1, TGRC_3
functions as the buffer register for TGRA_3. At the same time, TGRC_4 functions as the buffer
register for TGRA_4.

The TGFC bit and TGFD bit of TSR_3 and TSR_4 are not set when TGRC_3 and TGRD _3 are
operating as buffer registers.

Figure 10.131 shows an example of operations for TGR_3, TGR_4, TIOC3, and TIOC4, with
TMDR_3's BFA and BFB bits set to 1, and TMDR_4's BFA and BFB bits set to 0.

TGRA_3 Buffer transfer with

compare match A3

TCNT3

Point
TGRC 3 | ——— e oana TGRA 3,

TGRC_3

TGRB_3, TGRA_4,

TGRB_4 |
|
|
Point b
TGRD_3,TGRC_4,| g -4 ___|_ TGRB_3, TGRD_3,
TGRD_4 ! TGRA_4, TGRC_4,
I TGRB_4, TGRD_4
H'0000 i
|
|
TIOC3A 1
TIOC3B
TocsD - ____] 1 [ 1 [1
g i s — I —
mocac 1_____] 1 11 1
TIOC4B | L | |

s s i
TeFC ) J__ Notset |

F————F-———--———————————————————————- |
TGFD L i‘ Not set [

Figure 10.131 Buffer Operation and Compare-Match Flags
in Reset Synchronous PWM Mode
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10.7.16 Overflow Flags in Reset Synchronous PWM Mode

When set to reset synchronous PWM mode, TCNT_3 and TCNT_4 start counting when the CST3
bit of TSTR is set to 1. At this point, TCNT_4's count clock source and count edge obey the
TCR_3 setting.

In reset synchronous PWM mode, with cycle register TGRA_3's set value at HFFFF, when
specifying TGR3A compare-match for the counter clear source, TCNT_3 and TCNT_4 count up
to H'FFFF, then a compare-match occurs with TGRA_3, and TCNT_3 and TCNT_4 are both
cleared. At this point, TSR's overflow flag TCFV bit is not set.

Figure 10.132 shows a TCFV bit operation example in reset synchronous PWM mode with a set
value for cycle register TGRA_3 of HFFFF, when a TGRA_3 compare-match has been specified
without synchronous setting for the counter clear source.

Counter cleared by compare match 3A
TGRA_3

(HFFFF)

TCNT_3=TCNT_4

e iy 15/ T T T T T o T T T T~ r-———-—- h
TCFV_4 | ) Not set ) |

Figure 10.132 Reset Synchronous PWM Mode Overflow Flag
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10.7.17 Contention between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is
not set and TCNT clearing takes precedence.

Figure 10.133 shows the operation timing when a TGR compare match is specified as the clearing
source, and when H'FFFF is set in TGR.

wo LT LT LT LT LT L LT
TCNT input | |
clock

TCNT H'FFFF X H0000

Counter clear

signal | |

TGF |

TCFV Disabled —>: ---------------------

Figure 10.133 Contention between Overflow and Counter Clearing
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10.7.18 Contention between TCNT Write and Overflow/Underflow

If there is an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is
not set.

Figure 10.134 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

T T2

wo LT L L T
Address \  TCNTaddress

Write signal |_| Y TCNT write data
TCNT HFFFF X M

Disabled —j============a-.
TCFV flag H

Figure 10.134 Contention between TCNT Write and Overflow

10.7.19 Cautions on Transition from Normal Operation or PWM Mode 1 to Reset-
Synchronized PWM Mode

When making a transition from channel 3 or 4 normal operation or PWM mode 1 to reset-
synchronized PWM mode, if the counter is halted with the output pins (TIOC3B, TIOC3D,
TIOC4A, TIOC4C, TIOC4B, TIOC4D) in the high-level state, followed by the transition to reset-
synchronized PWM mode and operation in that mode, the initial pin output will not be correct.

When making a transition from normal operation to reset-synchronized PWM mode, write H'11 to
registers TIORH_3, TIORL_3, TIORH_4, and TIORL_4 to initialize the output pins to low level
output, then set an initial register value of H'00 before making the mode transition.

When making a transition from PWM mode 1 to reset-synchronized PWM mode, first switch to
normal operation, then initialize the output pins to low level output and set an initial register value
of H'00 before making the transition to reset-synchronized PWM mode.
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10.7.20 Output Level in Complementary PWM Mode and Reset-Synchronized PWM Mode

When channels 3 and 4 are in complementary PWM mode or reset-synchronized PWM mode, the
PWM waveform output level is set with the OLSP and OLSN bits in the timer output control
register (TOCR). In the case of complementary PWM mode or reset-synchronized PWM mode,
TIOR should be set to H'00.

10.7.21 Interrupts in Module Standby Mode

If module standby mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DMAC activation source. Interrupts should therefore be
disabled before entering module standby mode.

10.7.22 Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection

When timer counters 1 and 2 (TCNT_1 and TCNT_2) are operated as a 32-bit counter in cascade
connection, the cascade counter value cannot be captured successfully even if input-capture input
is simultaneously done to TIOCIA and TIOC2A or to TIOC1B and TIOC2B. This is because the
input timing of TIOC1A and TIOC2A or of TIOC1B and TIOC2B may not be the same when
external input-capture signals to be input into TCNT_1 and TCNT_2 are taken in synchronization
with the internal clock. For example, TCNT_1 (the counter for upper 16 bits) does not capture the
count-up value by overflow from TCNT_2 (the counter for lower 16 bits) but captures the count
value before the count-up. In this case, the values of TCNT_1 = HFFF1 and TCNT_2 = H'0000
should be transferred to TGRA_1 and TGRA_2 or to TGRB_1 and TGRB_2, but the values of
TCNT_1 = HFFF0 and TCNT_2 = H'0000 are erroneously transferred.

The MTU?2 additionally supports the function that can capture TCNT_1 and TCNT_2
simultaneously via a single input capture input. This function allows 32-bit counter fetches
without TCNT_1 and TCNT_2 capture timing deviation. For details, see section 10.3.8, Timer
Input Capture Control Register (TICCR).
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10.8 MTU2 Output Pin Initialization

10.8.1 Operating Modes

The MTU?2 has the following six operating modes. Waveform output is possible in all of these
modes.

e Normal mode (channels 0 to 4)

e PWM mode 1 (channels O to 4)

e PWM mode 2 (channels O to 2)

e Phase counting modes 1 to 4 (channels 1 and 2)

e Complementary PWM mode (channels 3 and 4)

e Reset-synchronized PWM mode (channels 3 and 4)

The MTU?2 output pin initialization method for each of these modes is described in this section.

10.8.2  Reset Start Operation

The MTU2 output pins (TIOC*) are initialized low by a reset and in standby mode. Since MTU2
pin function selection is performed by the pin function controller (PFC), when the PFC is set, the
MTU?2 pin states at that point are output to the ports. When MTU2 output is selected by the PFC
immediately after a reset, the MTU?2 output initial level, low, is output directly at the port. When
the active level is low, the system will operate at this point, and therefore the PFC setting should
be made after initialization of the MTU2 output pins is completed.

Note: Channel number and port notation are substituted for *.
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10.8.3  Operation in Case of Re-Setting Due to Error During Operation, etc.

If an error occurs during MTU2 operation, MTU?2 output should be cut by the system. Cutoff is
performed by switching the pin output to port output with the PFC and outputting the inverse of
the active level. For large-current pins, output can also be cut by hardware, using port output
enable (POE). The pin initialization procedures for re-setting due to an error during operation, etc.,
and the procedures for restarting in a different mode after re-setting, are shown below.

The MTU?2 has six operating modes, as stated above. There are thus 36 mode transition
combinations, but some transitions are not available with certain channel and mode combinations.

Possible mode transition combinations are shown in table 10.59.

Table 10.59 Mode Transition Combinations

After
Before Normal PWM1 PWM2 PCM CPWM RPWM
Normal (1) ) 3) (4) (5) (6)
PWM1 (7) (8) 9) (10) 1) (12)
PWM2 (13) (14) (15) (16) None None
PCM (17) (18) (19) (20) None None
CPWM (21) (22) None None (23) (24) (25)
RPWM (26) (27) None None (28) (29)
[Legend]

Normal: Normal mode

PWM1: PWM mode 1

PWM2: PWM mode 2

PCM: Phase counting modes 1 to 4
CPWM: Complementary PWM mode
RPWM: Reset-synchronized PWM mode
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10.8.4  Overview of Initialization Procedures and Mode Transitions in Case of Error
during Operation, etc.

e When making a transition to a mode (Normal, PWM1, PWM2, PCM) in which the pin output
level is selected by the timer I/O control register (TIOR) setting, initialize the pins by means of
a TIOR setting.

e In PWM mode 1, since a waveform is not output to the TIOC*B (TIOC*D) pin, setting TIOR
will not initialize the pins. If initialization is required, carry it out in normal mode, then switch
to PWM mode 1.

¢ In PWM mode 2, since a waveform is not output to the cycle register pin, setting TIOR will
not initialize the pins. If initialization is required, carry it out in normal mode, then switch to
PWM mode 2.

e In normal mode or PWM mode 2, if TGRC and TGRD operate as buffer registers, setting
TIOR will not initialize the buffer register pins. If initialization is required, clear buffer mode,
carry out initialization, then set buffer mode again.

e In PWM mode 1, if either TGRC or TGRD operates as a buffer register, setting TIOR will not
initialize the TGRC pin. To initialize the TGRC pin, clear buffer mode, carry out initialization,
then set buffer mode again.

e When making a transition to a mode (CPWM, RPWM) in which the pin output level is
selected by the timer output control register (TOCR) setting, switch to normal mode and
perform initialization with TIOR, then restore TIOR to its initial value, and temporarily disable
channel 3 and 4 output with the timer output master enable register (TOER). Then operate the
unit in accordance with the mode setting procedure (TOCR setting, TMDR setting, TOER
setting).

Note: Channel number is substituted for * indicated in this article.

Pin initialization procedures are described below for the numbered combinations in table 10.59.
The active level is assumed to be low.
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(1) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Normal Mode

Figure 10.135 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out) 0 out)

MTU2moduIeoutput___{ _____ { ____} _____ { * _____ + _____ } _____ { ____} ______

e

ﬁ

oo o e
e S R T R S S A A A A
PEn —| | Highz | — . R
PEn — ~highz S . A S A
n=0to 15

Figure 10.135 Error Occurrence in Normal Mode, Recovery in Normal Mode

After a reset, MTU2 output is low and ports are in the high-impedance state.
After a reset, the TMDR setting is for normal mode.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

o=

Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence.)

5. Set MTU2 output with the PFC.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.

8. An error occurs.

9. Set port output with the PFC and output the inverse of the active level.
10. The count operation is stopped by TSTR.

11. Not necessary when restarting in normal mode.

12. Initialize the pins with TIOR.

13. Set MTU2 output with the PFC.

14. Operation is restarted by TSTR.
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(2
Restarted in PWM Mode 1

Operation when Error Occurs during Normal Mode Operation, and Operation is

Figure 10.136 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in PWM mode 1 after re-setting.

occurs (PORT)

9 10 11 12
PFC TSTR TMDR TIOR
0)
0 out)

13 14
PFC TSTR
(1)

(PWM1) (1init (MTU2)

1 2 3 4 5 6 7 8
RESET TMDR TOER TIOR PFC TSTR Match Error
(normal) (1) (1init (MTU2) (1)
0 out)

MTU2 module output & { } ‘ {
TIOC*A — | R S I T
TiocB — T T T
Port output | | | | | | |
PEn —  High-Z | I
PEn — | _Highz | .

n=0to 15

Figure 10.136 Error Occurrence in Normal Mode, Recovery in PWM Mode 1

1 to 10 are the same as in figure 10.135.

11.
12.

Set PWM mode 1.

Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized. If

initialization is required, initialize in normal mode, then switch to PWM mode 1.)

13.
14.

Set MTU2 output with the PFC.
Operation is restarted by TSTR.
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(3) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in PWM Mode 2

Figure 10.137 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13 14

RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1)  (1init (MTU2) (1) occurs (PORT)  (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)
MTU2 module output & { } & & + } & + f { }
TIOC*A — . R S R S . . . . @ Not initialized (cycle register)
mooe — [ N T N S R N S
Potoutput | L 1 i 44 nn
PEn —| . HighZ o i T N T I
PEN = | Highz | S T T R S S N
n=0to 15

Figure 10.137 Error Occurrence in Normal Mode, Recovery in PWM Mode 2
1 to 10 are the same as in figure 10.135.

11. Set PWM mode 2.

12. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 2.)

13. Set MTU?2 output with the PFC.
14. Operation is restarted by TSTR.

Note: PWM mode 2 can only be set for channels O to 2, and therefore TOER setting is not
necessary.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(4) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Phase Counting Mode

Figure 10.138 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1)  (1init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)

MTU2moduIeoutP:ut___{ _____ { ____} _____ { * _____ + _____ * _____ { _____+ _____ & ;

a : : S
Potoutput | ! : oo I
PEn —] L Highz R A R R
PEn — | Highz . I . S O T
n=0to 15

Figure 10.138 Error Occurrence in Normal Mode, Recovery in Phase Counting Mode
1 to 10 are the same as in figure 10.135.

11. Set phase counting mode.

12. Initialize the pins with TIOR.
13. Set MTU2 output with the PFC.
14. Operation is restarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(5) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Complementary PWM Mode

Figure 10.139 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in complementary PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (16) (17) (18)
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT)  (0) (0 init (disabled) (0) (CPWM) (1) (MTU2) (1)
0 out) 0 out)

MTU2 module output

Portoutput . i
PEs—] | HighZ |
PE9— | Highz |

PE11 —] | High-z

Figure 10.139 Error Occurrence in Normal Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 10.135.

11. Initialize the normal mode waveform generation section with TIOR.
12. Disable operation of the normal mode waveform generation section with TIOR.
13. Disable channel 3 and 4 output with TOER.

14. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set complementary PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU?2 output with the PFC.

18. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(6) Operation when Error Occurs during Normal Mode Operation, and Operation is
Restarted in Reset-Synchronized PWM Mode

Figure 10.140 shows an explanatory diagram of the case where an error occurs in normal mode
and operation is restarted in reset-synchronized PWM mode after re-setting.

4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT)  (0) (O init (disabled) (0) (RPWM) (1) (MTU2) (1)
0 out) 0 out)
MTU2 module output | \ { y y } } ' ' ' y ' | y |
i T -

Portoutput

e I e O U s I o
peo—{  + Honz [ ol N .
PEvt— | Mghz . | ;|

Figure 10.140 Error Occurrence in Normal Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 13 are the same as in figure 10.135.

14. Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set reset-synchronized PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU2 output with the PFC.

18. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(7) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in Normal Mode

Figure 10.141 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1)  (1init (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out) 0 out)
MTU2 module output & { } * } + } { } * *
TIOC*A —| : N [ T
- 1 a----- - r
TIOC*B — : - | L I
Port output I E E E E E
PEn — T A R S
PEn S
n=0to 15

Figure 10.141 Error Occurrence in PWM Mode 1, Recovery in Normal Mode

After a reset, MTU2 output is low and ports are in the high-impedance state.
Set PWM mode 1.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

Ll

Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 1, the TIOC*B side is not initialized.)
5. Set MTU2 output with the PFC.

6. The count operation is started by TSTR.

7.  Output goes low on compare-match occurrence.

8. An error occurs.

9. Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR.

11. Set normal mode.

12. Initialize the pins with TIOR.

13. Set MTU2 output with the PFC.

14. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(8) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in PWM Mode 1

Figure 10.142 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWMT1) (1) (1init (MTU2) (1) occurs (PORT)  (0) (PWMT1) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output . _} _____ { . _} _____

PEn

High-Z .

Figure 10.142 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 1
1 to 10 are the same as in figure 10.141.

11. Not necessary when restarting in PWM mode 1.

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
13. Set MTU?2 output with the PFC.

14. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(9) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in PWM Mode 2

Figure 10.143 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1)  (1init (MTU2) (1) occurs (PORT)  (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)

...... AR VR SO S SO SO U

MTU2 module output__j _____ { ____} _____

TIOC*A — ' s L ' ' ' ' e Not initialized (cycle register)
TocB =TT eNemiiaized (0GB 1LY T T T
e N N T N T T N N T T T
pen— | Moz [ 1 [
P mgnz ] 1 N AU S S A
n=0to 15

Figure 10.143 Error Occurrence in PWM Mode 1, Recovery in PWM Mode 2
1 to 10 are the same as in figure 10.141.

11. Set PWM mode 2.

12. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
13. Set MTU?2 output with the PFC.

14. Operation is restarted by TSTR.

Note: PWM mode 2 can only be set for channels O to 2, and therefore TOER setting is not
necessary.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(10) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in Phase Counting Mode

Figure 10.144 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (1init (MTU2) (1) occurs (PORT) (0) (PCM) (t1init (MTU2) (1)
0 out) 0 out)

MTU2 moduleoutput  §  § ' [ 'R
TIOC*A — | R S L | | | R R S
TlocsB — CTTTT o Not initialized (TIOC*B) &~ T T L [ ; :

Port output 1 1 1 1 1 1 1 1 1 ] ] ] ] ]
PEn — . High-Z ! i | T b .
oIl : : : B [ : : : : :
PEn 77 , High-Z | : : M D R N [ U
n=0to 15

Figure 10.144 Error Occurrence in PWM Mode 1, Recovery in Phase Counting Mode
1 to 10 are the same as in figure 10.141.

11. Set phase counting mode.

12. Initialize the pins with TIOR.
13. Set MTU2 output with the PFC.
14. Operation is restarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(11) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in Complementary PWM Mode

Figure 10.145 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in complementary PWM mode after re-setting.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR

(PWM1) (1) (1init (MTU2) (1) occurs (PORT)  (0) (normal) (Olnlt(dlsabled) () (CPWM) (1) (MTU2) (1)
)

MTU2 module output

}
Portoutput ! ! :
PES —1 High-Z
PE9 — " High-Z '
PE11 — " High-Z |

Figure 10.145 Error Occurrence in PWM Mode 1,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 10.141.

11. Set normal mode for initialization of the normal mode waveform generation section.
12. Initialize the PWM mode 1 waveform generation section with TIOR.

13. Disable operation of the PWM mode 1 waveform generation section with TIOR.

14. Disable channel 3 and 4 output with TOER.

15. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set complementary PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU?2 output with the PFC.

19. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(12) Operation when Error Occurs during PWM Mode 1 Operation, and Operation is
Restarted in Reset-Synchronized PWM Mode

Figure 10.146 shows an explanatory diagram of the case where an error occurs in PWM mode 1
and operation is restarted in reset-synchronized PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 {10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (1 init (MTU2) (1) occurs(PORT)  (0) (normal) (0 init(disabled) (0) (RPWM) (1) (MTU2) (1)
0 out) 0 out)
MTU2 module output | " " ¥ " { | i i *

TIOC3A — , H H H H H H h H I S T
- L 1 T E—

TIOCSDT| ' T i : ; T.-.:.---.:.
Portoutput 1 11 S T T T N
PEg — . High-Z .
PO — o Fghz | i
PET1 A S SR N RO S AU S IR S R

Figure 10.146 Error Occurrence in PWM Mode 1,
Recovery in Reset-Synchronized PWM Mode

1 to 14 are the same as in figure 10.145.

15. Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set reset-synchronized PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU?2 output with the PFC.

19. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(13) Operation when Error Occurs during PWM Mode 2 Operation, and Operation is
Restarted in Normal Mode

Figure 10.147 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out) 0 out)

MTU2 moduleoutput___{ _____ {____} _____ { _____ + _____ } _____ { _____ + _____ + _____ { o { {

TIOC*A — 1 ® Not initialized (cycle register) . . . L o
TIOC*B — A j | A R T .’""| ] ]
RN S Lo oo . U T PR
Port output \ ) ) \ ) , , \ ) ) ) ) )
PEn ;High-Z, H H H T L T S oo
PEn —___Highz | I . R A TN SN DO
n=0to 15

Figure 10.147 Error Occurrence in PWM Mode 2, Recovery in Normal Mode

After a reset, MTU2 output is low and ports are in the high-impedance state.
Set PWM mode 2.

3. Initialize the pins with TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 2, the cycle register pins are not initialized. In the
example, TIOC*A is the cycle register.)

Set MTU?2 output with the PFC.
The count operation is started by TSTR.

4
5
6. Output goes low on compare-match occurrence.
7. An error occurs.

8. Set port output with the PFC and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Set normal mode.

11. Initialize the pins with TIOR.

12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(14) Operation when Error Occurs during PWM Mode 2 Operation, and Operation is
Restarted in PWM Mode 1

Figure 10.148 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (PWMT1) (1init (MTU2) (1)
0 out) 0 out)

MTU2 moduleoutput___{ _____ {____} _____ { _____ + _____ } _____ { _____ + _____ } _____ { o { *

TIOC*A —| \ o Not initialized (cycle register) | | \ I T .
T = LT SNl inialized (TIOGB)
Portoutput L i i bbb b b b
PEn \High-Z, | | | . R . Lo R
ren —{_HgZ 1. 1 . U S M S
n=0to 15

Figure 10.148 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 1
1 to 9 are the same as in figure 10.147.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(15) Operation when Error Occurs during PWM Mode 2 Operation, and Operation is
Restarted in PWM Mode 2

Figure 10.149 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)

®Not initialized (cycle register) ®Not initialized (cycle register)
TIOC*B -

R

Port output . 1 1 ]
PEn — High-Z! : : e |

PEn - Highzi | 1 | T

MTU2 module output  § {} _____ 'S 2 A 2 T { N A A A

n=0to 15

Figure 10.149 Error Occurrence in PWM Mode 2, Recovery in PWM Mode 2
1 to 9 are the same as in figure 10.147.

10. Not necessary when restarting in PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(16) Operation when Error Occurs during PWM Mode 2 Operation, and Operation is
Restarted in Phase Counting Mode

Figure 10.150 shows an explanatory diagram of the case where an error occurs in PWM mode 2
and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output ___{ _____ L___} _____ { _____ +_ ____} _____ { _____ + _____ } _____ { o + +

® Not initialized (cycle register)

TIOC*B -

'
!
T

P Rp—
'
'
'
'

———r -

Port output H \
PEn — High-Z,
PEn — High-Z;

n=0to 15

Figure 10.150 Error Occurrence in PWM Mode 2, Recovery in Phase Counting Mode
1 to 9 are the same as in figure 10.147.

10. Set phase counting mode.

11. Initialize the pins with TIOR.
12. Set MTU?2 output with the PFC.
13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(17) Operation when Error Occurs during Phase Counting Mode Operation, and Operation

is Restarted in Normal Mode

Figure 10.151 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in normal mode after re-setting.

1 2 3
RESET TMDR TIOR

(PCM) (1 init (MTU2)

0 out)
MTU2 module output { {

4

PFC TSTR Match Error

5 6 7 8 9 10 11

PFC TSTR TMDR TIOR

(0) (normal) (1init (MTU2)
0 out)

12 13
PFC TSTR
(1)

1) occurs (PORT)

TIOCB — o
Port output , i 1 |
PEn — High-Z;
PEn — High-Z,
n=0to 15

Figure 10.151 Error Occurrence in Phase Counting Mode, Recovery in Normal Mode

After a reset, MTU2 output is low and ports are in the high-impedance state.

Set phase counting mode.

Initialize the pins with TIOR. (The example shows initial high output, with low output on

compare-match occurrence.)
Set MTU?2 output with the PFC.

The count operation is started by TSTR.

Output goes low on compare-match occurrence.

An error occurs.

Set port output with the PFC and output the inverse of the active level.

The count operation is stopped by TSTR.

. Set in normal mode.

. Initialize the pins with TIOR.

. Set MTU2 output with the PFC.
. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(18) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in PWM Mode 1

Figure 10.152 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU2) (1) occurs (PORT)  (0) (PWM1) (1init (MTU2) (1)
0 out) 0 out)
MTU2 module output } { { * { } { + * {

N il i il sl B el

n=0to 15

Figure 10.152 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 1
1 to 9 are the same as in figure 10.151.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(19) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in PWM Mode 2

Figure 10.153 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU2) (1) occurs (PORT) (0) (PWM2) (1init (MTU2) (1)
0 out) 0 out)

moctA — |1 ®Not initialized (cycle register)

'
'
————— P—
'

'

'

'

MTU2 module output  { - . { | 'R A A { R 2 A

mocs — [ R L . [
Port output | \ \ \ \ , \ \ \ ,
PEn — High-Z22 | . . H IS S R TR .
PEn — _ HighZ [ I L S T
n=0to 15

Figure 10.153 Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 2
1 to 9 are the same as in figure 10.151.

10. Set PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(20) Operation when Error Occurs during Phase Counting Mode Operation, and Operation
is Restarted in Phase Counting Mode

Figure 10.154 shows an explanatory diagram of the case where an error occurs in phase counting
mode and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1 init (MTU2) (1) occurs (PORT) (0) (PCM) (1init (MTU2) (1)
0 out) 0 out)

MTU2 module output { +_ { { { } { + i i
TOC*A —™  + |\ . o
TocsB — |+ T | T ]_'_!_
_ L L I I [ PR —

Port output |

PEn ;

PEn

n=0to 15

Figure 10.154 Error Occurrence in Phase Counting Mode,
Recovery in Phase Counting Mode

1 to 9 are the same as in figure 10.151.

10. Not necessary when restarting in phase counting mode.
11. Initialize the pins with TIOR.

12. Set MTU?2 output with the PFC.

13. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(21) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Normal Mode

Figure 10.155 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out)
MTU2 module output { ¢ ¢ * ¢ * * ¢ ¢ * ¢
I e e [ 1T TTTTAaT T oo CTTTTAT T I T T T L
TIOC3A — ! ! ! ! ! !

Portoutput '_ i L
pee | wohz 1 | | L 1 i
peo— T Henz [ T [
PETt — T HighZ T LT - T T

Figure 10.155 Error Occurrence in Complementary PWM Mode,
Recovery in Normal Mode

After a reset, MTU2 output is low and ports are in the high-impedance state.

[N

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set MTU?2 output with the PFC.

The count operation is started by TSTR.

The complementary PWM waveform is output on compare-match occurrence.

An error occurs.

e A

Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR. (MTU?2 output becomes the complementary PWM
output initial value.)

11. Set normal mode. (MTU?2 output goes low.)
12. Initialize the pins with TIOR.

13. Set MTU2 output with the PFC.

14. Operation is restarted by TSTR.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

(22) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in PWM Mode 1

Figure 10.156 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU2) (1) occurs (PORT)  (0) (PWM1) (1init (MTU2) (1)
0 out)
MTU2 module output { { ¢ ¢ ¢ ¢ ¢ t * ¢ *
TIOC3A — - - : ' : : R

® Not initialized (TIOC3B)
[E PR —— | I —— L

o Not initialized (TIOC3D)

Port output o | | ! : :
PES T__ High-Z T —
PE9 —] mez T —1
PE11 —] ez o 1 L LT . — - P

Figure 10.156 Error Occurrence in Complementary PWM Mode,
Recovery in PWM Mode 1

1 to 10 are the same as in figure 10.155.

11. Set PWM mode 1. (MTU?2 output goes low.)

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
13. Set MTU2 output with the PFC.

14. Operation is restarted by TSTR.
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(23) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode

Figure 10.157 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in complementary PWM mode after re-setting (when
operation is restarted using the cycle and duty settings at the time the counter was stopped).

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
(CPWM) (1) (MTU2) (1) occurs (PORT)  (0) (MTU2) (1)

MTU2 module output ¢ ¢ ¢ * ¢ ¢ + * ¢

Portoutput 1 , 1
PES 1 High-Z .

PE9 —] High-z |

PE11 —] ___Highz_ |

Figure 10.157 Error Occurrence in Complementary PWM Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 10.155.

11. Set MTU?2 output with the PFC.
12. Operation is restarted by TSTR.

13. The complementary PWM waveform is output on compare-match occurrence.
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(24) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode

Figure 10.158 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in complementary PWM mode after re-setting (when
operation is restarted using completely new cycle and duty settings).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU2) (1) occurs (PORT) (0) (normal) (0) (CPWM) (1) (MTU2) (1)
MTU2 module output | " | | | v v " " | | " { | "
TIOC3D — | | . h o h h h
Potoutput | . 1 . i . oo n
pee— - monz | [ 1 v T [
peo— ¢+ mignz | v D
PEfT [ 7 Henz |

Figure 10.158 Error Occurrence in Complementary PWM Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 10.155.

11. Set normal mode and make new settings. (MTU2 output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the complementary PWM mode output level and cyclic output enabling/disabling with
TOCR.

14. Set complementary PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU2 output with the PFC.

17. Operation is restarted by TSTR.
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(25) Operation when Error Occurs during Complementary PWM Mode Operation, and
Operation is Restarted in Reset-Synchronized PWM Mode

Figure 10.159 shows an explanatory diagram of the case where an error occurs in complementary
PWM mode and operation is restarted in reset-synchronized PWM mode.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU2) (1) occurs(PORT)  (0) (normal) (0) (RPWM) (1) (MTU2) (1)
MTU2 module output | | |
TIOC3A —
TocaB —_1
T|oc3D:—|:::'""E'""E' """
Portoutput | | | | R R SR T | \ \ \ \ | | | |
pes—___ . High-z | [ | v
peo— 1 Wz [ Il
S 200 S I O S SO SO S H

Figure 10.159 Error Occurrence in Complementary PWM Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 10 are the same as in figure 10.155.

11. Set normal mode. (MTU?2 output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the reset-synchronized PWM mode output level and cyclic output enabling/disabling
with TOCR.

14. Set reset-synchronized PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU2 output with the PFC.

17. Operation is restarted by TSTR.
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(26) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in Normal Mode

Figure 10.160 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU2) (1) occurs (PORT) (0) (normal) (1init (MTU2) (1)
0 out)
MTU2 module output * ¢ * ¢ * ¢ * J ¢ *
T T T -t T T
I I I I I : I . [
L - L
' 0

...............

Y . [

mocso = T T

Portoupt . S e s S O S A
pes— i Highz | v L |
PE9 —] " Highz | [ ] 11T
PET1 — 1 HighzZ | i R

Figure 10.160 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in Normal Mode

After a reset, MTU2 output is low and ports are in the high-impedance state.

Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

Set reset-synchronized PWM.

Enable channel 3 and 4 output with TOER.

Set MTU?2 output with the PFC.

The count operation is started by TSTR.

The reset-synchronized PWM waveform is output on compare-match occurrence.

An error occurs.

e A

Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR. (MTU2 output becomes the reset-synchronized
PWM output initial value.)

11. Set normal mode. (MTU?2 positive phase output is low, and negative phase output is high.)
12. Initialize the pins with TIOR.

13. Set MTU2 output with the PFC.

14. Operation is restarted by TSTR.
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(27) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in PWM Mode 1

Figure 10.161 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU2) (1) occurs (PORT) (0) (PWM1) (1init (MTU2) (1)
0 out)

MTU2 module output ' y { v y y | v V v
mocsA— [ . R AN S N U S SO S N R
[ N —— L [N R [ - S — | PR ¥ QU — e o e e e e
TIOC3B ! : : : : ! I | e Not initialized (TIOC3B)
TIocap = " rTT VTt T . 11 ! =" ' o Not initialized (TIOC3D)
I [l ] [ Notinitalized (TIOC3D

Potoutout | 1 L L L bbb E
PES — T O T O S O T
peo—{ [ Az - [T Tl [T
PEMM— ' Hghz : | i T T T

Figure 10.161 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in PWM Mode 1

1 to 10 are the same as in figure 10.160.

11. Set PWM mode 1. (MTU?2 positive phase output is low, and negative phase output is high.)
12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)

13. Set MTU2 output with the PFC.

14. Operation is restarted by TSTR.
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(28) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in Complementary PWM Mode

Figure 10.162 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in complementary PWM mode after re-
setting.

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR TOER TOCR TMDR TOER PFC TSTR
(RPWM) (1) (MTU2) (1) ocours (PORT) () (0) CPWM) (1) (MTU2) (1)
MTU2 module output | v | ' \ | { " ) | { \ " v
TIOC3A — ' ' ' ' l;l i i i i N
TIOC3B — L
Tiocap =TT
Port output ‘
PEB:.-_:|
PEQ:-__:i
PE11 —]

Figure 10.162 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 10.160.

11. Disable channel 3 and 4 output with TOER.

12. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

13. Set complementary PWM. (The MTU?2 cyclic output pin goes low.)
14. Enable channel 3 and 4 output with TOER.

15. Set MTU?2 output with the PFC.

16. Operation is restarted by TSTR.
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(29) Operation when Error Occurs during Reset-Synchronized PWM Mode Operation, and
Operation is Restarted in Reset-Synchronized PWM Mode

Figure 10.163 shows an explanatory diagram of the case where an error occurs in reset-
synchronized PWM mode and operation is restarted in reset-synchronized PWM mode after re-
setting.

1 2 3 4 5 6 7 8 9 10 M 12 13
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
(RPWM) (1) (MTU2) (1) occurs (PORT)  (0) (MTU2) (1)

MTU2 module output * ¢

1o pL_

TIOC3D —

'
'
'
-
'
'
'
'
'
i
'
'
'
'
[ YR SR
'
'
'
'
|
d
'
'
'
L

-

| <—

-

-~

U

—-—

--b--q--rr-pr -
| <—

Port output ___: 1 1 H H
Pes — | MHohz | |
PEo — | Hghz : ]
PE11 —] ___Highz_ | |

Figure 10.163 Error Occurrence in Reset-Synchronized PWM Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 10 are the same as in figure 10.160.

11. Set MTU?2 output with the PFC.
12. Operation is restarted by TSTR.

13. The reset-synchronized PWM waveform is output on compare-match occurrence.
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Section 11 Multi-Function Timer Pulse Unit 2S (MTU2S)

This LSI has an on-chip multi-function timer pulse unit 2S (MTU2S) that comprises three 16-bit
timer channels. The MTU2S includes channels 3 to 5 of the MTU2. For details, refer to section 10,
Multi-Function Timer Pulse Unit 2 (MTU2). The MTU2S operates on M¢ clock (MTU clock)
while the MTU?2 operates on P¢ clock (peripheral clock) thus the term P¢ in the MTU2
corresponds to M¢ in the MTU2S. To distinguish from the MTU?2, "S" is added to the end of the
MTU?2S input/output pin and register names. For example, TIOC3A is called TIOC3AS and
TGRA_3 is called TGRA_3S in this section.

The MTU2S can operate at 80 MHz max. for complementary PWM output functions or at 40 MHz
max. for the other functions.
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Multi-Function Timer Pulse Unit 2S (MTU2S)

Table 11.1 MTU2S Functions

Item Channel 3 Channel 4 Channel 5

Count clock Mo/ Mo/ Mo/
Md/4 Mo¢/4 Md/4
M¢/16 M¢/16 M¢/16
M¢/64 M¢/64 M¢/64
M¢/256 M¢/256
M¢/1024 Md/1024

General registers  TGRA_3S TGRA_4S TGRU_5S
TGRB_3S TGRB_4S TGRV_5S

TGRW_5S

General registers/ TGRC_3S TGRC_4S —

buffer registers TGRD_3S TGRD_4S

I/0 pins TIOC3AS TIOC4AS Input pins
TIOC3BS TIOC4BS TIC5US
TIOC3CS TIOCA4CS TIC5VS
TIOC3DS TIOC4DS TIC5WS

Counter clear

TGR compare match or

TGR compare match or

TGR compare match or

function input capture input capture input capture
Compare 0 output v v —
match 1 output v —
output

Toggle \ —

output
Input capture v v v
function
Synchronous v v —
operation
PWM mode 1 «/ \ —
PWM mode 2 — — —
Complementary N N _
PWM mode
Reset PWM mode v —
AC synchronous — — —
motor drive mode
Phase counting — — —
mode
Buffer operation N v —
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Section 11 Multi-Function Timer Pulse Unit 2S (MTU2S)

Item Channel 3 Channel 4 Channel 5
Counter function of — — v
compensation for
dead time
DMAC activation — — —
A/D converter start TGRA_3S compare TGRA_4S compare —
trigger match or input capture  match or input capture
TCNT_4S underflow
(trough) in
complementary PWM
mode
Interrupt sources 5 sources 5 sources 3 sources

e Compare match or
input capture 3AS

e Compare match or
input capture 3BS

e Compare match or
input capture 3CS

e Compare match or
input capture 3DS

e Overflow

e Compare match or
input capture 4AS
e Compare match or
input capture 4BS
e Compare match or
input capture 4CS
e Compare match or
input capture 4DS
e Overflow or
underflow

Compare match or
input capture 5US
Compare match or
input capture 5VS
Compare match or
input capture 5WS

A/D converter start
request delaying
function

e A/D converter start
request at a match
between
TADCORA_4S and
TCNT_4S

e A/D converter start
request at a match
between
TADCORB_4S and
TCNT_4S
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Section 11
ltem Channel 3 Channel 4 Channel 5
Interrupt skipping e Skips TGRA_3S e Skips TCIV_4S —
function compare match interrupts
interrupts

[Legend]

v Possible

— Not possible
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Section 11 Multi-Function Timer Pulse Unit 2S (MTU2S)

11.1

Input/Output Pins

Table 11.2 Pin Configuration

Channel Symbol /O Function

3 TIOC3AS 1/0 TGRA_3S input capture input/output compare output/PWM output pin
TIOC3BS /0 TGRB_3S input capture input/output compare output/PWM output pin
TIOC3CS 1/0 TGRC_3S input capture input/output compare output/PWM output pin
TIOC3DS /0 TGRD_3S input capture input/output compare output/PWM output pin

4 TIOC4AS I/O TGRA_4S input capture input/output compare output/PWM output pin
TIOC4BS 1/0 TGRB_4S input capture input/output compare output/PWM output pin
TIOC4CS /0 TGRC_4S input capture input/output compare output/PWM output pin
TIOC4DS 1/0  TGRD_4S input capture input/output compare output/PWM output pin

5 TIC5US  Input TGRU_5S input capture input/external pulse input pin
TIC5VS  Input TGRV_5S input capture input/external pulse input pin
TIC5WS Input TGRW_5S input capture input/external pulse input pin

Note: For the pin configuration in complementary PWM mode, see table 10.54.
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Section 11 Multi-Function Timer Pulse Unit 2S (MTU2S)

11.2  Register Descriptions

The MTU2S has the following registers. For details on register addresses and register states during
each process, refer to section 26, List of Registers. To distinguish registers in each channel, an
underscore and the channel number are added as a suffix to the register name; TCR for channel 3
is expressed as TCR_3S.

Table 11.3 Register Configuration

Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
3 Timer control register_3S TCR_3S R/W H'00 H'FFFE4A00 8
Timer mode register_3S TMDR_3S R/W H'00 H'FFFE4A02 8
Timer I/O control register H_3S TIORH_3S R/W H'00 H'FFFE4A04 8
Timer I/O control register L_3S TIORL_3S R/W H'00 H'FFFE4A05 8
Timer interrupt enable TIER_3S R/W H'00 H'FFFE4A08 8
register_3S
Timer status register_3S TSR_3S R/W H'CO H'FFFE4A2C 8
Timer counter_3S TCNT_3S R/W H'0000 HFFFE4A10 16

Timer general register A_3S TGRA_3S R/W HFFFF H'FFFE4A18 16
Timer general register B_3S TGRB_3S R/W H'FFFF H'FFFE4A1A 16
Timer general register C_3S TGRC_3S R/W HFFFF HFFFE4A24 16
Timer general register D_3S TGRD_3S R/W HFFFF H'FFFE4A26 16

Timer buffer operation transfer TBTM_3S R/W H'00 H'FFFE4A38 8
mode register_3S

4 Timer control register_4S TCR_4S R/W H'00 H'FFFE4A01 8
Timer mode register_4S TMDR_4S R/W H'00 H'FFFE4A03 8
Timer I/O control register H_4S TIORH_4S R/W H'00 H'FFFE4A06 8
Timer I/O control register L_4S TIORL_4S R/W H'00 H'FFFE4A07 8
Timer interrupt enable TIER_4S R/W H'00 H'FFFE4A09 8
register_4S
Timer status register_4S TSR_4S R/W H'CO H'FFFE4A2D 8
Timer counter_4S TCNT_4S R/W H'0000 HFFFE4A12 16

Timer general register A_4S TGRA_4S R/W HFFFF HFFFE4A1C 16
Timer general register B_4S TGRB_4S R/W HFFFF HFFFE4A1E 16
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Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
4 Timer general register C_4S TGRC_4S R/W HFFFF H'FFFE4A28 16
Timer general register D_4S TGRD_4S R/W H'FFFF H'FFFE4A2A 16
Timer buffer operation transfer TBTM_4S R/W H'00 H'FFFE4A39 8
mode register_4S
Timer A/D converter start TADCRS R/W H'0000 H'FFFE4A40 16
request control register S
Timer A/D converter start TADCORA_4S R/W H'FFFF H'FFFE4A44 16
request cycle set register A_4S
Timer A/D converter start TADCORB_4S R/W H'FFFF H'FFFE4A46 16
request cycle set register B_4S
Timer A/D converter start TADCOBRA 45 R/W H'FFFF H'FFFE4A48 16
request cycle set buffer register
A_4S
Timer A/D converter start TADCOBRB_45 R/W H'FFFF H'FFFE4A4A 16
request cycle set buffer register
B_4S
5 Timer control register U_5S TCRU_5S R/W H'00 H'FFFE4884 8
Timer control register V_5S TCRV_5S R/W H'00 H'FFFE4894 8
Timer control register W_5S TCRW_5S R/W H'00 H'FFFE48A4 8
Timer I/O control register U_5S TIORU_5S R/W H'00 H'FFFE4886 8
Timer I/O control register V_5S TIORV_5S R/W H'00 H'FFFE4896 8
Timer 1/O control register W_5S TIORW_5S R/W H'00 H'FFFE48A6 8
Timer interrupt enable TIER_5S R/W H'00 H'FFFE48B2 8
register_5S
Timer status register_5S TSR_5S R/W H'00 H'FFFE48B0 8
Timer start register_5S TSTR_5S R/W H'00 H'FFFE48B4 8
Timer counter U_5S TCNTU_5S R/W H'0000 H'FFFE4880 16
Timer counter V_58 TCNTV_5S R/W H'0000 H'FFFE4890 16
Timer counter W_5S TCNTW_5S R/W H'0000 H'FFFE48A0 16
Timer general register U_5S TGRU_5S R/W HFFFF H'FFFE4882 16
Timer general register V_5S TGRV_5S R/W HFFFF HFFFE4892 16
Timer general register W_5S  TGRW_5S R/W HFFFF H'FFFE48A2 16
Timer compare match clear TCNTCMPCLRS R/W H'00 H'FFFE48B6 8
register S
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Multi-Function Timer Pulse Unit 2S (MTU2S)

Abbrevia- Initial Access
Channel Register Name tion R/W value Address Size
Common Timer start register S TSTRS R/W H'00 H'FFFE4A80 8
Timer synchronous register S TSYRS R/W H'00 H'FFFE4A81 8
Timer counter synchronous TCSYSTRS R/W H'00 H'FFFE4A82 8
start register S
Timer read/write enable TRWERS R/W H'01 H'FFFE4A84 8
register S
Common Timer output master enable TOERS R/W H'CO H'FFFE4AOA 8
to3and register S
4 Timer output control register 1S TOCR1S R/W H'00 H'FFFE4AQE 8
Timer output control register 28 TOCR2S R/W H'00 H'FFFE4AOF 8
Timer gate control register S TGCRS R/W H80 H'FFFE4AOD 8
Timer cycle control register S TCDRS R/W H'FFFF H'FFFE4A14 16
Timer dead time data register S TDDRS R/W H'FFFF HFFFE4A16 16
Timer subcounter S TCNTSS R H'0000 H'FFFE4A20 16
Timer cycle buffer register S TCBRS R/W H'FFFF HFFFE4A22 16
Timer interrupt skipping set TITCRS R/W  H'00 H'FFFE4A30 8
register S
Timer interrupt skipping counter TITCNTS R H'00 H'FFFE4A31 8
S
Timer buffer transfer set TBTERS R/W H'00 H'FFFE4A32 8
register S
Timer dead time enable TDERS R/W  H'01 H'FFFE4A34 8
register S
Timer synchronous clear TSYCRS R/W H'00 H'FFFE4A50 8
register S
Timer waveform control register TWCRS R/W H'00 H'FFFE4A60 8
S
Timer output level buffer TOLBRS R/W  H'00 H'FFFE4A36 8
register S
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Section 12 Port Output Enable 2 (POE2)

The port output enable 2 (POE2) can be used to place the high-current pins (PB18/TIOC3B,
PB19/TIOC3D, PB4/TIOC4A, PB5/TIOC4B, PB6/TIOCA4C, PB7/TIOC4D, PB12/TIOC4AS,
PB13/TIOC4BS, PB10/TIOC4CS, PB11/TIOC4DS, PB21/TIOC3BS, and PB20/TIOC3DS) and
the pins for channel 0 of the MTU2 (PA22/TIOCOA, PA23/TIOCOB, PA24/TIOCOC, and
PA25/TTIOCOD) in high-impedance state, depending on the change on the POEO, POE1, POE3,
POE4, POE7, and POES input pins and the output status of the high-current pins, or by modifying
register settings. It can also simultaneously generate interrupt requests.
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12.1 Features

e Each of the POEO, POE1, POE3, POE4, POE7, and POES input pins can be set for falling
edge, Po/8 x 16, P9/16 x 16, or P9/128 x 16 low-level sampling.

e High-current pins and the pins for channel 0 of the MTU2 can be placed in high-impedance
state by POEO, POE1, POE3, POE4, POE7, and POES pin falling-edge or low-level sampling.

e High-current pins can be placed in high-impedance state when the high-current pin output
levels are compared and simultaneous active-level output continues for one cycle or more.

e High-current pins and the pins for channel 0 of the MTU2 can be placed in high-impedance
state by modifying the POE2 register settings.

e Interrupts can be generated by input-level sampling or output-level comparison results.

The POE2 has input level detection circuits, output level comparison circuits, and a high-
impedance request/interrupt request generating circuit as shown in the block diagram of figure
12.1.
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Figure 12.1 shows a block diagram of the POE2.
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[Legend] Po
ICSR1: Input level control/status register 1 SPOER: Software port output enable register
ICSR2: Input level control/status register 2 POECR1: Port output enable control register 1
ICSR3: Input level control/status register 3 POECR2: Port output enable control register 2

OCSR1: Output level control/status register 1
OCSR2:  Output level control/status register 2

Figure 12.1 Block Diagram of POE2
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12.2  Input/Output Pins

Table 12.1 Pin Configuration

Pin Name

Symbol

/0

Function

Port output enable input pins
0,1,and 3

POEO, POET,
POE3

Input

Input request signals to place high-
current pins (PB18/TIOC3B,
PB19/TIOC3D, PB4/TIOCA4A,
PB5/TIOC4B, PB6/TIOCA4C, and
PB7/TIOC4D) for MTU2 in high-
impedance state

Port output enable input pins POE4 and POE7

4and7

Input

Input request signals to place high-
current pins (PB21/TIOC3BS,
PB20/TIOC3DS, PB12/TIOC4AS,
PB13/TIOC4BS, PB10/TIOC4CS,
and PB11/TIOC4DS) for MTU2S in
high-impedance state

Port output enable input pin 8 POES8

Input

Inputs a request signal to place pins
(PA22/TIOCOA, PA23/TIOCOB,
PA24/TIOCOC, and PA25/TIOCOD)
for channel 0 in MTUZ2 in high-
impedance state
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Table 12.2 shows output-level comparisons with pin combinations.

Table 12.2 Pin Combinations

Pin Combination 1/0

Description

PB18/TIOC3B and PB19/TIOC3D Output
PB4/TIOC4A and PB6/TIOCA4C
PB5/TIOC4B and PB7/TIOC4D

The high-current pins for the MTU2 are placed in
high-impedance state when the pins
simultaneously output an active level for one or
more cycles of the peripheral clock (P¢). (In the
case of TOCS = 0 in timer output control register 1
(TOCR?1) in the MTUZ2, low level when the output
level select P (OLSP) bit is 0, or high level when
the OLSP bitis 1. In the case of TOCS =1, low
level when the OLS3N, OLS3P, OLS2N, OLS2P,
OLS1N, and OLS1P bits are 0 in TOCR2, or high
level when these bits are 1.)

This active level comparison is done when the
MTU2 output function or general output function is
selected in the pin function controller. If another
function is selected, the output level is not
checked.

Pin combinations for output comparison and high-
impedance control can be selected by POE2
registers.

PB21/TIOC3BS and PB20/TIOC3DS Output
PB12/TIOC4AS and PB10/TIOC4CS
PB13/TIOC4BS and PB11/TIOC4DS

The high-current pins for the MTU2S are placed in
high-impedance state when the pins
simultaneously output an active level for one or
more cycles of the peripheral clock (P¢). (In the
case of TOCS = 0 in timer output control register
1S (TOCR1S) in the MTU2S, low level when the
output level select P (OLSP) bit is 0, or high level
when the OLSP bit is 1. In the case of TOCS =1,
low level when the OLS3N, OLS3P, OLS2N,
OLS2P, OLS1N, and OLS1P bits are 0 in
TOCR2S, or high level when these bits are 1.)

This active level comparison is done when the
MTU2S output function or general output function
is selected in the pin function controller. If another
function is selected, the output level is not
checked.

Pin combinations for output comparison and high-
impedance control can be selected by POE2
registers.
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12.3  Register Descriptions
The POE2 has the following registers.

All these registers are initialized by a power-on reset, but are not initialized by a manual reset or in
sleep mode, software standby mode, or module standby mode.

Table 12.3 Register Configuration

Initial Access

Register Name Abbreviation R/W Value Address Size
Input level control/status register 1 ICSR1 R/W H'0000 H'FFFE5000 16
Output level control/status register 1 OCSR1 R/W H'0000 H'FFFE5002 16
Input level control/status register 2 ICSR2 R/W H'0000 H'FFFE5004 16
Output level control/status register 2 OCSR2 R/W H'0000 H'FFFE5006 16
Input level control/status register 3 ICSR3 R/W H'0000 H'FFFE5008 16
Software port output enable register SPOER R/W H'00 H'FFFE500A 8

Port output enable control register 1 POECRH1 R/W H'00 H'FFFE500B 8

Port output enable control register 2 POECR2 R/W H'7700 H'FFFE500C 16

Rev. 2.00 May. 08, 2008 Page 612 of 1200
REJ09B0344-0200 RRENESAS



Section 12 Port Output Enable 2 (POE2)

12.3.1 Input Level Control/Status Register 1 (ICSR1)

ICSR1 is a 16-bit readable/writable register that selects the POEO, POE1, and POE3 pin input
modes, controls the enable/disable of interrupts, and indicates status.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IPOE3F‘ - ‘POE1F‘POEOF‘ - ‘ - ‘ - ‘ PIE1 ‘ POE3M[1:0] ‘ - ‘ - ‘ POE1M[1:0] POEOM[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R(W)*' R RIW)* R(W)*' R R R RW RW#2RW#2 R R RW#2 R/W:#2 R/W*2 R/W*2

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W Description
15 POES3F 0 R/(W)*' POES Flag

Indicates that a high impedance request has been input
to the POES pin.

[Clearing conditions]

e By writing 0 to POES3F after reading POES3F = 1
(when the falling edge is selected by bits 7 and 6 in
ICSR1)

e By writing 0 to POES3F after reading POES3F = 1 after
a high level input to POES is sampled at P¢/8, P/16,
or P¢/128 clock (when low-level sampling is selected
by bits 7 and 6 in ICSR1)

[Setting condition]

¢ When the input set by bits 7 and 6 in ICSR1 occurs at
the POE3 pin
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Initial
Bit Bit Name Value R/W Description
14 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
13 POE1F 0 R/(W)*' POE1 Flag

Indicates that a high impedance request has been input
to the POET1 pin.

[Clearing conditions]

e By writing 0 to POE1F after reading POE1F =1
(when the falling edge is selected by bits 3 and 2 in
ICSR1)

e By writing 0 to POE1F after reading POE1F = 1 after
a high level input to POET is sampled at P¢/8, P¢/186,
or P¢/128 clock (when low-level sampling is selected
by bits 3 and 2 in ICSR1)

[Setting condition]

e When the input set by bits 3 and 2 in ICSR1 occurs at
the POE1 pin
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Bit

Initial
Bit Name Value

R/W

Description

12

POEOF 0

R/(W)*’

POEO Flag

Indicates that a high impedance request has been input
to the POEOQ pin.

[Clear conditions]

e By writing 0 to POEOF after reading POEOF = 1
(when the falling edge is selected by bits 1 and 0 in
ICSR1)

e By writing 0 to POEOF after reading POEOF = 1 after
a high level input to POEQ is sampled at P¢/8, P¢/186,
or P¢/128 clock (when low-level sampling is selected
by bits 1 and 0 in ICSR1)

[Set condition]

e When the input set by bits 1 and 0 in ICSR1 occurs at
the POEO pin

11t09 — AllO

R

Reserved

These bits are always read as 0. The write value should
always be 0.

8

PIE1 0

R/W

Port Interrupt Enable 1

Enables or disables interrupt requests when any one of
the POEOF, POE1F, and POESF bits of the ICSR1 is set
to 1.

0: Interrupt requests disabled
1: Interrupt requests enabled

7,6

POE3M[1:0] 00

R/W*?

POE3 Mode
These bits select the input mode of the POE3 pin.
00: Accept request on falling edge of POES input

01: Accept request when POE3 input has been sampled
for 16 P¢/8 clock pulses and all are low level.

10: Accept request when POES input has been sampled
for 16 P¢/16 clock pulses and all are low level.

11: Accept request when POES input has been sampled
for 16 P¢/128 clock pulses and all are low level.
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Initial
Bit Bit Name Value R/W

Description

54 — AlO R

Reserved

These bits are always read as 0. The write value should
always be 0.

3,2 POE1M[1:0] 00 R/W*?

POE1 Mode
These bits select the input mode of the POE1 pin.
00: Accept request on falling edge of POE1 input

01: Accept request when POE1 input has been sampled
for 16 P¢/8 clock pulses and all are low level.

10: Accept request when POET1 input has been sampled
for 16 P¢/16 clock pulses and all are low level.

11: Accept request when POE1 input has been sampled
for 16 P¢/128 clock pulses and all are low level.

1,0  POEOM[1:0] 00 R/W2

POEO Mode
These bits select the input mode of the POEO pin.
00: Accept request on falling edge of POEO input

01: Accept request when POEDO input has been sampled
for 16 P¢/8 clock pulses and all are low level.

10: Accept request when POEO input has been sampled
for 16 P¢/16 clock pulses and all are low level.

11: Accept request when POEOQ input has been sampled
for 16 P¢/128 clock pulses and all are low level.

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.
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12.3.2  QOutput Level Control/Status Register 1 (OCSR1)

OCSR1 is a 16-bit readable/writable register that controls the enable/disable of both output level
comparison and interrupts, and indicates status.

Bt 15 14 13 12 11 {0 9 8 7 6 5 4 3 2 1 0
losei] - | - [ -] -] -JoceJoes| - [ -] -] -] -]-]-7]-]
Iniialvalue: 0 0o o0 o0 ©O0 ©0 O O 0 0 O O 0 0 0 0
RW.: /W' R R R R R RW2RW R R R R R R R R

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W Description
15 OSF1 0 R/(W)*' Output Short Flag 1
Indicates that any one of the three pairs of MTU2 2-
phase outputs to be compared has simultaneously
become an active level.
[Clearing condition]
e By writing 0 to OSF1 after reading OSF1 = 1
[Setting condition]
e When any one of the three pairs of 2-phase outputs
has simultaneously become an active level
14t010 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
9 OCEH1 0 R/W#**  Output Short High-Impedance Enable 1

Specifies whether to place the pins in high-impedance
state when the OSF1 bit in OCSR1 is set to 1.

0: Does not place the pins in high-impedance state
1: Places the pins in high-impedance state
8 OIE1 0 R/W Output Short Interrupt Enable 1

Enables or disables interrupt requests when the OSF1 bit
in OCSR is set to 1.

0: Interrupt requests disabled

1: Interrupt requests enabled
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Initial
Bit Bit Name Value R/W Description
7to0 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

12.3.3 Input Level Control/Status Register 2 (ICSR2)

ICSR2 is a 16-bit readable/writable register that selects the POE4 and POE7 pin input modes,
controls the enable/disable of interrupts, and indicates status.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IF‘OE7F‘ - ‘ - ‘ POE4F‘ - ‘ - ‘ - ‘ PIE2 ‘ POE7M[1:0] ‘ - ‘ - ‘ - ‘ - ‘ POE4M[1:0]
Iniialvaie: 0 0 0 O ©0 ©0 0 0 O O ©0 0 0 0 0 O
RW: R(W* R R RMW+ R R R RW RW2RW#2 R R R R RW?RW?

Notes: 1. Only 0 can be written to clear the flag after 1 is read.

2. Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W Description
15 POE7F 0 R/(W)*' POE7 Flag

Indicates that a high impedance request has been input
to the POE7 pin.

[Clearing conditions]

e By writing 0 to POE7F after reading POE7F = 1
(when the falling edge is selected by bits 7 and 6 in
ICSR2)

e By writing 0 to POE7F after reading POE7F = 1 after
a high level input to POE7 is sampled at P¢/8, P$/16,
or P$/128 clock (when low-level sampling is selected
by bits 7 and 6 in ICSR2)

[Setting condition]

¢ When the input condition set by bits 7 and 6 in ICSR2
occurs at the POE7 pin
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Initial
Bit Bit Name Value R/W Description

14,13 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

12 POEA4F 0 R/(W)*" POE4 Flag

Indicates that a high impedance request has been input
to the POE4 pin.

[Clearing conditions]

e By writing 0 to POE4F after reading POE4F = 1
(when the falling edge is selected by bits 1 and 0 in
ICSR2)

e By writing 0 to POE4F after reading POE4F = 1 after
a high level input to POE4 is sampled at P¢/8, P¢/186,
or P¢/128 clock (when low-level sampling is selected
by bits 1 and 0 in ICSR2)

[Setting condition]

e When the input condition set by bits 1 and 0 in ICSR2
occurs at the POE4 pin

1109 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

8 PIE2 0 R/W Port Interrupt Enable 2

Enables or disables interrupt requests when any one of
the POE4F and POE7F bits of the ICSR2 is set to 1.

0: Interrupt requests disabled
1: Interrupt requests enabled

7,6 POE7M[1:0] 00 R/W#** POE7 Mode
These bits select the input mode of the POE7 pin.
00: Accept request on falling edge of POE7 input

01: Accept request when POE7 input has been sampled
for 16 P¢/8 clock pulses and all are at a low level.

10: Accept request when POE7 input has been sampled
for 16 P¢/16 clock pulses and all are at a low level.

11: Accept request when POE7 input has been sampled
for 16 P¢/128 clock pulses and all are at a low level.
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Initial
Bit Bit Name Value R/W Description
5t0o2 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1,0 POE4M[1:0] 00 R/W#**  POE4 Mode

These bits select the input mode of the POE4 pin.
00: Accept request on falling edge of POE4 input

01: Accept request when POE4 input has been sampled
for 16 P¢/8 clock pulses and all are at a low level.

10: Accept request when POE4 input has been sampled
for 16 P¢/16 clock pulses and all are at a low level.

11: Accept request when POE4 input has been sampled
for 16 P¢/128 clock pulses and all are at a low level.

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.
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12.3.4  Output Level Control/Status Register 2 (OCSR2)

OCSR?2 is a 16-bit readable/writable register that controls the enable/disable of both output level
comparison and interrupts, and indicates status.

Bt 15 14 13 12 11 {0 9 8 7 6 5 4 3 2 1 0
losre| - | - [ -] -] JoceeJoee] - | -] -] -] -]-]-1]-]
Iniialvalue: 0 0o o0 o0 ©O0 ©0 O O 0 0 O O 0 0 0 0
RW.: /W' R R R R R RW2RW R R R R R R R R

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W Description
15 OSF2 0 R/(W)*' Output Short Flag 2
Indicates that any one of the three pairs of MTU2S 2-
phase outputs to be compared has simultaneously
become an active level.
[Clearing condition]
e By writing 0 to OSF2 after reading OSF2 = 1
[Setting condition]
e When any one of the three pairs of 2-phase outputs
has simultaneously become an active level
14t010 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
9 OCE2 0 R/W#*  Output Short High-Impedance Enable 2

Specifies whether to place the pins in high-impedance
state when the OSF2 bit in OCSR2 is set to 1.

0: Does not place the pins in high-impedance state
1: Places the pins in high-impedance state
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Initial
Bit Bit Name Value R/W Description
8 OIE2 0 R/W Output Short Interrupt Enable 2

Enables or disables interrupt requests when the OSF2 bit
in OCSR2 is setto 1.

0: Interrupt requests disabled

1: Interrupt requests enabled

7t00 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

12.3.5 Input Level Control/Status Register 3 (ICSR3)

ICSR3 is a 16-bit readable/writable register that selects the POES pin input mode, controls the
enable/disable of interrupts, and indicates status.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘POESF‘ - ‘ - ‘POEBE‘ PIE3 ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ POES8M[1:0]
Initialvalte: 0 0 o0 ©0 ©0 0 0 O O O O 0 0 0 0 0

R/W: R R R R/(W)*' R R R/W*2 R/W R R R R R R R/W*2 R/W:2

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W Description
15t0 13 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
12 POESF 0 R/(W)*' POES Flag
Indicates that a high impedance request has been input
to the POES pin.
[Clearing conditions]
e By writing 0 to POESF after reading POESF = 1
(when the falling edge is selected by bits 1 and 0 in
ICSR3)
e By writing 0 to POESF after reading POES8F = 1 after
a high level input to POES8 is sampled at P¢/8, P¢/16,
or P¢/128 clock (when low-level sampling is selected
by bits 1 and 0 in ICSR3)
[Setting condition]
o When the input condition set by bits 1 and 0 in
ICSRS3 occurs at the POES pin
11,10 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
9 POESE 0 R/W*?  POES8 High-Impedance Enable
Specifies whether to place the pins in high-impedance
state when the POESF bit in ICSR3 is set
to 1.
0: Does not place the pins in high-impedance state
1: Places the pins in high-impedance state
8 PIE3 0 R/W Port Interrupt Enable 3
Enables or disables interrupt requests when the POE8
bit in ICSR3 is set to 1.
0: Interrupt requests disabled
1: Interrupt requests enabled
7to2 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
1,0 POE8M[1:0] 00 R/W#**  POE8 Mode

These bits select the input mode of the POES pin.
00: Accept request on falling edge of POES input

01: Accept request when POES input has been sampled
for 16 P¢/8 clock pulses and all are low level.

10: Accept request when POES input has been sampled
for 16 P¢/16 clock pulses and all are low level.

11: Accept request when POES input has been sampled
for 16 P¢/128 clock pulses and all are low level.

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Can be modified only once after a power-on reset.

12.3.6  Software Port Output Enable Register (SPOER)
SPOER is an 8-bit readable/writable register that controls high-impedance state of the pins.

Bit: 7 6 5 4 3 2 1 0

S N 75 4

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R RW R/W R/W

Initial
Bit Bit Name Value R/W Description
7t03 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
2 MTU2SHIZ 0 R/W MTU2S Output High-Impedance

Specifies whether to place the high-current pins for
the MTU2S in high-impedance state.

0: Does not place the pins in high-impedance state
[Clearing conditions]
o Power-on reset

e By writing 0 to MTU2SHIZ after reading
MTU2SHIZ = 1

1: Places the pins in high-impedance state
[Setting condition]
e By writing 1 to MTU2SHIZ

1 MTU2CHOHIZ 0 R/W MTU2 Channel 0 Output High-Impedance

Specifies whether to place the pins for channel 0 in
the MTU2 in high-impedance state.

0: Does not place the pins in high-impedance state

[Clearing conditions]

e Power-on reset

e By writing 0 to MTU2CHOHIZ after reading
MTU2CHOHIZ = 1

1: Places the pins in high-impedance state

[Setting condition]

e By writing 1 to MTU2CHOHIZ

0 MTU2CH34HIZ 0 R/W MTU2 Channel 3 and 4 Output High-Impedance

Specifies whether to place the high-current pins for
the MTU2 in high-impedance state.

0: Does not place the pins in high-impedance state
[Clearing conditions]
o Power-on reset

e By writing 0 to MTU2CH34HIZ after reading
MTU2CH34HIZ = 1

1: Places the pins in high-impedance state
[Setting condition]
e By writing 1 to MTU2CH34HIZ
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12.3.7  Port Output Enable Control Register 1 (POECR1)

POECRI is an 8-bit readable/writable register that controls high-impedance state of the pins.

Bit: 7

6 5 4 3 2 1 0

i | i | i | MTU2 | MTU2 | MTU2 | MTU2
PA25ZE|PA24ZE|PA23ZE [PA22ZE

Initial value: 0
R/W: R

0 0 0 0 0 0 0
R R R R/W#* R/W#* R/W* R/W*

Note: * Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W

Description

7t04 — AllO R

Reserved

These bits are always read as 0. The write value
should always be 0.

3 MTU2PA25ZE 0 R/W:

MTU2PA25 High-Impedance Enable

Specifies whether to place the PA25/TIOCOD pin for
channel 0 in the MTU2 in high-impedance state when
either POE8F or MTU2CHOHIZ bit is set to 1.

0: Does not place the pin in high-impedance state
1: Places the pin in high-impedance state

2 MTU2PA24ZE 0 R/W:

MTU2PA24 High-Impedance Enable

Specifies whether to place the PA24/TIOCOC pin for
channel 0 in the MTU2 in high-impedance state when
either POE8F or MTU2CHOHIZ bit is set to 1.

0: Does not place the pin in high-impedance state
1: Places the pin in high-impedance state

1 MTU2PA23ZE 0 R/W*

MTU2PA23 High-Impedance Enable

Specifies whether to place the PA23/TIOCOB pin for
channel 0 in the MTU2 in high-impedance state when
either POE8F or MTU2CHOHIZ bit is set to 1.

0: Does not place the pin in high-impedance state
1: Places the pin in high-impedance state
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Initial
Bit Bit Name Value R/W Description
0 MTU2PA22ZE 0 R/W#*  MTU2PA22 High-Impedance Enable

Specifies whether to place the PA22/TIOCOA pin for
channel 0 in the MTU2 in high-impedance state when
either POE8F or MTU2CHOHIZ bit is set to 1.

0: Does not place the pin in high-impedance state
1: Places the pin in high-impedance state

12.3.8  Port Output Enable Control Register 2 (POECR2)

POECR?2 is a 16-bit readable/writable register that controls high-impedance state of the pins.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R MTU2 [ MTU2 | MTU2 R MTU2S | MTU2S [ MTU2S R R R - - R R -
I ‘ P1CZE ‘ P2CZE ‘ P3CZE ‘ ‘ P1CZE ‘ P2CZE ‘ P3CZE ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I
Initial value: 0 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0

R/W: R R/W#* R/W* R/W* R R/W* R/W* R/W=* R R R R R R R R

Note: * Can be modified only once after a power-on reset.

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
14 MTU2P1CZE 1 R/W#*  MTU2 Port 1 Output Comparison/High-Impedance
Enable

Specifies whether to compare output levels for the
MTU2 high-current PB18/TIOC3B and PB19/TIOC3D
pins and to place them in high-impedance state when
the OSF1 bit is set to 1 while the OCE1 bitis 1 or
when any one of the POEOF, POE1F, POESF, and
MTU2CHB4HIZ bits is set to 1.

0: Does not compare output levels or place the pins in
high-impedance state

1: Compares output levels and places the pins in
high-impedance state
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Bit

Initial
Bit Name Value

R/W

Description

13

MTU2P2CZE 1

R/W

MTU2 Port 2 Output Comparison/High-Impedance
Enable

Specifies whether to compare output levels for the
MTU2 high-current PB4/TIOC4A and PB6/TIOC4C
pins and to place them in high-impedance state when
the OSF1 bit is set to 1 while the OCE1 bitis 1 or
when any one of the POEOF, POE1F, POES3F, and
MTU2CH34HIZ bits is set to 1.

0: Does not compare output levels or place the pins in
high-impedance state

1: Compares output levels and places the pins in
high-impedance state

12

MTU2P3CZE 1

R/W*

MTU2 Port 3 Output Comparison/High-Impedance
Enable

Specifies whether to compare output levels for the
MTU2 high-current PB5/TIOC4B and PB7/TIOC4D
pins and to place them in high-impedance state when
the OSF1 bit is set to 1 while the OCE1 bitis 1 or
when any one of the POEOF, POE1F, POESF, and
MTU2CHB34HIZ bits is set to 1.

0: Does not compare output levels or place the pins in
high-impedance state

1: Compares output levels and places the pins in
high-impedance state

11

Reserved

This bit is always read as 0. The write value should
always be 0.

10

MTU2SP1CZE 1

R/W*

MTU2S Port 1 Output Comparison/High-Impedance
Enable

Specifies whether to compare output levels for the
MTU2S high-current PB21/TIOC3BS and
PB20/TIOC3DS pins and to place them in high-
impedance state when the OSF2 bit is set to 1 while
the OCE2 bit is 1 or when any one of the POE4F,
POE7F, and MTU2SHIZ bits is set to 1.

0: Does not compare output levels or place the pins in
high-impedance state.

1: Compares output levels and places the pins in
high-impedance state.
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Initial
Bit Bit Name Value R/W Description

9 MTU2SP2CZE 1 R/W#*  MTU2S Port 2 Output Comparison/High-Impedance
Enable

Specifies whether to compare output levels for the
MTU2S high-current PB12/TIOC4AS and
PB10/TIOCA4CS pins and to place them in high-
impedance state when the OSF2 bit is set to 1 while
the OCE2 bit is 1 or when any one of the POE4F,
POE7F, and MTU2SHIZ bits is set to 1.

0: Does not compare output levels or place the pins in
high-impedance state.

1: Compares output levels and places the pins in
high-impedance state.

8 MTU2SP3CZE 1 R/W#*  MTU2S Port 3 Output Comparison/High-Impedance
Enable

Specifies whether to compare output levels for the
MTU2S high-current PB13/TIOC4BS and
PB11/TIOC4DS pins and to place them in high-
impedance state when the OSF2 bit is set to 1 while
the OCE2 bit is 1 or when any one of the POE4F,
POE7F, and MTU2SHIZ bits is set to 1.

0: Does not compare output levels or place the pins in
high-impedance state.

1: Compares output levels and places the pins in
high-impedance state.

7to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

Note: * Can be modified only once after a power-on reset.
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124  Operation

Table 12.4 shows the target pins for high-impedance control and conditions to place the pins in
high-impedance state.

Table 12.4 Target Pins and Conditions for High-Impedance Control

Pins Conditions Detailed Conditions

MTU2 high-current pins Input level detection, MTU2P1CZE

(PB18/TIOC3B and output level comparison, or  ((POE3F+POE1F+POEQF) + (OSF1
PB19/TIOC3D) SPOER setting OCE1) + (MTU2CH34HI1z))

MTU2 high-current pins Input level detection, MTU2P2CZE

(PB4/TIOC4A and output level comparison, or  ((POE3F+POE1F+POEQF) + (OSF1
PB6/TIOCA4C) SPOER setting OCE1) + (MTU2CH34HI1z))

MTU2 high-current pins Input level detection, MTU2P3CZE «

(PB5/TIOC4B and output level comparison, or  ((POE3F+POE1F+POEOQF) + (OSF1 e
PB7/TIOC4D) SPOER setting OCE1) + (MTU2CH34H1z))

MTU2S high-current pins  Input level detection, MTU2SP1CZE

(PB21/TIOC3BS and output level comparison, or  ((POE4F+POE7F) + (OSF2 ¢ OCE2) +
PB20/TIOC3DS) SPOER setting (MTU2SHI2))

MTU2S high-current pins  Input level detection, MTU2SP2CZE

(PB12/TIOC4AS and output level comparison, or  ((POE4F+POE7F) + (OSF2 e« OCE2) +
PB10/TIOCA4CS) SPOER setting (MTU2SHI2))

MTU2S high-current pins  Input level detection, MTU2SP3CZE

(PB13/TIOC4BS and output level comparison, or  ((POE4F+POE7F) + (OSF2 « OCE2) +
PB11/TIOC4DS) SPOER setting (MTU2SHI2))

MTU2 channel 0 pins Input level detection or ((POES8F ¢ POES8E) + (MTU2CHOHIZ))
(PA22/TIOCOA, SPOER setting

PA23/TIOCOB,

PA24/TIOCOC, and

PA25/TIOCOD)
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12.4.1 Input Level Detection Operation

If the input conditions set by ICSR1 to ICSR3 occur on the POEO, POE1, POE3, POE4, POE7,
and POES pins, the high-current pins and the pins for channel 0 of the MTU?2 are placed in high-
impedance state. Note however, that these high-current and MTU2 pins enter high-impedance
state only when general input/output function, MTU2 function, or MTU2S function is selected for
these pins.

(1) Falling Edge Detection

When a change from a high to low level is input to the POEO, POE1, POE3, POE4, POE7, and
POES pins, the high-current pins and the pins for channel 0 of the MTU?2 are placed in high-
impedance state.

Figure 12.2 shows the sample timing after the level changes in input to the POEO, POE1, POE3,
POE4, POE7, and POES pins until the respective pins enter high-impedance state.

P ’ \ ’ \ ’ \ ’ \
P¢ rising edge

[

POE input \

1/

Falling edge detection

PB18/
TIOC3B

High-impedance state

Note: The other high-current pins and MTU2 channel 0 pins also enter the high-impedance state in the similar timing.

Figure 12.2 Falling Edge Detection
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(2) Low-Level Detection

Figure 12.3 shows the low-level detection operation. Sixteen continuous low levels are sampled
with the sampling clock selected by ICSR1 to ICSR3. If even one high level is detected during this
interval, the low level is not accepted.

The timing when the high-current pins enter the high-impedance state after the sampling clock is
input is the same in both falling-edge detection and in low-level detection.

cycles
-

Po il iiyiyigigigly

§ 1 1 1

) ) )
1 L 1

POE input \ l ) l ) "-"i"\‘ ) l /
L 1 L

PB18/TIOC3B | I I—’

When low level is
sampled at all points (1) 2 (3)

‘ 8/16/128 clock ‘

High-impedance state*

,,,,,,,,,,,,,,,,,,,,,,,,,,, + Flag set
(1) (POE received)

When high level is
sampledgat least once (1) 22— (18)  Flag not set

Note: * The other high-current pins and MTU2 channel 0 pins also enter the high-impedance state in the similar timing.

Figure 12.3 Low-Level Detection Operation

12.4.2  Output-Level Compare Operation

Figure 12.4 shows an example of the output-level compare operation for the combination of
TIOC3B and TIOC3D. The operation is the same for the other pin combinations.

P MMM UL LALLM

i« Low level overlapping detected

PBI8/ ] ' !
TIOC3B | Ll v
PB19/ I
TIOC3D

|
1
1
I
| High impedance state
—

Figure 12.4 Output-Level Compare Operation
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12.4.3  Release from High-Impedance State

High-current pins that have entered high-impedance state due to input-level detection can be
released either by returning them to their initial state with a power-on reset, or by clearing all of
the flags in bits 15 to 12 (POESF, POE7F, POE4F, POE3F, POEIF, and POEOF) of ICSR1 to
ICSR3. However, note that when low-level sampling is selected by bits 7 to 0 in ICSR1 to ICSR3,
just writing O to a flag is ignored (the flag is not cleared); flags can be cleared by writing O to it
only after a high level is input to one of the POEO, POE1, POE3, POE4, POE7, and POES pins
and is sampled.

High-current pins that have entered high-impedance state due to output-level detection can be
released either by returning them to their initial state with a power-on reset, or by clearing the flag
in bit 15 (OCF1 and OCF2) in OCSR1 and OCSR2. However, note that just writing O to a flag is
ignored (the flag is not cleared); flags can be cleared only after an inactive level is output from the
high-current pins. Inactive-level outputs can be achieved by setting the MTU2 and MTU2S
internal registers.

Rev. 2.00 May. 08, 2008 Page 633 of 1200
RENESAS REJ09B0344-0200



Section 12 Port Output Enable 2 (POE2)

12.5 Interrupts

The POE2 issues a request to generate an interrupt when the specified condition is satisfied during
input level detection or output level comparison. Table 12.5 shows the interrupt sources and their
conditions.

Table 12.5 Interrupt Sources and Conditions

Name Interrupt Source Interrupt Flag Condition

OEIN1 Output enable interrupt 1 POES3F, POE1F, POEOF, PIE1 ¢ (POE3F + POE1F +
and OSF1 POEOQF) + OIE1 ¢« OSF1

OEI2 Output enable interrupt2 ~ POE8F PIE3 « POESF

OEI3 Output enable interrupt 3  POE4F, POE7F, and PIE2 ¢ (POE4F + POET7F) +
OSF2 OIE2 ¢« OSF2
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12.6  Usage Note

12.6.1 Pin Status When the WDT Issues a Power-On Reset

When a power-on reset is issued by the WDT, the pin function controller (PFC) is initialized and
the I/O ports function as general inputs (initial value).

If a power-on reset is issued by the WDT during high-impedance processing by the port output
enable (POE) signal, the I/O port pins are placed in output state for a time period of one cycle of
the peripheral clock, P, until the pin functions switch to general inputs.

If a power-on reset is issued by the WDT during high-impedance processing by MTU2 or MTU2S
short detection, the I/O port pins are placed in the same status as described above.

Figure 12.5 shows the I/O port pin status when a power-on reset is issued by the WDT during
high-impedance processing by the POE input while the timer output is selected.

& S Y U

POE input \ \ ; ;
Pin status Timer output \\ ) KILT;& : General input
! High-impedance state < !
One cycle of the
peripheral clock P¢
PFC setting value Timer output X General input
Power-on reset by WDT /

Figure 12.5 Pin Status When Power-on Reset is Issued from Watchdog Timer
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Section 13 Compare Match Timer (CMT)

This LSI has an on-chip compare match timer (CMT) consisting of a two-channel 16-bit timer.
The CMT has al6-bit counter, and can generate interrupts at set intervals.

13.1

Features

Independent selection of four counter input clocks at two channels

Any of four internal clocks (P¢/8, P$/32, Pp/128, and Pp/512) can be selected.

DMAC setting

consumption.

Figure 13.1 shows a block diagram of CMT.

Selection of DMA transfer request or interrupt request generation on compare match by

When not in use, the CMT can be stopped by halting its clock supply to reduce power

A P¢/8

P¢/32 P¢/128 P¢/512

Po/8

P¢/32 P¢/128 P¢/512

A Y Y A4

Y

Y A4 v

Control circuit Clock selection

%

Control circuit

|—>| Clock selection

A A

{

A

T

CMSTR

<
&
>
<

CMCSR_0
CMCOR_0
Comparator
CMCNT_0

Channel 0

<
&

CMCSR_1
CMCOR_1

Comparator
CMCNT_1

Channel 1

Bus

N

%
N\

N

N

Module bus

\] interface
/

[Legend]
CMSTR:
CMCSR:

CMCOR:

CMCNT:
CMI:

Compare match timer start register
Compare match timer control/status register
Compare match constant register

Compare match counter

Compare match interrupt

Internal bus

Figure 13.1 Block Diagram of CMT
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13.2  Register Descriptions
The CMT has the following registers.

Table 13.1 Register Configuration

Initial Access
Channel Register Name Abbreviation R/W Value  Address Size
Common Compare match timer start register CMSTR R/W H'0000 H'FFFEC000 16
0 Compare match timer control/ CMCSR_0 R/(W)* H'0000 HFFFEC002 16
status register_0
Compare match counter_0 CMCNT_0 R/W H'0000 H'FFFEC004 16
Compare match constant register 0 CMCOR_0 R/W HFFFF H'FFFEC006 16
1 Compare match timer control/ CMCSR_1 R/(W)* H'0000 HFFFEC008 16
status register_1
Compare match counter_1 CMCNT_1 R/W H'0000 H'FFFECO00A 16
Compare match constant register_1  CMCOR_1 R/W H'FFFF H'FFFEC00C 16
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13.2.1 Compare Match Timer Start Register (CMSTR)

CMSTR is a 16-bit register that selects whether compare match counter (CMCNT) operates or is
stopped.

CMSTR is initialized to H'0000 by a power-on reset or in software standby mode, but retains its
previous value in module standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

- t-r-r-r-1-7-7T-[T-J-[-J]-J-]- [swmsto
Iniialvaie: 0 0 0 O ©0 0 o0 0 O O 0 0 0 0 0 0
RW. R R R R R R R R R R R R R R RW RW

Initial
Bit Bit Name Value R/W Description
15t02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1 STR1 0 R/W  Count Start 1

Specifies whether compare match counter_1 operates
or is stopped.

0: CMCNT_1 count is stopped
1: CMCNT_1 count is started
0 STRO 0 R/W  Count Start 0

Specifies whether compare match counter_0 operates
or is stopped.

0: CMCNT_O count is stopped
1: CMCNT_O count is started
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13.2.2  Compare Match Timer Control/Status Register (CMCSR)

CMCSR is a 16-bit register that indicates compare match generation, enables or disables
interrupts, and selects the counter input clock.

CMCSR is initialized to H'0000 by a power-on reset or in software standby mode, but retains its
previous value in module standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L- [ -1 -[ -7 -1-J-]-Jowfome] -] -] -]-] cxa

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R/(W)* R/W R R R R RW  R/W

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 CMF 0 R/(W)* Compare Match Flag

Indicates whether or not the values of CMCNT and
CMCOR match.

0: CMCNT and CMCOR values do not match
[Clearing condition]

e When 0 is written to CMF after reading CMF = 1
1: CMCNT and CMCOR values match

6 CMIE 0 R/W  Compare Match Interrupt Enable

Enables or disables compare match interrupt (CMI)
generation when CMCNT and CMCOR values match
(CMF =1).

0: Compare match interrupt (CMI) disabled
1: Compare match interrupt (CMI) enabled

5to2 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
1,0 CKS[1:0] 00 R/W  Clock Select

These bits select the clock to be input to CMCNT from
four internal clocks obtained by dividing the peripheral
clock (P¢). When the STR bit in CMSTR is set to 1,
CMCNT starts counting on the clock selected with bits
CKS[1:0].

00: P¢/8
01: P¢/32
10: P¢/128
11: P¢/512
Note: * Only 0 can be written to clear the flag after 1 is read.
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13.2.3 Compare Match Counter (CMCNT)

CMCNT is a 16-bit register used as an up-counter. When the counter input clock is selected with
bits CKS[1:0] in CMCSR, and the STR bit in CMSTR is set to 1, CMCNT starts counting using

the selected clock. When the value in CMCNT and the value in compare match constant register
(CMCOR) match, CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set to 1.

CMCNT is initialized to H'0000 by a power-on reset or in software standby mode, but retains its
previous value in module standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

13.24  Compare Match Constant Register (CMCOR)
CMCOR is a 16-bit register that sets the interval up to a compare match with CMCNT.

CMCOR is initialized to H'FFFF by a power-on reset or in software standby mode, but retains its
previous value in module standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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13.3  Operation

13.3.1 Interval Count Operation

When an internal clock is selected with the CKS[1:0] bits in CMCSR and the STR bit in CMSTR
is set to 1, CMCNT starts incrementing using the selected clock. When the values in CMCNT and
CMCOR match, CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set to 1. When the
CMIE bit in CMCSR is set to 1 at this time, a compare match interrupt (CMI) is requested.
CMCNT then starts counting up again from H'0000.

Figure 13.2 shows the operation of the compare match counter.

CMCNT value Counter cleared by compare

/ match with CMCOR

CMCOR

H'0000

Time

Figure 13.2 Counter Operation

13.3.2 CMCNT Count Timing

One of four clocks (P¢/8, Pd/32, Pp/128, and P$/512) obtained by dividing the peripheral clock
(P¢) can be selected with the CKS[1:0] bits in CMCSR. Figure 13.3 shows the timing.

e LML ML ML P LT

Internal clock | |

I
P

| Clock | | Clock |
Count clock N . . N 1

U U

I I

cMeNT X o N o X N+1

), ).

Figure 13.3 Count Timing
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13.4  Interrupts

13.4.1 Interrupt Sources and DMA Transfer Requests

The CMT has channels and each of them to which a different vector address is allocated has a
compare match interrupt. When both the interrupt request flag (CMF) and the interrupt enable bit
(CMIE) are set to 1, the corresponding interrupt request is output. When the interrupt is used to
activate a CPU interrupt, the priority of channels can be changed by the interrupt controller
settings. For details, see section 6, Interrupt Controller INTC).

Clear the CMF bit to 0 by the user exception handling routine. If this operation is not carried out,
another interrupt will be generated. The direct memory access controller (DMAC) can be set to be
activated when a compare match interrupt is requested. In this case, an interrupt is not issued to
the CPU. If the setting to activate the DMAC has not been made, an interrupt request is sent to the
CPU. The CMF bit is automatically cleared to O when data is transferred by the DMAC.

13.4.2 Timing of Compare Match Flag Setting

When CMCOR and CMCNT match, a compare match signal is generated at the last state in which
the values match (the timing when the CMCNT value is updated to H'0000) and the CMF bit in
CMCSR is set to 1. That is, after a match between CMCOR and CMCNT, the compare match
signal is not generated until the next CMCNT counter clock input. Figure 13.4 shows the timing of
CMF bit setting.
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Peripheral clock
(Po)

Counter clock Clock
N+1

CMCNT N /\ 0

CMCOR N

Compare match
signal

Figure 13.4 Timing of CMF Setting

13.4.3 Timing of Compare Match Flag Clearing

The CMF bit in CMCSR is cleared by first, reading as 1 then writing to 0. However, in the case of

the DMAC being activated, the CMF bit is automatically cleared to O when data is transferred by
the DMAC.
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13.5  Usage Notes

13.5.1  Conflict between Write and Compare-Match Processes of CMCNT

When the compare match signal is generated in the T2 cycle while writing to CMCNT, clearing
CMCNT has priority over writing to it. In this case, CMCNT is not written to. Figure 13.5 shows
the timing to clear the CMCNT counter.

CMCSR write cycle
T1 T2

Peripheral clock
(Po) —l |_’ |_| |_’ |_| |_| |_

Address signal X CMCNT X

Internal write signal

Counter clear signal | |

CMCNT N H'0000

Figure 13.5 Conflict between Write and Compare Match Processes of CMCNT
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13.5.2  Conflict between Word-Write and Count-Up Processes of CMCNT

Even when the count-up occurs in the T2 cycle while writing to CMCNT in words, the writing has
priority over the count-up. In this case, the count-up is not performed. Figure 13.6 shows the
timing to write to CMCNT in words.

CMCSR write cycle
T1 T2
(Po)
Address signal X CMCNT X

Internal write signal | |
CMCNT count-up | |
enable signal

CMCNT N X M

Figure 13.6 Conflict between Word-Write and Count-Up Processes of CMCNT
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13.5.3  Conflict between Byte-Write and Count-Up Processes of CMCNT

Even when the count-up occurs in the T2 cycle while writing to CMCNT in bytes, the writing has
priority over the count-up. In this case, the count-up is not performed. The byte data on the other
side, which is not written to, is also not counted and the previous contents are retained.

Figure 13.7 shows the timing when the count-up occurs in the T2 cycle while writing to
CMCNTH in bytes.

CMCSR write cycle
T1 T2

Peripheral clock
(P9) I |_| |_| |_’ |_| |_’ |_

Address signal X CMCNTH X

Internal write signal

LI

CMCNT count-up I_l
\

\

enable signal
CMCNTH N M
CMCNTL X X

Figure 13.7 Conflict between Byte-Write and Count-Up Processes of CMCNT

13.54 Compare Match Between CMCNT and CMCOR

Do not set a same value to CMCNT and CMCOR while the count operation of CMCNT is
stopped.
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Section 14 Watchdog Timer (WDT)

This LSI includes the watchdog timer (WDT), which externally outputs an overflow signal
(WDTOVF) on overflow of the counter when the value of the counter has not been updated
because of a system malfunction. The WDT can simultaneously generate an internal reset signal
for the entire LSI.

The WDT is a single channel timer that counts up the clock oscillation settling period when the
system leaves software standby mode or the temporary standby periods that occur when the clock
frequency is changed. It can also be used as a general watchdog timer or interval timer.

14.1 Features

e Can be used to ensure the clock oscillation settling time

The WDT is used in leaving software standby mode or the temporary standby periods that
occur when the clock frequency is changed.

¢ Can switch between watchdog timer mode and interval timer mode.
e Outputs WDTOVF signal in watchdog timer mode

When the counter overflows in watchdog timer mode, the WDTOVF signal is output
externally. It is possible to select whether to reset the LSI internally when this happens. Either
the power-on reset or manual reset signal can be selected as the internal reset type.

e Interrupt generation in interval timer mode
An interval timer interrupt is generated when the counter overflows.
e Choice of eight counter input clocks

Eight clocks (P¢ x 1 to Pd x 1/16384) that are obtained by dividing the peripheral clock can be
selected.
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Figure 14.1 shows a block diagram of the WDT.
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cancellation \ control < H
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( Bus interface )
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'
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Internal reset 4—:— control Overflow !
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'
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'
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'

'

'

'

'

[Legend]

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

WRCSR: Watchdog reset control/status register

Note: * The internal reset signal can be generated by making a register setting.

Figure 14.1 Block Diagram of WDT
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14.2  Input/Output Pin
Table 14.1 shows the pin configuration of the WDT.

Table 14.1 Pin Configuration

Pin Name Symbol /0 Function

Watchdog timer overflow WDTOVF Output  Outputs the counter overflow signal in
watchdog timer mode
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14.3  Register Descriptions
The WDT has the following registers.

Table 14.2 Register Configuration

Initial Access
Register Name Abbreviation R/W Value Address Size
Watchdog timer counter WTCNT R/W H'00 H'FFFE0002 16%*
Watchdog timer control/status WTCSR R/W H'18 H'FFFEO0000 16*
register
Watchdog reset control/status WRCSR R/W H1F H'FFFEO0004 16*
register

Note: * For the access size, see section 14.3.4, Notes on Register Access.

14.3.1 Watchdog Timer Counter (WTCNT)

WTCNT is an 8-bit readable/writable register that is incremented by cycles of the selected clock
signal. When an overflow occurs, it generates a watchdog timer overflow signal (WDTOVF) in

watchdog timer mode and an interrupt in interval timer mode. WTCNT is initialized to H'0O by a
power-on reset caused by the RES pin or in software standby mode.

Use word access to write to WTCNT, writing H'SA in the upper byte. Use byte access to read

from WTCNT.

Note: The method for writing to WTCNT differs from that for other registers to prevent
erroneous writes. See section 14.3.4, Notes on Register Access, for details.

Initial value: 0 0 0 0

0 0 0 0

RW: RW RW RW RW RW RW RW RW
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14.3.2 Watchdog Timer Control/Status Register (WTCSR)

WTCSR is an 8-bit readable/writable register composed of bits to select the clock used for the
count, overflow flags, and timer enable bit.

WTCSR is initialized to H'18 by a power-on reset caused by the RES pin or in software standby
mode. When used to count the clock oscillation settling time for canceling software standby mode,
it retains its value after counter overflow.

Use word access to write to WTCSR, writing H'AS in the upper byte. Use byte access to read from
WTCSR.

Note: The method for writing to WTCSR differs from that for other registers to prevent
erroneous writes. See section 14.3.4, Notes on Register Access, for details.

Bit: 7 6 5 4 3 2 1 0
| IOVF |WT/ﬁ| TME | ; | - | CKS[2:0] |
Initial value: 0 0 0 1 1 0 0 0

R/W: R/(W) RW R/W R R RW RW R/W

Initial
Bit Bit Name Value R/W Description
7 IOVF 0 R/(W) Interval Timer Overflow

Indicates that WTCNT has overflowed in interval timer
mode. This flag is not set in watchdog timer mode.

0: No overflow

1: WTCNT overflow in interval timer mode

[Clearing condition]

e When 0 is written to IOVF after reading IOVF
6 WTAT 0 R/W  Timer Mode Select

Selects whether to use the WDT as a watchdog timer
or an interval timer.

0: Use as interval timer
1: Use as watchdog timer

Note: When the WTCNT overflows in watchdog timer
mode, the WDTOVF signal is output externally.
If this bit is modified when the WDT is running,
the up-count may not be performed correctly.
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Initial
Bit Bit Name Value R/W

Description

5 TME 0 R/W

Timer Enable

Starts and stops timer operation. Clear this bit to 0
when using the WDT in software standby mode or
when changing the clock frequency.

0: Timer disabled
Count-up stops and WTCNT value is retained
1: Timer enabled

4,3 — All1 R

Reserved

These bits are always read as 1. The write value
should always be 1.

2t00  CKS[2:0] 000 R/W

Clock Select

These bits select the clock to be used for the WTCNT
count from the eight types obtainable by dividing the
peripheral clock (P¢). The overflow period that is
shown in the table is the value when the peripheral
clock (P¢) is 40 MHz.

Bits2to 0 Clock Ratio Overflow Cycle
000: 1 x P¢ 6.4 us

001: 1/64 x P¢ 409.6 us

010: 1/128 x P 819.2 ms

011: 1/256 x P 1.64 ms

100: 1/512 x P¢ 3.3ms

101: 1/1024 x P¢ 6.6 ms

110: 1/4096 x P 26.2 ms

111: 1/16384 x P¢ 104.9 ms

Note: If bits CKS[2:0] are modified when the WDT is
running, the up-count may not be performed
correctly. Ensure that these bits are modified
only when the WDT is not running.
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14.3.3 Watchdog Reset Control/Status Register (WRCSR)

WRCSR is an 8-bit readable/writable register that controls output of the internal reset signal
generated by watchdog timer counter (WTCNT) overflow.

WRCSR is initialized to H'IF by input of a reset signal from the RES pin, but is not initialized by
the internal reset signal generated by overflow of the WDT. WRCSR is initialized to H'1F in
software standby mode.

Note: The method for writing to WRCSR differs from that for other registers to prevent
erroneous writes. See section 14.3.4, Notes on Register Access, for details.

Bit: 7 6 5 4 3 2 1 0
|WOVF | RSTE | RSTS | } | } | . | ] | } |
Initial value: 0 0 0 1 1 1 1 1

RW: R(W) RW RW R R R R R

Initial
Bit Bit Name Value R/W Description
7 WOVF 0 R/(W) Watchdog Timer Overflow

Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval
timer mode.

0: No overflow

1: WTCNT has overflowed in watchdog timer mode

[Clearing condition]

e When 0 is written to WOVF after reading WOVF
6 RSTE 0 R/W Reset Enable

Selects whether to generate a signal to reset the LSI
internally if WTCNT overflows in watchdog timer
mode. In interval timer mode, this setting is ignored.

0: Not reset when WTCNT overflows*
1: Reset when WTCNT overflows

Note: * LSI not reset internally, but WTCNT and
WTCSR reset within WDT.
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Initial
Bit Bit Name Value R/W Description
5 RSTS 0 R/W Reset Select

Selects the type of reset when the WTCNT overflows
in watchdog timer mode. In interval timer mode, this
setting is ignored.

0: Power-on reset
1: Manual reset

4t00 — All 1 R Reserved

These bits are always read as 1. The write value
should always be 1.

14.3.4  Notes on Register Access

The watchdog timer counter (WTCNT), watchdog timer control/status register (WTCSR), and
watchdog reset control/status register (WRCSR) are more difficult to write to than other registers.
The procedures for reading or writing to these registers are given below.

(1) Writing to WITCNT and WTCSR

These registers must be written by a word transfer instruction. They cannot be written by a byte or
longword transfer instruction.

When writing to WTCNT, set the upper byte to H'SA and transfer the lower byte as the write data,
as shown in figure 14.2. When writing to WTCSR, set the upper byte to H'AS and transfer the
lower byte as the write data. This transfer procedure writes the lower byte data to WTCNT or
WTCSR.

WTCNT write 15 8 7 0
Address: H'FFFE0002 | H'5A | Write data |

WTCSR write 15 8 7 0
Address: H'FFFEO000 | H'A5 | Write data |

Figure 14.2 Writing to WTCNT and WTCSR
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(2) Writing to WRCSR

WRCSR must be written by a word access to address H'FFFE0004. It cannot be written by byte
transfer or longword transfer instructions.

Procedures for writing 0 to WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are
different, as shown in figure 14.3.

To write 0 to the WOVF bit, the write data must be H'AS5 in the upper byte and H'00 in the lower
byte. This clears the WOVF bit to 0. The RSTE and RSTS bits are not affected. To write to the
RSTE and RSTS bits, the upper byte must be H'SA and the lower byte must be the write data. The
values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits, respectively.
The WOVF bit is not affected.

Writing 0 to the WOVF bit

15 8 7 0
Address: H'FFFE0004 | H'A5 | H'00 |

Writing to the RSTE and RSTS bits 8 7 0
Address: H'FFFE0004 | H'5A | Write data |

Figure 14.3 Writing to WRCSR
(3) Reading from WTCNT, WTCSR, and WRCSR

WTCNT, WTCSR, and WRCSR are read in a method similar to other registers. WTCSR is
allocated to address HFFFEQ000, WTCNT to address HFFFE0002, and WRCSR to address
H'FFFE0004. Byte transfer instructions must be used for reading from these registers.
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144  WDT Usage

14.4.1 Canceling Software Standby Mode

The WDT can be used to cancel software standby mode with an interrupt such as an NMI
interrupt. The procedure is described below. (The WDT does not operate when resets are used for
canceling, so keep the RES or MRES pin low until clock oscillation settles.)

1.

Before making a transition to software standby mode, always clear the TME bit in WTCSR

to 0. When the TME bit is 1, an erroneous reset or interval timer interrupt may be generated
when the count overflows.

Set the type of count clock used in the CKS[2:0] bits in WTCSR and the initial value of the
counter in WTCNT. These values should ensure that the time till count overflow is longer than
the clock oscillation settling time.

After setting the STBY bit of the standby control register (STBCR: see section 23, Power-
Down Modes) to 1, the execution of a SLEEP instruction puts the system in software standby
mode and clock operation then stops.

4. The WDT starts counting by detecting the edge change of the NMI signal.

When the WDT count overflows, the CPG starts supplying the clock and this LSI resumes
operation. The WOVF flag in WRCSR is not set when this happens.
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14.4.2 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1.

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME bit
is 1, an erroneous reset or interval timer interrupt may be generated when the count overflows.
Set the type of count clock used in the CKS[2:0] bits in WTCSR and the initial value of the
counter in WTCNT. These values should ensure that the time till count overflow is longer than
the clock oscillation settling time.

When the frequency control register (FRQCR) is written to, this LSI stops temporarily. The
WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and this LSI resumes
operation. The WOVF flag in WRCSR is not set when this happens.

The counter stops at the value of H'00.

. Before changing WTCNT after execution of the frequency change instruction, always confirm

that the value of WTCNT is H'00 by reading from WTCNT.
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14.4.3 Using Watchdog Timer Mode

1.

Set the WT/IT bit in WTCSR to 1, the type of count clock in the CKS[2:0] bits in WTCSR,
whether this LSI is to be reset internally or not in the RSTE bit in WRCSR, the reset type if it
is generated in the RSTS bit in WRCSR, and the initial value of the counter in WTCNT.

Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

. While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent

the counter from overflowing.

When the counter overflows, the WDT sets the WOVF flag in WRCSR to 1, and the
WDTOVF signal is output externally (figure 14.4). The WDTOVF signal can be used to reset
the system. The WDTOVF signal is output for 64 x P¢ clock cycles.

If the RSTE bit in WRCSR is set to 1, a signal to reset the inside of this LSI can be generated
simultaneously with the WDTOVF signal. Either power-on reset or manual reset can be
selected for this interrupt by the RSTS bit in WRCSR. The internal reset signal is output for
128 x P¢ clock cycles.

When a WDT overflow reset is generated simultaneously with a reset input on the RES pin,
the RES pin reset takes priority, and the WOVF bit in WRCSR is cleared to 0.
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H'00 /I

St~ AN >
WT/T =1 H'00 written WOVF =1 WT/AT=1  H00 written
TME =1 in WTCNT TME =1 in WTCNT
WDTOVF and internal reset generated
WDTOVF
signal I
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>

64 x qu> cIocklcycIes

Internal | |
reset signal* J L

[ »!
' I

128 x P¢ clock cycles

[Legend]
WT/IT: Timer mode select bit
TME:  Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure 14.4 Operation in Watchdog Timer Mode
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14.44  Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1. Clear the WT/IT bit in WTCSR to 0, set the type of count clock in the CKS[2:0] bits in
WTCSR, and set the initial value of the counter in WTCNT.

2. Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

3. When the counter overflows, the WDT sets the IOVF bit in WTCSR to 1 and an interval timer
interrupt request is sent to the INTC. The counter then resumes counting.

WTCNT value
1 Overflow Overflow Overflow Overflow
HFF| T AT T AT A Tt AT
H'00 1 » Time
WT/AT =0 ITI ITI ITI ITI
TME =1
[Legend]

ITI: Interval timer interrupt request generation

Figure 14.5 Operation in Interval Timer Mode
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14.5  Usage Notes

Pay attention to the following points when using the WDT in either the interval timer or watchdog
timer mode.

14.5.1 Timer Variation

After timer operation has started, the period from the power-on reset point to the first count up
timing of WTCNT varies depending on the time period that is set by the TME bit of WTCSR. The
shortest such time period is thus one cycle of the peripheral clock, Pd, while the longest is the
result of frequency division according to the value in the CKS[2:0] bits. The timing of subsequent
incrementation is in accord with the selected frequency division ratio. Accordingly, this time
difference is referred to as timer variation.

This also applies to the timing of the first incrementation after WTCNT has been written to during
timer operation.

14.5.2  Prohibition against Setting H'FF to WTCNT

When the value in WTCNT reaches H'FF, the WDT assumes that an overflow has occurred.
Accordingly, when H'FF is set in WTCNT, an interval timer interrupt or WDT reset will occur
immediately, regardless of the current clock selection by the CKS[2:0] bits.

14.5.3  System Reset by WDTOVF Signal
If the WDTOVF signal is input to the RES pin of this LSI, this LSI cannot be initialized correctly.

Avoid input of the WDTOVF signal to the RES pin of this LSI through glue logic circuits. To
reset the entire system with the WDTOVF signal, use the circuit shown in figure 14.6.

uy)
m
(0]

Reset input

Reset signal to ‘—"@
entire system WDTOVF

Figure 14.6 Example of System Reset Circuit Using WDTOVF Signal
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14.54 Manual Reset in Watchdog Timer Mode

When a manual reset occurs in watchdog timer mode, the bus cycle is continued. If a manual reset
occurs while the bus is released or during DMAC burst transfer, manual reset exception handling
will be pended until the CPU acquires the bus mastership.

However, if the duration from generation of the manual reset to the bus cycle end is equal to or
longer than the duration of the internal manual reset activated, the occurrence of the internal
manual reset source is ignored instead of being pended, and the manual reset exception handling is
not executed.
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Section 15 Serial Communication Interface with FIFO
(SCIF)

This LSI has a four-channel serial communication interface with FIFO (SCIF) that supports both
asynchronous and clocked synchronous serial communication. It also has 16-stage FIFO registers
for both transmission and reception independently for each channel that enable this LSI to perform
efficient high-speed continuous communication.

15.1 Features

e Asynchronous serial communication:

— Serial data communication is performed by start-stop in character units. The SCIF can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other communications chip that employs
a standard asynchronous serial system. There are eight selectable serial data
communication formats.

— Data length: 7 or 8 bits

— Stop bit length: 1 or 2 bits

— Parity: Even, odd, or none

— Receive error detection: Parity, framing, and overrun errors

— Break detection: Break is detected when a framing error is followed by at least one frame at
the space 0 level (low level). It is also detected by reading the RXD level directly from the
serial port register when a framing error occurs.

¢ Clocked synchronous serial communication:

— Serial data communication is synchronized with a clock signal. The SCIF can communicate
with other chips having a clocked synchronous communication function. There is one serial
data communication format.

— Data length: 8 bits

— Receive error detection: Overrun errors

e Full duplex communication: The transmitting and receiving sections are independent, so the
SCIF can transmit and receive simultaneously. Both sections use 16-stage FIFO buffering, so
high-speed continuous data transfer is possible in both the transmit and receive directions.

e On-chip baud rate generator with selectable bit rates

e Internal or external transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)
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e Four types of interrupts: Transmit-FIFO-data-empty interrupt, break interrupt, receive-FIFO-
data-full interrupt, and receive-error interrupts are requested independently.

e When the SCIF is not in use, it can be stopped by halting the clock supplied to it, saving
power.

e The quantity of data in the transmit and receive FIFO data registers and the number of receive
errors of the receive data in the receive FIFO data register can be ascertained.

e A time-out error (DR) can be detected when receiving in asynchronous mode.

Figure 15.1 shows a block diagram of the SCIF.

i Module data bus :
! . . ! Internal
o A A A i~ data bus
, 3 i
i Y A A £
H 2 ,
| SCFRDR (16 stage) [-|SCFTDR (16 stage)|— SCSMR SCBRR | | £
H @ |
' 3 SCLSR a '
5 SCFDR 5
: Yy v SCFCR — "
! \
! SCFSR Baud rate '
RXD —~—>|: | scrsr | | | scTsr Senrmior l 1 s
' SCSCR |
| l«—— P¢/16
I SCSPTR '
! l«—————— P¢/64
i SCSEMR :
TXD == Transmission/reception 1
' control '
i Parity generation TMI 1
. Parity check .
SCK = . External clock |
! +—» TXI
: L RXI
1 —» ERI
: —» BRI
oo oo oooooooooooooooooo- SCIF ------------- '
[Legend]
SCRSR: Receive shift register SCFSR: Serial status register
SCFRDR:  Receive FIFO data register SCBRR: Bit rate register
SCTSR: Transmit shift register SCSPTR:  Serial port register
SCFTDR:  Transmit FIFO data register SCFCR: FIFO control register
SCSMR: Serial mode register SCFDR: FIFO data count register
SCSCR: Serial control register SCLSR: Line status register

SCSEMR: Serial extended mode register

Figure 15.1 Block Diagram of SCIF
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15.2  Input/Output Pins
Table 15.1 shows the pin configuration of the SCIF.

Table 15.1 Pin Configuration

Channel Pin Name Symbol /0 Function

Oto3 Serial clock pins SCKO to SCK3 I/0 Clock I/0
Receive data pins RXDO0 to RXD3 Input Receive data input
Transmit data pins TXDO to TXD3 Output  Transmit data output
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15.3  Register Descriptions
The SCIF has the following registers.

Table 15.2 Register Configuration

Access

Channel Register Name Abbreviation R/W Initial Value Address Size

0 Serial mode register_0 SCSMR_0 R/W H'0000 H'FFFE8000 16
Bit rate register_0 SCBRR_0 R/W H'FF H'FFFE8004 8
Serial control register_0 SCSCR_0 R/W H'0000 H'FFFE8008 16
Transmit FIFO data register_ 0 SCFTDR_0 W Undefined H'FFFE8S800C 8
Serial status register_0 SCFSR_0 R/(W)*'  H'0060 H'FFFE8010 16
Receive FIFO data register 0 SCFRDR_0 R Undefined H'FFFE8014 8
FIFO control register_0 SCFCR_0 R/W H'0000 H'FFFE8018 16
FIFO data count register_0 SCFDR_0 R H'0000 H'FFFE801C 16
Serial port register_0 SCSPTR_0 R/W H'0050 H'FFFE8020 16
Line status register_0 SCLSR_0 R/(W)**  H'0000 H'FFFE8024 16

1 Serial mode register_1 SCSMR_1 R/W H'0000 H'FFFE8800 16
Bit rate register_1 SCBRR_1 R/W H'FF H'FFFE8804 8
Serial control register_1 SCSCR_1 R/W H'0000 H'FFFE8808 16
Transmit FIFO data register_1 SCFTDR_1 w Undefined H'FFFE880C 8
Serial status register_1 SCFSR_1 R/(W)*'  H'0060 H'FFFE8810 16
Receive FIFO data register 1 SCFRDR_1 R Undefined H'FFFE8814 8
FIFO control register_1 SCFCR_1 R/W H'0000 H'FFFE8818 16
FIFO data count register_1 SCFDR_1 R H'0000 H'FFFE881C 16
Serial port register_1 SCSPTR_1 R/W H'0050 H'FFFE8820 16
Line status register_1 SCLSR_1 R/(W)**  H'0000 H'FFFE8824 16
Serial extended mode SCSEMR_1 R/W H'00 H'FFFE8900 8
register_1
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Access

Channel Register Name Abbreviation R/W Initial Value Address Size

2 Serial mode register_2 SCSMR_2 R/W H'0000 H'FFFE9000 16
Bit rate register_2 SCBRR_2 R/W H'FF H'FFFE9004 8
Serial control register_2 SCSCR_2 R/W H'0000 H'FFFEQ008 16
Transmit FIFO data register_2 SCFTDR_2 w Undefined H'FFFE900C 8
Serial status register_2 SCFSR_2 R/(W)*'  H'0060 H'FFFE9010 16
Receive FIFO data register 2 SCFRDR_2 R Undefined H'FFFE9014 8
FIFO control register_2 SCFCR_2 R/W H'0000 HFFFE9018 16
FIFO data count register_2 SCFDR_2 R H'0000 HFFFE901C 16
Serial port register_2 SCSPTR_2 R/W H'0050 H'FFFE9020 16
Line status register_2 SCLSR_2 R/(W)**  H'0000 HFFFE9024 16
Serial extended mode SCSEMR_2 R/W H'00 H'FFFE9100 8
register_2

3 Serial mode register_3 SCSMR_3 R/W H'0000 H'FFFE9800 16
Bit rate register_3 SCBRR_3 R/W H'FF H'FFFE9804 8
Serial control register_3 SCSCR_3 R/W H'0000 H'FFFE9808 16
Transmit FIFO data register_3 SCFTDR_3 W Undefined H'FFFE980C 8
Serial status register_3 SCFSR_3 R/(W)*'  H'0060 HFFFE9810 16
Receive FIFO data register 3 SCFRDR_3 R Undefined H'FFFE9814 8
FIFO control register_3 SCFCR_3 R/W H'0000 HFFFE9818 16
FIFO data count register_3 SCFDR_3 R H'0000 HFFFE981C 16
Serial port register_3 SCSPTR_3 R/W H'0050 H'FFFE9820 16
Line status register_3 SCLSR_3 R/(W)**  H'0000 HFFFE9824 16

Notes: 1. Only 0 can be written to clear the flag. Bits 15 to 8, 3, and 2 are read-only bits that
cannot be modified.
2. Only 0 can be written to clear the flag. Bits 15 to 1 are read-only bits that cannot be
modified.
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15.3.1 Receive Shift Register (SCRSR)

SCRSR receives serial data. Data input at the RXD pin is loaded into SCRSR in the order
received, LSB (bit 0) first, converting the data to parallel form. When one byte has been received,
it is automatically transferred to the receive FIFO data register (SCFRDR).

The CPU cannot read or write to SCRSR directly.

Initial value:
R/W:

15.3.2  Receive FIFO Data Register (SCFRDR)

SCFRDR is a register that stores serial receive data. The SCIF completes the reception of one byte
of serial data by moving the received data from the receive shift register (SCRSR) into SCFRDR
for storage. Continuous reception is possible until 16 bytes are stored. The CPU can read but not
write to SCFRDR. If data is read when there is no receive data in the SCFRDR, the value is
undefined.

When SCFRDR is full of receive data, subsequent serial data is lost.

SCFRDR is initialized to an undefined value by a power-on reset.

Initial value: - - - - - R .
R/W: R R R R R R R R
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15.3.3  Transmit Shift Register (SCTSR)

SCTSR transmits serial data. The SCIF loads transmit data from the transmit FIFO data register
(SCFTDR) into SCTSR, then transmits the data serially from the TXD pin, LSB (bit 0) first. After
transmitting one data byte, the SCIF automatically loads the next transmit data from SCFTDR into
SCTSR and starts transmitting again.

The CPU cannot read or write to SCTSR directly.

Initial value:
R/W:

15.3.4  Transmit FIFO Data Register (SCFTDR)

SCFTDR is a 16-byte FIFO register that stores data for serial transmission. When the SCIF detects
that the transmit shift register (SCTSR) is empty, it moves transmit data written in the SCFTDR
into SCTSR and starts serial transmission. Continuous serial transmission is performed until there
is no transmit data left in SCFTDR. The CPU can write to SCFTDR at all times.

When SCFTDR is full of transmit data (16 bytes), no more data can be written. If writing of new
data is attempted, the data is ignored.

SCFTDR is initialized to an undefined value by a power-on reset.

Initial value: - - - - - R R
RW: W w w w w w w w
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15.3.5 Serial Mode Register (SCSMR)

SCSMR specifies the SCIF serial communication format and selects the clock source for the baud
rate generator.

The CPU can always read and write to SCSMR. SCSMR is initialized to H'0000 by a power-on
reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[ -] -] -] -] -1 -1-1-]caf[cm]|re]oE]|sor| - [ cksiro

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW R RW  R/W

Initial
Bit Bit Name Value R/W Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 C/A 0 R/W Communication Mode

Selects whether the SCIF operates in asynchronous or
clocked synchronous mode.

0: Asynchronous mode
1: Clocked synchronous mode

6 CHR 0 R/W  Character Length
Selects 7-bit or 8-bit data length in asynchronous mode.
In clocked synchronous mode, the data length is always
8 bits, regardless of the CHR setting.
0: 8-bit data
1: 7-bit data*
Note: * When 7-bit data is selected, the MSB (bit 7) of

the transmit FIFO data register is not
transmitted.
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Bit

Bit Name

Initial
Value

R/W

Description

PE

0

R/W

Parity Enable

Selects whether to add a parity bit to transmit data and
to check the parity of receive data, in asynchronous
mode. In clocked synchronous mode, a parity bit is
neither added nor checked, regardless of the PE setting.

0: Parity bit not added or checked
1: Parity bit added and checked*

Note: * When PE is set to 1, an even or odd parity bit is
added to transmit data, depending on the parity

mode (O/E) setting. Receive data parity is

checked according to the even/odd (O/E) mode
setting.

O/E

R/W

Parity mode

Selects even or odd parity when parity bits are added

and checked. The O/E setting is used only in

asynchronous mode and only when the parity enable bit

(PE) is set to 1 to enable parity addition and checking.

The O/E setting is ignored in clocked synchronous

mode, or in asynchronous mode when parity addition

and checking is disabled.

0: Even parity*'

1: Odd parity*®

Notes:1. If even parity is selected, the parity bit is
added to transmit data to make an even
number of 1s in the transmitted character and
parity bit combined. Receive data is checked
to see if it has an even number of 1s in the
received character and parity bit combined.

2. If odd parity is selected, the parity bit is added
to transmit data to make an odd number of 1s
in the transmitted character and parity bit
combined. Receive data is checked to see if it
has an odd number of 1s in the received
character and parity bit combined.
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Initial
Bit Bit Name Value R/W Description
3 STOP 0 R/W  Stop Bit Length
Selects one or two bits as the stop bit length in
asynchronous mode. This setting is used only in
asynchronous mode. It is ignored in clocked
synchronous mode because no stop bits are added.
When receiving, only the first stop bit is checked,
regardless of the STOP bit setting. If the second stop
bit is 1, it is treated as a stop bit, but if the second stop
bit is 0, it is treated as the start bit of the next incoming
character.
0: One stop bit
When transmitting, a single 1-bit is added at the end
of each transmitted character.
1: Two stop bits
When transmitting, two 1 bits are added at the end of
each transmitted character.
2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
1,0 CKS[1:0] 00 R/W  Clock Select

Select the internal clock source of the on-chip baud rate
generator. For further information on the clock source,
bit rate register settings, and baud rate, see section
15.3.8, Bit Rate Register (SCBRR).

00: Po

01: P¢/4

10: P¢/16

11: P¢/64

Note: P¢: Peripheral clock
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15.3.6  Serial Control Register (SCSCR)

SCSCR operates the SCIF transmitter/receiver, enables/disables interrupt requests, and selects the
transmit/receive clock source. The CPU can always read and write to SCSCR. SCSCR is
initialized to H'0000 by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I R ‘ . ‘ R ‘ R ‘ . ‘ ; ‘ . ‘ - ‘ TIE ‘ RIE ‘ TE ‘ RE ‘REIE‘ . ‘ CKE[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW R R/W R/W

Initial
Bit Bit Name Value R/W Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 TIE 0 R/W  Transmit Interrupt Enable

Enables or disables the transmit-FIFO-data-empty
interrupt (TXI) requested when the serial transmit data
is transferred from the transmit FIFO data register
(SCFTDR) to the transmit shift register (SCTSR), when
the quantity of data in the transmit FIFO register
becomes less than the specified number of
transmission triggers, and when the TDFE flag in the
serial status register (SCFSR) is set to1.

0: Transmit-FIFO-data-empty interrupt request (TXI) is
disabled

1: Transmit-FIFO-data-empty interrupt request (TXI) is
enabled*

Note: * The TXI interrupt request can be cleared by
writing a greater quantity of transmit data than
the specified transmission trigger number to
SCFTDR and by clearing TDFE to 0 after
reading 1 from TDFE, or can be cleared by
clearing TIE to 0.
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Initial
Bit Bit Name Value R/W Description

6 RIE 0 R/W  Receive Interrupt Enable

Enables or disables the receive FIFO data full (RXI)
interrupts requested when the RDF flag or DR flag in
serial status register (SCFSR) is set to1, receive-error
(ERI) interrupts requested when the ER flag in SCFSR
is set to1, and break (BRI) interrupts requested when
the BRK flag in SCFSR or the ORER flag in line status
register (SCLSR) is set to1.

0: Receive FIFO data full interrupt (RXI), receive-error
interrupt (ERI), and break interrupt (BRI) requests
are disabled

1: Receive FIFO data full interrupt (RXI), receive-error
interrupt (ERI), and break interrupt (BRI) requests
are enabled*

Note: * RXI interrupt requests can be cleared by
reading the DR or RDF flag after it has been
set to 1, then clearing the flag to 0, or by
clearing RIE to 0. ERI or BRI interrupt requests
can be cleared by reading the ER, BR or
ORER flag after it has been set to 1, then
clearing the flag to 0, or by clearing RIE and
REIE to 0.

5 TE 0 R/W  Transmit Enable
Enables or disables the serial transmitter.
0: Transmitter disabled
1: Transmitter enabled*

Note: * Serial transmission starts after writing of
transmit data into SCFTDR. Select the transmit
format in SCSMR and SCFCR and reset the
transmit FIFO before setting TE to 1.

Rev. 2.00 May. 08, 2008 Page 676 of 1200
REJ09B0344-0200 RRENESAS



Section 15 Serial Communication Interface with FIFO (SCIF)

Bit

Bit Name

Initial
Value

R/W

Description

RE

0

R/W

Receive Enable

Enables or disables the serial receiver of the SCIF.
0: Receiver disabled*'

1: Receiver enabled*?

Notes:1. Clearing RE to 0 does not affect the receive
flags (DR, ER, BRK, RDF, FER, PER, and
ORER). These flags retain their previous
values.

2. Serial reception starts when a start bit is
detected in asynchronous mode, or
synchronous clock input is detected in
clocked synchronous mode. Select the
receive format in SCSMR and SCFCR and
reset the receive FIFO before setting RE to 1.

3

REIE

0

R/W

Receive Error Interrupt Enable

Enables or disables the receive-error (ERI) interrupts
and break (BRI) interrupts. The setting of REIE bit is
valid only when RIE bit is set to 0.

0: Receive-error interrupt (ERI) and break interrupt
(BRI) requests are disabled

1: Receive-error interrupt (ERI) and break interrupt
(BRI) requests are enabled*

Note: * ERI or BRI interrupt requests can be cleared by
reading the ER, BR or ORER flag after it has
been set to 1, then clearing the flag to 0, or by
clearing RIE and REIE to 0. Even if RIE is set
to 0, when REIE is set to 1, ERI or BRI
interrupt requests are enabled. Set so If SCIF
wants to inform INTC of ERI or BRI interrupt
requests during DMA transfer.
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Initial
Bit Bit Name Value R/W Description
2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
1,0 CKE[1:0] 00 R/W  Clock Enable

Select the SCIF clock source and enable or disable
clock output from the SCK pin. Depending on CKE[1:0],
the SCK pin can be used for serial clock output or serial
clock input. If serial clock output is set in clocked
synchronous mode, set the C/A bit in SCSMR to 1, and
then set CKE[1:0].

e Asynchronous mode

00: Internal clock, SCK pin used for input pin (input
signal is ignored)

01: Internal clock, SCK pin used for clock output
(The output clock frequency is 16 times the bit rate.)

10: External clock, SCK pin used for clock input
(The input clock frequency is 16 times the bit rate.)

11: Setting prohibited

e Clocked synchronous mode

00: Internal clock, SCK pin used for serial clock output
01: Internal clock, SCK pin used for serial clock output
10: External clock, SCK pin used for serial clock input
11: Setting prohibited
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15.3.7  Serial Status Register (SCFSR)

SCFSR is a 16-bit register. The upper 8 bits indicate the number of receive errors in the receive
FIFO data register, and the lower 8 bits indicate the status flag indicating SCIF operating state.

The CPU can always read and write to SCFSR, but cannot write 1 to the status flags (ER, TEND,
TDFE, BRK, RDF, and DR). These flags can be cleared to 0 only if they have first been read
(after being set to 1). Bits 3 (FER) and 2 (PER) are read-only bits that cannot be written.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I PERI[3:0] ‘ FER[3:0] ‘ ER ‘ TEND ‘ TDFE ‘ BRK ‘ FER ‘ PER ‘ RDF ‘ DR I
Inialvaie: 0 0 0 0 0 0 0 0 0 1 10 0 0 0 0

RW: R R R R R R R R RAW)* RI(W)* RI(W)* R(W)* R R R/W)* R/(W)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15t0 12 PER[3:0] 0000 R Number of Parity Errors

Indicate the quantity of data including a parity error in
the receive data stored in the receive FIFO data
register (SCFRDR). The value indicated by bits 15 to
12 after the ER bit in SCFSR is set, represents the
number of parity errors in SCFRDR. When parity
errors have occurred in all 16-byte receive data in
SCFRDR, PER[3:0] shows 0000.

11t08 FER[3:0] 0000 R Number of Framing Errors

Indicate the quantity of data including a framing error
in the receive data stored in SCFRDR. The value
indicated by bits 11 to 8 after the ER bit in SCFSR is
set, represents the number of framing errors in
SCFRDR. When framing errors have occurred in all
16-byte receive data in SCFRDR, FER[3:0] shows
0000.
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Initial
Bit Bit Name Value R/W Description
7 ER 0 R/(W)* Receive Error

Indicates the occurrence of a framing error, or of a
parity error when receiving data that includes parity.*'

0: Receiving is in progress or has ended normally
[Clearing conditions]
e ER s cleared to 0 a power-on reset

o ER s cleared to 0 when the chip is when 0 is
written after 1 is read from ER

1: A framing error or parity error has occurred.
[Setting conditions]

e ERis setto 1 when the stop bit is 0 after checking
whether or not the last stop bit of the received
data is 1 at the end of one data receive
operation*?

e ER s setto 1 when the total number of 1s in the
receive data plus parity bit does not match the
even/odd parity specified by the O/E bit in SCSMR

Notes: 1. Clearing the RE bit to 0 in SCSCR does

not affect the ER bit, which retains its
previous value. Even if a receive error
occurs, the receive data is transferred to
SCFRDR and the receive operation is
continued. Whether or not the data read
from SCFRDR includes a receive error

can be detected by the FER and PER bits
in SCFSR.

2. In two stop bits mode, only the first stop
bit is checked; the second stop bit is not
checked.
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Bit

Bit Name

Initial
Value

R/W

Description

TEND

1

R/(W)*

Transmit End

Indicates that when the last bit of a serial character
was transmitted, SCFTDR did not contain valid data,
so transmission has ended.

0: Transmission is in progress
[Clearing condition]
e TEND is cleared to 0 when 0 is written after 1 is

read from TEND after transmit data is written in
SCFTDR*

1: End of transmission

[Setting conditions]

o TEND is setto 1 when the chip is a power-on
reset

e TEND is setto 1 when TE is cleared to 0 in the
serial control register (SCSCR)

e TEND is set to 1 when SCFTDR does not contain
receive data when the last bit of a one-byte serial
character is transmitted

Note: * Do not use this bit as a transmit end flag
when the DMAC writes data to SCFTDR
due to a TXI interrupt request.
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Bit

Bit Name

Initial
Value

R/W

Description

5

TDFE

1

R/(W)*

Transmit FIFO Data Empty

Indicates that data has been transferred from the
transmit FIFO data register (SCFTDR) to the transmit
shift register (SCTSR), the quantity of data in
SCFTDR has become less than the transmission
trigger number specified by the TTRG1 and TTRGO
bits in the FIFO control register (SCFCR), and writing
of transmit data to SCFTDR is enabled.

0: The quantity of transmit data written to SCFTDR is
greater than the specified transmission trigger
number

[Clearing conditions]

e TDFE is cleared to 0 when data exceeding the
specified transmission trigger number is written to
SCFTDR after 1 is read from TDFE and then 0 is
written

e TDFE is cleared to 0 when data exceeding the
specified transmission trigger number is written to
SCFTDR by the DMAC.

1: The quantity of transmit data in SCFTDR is equal

to or less than the specified transmission trigger
number*

[Setting conditions]
e TDFE is setto 1 by a power-on reset

e TDFE is set to 1 when the quantity of transmit
data in SCFTDR becomes equal to or less than
the specified transmission trigger number as a
result of transmission.

Note: * Since SCFTDR is a 16-byte FIFO register,
the maximum quantity of data that can be
written when TDFE is 1 is "16 minus the
specified transmission trigger number". If an
attempt is made to write additional data, the
data is ignored. The quantity of data in
SCFTDR is indicated by the upper 8 bits of
SCFDR.
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Bit

Bit Name

Initial
Value

R/W

Description

BRK

0

R/(W)*

Break Detection

Indicates that a break signal has been detected in
receive data.

0: No break signal received

[Clearing conditions]

e BRKis cleared to 0 when the chip is a power-on
reset

e BRKis cleared to 0 when software reads BRK
after it has been set to 1, then writes 0 to BRK

1: Break signal received*

[Setting condition]

e BRKis set to 1 when data including a framing
error is received, and a framing error occurs with
space 0 in the subsequent receive data

Note: * When a break is detected, transfer of the
receive data (H'00) to SCFRDR stops after
detection. When the break ends and the
receive signal becomes mark 1, the transfer
of receive data resumes.

FER

Framing Error Indication

Indicates a framing error in the data read from the
next receive FIFO data register (SCFRDR) in
asynchronous mode.

0: No receive framing error occurred in the next data
read from SCFRDR

[Clearing conditions]

e FER s cleared to 0 when the chip undergoes a
power-on reset

e FER s cleared to 0 when no framing error is
present in the next data read from SCFRDR

1: A receive framing error occurred in the next data
read from SCFRDR.

[Setting condition]

e FER is setto 1 when a framing error is present in
the next data read from SCFRDR

RENESAS
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Initial
Bit Bit Name Value R/W Description
2 PER 0 R Parity Error Indication

Indicates a parity error in the data read from the next
receive FIFO data register (SCFRDR) in
asynchronous mode.

0: No receive parity error occurred in the next data
read from SCFRDR

[Clearing conditions]

e PER is cleared to 0 when the chip undergoes a
power-on reset

e PER s cleared to 0 when no parity error is present
in the next data read from SCFRDR

1: A receive parity error occurred in the next data read
from SCFRDR

[Setting condition]

e PER is setto 1 when a parity error is present in
the next data read from SCFRDR
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Bit

Bit Name

Initial
Value

R/W

Description

RDF

0

R/(W)*

Receive FIFO Data Full

Indicates that receive data has been transferred to the
receive FIFO data register (SCFRDR), and the
quantity of data in SCFRDR has become more than
the receive trigger number specified by the RTRG[1:0]
bits in the FIFO control register (SCFCR).

0: The quantity of transmit data written to SCFRDR is
less than the specified receive trigger number

[Clearing conditions]

e RDF is cleared to 0 by a power-on reset, standby
mode

¢ RDF is cleared to 0 when the SCFRDR is read
until the quantity of receive data in SCFRDR
becomes less than the specified receive trigger
number after 1 is read from RDF and then 0 is
written

e RDF is cleared to 0 when SCFRDR is read by the
DMAC until the quantity of receive data in
SCFRDR becomes less than the specified receive
trigger number.

1: The quantity of receive data in SCFRDR is more
than the specified receive trigger number

[Setting condition]

o RDF is set to 1 when a quantity of receive data
more than the specified receive trigger number is
stored in SCFRDR*

Note: * As SCFTDR is a 16-byte FIFO register, the
maximum quantity of data that can be read
when RDF is 1 becomes the specified
receive trigger number. If an attempt is made
to read after all the data in SCFRDR has
been read, the data is undefined. The
quantity of receive data in SCFRDR is
indicated by the lower 8 bits of SCFDR.
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Initial
Bit Bit Name Value R/W Description
0 DR 0 R/(W)* Receive Data Ready

Indicates that the quantity of data in the receive FIFO
data register (SCFRDR) is less than the specified
receive trigger number, and that the next data has not
yet been received after the elapse of 15 ETU from the
last stop bit in asynchronous mode. In clocked
synchronous mode, this bit is not set to 1.

0: Receiving is in progress, or no receive data
remains in SCFRDR after receiving ended normally

[Clearing conditions]

e DRis cleared to 0 when the chip undergoes a
power-on reset

e DRis cleared to 0 when all receive data are read
after 1 is read from DR and then 0 is written.

e DRiis cleared to 0 when all receive data in
SCFRDR are read by the DMAC.

1: Next receive data has not been received

[Setting condition]

e DRis set to 1 when SCFRDR contains less data
than the specified receive trigger number, and the
next data has not yet been received after the
elapse of 15 ETU from the last stop bit.*

Note: * This is equivalent to 1.5 frames with the 8-bit,
1-stop-bit format. (ETU: elementary time unit)

Note: * Only 0 can be written to clear the flag after 1 is read.
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15.3.8 Bit Rate Register (SCBRR)

SCBRR is an 8-bit register that, together with the baud rate generator clock source selected by the
CKS[1:0] bits in the serial mode register (SCSMR), determines the serial transmit/receive bit rate.

The CPU can always read and write to SCBRR. SCBRR is initialized to H'FF by a power-on reset.
Each channel has independent baud rate generator control, so different values can be set in four
channels.

Initial value: 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW

The SCBRR setting is calculated as follows:

e Asynchronous mode:
(1) In normal mode (when the ABCS bit in SCSEMR is 0)

- Po 408 14
T B4 x221xB

(2) In serial extended mode (when the ABCS bit in SCSEMR is 1)

_ Pé 6 _
T3 x22ixB 107 -1

¢ Clocked synchronous mode:

= PO q00 -1
8x21xB

B: Bit rate (bits/s)

N: SCBRR setting for baud rate generator (0 <N < 255)
(The setting must satisfy the electrical characteristics.)

P¢: Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of n,
see table 15.3.)
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Table 15.3 SCSMR Settings

SCSMR Settings

n Clock Source CKS1 CKSo0
0 P 0 0
1 Py/4 0 1
2 P¢/16 1 0
3 Py/64 1 1

The bit rate error in asynchronous is given by the following formula:

(1) In normal mode (when the ABCS bit in SCSEMR is 0)

Error (%) = Po_x10° ~1 %100
(N +1)xBx64x 221

(2) In serial extended mode (when the ABCS bit in SCSEMR is 1)

Error (%) = Po x10° ~1b x 100
(N+1)xBx32x 221

Table 15.4 lists examples of SCBRR settings in asynchronous mode, and table 15.5 lists examples
of SCBRR settings in clocked synchronous mode.
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Table 15.4 Bit Rates and SCBRR Settings (Asynchronous Mode)

P¢ (MHz)
32 36 40

Bit Rate (bit/s) n N Error (%) n N Error (%) n N Error (%)
110 3 141 0.03 3 159 -0.12 3 117  -0.25
150 3 103 0.16 3 116 0.16 3 129 0.16
300 3 51 0.16 3 58 —0.69 3 64 0.16
600 2 103 0.16 2 116 0.16 2 129  0.16
1200 2 51 0.16 2 58 —0.69 2 64 0.16
2400 1 103 0.16 1 116 0.16 1 129  0.16
4800 1 51 0.16 1 58 —0.69 1 64 0.16
9600 0 103 0.16 0 116 0.16 0 129  0.16
19200 0 51 0.16 0 58 —0.69 0 64 0.16
31250 0 31 0.00 0 35 0.00 0 39 0.00
38400 0 25 0.16 0 28 1.02 0 32 -1.36

Note: Settings with an error of 1% or less are recommended.
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Table 15.5 Bit Rates and SCBRR Settings (Clocked Synchronous Mode)

P¢ (MHz)

32 36 40
Bit Rate (bit/s) n N n N n N
500 — —
1k 3 124 3 140 3 155
25k 2 199 2 224 2 249
5k 2 99 2 112 2 124
10 k 2 49 2 55 2 62
25k 1 79 1 89 1 97
50 k 1 39 1 44 1 48
100 k 0 79 0 89 0 97
250 k 0 31 0 35 0 38
500 k 0 15 0 17 0 19
1M 0 7 0 8 0 9
2M 0 3 — — 0 4
[Legend]

Blank: No setting possible
— Setting possible, but error occurs
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Table 15.6 indicates the maximum bit rates in asynchronous mode when the baud rate generator is
used. Tables 15.7 and 15.8 list the maximum bit rates when the external clock input is used.

Note: * Make sure that the electrical characteristics of this LSI and that of a connected LSI are
satisfied.

Table 15.6 Maximum Bit Rates for Various Frequencies with Baud Rate Generator

(Asynchronous Mode)
Settings
P¢ (MHz) Maximum Bit Rate (bits/s) n N
32 1000000 0 0
36 1125000 0 0
40 1250000 0 0

Table 15.7 Maximum Bit Rates with External Clock Input (Asynchronous Mode)

P (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
32 8.0000 500000
36 9.0000 562500
40 10.0000 625000

Table 15.8 Maximum Bit Rates with External Clock Input

(Clocked Synchronous Mode, t,, =12t )
P (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
32 2.6667 2666666.7
36 3.0000 3000000.0
40 3.3333 3333333.3

Note: Confirm that these bit rates meet the electrical characteristics of this LS| and the remote
communication device.
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15.3.9  FIFO Control Register (SCFCR)

SCFCR resets the quantity of data in the transmit and receive FIFO data registers, sets the trigger
data quantity, and contains an enable bit for loop-back testing. SCFCR can always be read and
written to by the CPU. It is initialized to H'0000 by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ RTRG[1:0] TTRG[1:0] ‘ - ‘ TFRST‘ RFHST‘ LOOP I
Initialvalie: 0 0 0 O ©0 0 0 0 O O 0 0 0 0 0 O
RW. R R R R R R R R RW RW RW RW R RW RW RW

Initial
Bit Bit Name Value R/W Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7,6 RTRG[1:0] 00 R/W  Receive FIFO Data Trigger

Set the quantity of receive data which sets the receive
data full (RDF) flag in the serial status register (SCFSR).
The RDF flag is set to 1 when the quantity of receive
data stored in the receive FIFO register (SCFRDR) is
increased more than the set trigger number shown
below.

e Asynchronous mode e Clocked synchronous mode

00: 1 00: 1
01:4 01:2
10: 8 10: 8
11:14 11: 14

Note: In clock synchronous mode, to transfer the
receive data using DMAC, set the receive trigger
number to 1. If set to other than 1, CPU must
read the receive data left in SCFRDR.
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Bit Bit Name

Initial
Value

R/W

Description

5, 4 TTRG[1:0]

00

R/W

Transmit FIFO Data Trigger

Set the quantity of remaining transmit data which sets

the transmit FIFO data register empty (TDFE) flag in the

serial status register (SCFSR). The TDFE flag is set to 1

when the quantity of transmit data in the transmit FIFO

data register (SCFTDR) becomes less than the set

trigger number shown below.

00: 8 (8)*

01:4 (12)*

10: 2 (14)*

11: 0 (16)*

Note: * Values in parentheses mean the number of
empty bytes in SCFTDR when the TDFE flag is
setto 1.

Reserved

This bit is always read as 0. The write value should
always be 0.

2 TFRST

R/W

Transmit FIFO Data Register Reset

Disables the transmit data in the transmit FIFO data
register and resets the data to the empty state.

0: Reset operation disabled*
1: Reset operation enabled

Note: * Reset operation is executed by a power-on
reset.

1 RFRST

R/W

Receive FIFO Data Register Reset

Disables the receive data in the receive FIFO data
register and resets the data to the empty state.

0: Reset operation disabled*
1: Reset operation enabled

Note: * Reset operation is executed by a power-on
reset.

0 LOOP

R/W

Loop-Back Test

Internally connects the transmit output pin (TXD) and
receive input pin (RXD) and internally connects the RTS
pin and CTS pin and enables loop-back testing.

0: Loop back test disabled
1: Loop back test enabled

Rev. 2.00 May. 08, 2008 Page 693 of 1200
RENESAS REJ09B0344-0200



Section 15 Serial Communication Interface with FIFO (SCIF)

15.3.10 FIFO Data Count Register (SCFDR)

SCFDR is a 16-bit register which indicates the quantity of data stored in the transmit FIFO data
register (SCFTDR) and the receive FIFO data register (SCFRDR).

It indicates the quantity of transmit data in SCFTDR with the upper 8 bits, and the quantity of
receive data in SCFRDR with the lower 8 bits. SCFDR can always be read by the CPU. SCFDR is
initialized to H'0000 by a power on reset.

Bit: 15 14

L] - |

Initial value: 0 0

RW: R R R R R R R R R R R R R R R R
Initial

Bit Bit Name Value R/W Description

151013 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

12t08 T[4:0] 00000 R T4 to TO bits indicate the quantity of non-transmitted
data stored in SCFTDR. H'00 means no transmit data,
and H'10 means that SCFTDR is full of transmit data.

7t05 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.

4t00 R[4:0] 00000 R R4 to RO bits indicate the quantity of receive data

stored in SCFRDR. H'00 means no receive data, and
H'10 means that SCFRDR full of receive data.
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15.3.11 Serial Port Register (SCSPTR)

SCSPTR controls input/output and data of pins multiplexed to SCIF function. Bits 3 and 2 can
control input/output data of SCK pin. Bits 1 and 0 can input data from RXD pin and output data to
TXD pin, so they control break of serial transmitting/receiving.

The CPU can always read and write to SCSPTR. SCSPTR is initialized to H'0050 by a power-on
reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - -] - [ -1 -1 -1-1-1-1-1+-1 - [scxolsckorlspeaosreany
Intalvalue: 0 0 O 0 0 o o ©o0 o0 O O O0O O0 ©0 0 0
Rw: R R R R R R R R R R R R RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15t04 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
3 SCKIO 0 R/W  SCK Port Input/Output

Indicates input or output of the serial port SCK pin.
When the SCK pin is actually used as a port outputting
the SCKDT bit value, the CKE[1:0] bits in SCSCR
should be cleared to 0.

0: SCKDT bit value not output to SCK pin
1: SCKDT bit value output to SCK pin

2 SCKDT 0 R/W  SCK Port Data
Indicates the input/output data of the serial port SCK
pin. Input/output is specified by the SCKIO bit. For
output, the SCKDT bit value is output to the SCK pin.
The SCK pin status is read from the SCKDT bit

regardless of the SCKIO bit setting. However, SCK
input/output must be set in the PFC.

0: Input/output data is low level
1: Input/output data is high level
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Initial
Bit Bit Name Value R/W Description
1 SPB2IO 0 R/W  Serial Port Break Input/Output

Indicates input or output of the serial port TXD pin.
When the TXD pin is actually used as a port outputting
the SPB2DT bit value, the TE bit in SCSCR should be
cleared to 0.

0: SPB2DT bit value not output to TXD pin
1: SPB2DT bit value output to TXD pin

0 SPB2DT 0 R/W  Serial Port Break Data

Indicates the input data of the RXD pin and the output
data of the TXD pin used as serial ports. Input/output is
specified by the SPB2IO bit. When the TXD pin is set to
output, the SPB2DT bit value is output to the TXD pin.
The RXD pin status is read from the SPB2DT bit
regardless of the SPB2IO bit setting. However, RXD
input and TXD output must be set in the PFC.

0: Input/output data is low level
1: Input/output data is high level

15.3.12 Line Status Register (SCLSR)

The CPU can always read or write to SCLSR, but cannot write 1 to the ORER flag. This flag can
be cleared to 0 only if it has first been read (after being set to 1).

SCLSR is initialized to H'0000 by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CLT T T T T [ [ [ T T T T [ [oe
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R BR(W):*

Note: * Only 0 can be written to clear the flag after 1 is read.
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Bit

Bit Name

Initial
Value

R/W

Description

15101

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

0

ORER

0

R/(W)*

Overrun Error

Indicates the occurrence of an overrun error.

0: Receiving is in progress or has ended normally*'
[Clearing conditions]

¢ ORER s cleared to 0 when the chip is a power-on
reset

e ORERis cleared to 0 when 0 is written after 1 is
read from ORER.

1: An overrun error has occurred*

[Setting condition]

e ORER is set to 1 when the next serial receiving is
finished while the receive FIFO is full of 16-byte
receive data.

Notes: 1. Clearing the RE bit to 0 in SCSCR does

not affect the ORER bit, which retains its
previous value.

2. The receive FIFO data register (SCFRDR)
retains the data before an overrun error
has occurred, and the next received data
is discarded. When the ORER bit is set to
1, the SCIF cannot continue the next
serial reception.

Note:

*

Only 0 can be written to clear the flag after 1 is read.

RENESAS
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15.3.13 Serial Extended Mode Register (SCSEMR)

SCSEMR is an 8-bit register that extends the SCIF functions. The transfer rate can be doubled by
setting the basic clock in asynchronous mode. The basic clock can be set for only channels 1 and
2.

Be sure to set this register to H'00 in clocked synchronous mode. SCSEMR is initialized to H'00
by a power-on reset.

Bit: 7 6 5 4 3 2 1 0
lecs| - [ -] -] -[]-[-[]-]

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description

7 ABCS 0 R/W Asynchronous Basic Clock Select

Selects the basic clock for 1-bit period in
asynchronous mode.

Setting of ABCS is valid when the asynchronous
mode bit (C/A in SCSMR) = 0.

0: Basic clock with a frequency of 16 times the
transfer rate

1: Basic clock with a frequency of 8 times the transfer
rate

6to0 — AllO R/W Reserved

These bits are always read as 0. The write value
should always be 0.
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15.4  Operation

15.4.1 Overview

For serial communication, the SCIF has an asynchronous mode in which characters are
synchronized individually, and a clocked synchronous mode in which communication is
synchronized with clock pulses.

The SCIF has a 16-stage FIFO buffer for both transmission and receptions, reducing the overhead
of the CPU, and enabling continuous high-speed communication.

The transmission format is selected in the serial mode register (SCSMR), as shown in table 15.9.
The SCIF clock source is selected by the combination of the CKE1 and CKEQO bits in the serial
control register (SCSCR), as shown in table 15.10.

(1) Asynchronous Mode

e Data length is selectable: 7 or 8 bits

e Parity bit is selectable. So is the stop bit length (1 or 2 bits). The combination of the preceding
selections constitutes the communication format and character length.

e Inreceiving, it is possible to detect framing errors, parity errors, receive FIFO data full,
overrun errors, receive data ready, and breaks.

e The number of stored data bytes is indicated for both the transmit and receive FIFO registers.
¢ An internal or external clock can be selected as the SCIF clock source.

— When an internal clock is selected, the SCIF operates using the clock of on-chip baud rate
generator.

— When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

(2) Clocked Synchronous Mode

e The transmission/reception format has a fixed 8-bit data length.
¢ Inreceiving, it is possible to detect overrun errors (ORER).
¢ An internal or external clock can be selected as the SCIF clock source.
— When an internal clock is selected, the SCIF operates using the clock of the on-chip baud
rate generator, and outputs this clock to external devices as the synchronous clock.
— When an external clock is selected, the SCIF operates on the input synchronous clock not
using the on-chip baud rate generator.
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Table 15.9 SCSMR Settings and SCIF Communication Formats

SCSMR Settings SCIF Communication Format
Bit7 Bit6 Bit5 Bit3
C/A CHR PE STOP Mode Data Length Parity Bit Stop Bit Length
0 0 0 0 Asynchronous 8 bits Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7 bits Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 X X X Clocked 8 bits Not set None
synchronous
[Legend]

X: Don't care

Table 15.10 SCSMR and SCSCR Settings and SCIF Clock Source Selection

SCSMR SCSCR SCSCR SCIF Transmit/Receive Clock
Bit 7 Bit 1 Bit 0 Clock
C/A CKE1 CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous Internal  SCIF does not use the SCK pin
1 Outputs a clock with a frequency 16

times the bit rate

1 0 External Inputs a clock with frequency 16
times the bit rate

—_

Setting prohibited

1 0 X Clocked Internal  Outputs the serial clock
1 0 synchronous External Inputs the serial clock
1 Setting prohibited
[Legend]

X: Don't care
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15.4.2  Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with
a stop bit. Serial communication is synchronized one character at a time.

The transmitting and receiving sections of the SCIF are independent, so full duplex
communication is possible. The transmitter and receiver are 16-byte FIFO buffered, so data can be
written and read while transmitting and receiving are in progress, enabling continuous transmitting
and receiving.

Figure 15.2 shows the general format of asynchronous serial communication.

In asynchronous serial communication, the communication line is normally held in the mark
(high) state. The SCIF monitors the line and starts serial communication when the line goes to the
space (low) state, indicating a start bit. One serial character consists of a start bit (low), data (LSB
first), parity bit (high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCIF synchronizes at the falling edge of the start bit.
The SCIF samples each data bit on the eighth pulse of a clock with a frequency 16 times* the bit
rate. Receive data is latched at the center of each bit.

Idle state (mark state)

1 (LSB) (MSB) 1
Serial 0 Do D1 Do D3 D4 D5 De D7 0/ 1 1
data
E Start | Parity:  Stop bit |
Lobit Transmit/receive data ! bit j
b1 bit ] 7 or 8 bits PIBt T dorzbits |
E ! ' none ' H
. One unit of transfer data (character or frame) H
¢ >

Figure 15.2 Example of Data Format in Asynchronous Communication
(8-Bit Data with Parity and Two Stop Bits)

Note: * This is an example when ABCS =0 in SCSEMR. When ABCS = 1, a frequency of 8
times the bit rate becomes the basic clock, and receive data is sampled at the fourth
rising edge of the basic clock.
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(1) Transmit/Receive Formats

Table 15.11 lists the eight communication formats that can be selected in asynchronous mode. The
format is selected by settings in the serial mode register (SCSMR).

Table 15.11 Serial Communication Formats (Asynchronous Mode)

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE STOP 1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 |START] 8-bit data [sToP]

0 0 1 |START] 8-bit data [sToP[sTOP|

o 1 0 |START| 8-bit data | P |[sTOP|

0 1 1 |START] 8-bit data | P [sToP[sToP|

1 0 o |START| 7-bit data [sToP]

1 0 1 |START] 7-bit data [sToP[sTOP|

1 1 0 |START| 7-bit data | P [sToP]|

111 |START| 7-bit data | P [sTOP|sTOP|
[Legend]

START: Start bit
STOP: Stop bit
P: Parity bit

(2) Clock

An internal clock generated by the on-chip baud rate generator or an external clock input from the
SCK pin can be selected as the SCIF transmit/receive clock. The clock source is selected by the
C/A bit in the serial mode register (SCSMR) and bits CKE[1:0] in the serial control register
(SCSCR). For clock source selection, refer to table 15.10, SCSMR and SCSCR Settings and SCIF
Clock Source Selection.

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the
desired bit rate.

When the SCIF operates on an internal clock, it can output a clock signal on the SCK pin. The
frequency of this output clock is 16 times the desired bit rate.
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(3) Transmitting and Receiving Data

¢ SCIF Initialization (Asynchronous Mode)

Before transmitting or receiving, clear the TE and RE bits to 0 in the serial control register
(SCSCR), then initialize the SCIF as follows.

When changing the operating mode or the communication format, always clear the TE and RE bits
to 0 before following the procedure given below. Clearing TE to 0 initializes the transmit shift
register (SCTSR). Clearing TE and RE to 0, however, does not initialize the serial status register
(SCFSR), transmit FIFO data register (SCFTDR), or receive FIFO data register (SCFRDR), which
retain their previous contents. Clear TE to O after all transmit data has been transmitted and the
TEND flag in the SCFSR is set. The TE bit can be cleared to 0 during transmission, but the
transmit data goes to the Mark state after the bit is cleared to 0. Set the TFRST bit in SCFCR to 1
and reset SCFTDR before TE is set again to start transmission.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCIF operation becomes unreliable if the clock is stopped.
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Figure 15.3 shows a sample flowchart for initializing the SCIF.

Start of initialization

1

| Clear TE and RE bits in SCSCR to 0 |

| Set TFRST and RFRST bits in SCFCR to 1 |

2

After reading ER, DR, and BRK flags in SCFSR,
and each flag in SCLSR, write 0 to clear them

3

Set CKE1 and CKEO in SCSCR
(leaving TIE, RIE, TE, and RE bits cleared to 0)

]

[4

| Set data transfer format in SCSMR

[ (2

| Set value in SCBRR

[ 3

| Set ABCS in SCSEMR

Set RTRG[1:0] and TTRG[1:0] in SCFCR,
and clear TFRST and RFRST

Set TE and RE bits in SCSCR to 1,
and set TIE, RIE, and REIE bits

[4]

End of initialization

Set the clock selection in SCSCR.
Be sure to clear bits TIE, RIE, TE,
and RE to 0.

Set the data transfer format in
SCSMR.

Write a value corresponding to the
bit rate into SCBRR. (Not
necessary if an external clock is
used.)

Set the TE bit or RE bit in SCSCR
to 1. Also set the RIE, REIE, and
TIE bits. Setting the TE and RE bits
enables the TxD and RxD pins to be
used.

When transmitting, the SCIF will go
to the mark state; when receiving,

it will go to the idle state, waiting for
a start bit.

Figure 15.3 Sample Flowchart for SCIF Initialization
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¢ Transmitting Serial Data (Asynchronous Mode)

Figure 15.4 shows a sample flowchart for serial transmission.

Use the following procedure for serial data transmission after enabling the SCIF for transmission.
[1] SCIF status check and transmit data

Start of transmission
l write:

| Read TDFE flag in SCFSR | Read SCFSR and check that the
TDFE flag is set to 1, then write

No transmit data to SCFTDR, and read 1
from the TDFE and TEND flags, then
clear to 0.

Yes The quantity of transmit data that can
W