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Notes regarding these materials

1. 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.

2. 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.

3. 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.

4. 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 )

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. 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 in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Preface

The SH-4 (SH7751 Group (SH7751, SH7751R)) microprocessor incorporates the 32-bit SH-4
CPU and is also equipped with peripheral functions necessary for configuring a user system.

The SH7751 Group is built in with a variety of peripheral functions such as cache memory,
memory management unit (MMU), interrupt controller, floating-point unit (FPU), timers, two
serial communication interfaces (SCI, SCIF), real-time clock (RTC), user break controller (UBC),
bus state controller (BSC) and PCI controller (PCIC). This series can be used in a wide range of
multimedia equipment. The bus controller is compatible with ROM, SRAM, DRAM, synchronous
DRAM and PCMCIA.

Target Readers: This manual is designed for use by people who design application systems using
the SH7751 or SH7751R.

To use this manual, basic knowledge of electric circuits, logic circuits and microcomputers is
required.

This hardware manual contains revisions related to the addition of R-mask functionality. Be sure
to check the text for the updated content.

Purpose: This manual provides the information of the hardware functions and electrical
characteristics of the SH7751 and SH7751R.

The SH-4 Software Manual contains detailed information of executable instructions. Please read
the Software Manual together with this manual.

How to Use the Book:
e To understand general functions

— Read the manual from the beginning.

The manual explains the CPU, system control functions, peripheral functions and electrical
characteristics in that order.

e To understanding CPU functions

— Refer to the separate SH-4 Software Manual.
Explanatory Note: Bit sequence: upper bit at left, and lower bit at right

List of Related Documents: The latest documents are available on our Web site. Please make
sure that you have the latest version.
(http://www.renesas.com/)
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e User manuals for SH7751 and SH7751R

Name of Document

Document No.

SH7751 Group, SH7751R Group Hardware Manual

This manual

SH-4 Software Manual

REJ09B0318-0600

e User manuals for development tools

Name of Document

Document No.

SuperH™ C/C++ Compiler, Assembler, Optimizing Linkage Editor User's

Manual

REJ10B0047-0100H

SuperH™ RISC engine Simulator/Debugger User's Manual

REJ10B0210-0300

High-performance Embedded Workshop User's Manual

REJ10J1554-0100
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Main Revisions for This Edition

ltem Page Revision (See Manual for Details)

All — Notification of change in company name amended
Hitachi, Ltd. - Renesas Technology Corp.

1.1 SH7751/SH7751R 1 Description amended

Group Features The SH7751/SH7751R Group also feature a bus state
controller (BSC) that can be coupled to DRAM (page/EDO)
and synchronous DRAM . Also, because of its built-in

functions, such as PCI bus controller, timers, and serial
communications functions, required for multimedia and OA
equipment, use of the SH7751/SH7751R Group enable a
dramatic reduction in system costs.

Table 1.1 2 Table amended
SH7751/SH7751R
Group Features

Item Features
LSI

e Superscalar architecture: Parallel
execution of two instructions

e External buses (SH buses)
— Separate 26-bit address and 32-bit
data buses
— External bus frequency of 1, 1/2, 1/3,
1/4, 1/6, or 1/8 times internal bus
frequency
e External bus (PCI bus):
— 32-bit address/data multiplexing
— Selection of internal clock or external
PClI-dedicated clock

Rev.4.00 Oct. 10, 2008 Page vii of xcviii
REJ09B0370-0400

RENESAS



Item Page Revision (See Manual for Details)

1.1 3 Table amended

SH7751/SH7751R ltem Features

Group Features

Table 1.1 FPU e Floating-point registers: 32 bits x 16 x 2
SH7751/SH7751R banks (single-precision 32 bits x 16 or
Group Features double-precision 64 bits x 8) x 2 banks

¢ 3-D graphics instructions (single-precision
only):

— 4-dimensional vector conversion and
matrix operations (FTRV): 4 cycles
(pitch), 7 cycles (latency)

— 4-dimensional vector inner product
(FIPR): 1 cycle (pitch), 4 cycles

(latency)
8 Table amended
Item Features
PCI bus e PCI bus controller (supports a subset of
controller PClI revision 2.1)*
(PCIC)

""""""""""""""""""" operating 7T
PrOdUCt Abbreviation ~ Voltage Frequency Model No. Package
lineup SH7751 18V 167MHz  HDB417751BP167  256-pin BGA

HD6417751F167 256-pin QFP
SH7751R 15V 240 MHz HD6417751RBP240  256-pin BGA

HD6417751RF240 256-pin QFP
HD6417751RBG240  292-pin BGA
200 MHz HD6417751RBP200  256-pin BGA
HD6417751RF200 256-pin QFP
HD6417751RBG200  292-pin BGA
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Item

Page

Revision (See Manual for Details)

1.2 Block Diagram

Figure 1.1 Block
Diagram of SH7751
Series Functions

9

Figure amended
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Item Page

Revision (See Manual for Details)

1.3 Pin Arrangement 12
Figure 1.4 Pin
Arrangement (292-Pin
BGA)

Newly added
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Note: Power must be supplied to the on-chip PLL power supply pins (VDD-PLL1, VDD-PLL2,
VSS-PLL1, VSS-PLL2, VDD-CPG, VSS-CPG, VDD-RTC, and VSS-RTC) regardless of
whether or not the PLL circuits, crystal oscillation circuit, and RTC are used.

1.4.1 Pin Functions 14
(256-Pin QFP)

Table 1.2 Pin
Functions

Table amended
Memory Interface
No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

38 RD/WR o Read/write RD/WR RD/WR  RD/WR RD/IWR RD/WR
39 CKIO o Clock output CKIO CKIO CKIO CKIO

20

Table amended

Memory Interface
No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

197 CA#* | Hardware
standby

23

Note amended

Note: Supply power to all power pins. However, on the
SH7751 in hardware standby mode, supply power to
RTC at the minimum.
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Item Page Revision (See Manual for Details)

1.4.2 Pin Functions 25 Table amended
(256'P|n BGA) Memory Interface
. Pin
Table 13 Pln No. Number PinName I/O Function Reset  SRAM DRAM SDRAM  PCMCIA MPX
Functions % M3 ROWR O Readwite | RDWR ROWR RDWR ROWA RDWR
39 M1 CKIO [¢] Clock output CKIO CKIO CKIO CKIO
34 Note amended

Note: Supply power to all power pins. However, on the
SH7751 in hardware standby mode, supply power to
RTC at the minimum.

1.4.3 Pin Functions 351046 Newly added
(292-Pin BGA)

2.2.1 Privileged Mode 49 Table amended

and Banks Type ... Registers  initialvawer
Table 2.1 Initial Control registers SR MD bit = 1, RB bit = 1, BL bit = 1 FD bit =0,
Register Values ondeined o
2.6 Processor States 61 Figure amended

Figure 2.6 Processor From any stae when HESET 1 et WHFSET - 0

State Transitions § S S ISR

1 Power-on reset state Manual reset state 1 3

Reset state | !

RESET=0
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Page

Revision (See Manual for Details)

3.3.7 Address Space

Identifier (ASID)

77,78

Note amended

Notes: 2. When the SH7751 is operating in single virtual
memory mode and user mode, the LS| may hang
during hardware ITLB miss handling (see section
3.5.4, Hardware ITLB Miss Handling), or an ITLB
multiple hit exception may occur, if an ITLB miss
occurs and the UTLB contains address translation
information including an ITLB miss address with a
different ASID and unshared state (SH bit is 0). To
avoid this, use workaround (1) or (2) below.

(1) Purge the UTLB when switching the ASID
values (PTEH and ASID) of the current
processing.

(2) Manage the behavior of program instruction
addresses in user mode so that no instruction
is executed in an address area (including
overrun prefetch of an instruction) that is
registered in the UTLB with a different ASID
and unshared address translation information.
Note that accessing a different ASID in single
virtual memory mode can only be used to
trigger an exception during data access.

3.5.5 Avoiding
Synonym Problems

87

Note amended

Note: When multiple items of address translation information
use the same physical memory to provide for future
SuperH RISC engine family expansion, ensure that the
VPN [20:10] values are the same. Also, do not use the
same physical address for address translation
information of different page sizes.

3.8 Usage Notes

100

Newly added

4.1.1 Features

101

Description amended

The SH7751 has an on-chip 8-Kbyte instruction cache (IC) for
instructions and 16-Kbyte operand cache (OC) for data. Half of
the memory of the operand cache (8 Kbytes) can also be used
as on-chip RAM. The features of these caches are summarized
in table 4.1.

The SH7751 has an on-chip 16-Kbyte instruction cache (IC) for
instructions and || 32-Kbyte operand cache (OC) for data. Half
of the operand cache memory (16 Kbytes) can also be used as
on-chip RAM. When the EMODE bit in the CCR register is
cleared to 0 in the SH7751R, both the IC and OC are set to
SH7751 compatible mode. When the EMODE bit in
the CCR register is set to 1, the cache characteristics are as
shown in table 4.2...
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Item Page Revision (See Manual for Details)

4.2 Register 104 Description amended

Descriptions When the OC is enabled (OCE = 1), the ORA bit specifies

e ORA: OC RAM whether the half of the OC are to be used as RAM. When the

enable bit* OC is not enabled (OCE = 0), the ORA bit should be cleared to

0.
0: Normal mode (the entire OC is used as a cache)
1: RAM mode (half of the OC is used as a cache and the other
half is used as RAM)

4.3.1 Configuration 108 Description deleted

LRU (SH7751R only) In a 2-way set-associative system, up to two entry addresses

can register the same data in cache.

4.3.10 Noteson Using 114to  Newly added

OC RAM Mode 116

(SH7751R Only) when

in Cache Enhanced

Mode

4.4.1 Configuration 119 Description deleted

LRU (SH7751R only) In a 2-way set-associative system, up to two entry addresses

can register the same data in cache.
4.7 Store Queues 131, 132 Description added

Note that power-down modes (STBCR2.MSTP6 = 1) that stop
SQ functions cannot be used on the SH7751 when using the
operand cache for write-back operations.*

Note: * Cases where write-back operations are performed:

e When the operand cache is used in copy-back
mode (determined by the CCR.CB and
CCR.WT bits and, if address translation is
performed, the WT bit in the page management
information)

¢ When the memory allocation cache function is
used to write to the OC address array, and an
entry is generated when both the V and U bits
are set to 1

4.7.6 SQ Usage Notes 134

(SH7751R only)

Title amended
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ltem Page Revision (See Manual for Details)
5.3.2 Exception 139 Description amended
Handling Vector The reset vector address is fixed at H'/A000 0000. General
Addresses exception and interrupt vector addresses are determined by
adding the offset for the specific event to the vector base
address, which is set by software in the vector base register
(VBR). ...
5.4 Exception Types 142 Table amended
and PriOritieS Exception Execution Priority Priority Vector Exception
i Category Mode Exception Level Order Address Offset Code
Table 5.2 Exceptions interrupt  Completion Peripheral PCICI” PCISERR 4 * 2 wer T HE00 HAOD
type module PCIERR HAEO
interrupt  __________._ L
(module/
,,,,,,,,,,,,,,,,,,,,,, e
5.5.3 Exception 146 Description amended
Requests and BL Bit When the BL bit in SR is 0, general exceptions and interrupts
are accepted.
When the BL bit in SR is 1 and a general exception other than a
user break is generated, the CPU's internal registers and the
registers of the other modules are set to their post-reset state,
and the CPU branches to the same address as in a reset
(H'A000 0000). For the operation in the event of a user break,
see section 20, User Break Controller (UBC).
5.6.1 Resets 147 Description amended
(1) Power-On Reset In the initialization processing, the VBR register is set to H'0000
0000, and in SR, the MD, RB, and BL bits are set to 1, the FD
bit is cleared to 0, and the interrupt mask bits (IMASK) are set
toB'1111.
SR.IMASK = B'1111;
(2) Manual Reset 148 Description amended

In the initialization processing, the VBR register is set to H'0000
0000, and in SR, the MD, RB, and BL bits are set to 1, the FD
bit is cleared to 0, and the interrupt mask bits (IMASK) are set
to B'1111.

SR.IMASK = B'1111;
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Item Page Revision (See Manual for Details)

5.6.1 Resets 149 Description amended

(3) H-UDI Reset In the initialization processing, the VBR register is set to H'0000
0000, and in SR, the MD, RB, and BL bits are set to 1, the FD
bit is cleared to 0, and the interrupt mask bits (IMASK) are set
toB'1111.
SR.IMASK =B'1111;

(4) Instruction TLB 150 Description amended

Multiple-Hit Exception In the initialization processing, the VBR register is set to H'0000
0000, and in SR, the MD, RB, and BL bits are set to 1, the FD
bit is cleared to 0, and the interrupt mask bits (IMASK) are set
to B'1111.
SR.IMASK =B'1111;

(5) Data TLB Multiple- 151 Description amended

Hit Exception In the initialization processing, the VBR register is set to H'0000
0000, and in SR, the MD, RB, and BL bits are set to 1, the FD
bit is cleared to 0, and the interrupt mask bits (IMASK) are set
to B'1111.
SR.IMASK =B'1111;

5.6.2 General 162 Note amended

Exceptions Note: * FPU instructions are instructions in which the first 4

(11) General FPU
Disable Exception

bits of the instruction code are H'F (but excluding
undefined instruction H'FFFD), and the LDS, STS,
LDS.L, and STS.L instructions corresponding to
FPUL and FPSCR.
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5.7 Usage Notes 170

Description amended

2. If a general exception or interrupt occurs when SR.BL = 1
a. General exception
When a general exception other than a user break
occurs, manual reset occurs. The value in EXPEVT at
this time is H'0000 0020; the value of the SPC and SSR
registers is undefined.

3. SPC when an exception occurs

a. Re-execution type general exception
The PC value for the instruction in which the general
exception occurred is set in SPC, and the instruction is
re-executed after returning from exception handling. If
an exception occurs in a delay slot instruction, however,
the PC value for the delay slot instruction is saved in
SPC regardless of whether or not the preceding delayed
branch instruction condition is satisfied.

b. Completion type general exception or interrupt
The PC value for the instruction following that in which
the general exception occurred is set in SPC. If an
exception occurs in a branch instruction with delay slot,
however, the PC value for the branch destination is
saved in SPC.

6.5 Floating-Point 182
Exceptions

Description amended

For information on possibilities (which differ depending on the
individual instruction), see section 9, Instruction Descriptions, in
the SH-4 Software Manual.

6.6.2 Pair Single- 184
Precision Data Transfer

Description amended

The powerful geometric operation instructions, FPU also
supports high-speed data transfer instructions.

When FPSCR.SZ = 1, FPU can perform data transfer by means
of pair single-precision data transfer instructions.

185to
188

6.7 Usage Notes

Newly added

7.3 Instruction Set 207

Table 7.12 Floating-
Point Graphics
Acceleration Instructions

Table amended

Instruction Operation Instruction Code Privileged T Bit

~FPSCR.FR — FPSCR.FR 1111101111111101 — —

~FPSCR.SZ — FPSCR.SZ 1111001111111101 — —

7.4 Usage Notes 207to  Newly added
209
8.4 Usage Notes 238 Newly added
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9.1.1 Types of Power- 239

Down Modes

Description amended

e Module standby function (TMU, RTC, SCI/SCIF, DMAC,
SQ, and UBC)

9.2.4 Standby Control
Register 2 (STBCR2)

245

Description amended

For details regarding the SH7751, see section 4.7, Store
Queues.

9.6.2 Exit from Standby 251

Mode

Notes amended

Notes: 1. Only when the RTC clock (32.768 kHz) is operating
(see section 19.2.2, IRL Interrupts), standby mode
can be exited by means of IRL3—-IRLO (when the
IRL3-IRLO level is higher than the SR register
IMASK mask level).

2. GPIC can be used to cancel standby mode when
the RTC clock (32.768 kHz) is operating (when the
GPIC level is higher than the SR register IMASK

mask level).
9.8.1 Transition to 253 Description amended
rﬂ:(a)r(;i;/vare Standby 3. On the SH7751, the RTC continues to operate even when
no power is supplied to power pins other than the RTC
power supply pin.
9.8.2 Exit from 253, 254 Description replaced
Hardware Standby Hardware standby mode can only be cancelled by a power-on
Mode reset. Driving the CA pin high when the RESET pin is being
driven low causes clock oscillation to start. At this point,
maintain the RESET pin at low level until clock oscillation
stabilizes. The CPU will start power-on reset processing if the
RESET pin is driven high. Hardware standby mode cannot be
cancelled by an interrupt or a manual reset.
9.8.3 Usage Notes 254 Description added

1. The CA pin level must be kept high when the RTC
power supply is started (figure 9.15).

2. Onthe SH7751R, supply power to the V, V. ., Vo coes
Voor @nd V., power supply pins in addition to the RTC
power supply pin in hardware standby mode.
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9.9.1 In Reset 255 Figure amended

Figure 9.2 STATUS gl ipigipipinipigigipininliy

Output in Manual Reset

|
i
RESET  (High) ! ;
Must be asserted for I
tresw OF longer, |
MRESET* | |
i i i i
| | | |
| |
STATUS  Normal | X | Reset X Normal
1 i i i
! ! ! 0-30 Bcyc !
>0 Beyc

9.9.5 Hardware 264 Figure amended
Standby Mode Timing o

I

|

i imi Vpp-rRTC /
Flgure 9.15 Tlmlng | Pé)wer-‘on oscillation

When VDD-RTC Power i se‘ttling time
is Off — On A 4/—&
Vo, Vopg* i \/ i

RESET |

Note: * Vpp, Vpp-pLL1/2: VDDQ: VDD-CPG

9.10 Usage Notes 264, 265 Newly added

10.1.1 Features 267 Description amended

e Three clocks

The CPG can generate the CPU clock (Ick) used by the
CPU, FPU, caches, and TLB, the peripheral module clock
(Pck) used by the peripheral modules, and the bus clock
(Bck) used by the external bus interface.

e Frequency change function

PLL (phase-locked loop) circuits and a frequency divider in
the CPG enable the CPU clock, bus clock, and peripheral
module clock frequencies to be changed . Frequency
changes are performed by software in accordance with the
settings in the frequency control register (FRQCR).
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10.2.1 Block Diagram 271 Description added
of CPG PLL Circuit 1: PLL circuit 1 has a function for multiplying the
PLL Circuit 1: clock frequency from the EXTAL pin or crystal oscillation circuit

by 6 (SH7751 and SH7751R) or 12 (SH7751R). Starting and
stopping is controlled by a frequency control register setting.
Control is performed so that the internal clock rising edge
phase matches the input clock rising edge phase.

10.3 Clock Operating 273 Table amended

MOdeS External Frequency
Pin Combination (vs. Input Clock)

Table 10.3 (1) Clock ok T e T ephera

operating Modes Operating Frequency CPU Bus  Module FRQCR
Mode MD2 MD1 MDO Divider PLL1 PLL2 Clock Clock Clock Initial Value

(SH7751 ) 0 0 0 0 Off On On 6 3/2 312 H'OE1A
1 1 Off On On 6 1 1 H'0E23
2 1 0 On On On 3 1 172 H'OE13
3 1 Off On On 6 2 1 H'0OE13
4 1 0 0 On On On 3 3/2 3/4 H'OEOA
5 1 Off On On 6 3 312 H'OEOA
6 1 0 Off Off Off 1 12 12 H'0808

10.3 Clock Operating 274 Table amended

Modes FRQCR Frequency Division Ratio of Frequency Divider 2
Table .1 0 4 FRQCR (Lower 9 Bits) CPU Clock Bus Clock Peripheral Module Clock
) H000 1 1 112

Settings and Internal

_ ooz 1/4

Clock Frequencies Booa 1/8
Hoos 12 12
HooA 1/4
Hooc 1/8
wo1r 13 113
Ho1Z 1/6
e 1/4 1/4
Hoic 1/8
o2z 1/6 1/6
mo2e 1/8 18
H048 172 172 1/2
Hoama 1/4
Hoac 1/8
Hosa 14 1/4
HosC 1/8
Hosz 16 1/6
mosc 1/8 1/8
Hi091 13 113 113
Hooz 1/6
HoAZ 1/6 16
H'ODA 14 1/4 1/4
wooe 1/8
WoEC w o
H123 1/6 1/6 1/6
H'16C 18 1/8 1/8

Note: Do not set values other than those shown in the table for the lower 9 bits of FRQCR.
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10.10 Notes on Board 288 Figure amended
Design aco1
Figure 10.5 Points for VDD-PLLL 4L Recommended values
. . CB1=RCB2 =10
Attention when Using T cPBl CPB1- PRS- 10 ;?F
PLL Oscillator Circuit VSS-PLLL RBZ100
CB=10puF
RCB2
VDD-PLL2 U
SH7751 L CcPB2 L (F{}’,‘D"’S)' Supply
SH7751R T T

VSS-PLL2 77\&

RB

VDD-CPG
AL cB J‘ Power Supply
(VDDQ)
VSS-CPG T
I
777
10.11 Usage Notes 289 Newly added
11.1.2 Block Diagram 292 Figure amended
Figure 11.1 Block z £
Diagram of RTC RTCCLK QD% :
16.384 kHz :
f ‘ 128 Hz f
11.1.3 Pin 293 Table amended
Configuration Pin Name Abbreviation 1/0 Function
. RTC oscillation circuit EXTAL2 Input  Connects crystal to RTC oscillation circuit
Table 11.1 RTC Pins exli
RTC oscillation circuit XTAL2 Output Connects crystal to RTC oscillation circuit
crystal pin
Clock input/clock output TCLK 110 External clock input pin/input capture control
input pin/RTC output pin (shared with TMU)
Dedicated RTC power Ve — RTC oscillation circuit power supply pin*
supply
Dedicated RTC GND pin Ve — RTC oscillation circuit GND pin*
12.1.2 Block Diagram 316 Figure amended

Figure 12.1 Block

Pck/4, 16, 64*
Diagram of TMU A

Prescaler
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12.2.7 Input Capture 326 Title amended

Register 2 (TCPR2)

12.4 Interrupts 332 Description amended
There are six TMU interrupt sources, comprising underflow
interrupts and the input capture interrupt (when the input
capture function is used). Underflow interrupts are generated
on channels 0 to 4, and input capture interrupts on channel 2
only.

12.5.4 External Clock 333 Description amended

Frequency Ensure that the external clock frequency for any channel does
not exceed Pck/8.

13.1.4 Register 340 Table amended

Configuration Abbrevia- R/W Initial

Table 13.2 BSC REME O et R

Registers Bus control register 3+ BCRS | RIwW _HoooL

13.1.6 PCMCIA 347 Table and notes amended

Support  Corresponding

Table 13.5 PCMCIA Pin; LSIPin

Support Interfaces 57 1 —
58 | Output from port
59 i RDY¥ .
Notes: 1. WP is not supported.

2. Input an external wait request with correct polarity.

13.2.3 Bus Control 359 Description amended

Register 3 (BCR3) BCRS3 is initialized to H'0001 by a power-on reset, but is not

(SH7751R Only) initialized by a manual reset or in standby mode.

18.2.7 Wait Control 375 Description amended of Bits 4n+3

Register 3 (WCR3)

Bits 4n+3—Area n (4 or 1) Read-Strobe Negate Timing
(AnRDH) (Setting Only Possible in the SH7751R): When
reading, these bits specify the timing for the negation of read
strobe. These bits should be cleared to 0 when a byte control
SRAM setting is made. Valid only for the SRAM

interface.

Bit 4n + 3: AnRDH Read-Strobe Ne Timing

0 Read strobe negated after hold wait cycles specified by WCR3.AnH bits
(Initial value)

1 Read strobe negated according to data sampling timing

Note:n=4or 1
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13.2.8 Memory Control 377
Register (MCR)

Description amended of Bit 31

Bit 31—RAS Down (RASD): Sets RAS down mode. When RAS
down mode is used, set BE to 1. Do not set RAS down mode in
slave mode areas 2 and 3 are both designated as
synchronous DRAM interface.

Table amended of Bit 31

Bit 31: RASD Description
0 Auto-precharge mode (Initial value)
1 RAS down mode

Note: When synchronous DRAM is used in RAS down mode, set bits DMAIW2-DMAIWO to 000
and bits A3IW2-A3IWO0 to 000.

Note added, Bits 29 to 27

Note: For setting values and the period during which no
command is issued, see 23.3.3, Bus Timing.

13.2.8 Memory Control 378
Register (MCR)

Description and note added, Bits 21 to 19

Bits 21 to 19—RAS Precharge Period (TPC2-TPCO0): When the
DRAM interface is selected, these bits specify the minimum
number of cycles until RAS is asserted again after being
negated. When the synchronous DRAM interface is selected,
these bits specify the minimum number of cycles until the next
bank active command after precharging.

Note: For setting values and the period during which no
command is issued, see 23.3.3, Bus Timing.

379

Description amended of Bits 15 to 13

After a write cycle, the next active command is not issued for a

period set by TPC[2:0] and TRWL[2:0] bits*. ...

Note: * For setting values and the period during which no
command is issued, see 23.3.3, Bus Timing.

380

Description amended of Bits 12 to 10

Bits 12 to 10—CAS-Before-RAS Refresh RAS Assertion Period
(TRAS2-TRASO): When the DRAM interface is set, these bits
set the RAS assertion period in CAS-before-RAS refreshing.
When the synchronous DRAM interface is set, the bank active
command is not issued for a period set by TPC[2:0] and
TRASJ[2:0] bits after an auto-refresh command is issued.

Note: For setting values and the period during which no
command is issued, see 23.3.3, Bus Timing.

13.2.10 Synchronous 387
DRAM Mode Register
(SDMR)

Description amended

LMODE: CAS latency

BL: Burst length

WT: Wrap type (0: Sequential)
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18.3.2 Areas 400 Description amended
Area 0 Area 0: For area 0, external address bits 28 to 26 are 000.
Area1 -------------------- Description amended

Area 1: For area 1, external address bits 28 to 26 are 001.
Area 2 __________________ 401 Description amended

Area 2: For area 2, external address bits 28 to 26 are 010.
Area3 ____________________ Description amended

Area 3: For area 3, external address bits 28 to 26 are 011.
Aread: 402 Description amended

Area 4: For area 4, physical address bits 28 to 26 are 100.
Areas 403 Description amended

Area 5: For area 5, external address bits 28 to 26 are 101.
Area6: 404 Description amended

Area 6: For area 6, external address bits 28 to 26 are 110.

13.3.3 SRAM Interface 412

Figure 13.12 SRAM
Interface Wait State
Timing (Read Strobe
Negate Timing Setting)

Figure amended

Ts1, T1  Tw , Tw  Tw ., Tw , T2 , TH1, TH2,

CKIO 1 1 1 1 1 1 1 \ i |
A25-A0 ' L
D31-D0 P | m
BS AN
| TS1: Setup wait | Tw: Access wait | TH1, TH2: Hold wait
WCR3ANS | WCR2.AnW ' , WCR3.AnH
(Oto1) ‘ ‘ (0to 15) ‘ ‘ ‘ (0to3) ‘

Note: ** When AnRDH is set to 1
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13.3.3 SRAM Interface 412 Figure amended
Figure 13.12 SRAM : : JTST, Tt Tw Tw  Tw |, Tw T2 TH1, TH2,
Interface Wait State N O o W W o o W o W o W W W

CKIO
Timing (Read Strobe e e e
Negate Timing Setting) msn0 0T

wm T f L

T A S R B S W B

° S B

D31-D0 m

5 3 3 | | | |

TS:;:wai( | Tw:Accesswait |  TH1, TH2: Hold wait
WCR3.AnS | WCR2.AnW | . WCR3.AnH
(Oto1) (0to 15) (0to3)

Note: * When AnRDH is set to 1
13.3.4 DRAM Interface 425 Description deleted
Refresh: After the self-refresh is cleared, the refresh controller
 Self-Refresh immediately generates a refresh request. The RAS precharge

time immediately after the end of the self-refreshing can be set
by bits TRC2-TRCO in MCR.

CAS-before-RAS refreshing is performed in normal operation,
in sleep mode, and in the case of a manual reset.

» Relationship between 426 Figure amended
Refresh Requests and D31-D0
Bus Cycle Requests

Figure 13.22 DRAM
Self-Refresh Cycle
Timing
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18.3.5 Synchronous 427,428 Description deleted

DRAM Interface The control signals for connection of synchronous DRAM are
RAS, CASS, RD/WR, CS2 or CS3, DQMO0 to DQM3, and CKE.

Commands for synchronous DRAM are specified by RAS,
CASS, RD/WR, and specific address signals. ...

Figure 13.23 Example 428 Figure amended
of 32-Bit Data Width SHT75LSHTTSIR |
Synchronous DRAM M1 Ao

Connection (Area 3) CKIO
CKE
CS3

RAS
CASS
RD/WR
D31-D16
DQM3
DQM2

Burst Read: 431

Figure 13.24 Basic
Timing for Synchronous
DRAM Burst Read

(SA' 10 « memory)

CKIO
a
Address
Si
WR
RAS
ASS
DQM:
DACKn

Refreshing: 448 Figure amended
o Auto-Refreshing D31-D0

Figure 13.36
Synchronous DRAM
Auto-Refresh Timing

o Self-Refreshing 450 Figure amended

Figure 13.37 D31-D0
Synchronous DRAM
Self-Refresh Timing

Power-On Sequence: 452 Figure amende

Figure 13.38 (1) ----------------------------------------------------------------------
Synchronous DRAM p31-Do - —t . —t . 3
Mode Write Timing e
(PALL)
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18.3.5 Synchronous 453
DRAM Interface

Figure 13.38 (2)
Synchronous DRAM
Mode Write Timing
(Mode Register Setting)

Figure amended

Changing the Burst 455
Length (SH7751R Only):

¢ Burst Read

Figure 13.39 Basic

Timing of a Burst Read

from Synchronous
DRAM (Burst Length =

8)
13.3.7 PCMCIA 465 Figure amended
Interface  Trmmmmmmmmemeeees JTTTTTTmmemmmmmnes | E proTeeeeet

Figure 13.45 Basic
Timing for PCMCIA
Memory Card Interface

WE1
(write)

D15-D0
(write)

Figure 13.46 Wait 466
Timing for PCMCIA
Memory Card Interface

WE1
(write)

D15-D0
(write)

Figure 13.48 Basic 468
Timing for PCMCIA I/O
Card Interface

ICIOWR

(write) L/

D15-D0
(write)

...........................................................................................
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13.3.7 PCMCIA 469 Figure amended
Inteface TS s e et A A

Figure 13.49 Wait
Timing for PCMCIA I/O
Card Interface

ICIOWR
(write)

D15-D0
(write)

................................................................

.....................................

13.3.8 MPX Interface 471

Description amended

Values output to address pins A25—-A0 are not guaranteed.

Figure 13.51 Example 472
of 32-Bit Data Width
MPX Connection

Figure amended

SH7751/SH7751R !

CKIO
Csn
_____BS
RD/FRAME
RD/WR
D31-DO
RDY
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13.3.8 MPX Interface — Figures deleted

Figure 13.64 MPX
Interface Timing 5 (Burst
Read Cycle, AnW =0,
No External Wait, Bus
Width: 32 Bits, Transfer
Data Size: 32 Bytes)

Figure 13.65 MPX
Interface Timing 6(Burst
Read Cycle, AnW =0,
External Wait Control,
Bus Width: 32

Bits, Transfer Data Size:
32 Bytes)

Figure 13.66 MPX
Interface Timing 7(Burst
Write Cycle, AnW =0,
No External Wait, Bus
Width: 32 Bits, Transfer
Data Size: 32 Bytes)

Figure 13.67 MPX
Interface Timing 8(Burst
Write Cycle, AnW =1,
External Wait Control,

Bus Width: 32

Bits, Transfer Data Size:

32 Bytes)

13.3.9 Byte Control 485 Figure amended, Note deleted
SRAM Interface SH775USH7751R |

Figure 13.64 Example A

of 32-Bit Data Width RDN";:g —

Byte Control SRAM D31-D16 —

WES —
WE2 —

D15-D0 —
WEL —
WEO —
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13.3.11

Bus Arbitration 490, 491

Description amended

There are two bus arbitration modes: master mode, and
slave mode. In master mode the bus is held on a constant
basis, and is released to another device in response to a bus
request. In slave mode the bus is not held on a constant basis;
a bus request is issued each time an external bus cycle occurs,
and the bus is released again at the end of the access.

Master mode and slave mode can be specified by the external
mode pins. See Appendix C, Mode Pin Settings, for the
external mode pin settings. In master mode and slave mode,
the bus goes to the high-impedance state when not being held.

Instead of a slave mode chip. In the following
description, an external device that issues bus requests is also
referred to as a slave.

To prevent incorrect operation of connected devices when the
bus is transferred between master and slave, all bus control
signals are negated before the bus is released. When
mastership of the bus is received, also, bus control signals
begin driving the bus from the negated state. Since signals are
driven to the same value by the master and slave exchanging
the bus, output buffer collisions can be avoided.
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13.3.15 Notes on
Usage

495, 496

Description amended

Refresh: Auto refresh operations stop when a transition is made
to standby mode, hardware standby mode, or deep-sleep
mode. If the memory system requires refresh operations, set
the memory in the self-refresh state prior to making the
transition to standby mode, hardware standby mode, or deep-
sleep mode.

Synchronous DRAM Mode Register Settings (SH7751 Only):
The following conditions must be satisfied when setting the
synchronous DRAM mode register.

e The DMAC must not be activated until synchronous DRAM
mode register setting is completed.*'

e Register setting for the on-chip peripheral modules** must
not be performed until synchronous DRAM mode register
setting is completed.*

Notes: 1. If a conflict occurs between synchronous DRAM

mode register setting and memory access using the
DMAC, neither operation can be guaranteed.

2. This applies to the following on-chip peripheral
modules: CPG, RTC, INTC, TMU, SCI, SCIF, and
H-UDI.

3. If synchronous DRAM mode register setting is
performed immediately following write access to the
on-chip peripheral modules*?, the values written to
the on-chip peripheral modules cannot be
guaranteed. Note that following power-on,
synchronous DRAM mode register settings should
be performed before accessing synchronous
DRAM. After making mode register settings, do not
change them.
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14.1.1 Features 498, 499 Description amended
— On-chip peripheral modules request
Note: * DTR.COUNT [7:4] (DTR [23:20]): Sets the port as
not used. In DDT mode on the SH7751, an external
device and the DMAC perform handshaking using
the DBREQ, BAVL, TR, TDACK, ID[1:0], and
D[31:0] signals during data transfer. On the
SH7751R, the DBREQ, BAVL, TR, TDACK, ID[2:0],
and D[31:0] signals are used for handshaking
during data transfer between an external device and
the DMAC.
14.2.4 DMA Channel 508 Description added
Control Registers 0-3 Bit 28—Source Address Wait Control Select (STC): Specifies
(CHCRO-CHCRS) CS5 or CS6 space wait control for PCMCIA interface area
access. This bit selects the wait control register in the BSC that
performs area 5 and 6 wait cycle control.
14.3.4 Types of DMA 533 Table title amended
Transfer
(a) Normal DMA Mode
Table 14.8 External
Request Transfer
Sources and
Destinations in Normal
DMA Mode
(b) DDT Mode 534 Table amended

Table 14.9 External
Request Transfer
Sources and
Destinations in DDT
Mode

Usable

Transfer Direction (Settable Memory Interface) Address DMAC

Transfer Source Transfer Destination Mode Channels
1 Synchronous DRAM External device with DACK Single 0,1,2,3
2 External device with DACK Synchronous DRAM Single 0,1,2,3
3 Synchronous DRAM SRAM-type, MPX, PCMCIA *  Dual 1,2,3
4 SRAM-type, MPX, PCMCIA #  Synchronous DRAM Dual 1,2,3
5 SRAM-type, DRAM, PCMCIA, SRAM-type, MPX, PCMCIA *  Dual 1,2,3

MPX
6 SRAM-type, MPX, PCMCIA  * SRAM-type, DRAM, PCMCIA, Dual 1,2,3

MPX
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14.5.2 Pinsin DDT 555
Mode

Figure 14.24 shows the
system configuration in
DDT mode.

Figure amended

DBREQ/DREQO
BAVL/DRAKO

TR/DREQT
TDACK/DACKO

ID1, IDO/DRAKL, DACK1 |
CKIO

D31-DO = DTR

SH7751/SH7751R External device

A25-A0, RAS, CAS, WE, DQMn, CKE b 3

Synchronous
DRAM

Description amended

Assertion of TR has the following different meanings.

¢ In normal data transfer mode (channel 0, except channel 0),
TR is asserted, and at the same time the DTR format is
output, two cycles after BAVL is asserted.

Data Transfer Request 556
Format (DTR)

Figure 14.25 Data
Transfer Request
Format

Data Transfer Request
Format (DTR)

Figure amended
31 2928 27 2625 2423 0
‘ Y4 ‘ ID ‘ MD ‘

(Reserved)

(Reserved)

Description amended, bits 31 to 29
e (000: DTR format selected

557

Notes amended

Note: 4. When specifying data transfer requests using a
handshake protocol for channel 0, set DTR.ID = 00, DTR.MD =
00, and DTR.SZ = 101, 110 for the DTR format.

14.5.4 Notes on Use of 580
DDT Module

Description amended

2. Normal data transfer mode ( channel 1 to channel 3)

7. DTR format 581 Note added

Note: Do not use setting values other than the above.
14.6.3 Register 587 Notes amended
Configuration Notes: * Bit 1 of CHCRO-CHCRY and bits 2 and 1 of
(SH7751R) DMAOR can only be written with 0 after being read
Table 14.14 Register as 1, to clear the flags.
Configuration
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14.7.4 DMA Channel 591 Description amended

Control Registers 0- In normal DMA mode, this bit is valid only in CHCRO and
7(CHCRO0-CHCR7) CHCR1. In DDT mode, it is valid in CHCRO-CHCR?. (DDT
Bit 17-Acknowledge mode: TDACK)

Mode (AM)

14.8.3 Transfer 596 Description amended

Channel Notification in
DDT Mode

Table 14.17 Function
of BAVL

When the DMAC is set up for eight-channel external request
acceptance in DDT mode (DMAOR.DBL = 1), the ID [1:0] bits
and the simultaneous (on the timing of TDACK assertion)
assertion of ID2 from the BAVL (data bus available) pin are
used to notify the external device of the DMAC channel that is
to be used (see table 14.16, Notification of Transfer Channel in
Eight-Channel DDT Mode).

Table amended
Function of BAVL

Bus available

TDACK = High
TDACK = Low

Notification of channel number (ID2)

15.1 Overview 603 Description amended
The SCI supports a smart card interface. This is a serial
communication function supporting a subset of the ISO/IEC
7816-3 (identification cards) standard. For details, see section
17, Smart Card Interface.

15.3.3 Multiprocessor 644 Description amended

Communication
Function

The transmitting station first sends the ID of the receiving
station with which it wants to perform serial communication as
data with the multiprocessor bit set to 1. It then sends transmit
data as data with the multiprocessor bit cleared to O.
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15.3.3 Multiprocessor 649, 650 Description amended

Communication Multiprocessor Serial Data Reception

Function - : :
1.Method for determining whether an interrupt generated during

receive operation is a multiprocessor interrupt

When an interrupt such as RXI occurs during receive
operation using the on-chip SCI multiprocessor
communication function, check the state of the MPIE bit in
the SCSCR1 register as part of the interrupt handling routine.

a. If the MPIE bit in the SCSCR1 register is set to 1
Ignore the received data.
Data with the multiprocessor bit (MPB) set to 0 and
intended for another station was received, and the RDRF
bit in the SCSCR1 register was set to 1. Therefore, clear
the RDREF bit in the SCSCR1 register to 0.

b. If the MPIE bit in the SCSCR1 register is cleared to 0

A multiprocessor interrupt indicating that data (ID) with the
multiprocessor bit (MPB) set to 1 was received, or a
receive data full interrupt (RXI) occurred when data with
the multiprocessor bit (MPB) set to 0 and intended for this
station was received.

2.Method for determining whether received data is ID or data
Do not use the MPB bit in the SCSSR1 register for software
processing.
When using software processing to determine whether
received data is ID (MPB = 1) or data (MPB = 0), use a
procedure such as saving a user-defined flag in memory to
indicate receive start.

Figure 15.15 shows a flowchart of a sample software
workaround.

Figure 15.15 Sample 651 Newly added
Flowchart of

Multiprocessor Serial

Reception with Interrupt

Generation
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15.3.3 Multiprocessor 652 Figure replaced
Communication
Function

Figure 15.16 Example
of SCI Receive
Operation (Example with

8-Bit Data,

Multiprocessor Bit, One

Stop Bit)

15.5 Usage Notes 667, 668 Description added

Handling of TEND Flag To send a break signal during serial transmission, clear the

and TE Bit SPBODT bit to 0 (designating low level), then clear the TE bit to
0 (halting transmission). When the TE bit is cleared to 0, the
transmitter is initialized regardless of its current state, and the
TxD pin becomes an output port outputting the value 0.
Handling of TEND Flag and TE Bit: The TEND flag is set to 1
when the stop bit of the final data segment is transmitted. If the
TE bit is cleared immediately after confirming that the TEND
flag was set, transmission may not complete properly because
stop bit transmission processing is still underway. Therefore,
wait at least 0.5 serial clock cycles (1.5 cycles if two stop bits
are used) after confirming that the TEND flag was set before
clearing the TE bit.

17.1 Overview 719 Description amended
The serial communication interface (SCI) supports a subset of
the ISO/IEC 7816-3 (identification cards) standard as an
extended function.

17.2.3 Serial Control 724 Description added

Register (SCSCR1) Bits 3 and 2—Reserved:

17.2.4 Serial Status 726 Description added

Register (SCSSR1) Bits 1 and 0—Reserved:

19.1.2 Block Diagram 770 Figure amended

Figure 19.1 Block ””””””””””
Diagram of INTC 1
Interrupt

request

SR

I IMASK
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19.1.3 Pin 771 Table amended
Configuration ;
. Pin Name . Function
Table 19.1 INTC Pins Nonmaskable interrupt | Input of nonmaskable interrupt request
input pin ! signal
Interrupt input pins © Input of interrupt request signals

; (maskable by IMASK in SR)

19.2.1 NMl Interrupt 772

Description amended

NMI interrupt exception handling does not affect the interrupt
mask level bits (IMASK) in the status register (SR).

19.2.2 IRL Interrupts 774

Description amended

The interrupt mask bits (IMASK) in the status register (SR) are
not affected by IRL interrupt handling.

19.2.3 On-Chip 775 Description amended

Peripheral Module The interrupt mask bits (IMASK) in the status register (SR) are
Interrupts not affected by on-chip peripheral module interrupt handling.
19.2.4 Interrupt 777 Table amended

Exception Handling and INTEVT Interrupt Priority IPR (Bit Priority within Default
Priority Interrupt Source Code (Initial Value) Numbers) IPR Setting Unit  Priority
PCIC PCISERR H'A00 15-0 (0) INTPRIOO — High
Table 19.4 Interrupt (3-0)
EXCeptiOn Handling PCIERR HAEO  15-0(0) INTPRIOO High
L ) (7-4)
Sources and Priority PCIPWDWN _ HACO
PCIPWON H'AAO
Order —_
PCIDMAO H'A80
PCIDMAL H'A60
PCIDMA2 H'A40
,,,,,,,,,,, PCIDMAS _ HA0 o tow
19.4.1 Interrupt 787 Description amended

Operation Sequence

3. The priority level of the interrupt selected by the interrupt
controller is compared with the interrupt mask bits (IMASK)
in the status register (SR) of the CPU. If the request priority
level is higher that the level in bits IMASK, the interrupt
controller accepts the interrupt and sends an interrupt
request signal to the CPU.

Notes: 1. The interrupt mask bits (IMASK) in the status
register (SR) are not changed by acceptance of an
interrupt in this LSI.
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19.4.1 Interrupt 788
Operation Sequence

Figure 19.3 Interrupt
Operation Flowchart

Figure amended

Level 14 No
interrupt? g
Yes
Level 1
interrupt?
level 13 or

lower?

IMASK* =
level 14 or

Yes

A,

Set interrupt source
in INTEVT
Save SR to SSR;
save PC to SPC

Set BL, MD, RB bits
inSRto1
Branch to exception
handler
k.

Note: * IMASK: Interrupt mask bits in status register (SR)

19.6 Usage Notes 791 to
793

Newly added

20.2.1 Access to UBC 798
Registers

Description amended

2. Execute instructions requiring 5 states for execution after
the memory store instruction that updated the register. As
the CPU executes two instructions in parallel and a
minimum of 0.5 state is required for execution of one
instruction, 11 instructions must be inserted. The updated
value will be valid from the 6th state onward.

20.3.1 Explanation of 808
Terms Relating to
Accesses

Description amended

In this LSI, all operand accesses are treated as either read
accesses or write accesses. The following instructions require
special attention:

This LSI handles all operand accesses as having a data size.
The data size can be byte, word, longword, or quadword. The
operand data size for the PREF, OCBP, OCBWB, MOVCA.L,
and OCBI instructions is treated as longword.

21.1.1 Features 823

Description amended

The high-performance user debug interface (H-UDI) is a serial
input/output interface supporting a subset of the JTAG, IEEE
1149.1, IEEE Standard Test Access Port and Boundary-Scan
Architecture. ...
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21.1.3 Pin 826 Note amended
Configuration

3. Fixed to the ground or connected to the same signal line as
RESET, or to a signal line that behaves in the same way.
However, there is a problem when this pin is fixed to the
ground. TRST is pulled up in the chip so, when this pin is
fixed to the ground via external connection, a minute current
will flow. The size of this current is determined by the rating
of the pull-up resistor. Although this current has no effect on
the chip's operation, unnecessary current will be dissipated.

21.2.5 Boundary Scan 829 to
Register (SDBSR) 842

Table 21.3 Structure of
Boundary Scan Register

Description amended and table replaced

The boundary scan register (SDBSR) is a shift register that is
placed on the pads to control the chip's I/O pins. This register
can perform a boundary scan test equivalent to the JTAG (IEEE
Std 1149.1) standard using EXTEST, SAMPLE, and PRELOAD
commands. ...

21.3.4 Boundary Scan 845
(EXTEST,
SAMPLE/PRELOAD,
BYPASS)

21.4 Usage Notes

Description amended and 6. moved to 21.4

In this LSI, setting a command from the H-UDI in SDIR can
place the H-UDI pins in the boundary scan mode. However, the
following limitations apply.

5. moved from 21.3.4 6.

22.1.1 Features 847 Description and Notes amended

e Supports a subset of PCI version 2.1.

Note: * MPX s only supported by the SH7751R and is not

supported by the SH7751.

22.1.3 Pin 850 Note amended
Configuration 3. Pull down this pin to low level when IDSEL is not in use. If a
Table 22.1 Pin configuration access to an external PCI device occurs while
Configuration IDSEL is high level, the PCIC itself may respond.
22.2.1 PCI 857 Note added
Configuration Register 0 Note: * The vendor ID H'1054 specifies Hitachi, Ltd., but the
(PCICONFO) SH7751 and SH7751R are now products of

Renesas Technology Corp. For information on
these products, contact Renesas Technology Corp.
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22.2.3 PCI 864 Description amended

Configuration Register 2 Bits 23 to 16—Sub Class Codes (CLASS15 to 8): Shows the
(PCICONF2) subclass code. For details, please see appendix D, Pin

Functions of the PCI Local Bus Specifications, Revision 2.1.

Bits 15 to 8—Register Level Programming Interface (CLASS7
to 0): Shows the register level programming interface. For
details, please see appendix D, Pin Functions of the PCI Local
Bus Specifications, Revision 2.1.

22.2.17 PCI Control 886
Register (PCICR)

Description added of Bit 3

Bit 3: SERR Description
0 SERR pin at Hi-Z (driven to High by pull-up resistor) (Initial value)
1 Assert SERR (Low output)

887

Description deleted of Bit 1

22.2.24 PCI Arbiter 900
Interrupt Register
(PCIAINT)

Description amended

The PCIAINT register is initialized to H'00000000 at a power-on
reset or software reset.

901

Description added of Bit 13

Bit 13—Master Broken Interrupt (MST_BRKN): Detects when
the master granted with bus privileges does not start a
transaction (FRAME not asserted) within 16 clocks. For the
SH7751, see 22.12, Usage Notes.

Description added of Bit 12

Bit 12—Target Bus Timeout Interrupt (TGT_BUSTO): Neither
TRDY nor STOP are not returned within 16 clocks in the case
of the first data transfer, or within 8 clocks in the case of second
and subsequent data transfers. For the SH7751, see 22.12,
Usage Notes.

Description added of Bit 11

Bit 11—Master Bus Timeout Interrupt (MST_BUSTO): Indicates
the detection that IRDY was not asserted within 8 clock cycles
in a transaction initiated by a device including PCIC.

Description amended of Bit 1

Bit 1—Write Data Parity Error Interrupt (DPERR_WT): Indicates
the detection of the assertion of PERR in a data write operation
when a device other than the PCIC is operating as the bus
master.
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22.2.24 PCI Arbiter 901
Interrupt Register
(PCIAINT)

Description amended of Bit 0

Bit 0—Read Data Parity Error Interrupt (DPERR_RD): Indicates
the detection of the assertion of PERR in a data read operation
when a device other than the PCIC is operating as the bus
master.

22.2.25 PCI Arbiter 902
Interrupt Mask Register
(PCIAINTM)

Description amended

The PCI arbiter interrupt mask register (PCIAINTM) sets
interrupt masks for the individual interrupts that occur due to
errors generated during PCI transfers performed by other PCI
devices when the PCIC is operating as the host with the
arbitration function. It is a 32-bit register that is readable and
writable from both the peripheral bus and the PCI bus. Each bit
is set to 0 to disable the respective interrupt, or 1 to enable that
interrupt.

22.2.29 PCIDMA
Transfer Local Bus Start
Address Register [3:0]
(PCIDLA [3:0])

907, 908

Description amended

The transfer address of a byte boundary or character boundary
can be set, but the 2 least significant bits of the register are
ignored, and the data of the longword boundary is transferred.
Note that the local bus starting address set in this register is the
external address of the SH bus.

Bits 28 to 0—DMA Transfer Local Bus Starting Address
(PDLA28 to 0): These bits set the starting address of the local
bus (external address of SH bus) for DMA transfer. Bits 28 to
26 indicate the local bus area.

22.2.30 PCIDMA 909
Transfer Counter

Register [3:0] (PCIDTC
[3:0])

Description amended

Bits 25 to 0—DMA Transfer Byte Count (PTC25 to 0): Specify
the number of bytes in DMA transfer. The maximum number of
transfer bits are 64 MB (when set to H'00000000).

22.2.31 PCIDMA 910
Control Register
[3:0](PCIDCR[3:0])

Description amended
When setting the DMASTOP bit, do not write 1 to the

DMASTART bit. Also, write the same setting at the start of
transfer to the DMAIM, DMAIS, LAHOLD, IOSEL and DIR bits.

22.2.36 PCI Power 920
Management Interrupt

Mask Register

(PCIPINTM)

Description amended
Bit 1—Power State D3 (DPERR_WT): Transition request to
power-down mode interrupt mask for this LSI.

Bit 0—Power State DO (DPERR_RD): Restore from power-
down mode interrupt mask for this LSI.
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22.2.38 PCIC-BSC 921
Registers

Description added

The PCIC-BSC performs the same type of control as the slave
function of the bus controller (BSC). However, the PCIC-BSC
returns bus rights to the BSC after each data transfer of up to
32 bytes of data. There are six registers in the PCIC-BSC:
PCIBCR1 (equivalent to the BCR1 of the BSC), PCIBCR2
(equivalent to the BCR2 of the BSC), PCIBCR3 (equivalent to
the BCR3 of the BSC)*', PCIWCR1 (equivalent to the WCR1 of
the BSC), PCIWCR2 (equivalent to the WCR2 of the BSC),
PCIWCRS3 (equivalent to the WCRS of the BSC), and PCIMCR
(equivalent to the MCR of the BSC).

922

Description amended

e The external memory capable of data transfers to the PCI
bus is SRAM, DRAM, synchronous DRAM, and MPX*Z,

¢ Also, the memory data width is 32-bit or 16-bit only (only 32-
bit in the case of synchronous DRAM).

¢ Do not specify other external memory types (burst ROM,
MPX, byte control SRAM or PCMCIA) as the external
memory for data transfers with the PCI bus.

¢ Also, do not implement any settings that are not allowed in
slave mode in the PCIC-BSC registers. This is because bit
30: master/slave flag (MASTER) of the PCIBCR1 is fixed
Low, regardless of the value of the external master/slave
setting pin (MD7) at a power-on reset, and the PCIC-BSC
therefore is set in slave mode.

22.2.41 PIO Data 928
Register (PCIPDR)

Description amended

Always write to this register before accessing the PCI
configuration space. Always read/write to this register after
setting the value in the PIO address register (PCIPAR).

22.3.3 PCIC 930
Initialization

Description amended

Also, as the BSC has BCR1.BREQEN bits that enable an
external request and a bus request from the PCIC to be
accepted, BCR1.BREQEN should be set to 1 when the PCIC is
used.
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22.3.7 PIO Transfers 936

Figure 22.2 PIO
Memory Space Access

Figure amended

31 24 23 0
PCIMBR | | [ ]

Figure22.3 PIOI/O 937
Space Access

Figure amended

PCIIOBR (]

LOCK identifier '

22.3.8 Target 939
Transfers

Description amended

To make it possible to access two or more areas from the PCI
bus, set the address spaces so that multiple areas are covered.

I/0-Read and I/O-Write 940
Commands:

Configuration-Read and
Configuration-Write
Commands:

Note amended

Note: * In version 2.1 of the PCI specifications the I/O
space for PCI devices is defined as being no more
than 256 bytes. As a result, when the SH7751 is
used in a PCI non-host device, for example on an
add-in card, it may be identified as an unusable
device during device configuration because it
requires an 1/O space larger than 256 bytes.

Note amended

Note: * Version 2.1 of the PCI specifications specifies that
any combination of byte-enable signal (BE[3:0])
values must be allowed when accepting a
configuration access. As a result, when byte or word
access is specified by the combination of BE[3:0],
the remaining portion of the data in the longword
unit is also overwritten by the write operation.

22.3.9 DMA Transfers 945
DMA Arbitration

Description amended

The arbitration circuit monitors the data transfer requests (data
write requests to the FIFO when the FIFO is empty and read
requests from the FIFO when it is full) 4 DMA transfer channels
to control the data transfers. For each transfer request, a
transfer of up to 32 bytes of data is performed.
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22.3.11 PCIl Bus Basic 947
Interface

Description amended

The PCI interface of the MCU supports a subset of version 2.1
of the PCI specifications and enables connection to a device
with a PCI bus interface.

Target Read/Write Cycle 952
Timing:

Description amended and note added

The following restrictions apply to the SH7751. With the
SH7751R, in the following case the values of data are
discarded for a target read that is executed immediately after a
target write because the data read in an earlier read operation
that was carried out by a different PCI device are discarded.

[Restrictions]

In a system in which access is made to the same address*' in
local memory by two or more PCI devices, the data cannot be
guaranteed when a target read is performed immediately after a
target write.

Notes: 1. Address matching AD[31:2] in the address phase.

2. The address that does not correspond to the
address AD[31:2] on a longword boundary.

22.4.4 Endian Control 963
in Target Transfers

(Memory Read/Memory
Write)

Description amended

As shown in table 22.12, the byte data boundary mode is used,
for all transfers.

22.6.1 Interrupts from 970
PCIC to CPU

Power Management
Interrupt (Transition
Request to Normal
Status) (PCIPWON):

Power Management
Interrupt (Transition
Request to Power-Down
Mode) (PCIPWDWN):

Description amended

Power Management Interrupt (Transition Request to Normal
Status) (PCIPWON): The power state DO (PWRST_DO0) bit of
the PCI power management interrupt register (PCIPINT) is set.
The power state DO interrupt mask can be set using the power
state DO (PWRST _DO) bit of the PCI power management
interrupt mask register (PCIPINTM).

Description amended

Power Management Interrupt (Transition Request to Power-
Down Mode) (PCIPWDWN): The power state D3 (PWRST_D3)
bit of the PCI power management interrupt register (PCIPINT)
is set. The power state D3 interrupt mask can be set using the
power state D3 (PWRST_D3) bit of the PCI power
management interrupt mask register (PCIPINTM).
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22.9.1 Power 973 Description amended

Management Overview Of the power management interrupts, the power state D3
(PWRST _D3) interrupt detects a transition from the power state
DO to D3, while power state DO (PWRST _DO) interrupt detects
a transition from the power state D3 to DO.

22.9.2 Stopping the 974, 975 Table amended

Clock pCIC
Master Slave
Table 22.14 Method of
. LSI(Other PCICLK CKIO PCICLK
StOpplng CIOCk per than PCIC) Operation Operation Operation
Operating Mode Clock Normal Bek Normal Normal Normal Normal
operating  operation/ operation operation operation operation
status sleep Pck Normal Normal Normal Normal
operation operation operation operation
PCICLK  Not used Normal Not used Normal
operation operation
Deep sleep Bek Stopped Stopped Stopped Stopped
Pck Normal Normal Normal Normal
operation operation operation operation
PCICLK  Not used Normal Not used Normal
operation operation
Standby Bek Stopped Stopped Stopped Stopped
Pck Stopped Stopped Stopped Stopped
PCICLK  Not used Stopped Not used Stopped
Transition/ Deep sleep Transition Sleep Bek stopped Bekand PCI command
Recovery command from/LSI PCICLK + interrupt
stopped from (PCIC —/LSI)
LSI + Bek restarted
from LSI
Recovery Not used PME PME interrupt PCI command
1 interrupt (connected to + interrupt
(connected IRL) + Bekand  (PCIC —[LSI)
to IRL) + Bek PCICLK + Bck restarted
restarted restarted from from/LSI
from/LSI LSI
Recovery NMI, IRL, NMI, IRL, NMI, IRL, NMI, IRL,
2 and RESET + Bek RESET + Bek RESET + Bek
RESET restarted and PCICLK restarted from
on-chip from/LSI restarted from LSI + wait for
peripheral LSl PCI command
interrupt (recovery)
Transition/ Standby Transition Standby Standby PCICLK PCI command
Recovery command command stopped from + interrupt
LSI + standby (PCIC —ILSI)
command + standby
command
Recovery Not used PME PME interrupt ~ Power-on reset
1 interrupt (connected to
(connected  IRL) + PCICLK
to IRL) restarted from
LSl
Recovery NMI, IRL, NMI, IRL, NMI, IRL, NMI, IRL,
2 and and RESET RESET + RESET + wait
RESET PCICLK for PCI
on-chip restarted from command
peripheral LSI (recovery)
interrupt

22.12 Usage Notes 977to  Newly added
980
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Section 23 Electrical 981to  Description of lead-free products added
Characteristics 1080 HD6417751RBP240(V)

HD6417751RF240(V)

HD6417751RBP200(V)

HD6417751RF200(V)

HD6417751BP167(V)

HD6417751BP167I(V)

HD6417751F167(V)

HD6417751F1671(V)
23.1 Absolute 981 Table and notes amended
Maximum Ratings fem Symbol __ Vale Unit
Table 23.1 Absolute Operating temperature T -20t0 75 C

Maximum Ratings

23.2 DC 982
Characteristics

Table 23.2 DC
Characteristics
(HD6417751RBP240

(V), HD6417751RBG240
(V)

fem Symbol Min  Typ  Max | Unit _ Test Conditions
Current Normal loo — 100 145 mA
dissipation  operation Bck = 120 MHz
Sleep mode — 60 115
Standby mode — — 400 pA T, =25°C#
— — 800 T,>50°C

Table 23.3 DC 984, 985
Characteristics
(HD6417751RF240 (V))

Item Symbol Min Typ Max Unit Test Conditions
Current Normal lono — 70 100 mA
dissipation  operation Bck =84 MHz
Sleep mode —_ 42 80
Standby mode — — 400 pA T, =25°C*
— — 800 T,>50°C
Pin All pins C, — — 10 pF
capacitance

Table 23.4 DC 986
Characteristics
(HD6417751RBP200

(V), HD6417751RBG200

V)

Title and table amended

Item Symbol  Min Typ Max Unit Test Conditions
Current | Normal | [ — & 120 mA [
dissipation operation Bck = 100 MHz
Sleep mode — 50 95
Standby mode — — 400 pA T, =25°C*
— — 800 T,>50 °C*
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23.2 DC 988, 989 Table amended

Characteristics oM . Symbol Min  Typ Max  Unit TestConditions
Current Normal Lo, — 70 100 mA

Table 235 DC dissipation  operation ¢ Bck=84 MHz

Characteristics Sleep mode — 42 80

(HD6417751RF200 (V)) Standby mode — — 400 WA T,=25°C*
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T 8OO Tes0cY
Pin All pins C, — — 10 pF

capacitance

Table 23.7 DC —
Characteristics
(HD6417751BP1671 (V))

Table 23.9 DC
Characteristics
(HDB417751F1671 (V))

Table 23.10 DC

Tables deleted

Characteristics

(HD6417751VF133)

233 AC 994 Title and table amended

Characteristics Item Symbol  Min Typ Max Unit Notes
Operating CPU, FPU, cache, TLB f 1 — 240 MHz

iable 239 C|OCk frequency External bus 1 — 120

(l_l;BIg“gq 7751 RBP24O Peripheral modules 1 — 60

(V), HD6417751RBG240
V)

Table 23.11 Clock 995
Timing

(HD6417751RBP200

(V), HD6417751RBG200

o
Table 23.13 Clock
Timing
(HD6417751BP167 (V),
HD6417751F167 (V))

Title amended

Title amended

Table 23.17 Clock —
Timing
(HD6417751VF133)

Table deleted
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23.3.1 Clock and
Control Signal Timing

Table 23.14 Clock and
Control Signal Timing
(HD6417751RBP240
(V), HD6417751RBG240

V)

996

Title and description amended

V,

bbQ

=3.0t036V,V, =15V, T,=-20t075°C, C_=30 pF

Table 23.15 Clock and 997
Control Signal Timing
(HD6417751RF240 (V))

Table amended
Vipe=3.0t036V,V, =15V, T =-20t075°C, C_=30pF

Item Symbol  Min Max Unit  Figure
CKIO clock PLL1/PLL2 operating fop 25 84 MHz
output PLL1/PLL2 not operating 1 34 MHz

Table 23.16 Clock and 998
Control Signal Timing
(HD6417751RBP200

(V), HD6417751RBG200

V)

Title and description amended
Vipe=3.0t03.6V,V, =15V, T =-20to 75°C, C =30 pF

Table 23.17 Clock and 999
Control Signal Timing
(HD6417751RF200 (V))

Description amended

V,

bbQ

=3.0t036V,V, =15V, T,=-20t075°C, C_=30 pF

Table 23.18 Clock and 1000
Control Signal Timing
(HD6417751BP167 (V),
HD6417751F167 (V) )

Title and description amended
Voee=30t03.6V,V, =18V, T, =-20to 75°C, C =30 pF

Table 23.23 Clock and —
Control Signal Timing

Table deleted

(HD6417751VF133)
23.3.2 Control Signal 1006 Table amended
Timing HD6417751R  HD6417751R
BP240/(V) BP200/(V)
HD6417751R HD6417751R HD6417751R HD6417751R
T.able 23.'1_9 Control BG240(V)  BG200(V)  F240 (V) F200 (V)
Signal Timing - - -
Item Symbol Min Max Min  Max Min  Max Min  Max Unit Figure
Bustistatedelay Lo, — 2 — 2 — 2 I T a2
time to standby
mode
Bus buffer on time  t,, — 12 — 12 — 12 — 12 ns 23.11
Bus buffer on time  t,,, — 2 — 2 — 2 — 2 t 23.12/(2)
from standby
STATUS 0/1 delay t.,,, — 6 — 6 — 6 — 6 ns  23.12/1)
time to [ — 2 — 2 — 2 — 2 23.12
(1) ()
tms = 2 = 2 = 2 = 2 t 23.12 (2)
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23.3.2 Control Signal 1007 Table amended
Timing HD6417751BP167 (V)
Table 23.20 Control HD6417751F167 (V)
Signal Timing -
Item Symbol Min Max Unit Figure
BREQ setup time toeos 35 — ns 23.11
BREQ hold time toeon 15 — ns 23.11
BACK delay time torco — 8 ns 23.11
Bus tri-state delay time taorm — 12 ns 23.11
Bus tri-state delay time taores — 2 e 23.12(2)
to standby mode
Bus buffer on time toont — 12 ns 23.11
Bus buffer on time from  t,_, — 2 . 23.12/(2)
standby
STATUS 0/1 delay time  t,, — 6 ns 23.12/(1)
torne — 2 t, 23.12/(1) (2)
torms — 2 t, 23.12 (2)
Note: * V_,=30t0o36V,V, =18V T, =-20to75°C,
C,=30pF, PLL2 on
Figure 23.12 (1) Pin 1008 Title amended and figure replaced
Drive Timing for Rest or
Sleep Mode
Figure 23.12 (2) Pin 1009 Title amended and figure replaced
Drive Timing for
Software Standby Mode
23.3.3 Bus Timing 1010, Table and note amended
Table 23.21 Bus 1011 HD6417751R  HD6417751R
. BP240 (V) BP200 (V)
Timing (1) HD6417751R |HD6417751R HD6417751R  HD6417751R
BG240 (V) BG200 (V) F240 (V) F200 (V)
fem  Symbol Min Max Min Max Min Max Min Max Unit Notes
Note: * V_,=3.0t036V,V,,=15V T =-20to
+75°C, C_ =30 pF, PLL2 on
Table 23.22 Bus 1012, Table and note amended
Timing (2) 1013 HD6417751VF133 deleted
HD6417751BP167 (V)
HD6417751F167 (V)
ftem Symbol | Min | Max Unit  Notes
Note Vye=30t036V,V =18V  ,T =-20to

+75°C, C, =30 pF, PLL2 on
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23.3.3 Bus Timing 1024 Title amended
Figure 23.23

Synchronous DRAM
Normal Read Bus Cycle:
ACT + READ
Commands, Burst
(RASD =1, RCD [1:0] =
01, CAS Latency = 3)

Figure 23.24 1025
Synchronous DRAM

Normal Read Bus Cycle:

PRE + ACT + READ
Commands, Burst

(RASD =1, RCD [1:0] =

01, TPC [2:0] = 001,

CAS Latency = 3)

Title amended

Figure 23.25 1026
Synchronous DRAM

Normal Read Bus Cycle:
READ Command, Burst
(RASD =1, CAS

Latency = 3)

Title amended

Figure 23.28 1029
Synchronous DRAM

Normal Write Bus Cycle:

ACT + WRITE

Commands, Burst

(RASD=1, RCD [1:0] =

01, TRWL [2:0] = 010)

Title amended

Figure 23.29 1030
Synchronous DRAM

Normal Write Bus Cycle:

PRE + ACT + WRITE
Commands, Burst

(RASD =1, RCD [1:0] =

01, TPC [2:0] = 001,

TRWL [2:0] = 010)

Title amended

Figure 23.30 1031
Synchronous DRAM

Normal Write Bus Cycle:
WRITE Command,

Burst (RASD = 1, TRWL

[2:0] = 010)

Title amended
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23.3.3 Bus Timing 1036 Figure amended

Figure 23.34 (b) TRRL
Synchronous DRAM oo N4
Bus Cycle: Mode oitip
Register Setting (SET) o h
Precharge-sel 1 -
Address § ;
CSn 7 j E

thwo :

P
o
3

tRasD}

b/
>|
[

¢asp!

CASS Lo
toomo

DQMn o
WOD

D31-D0 [
(write) ! H
BS [
CKE 7
toaco}

DACKn L

Figure 23.36 DRAM 1038 Title amended
Bus Cycle (EDO Mode,

RCD [1:0]=00,

AnWI[2:0]=000,

TRC[2:0]=001)

Rev.4.00 Oct. 10, 2008 Page | of xcviii
REJ09B0370-0400
RENESAS



Item Page

Revision (See Manual for Details)

23.3.3 Bus Timing 1052

Figure 23.50 PCMCIA
Memory Bus Cycle

(1) TED [2:0] = 000,
TEH [2:0] = 000, No
Wait

(2) TED [2:0] = 001,
TEH [2:0] = 001, One
Internal Wait + One
External Wait

Figure amended

TpecmO _ Tpcml _ Tpemiw  Tpemlw  Tpcm2 = Tpem2w
. . T T . T

i g ‘ ‘ ol
o

L lortio : : : : U letap
25RO j{: : : : : : *

| oftdsp 3 3 3 3 1 joflosp
CExx ' | | | | | | }L
REG WEO) ;== 1 1 1 1 1 :

~ lothwo| | : : : : .

RD/WR | | | | | | |

D offeso | 1 eitasp || ! ___oftesp
w [ | : | e
DI5-DO | | | | tRpsf—*trDH
(read) | | | | | |

o (wepr | : : oo

23.3.4 Peripheral 1061,
Module Signal Timing 1062

Table 23.23 Peripheral
Module Signal Timing

(1)

Table and notes amended

HD6417751 HD6417751

RBP240 (V) RBP200 (V)

HD6417751 |HD6417751 HD6417751 HD6417751

RBG240 (V) RBG200 (V) RF240 (V) RF200 (V)
= = - =

Module Item Symbol Min Max Min Max Min Max Min Max Unit Figure Notes

Notes: 1. Pcyc: P clock cycles

2. V,,=30t036V,V, =15V, T, =-20to +75°C,
C,=30pF, PLL2 on

Table 23.24 Peripheral 1063,
Module Signal Timing 1064

)

Table and notes amended
HD6417751VF133 deleted
HD6417751BP167

HD6417751F167 (V)

Module  Item Symbol Min Max Unit Figure Notes

Notes: 1. Pcyc: P clock cycles

2. V,,,=30t036V,V, =18V T, =-20to75°C,
C,=30pF, PLL2 on
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23.3.4 Peripheral 1069 Table amended and note added
Module Signal Timing HD6417751RBP240 (V), HD6417751RBP200 (V),
Table 23.25 PCIC HD6417751RBG240 (V), HD6417751RBG200 (V),
Signal Timing (in HD6417751RF240 (V), HD6417751RF200 (V):
PCIREQ/PCIGNT Non- Voo =8.0103.6V, V,, =15V, T,=—2010 75°C, C, =30 pF
Port MOde) (1 ) 33 MHz 66 MHz
Pin Item Symbol Min Max Min Max  Unit Figure
DSEL Inputhold time e 15 - s s s
Input setup time tooisy 30(@35%) — 3.0 (85%)— ns 23.72
AD31-ADO  Output data delay time [— 10 — 8 ns 2371
C/BE3-C/BEO Tri-state drive delay time  t,.,,, — 10 - 10 ns 23.71
PAR Tri-state high-impedance  t,q — 12 — 12 ns 23.71
PCIFRAME delay time
1RDY Input hold time toc 1.5 — 15 — ns 23.72
TRDY Input setup time tocisy 3.0@35% — 3.0 (85%)— ns 23.72
PCISTOP
PCILOCK
DEVSEL
PERR
PCIREQ1/ Output data delay time o — 10 — 8 ns 23.71
GNTIN Tri-state drive delay time .o, — 10 — 10 ns 23.71
;%ISEQZ/ Tri—stat‘e high-impedance  t. .. - 12 12 ns 23.71
delay time
;CDIE]EQS/ Input hold time toc 1.5 — 15 — ns 23.72
PCIREQ4/ Input setup time tocsy 3.0(3.5%) — 3.0 (3.5%)— ns 23.72
PCIGNT1/
REQOUT
PCIGNT4-
PCIGNT1

Note: * HD6417751RF240 (V), HD6417751RF200 (V)
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23.3.4 Peripheral 1070 Table amended and note added

Module Signal Timing HD6417751F133 deleted

Table 23.26 PCIC HD6417751BP167 (V), HD6417751F167 (V):

Signal Timing (in Voo =3.0103.6V, V, = 1.8V, T, = 20 to 75°C,

PCIREQ/PCIGNT Non- CDD° 30 oF eP °

Port Mode) (2) L=3UP

33 MHz 66 MHz
Pin Item Symbol Min Max Min Max  Unit Figure
iDSEL T inputholdtime fon 1 =TT 1 = T
Input setup time toosu 3.0 (3.5%)— 3.0 (3.5%) — ns 23.72
AD31-ADO Output data delay time | S — 10 — 10 ns 23.71
C/BE3-C/BEO Tri-state drive delay time ., — 10 — 10 ns 2371
PAR Tri-state high-impedance  t, . — 12 — 12 ns 23.71
PCIERAME delay time
TRDY Input hold time [ 1 — 1 — ns 23.72
TRDY Input setup time tocsy 3.0 (3.5%)— 3.0@35%) — ns 23.72
PCISTOP
PCILOCK
DEVSEL
PERR
PCIREQ1/ Output data delay time [ — 10 — 10 ns 23.71
GNTIN Tri-state drive delay time .., — 10 — 10 ns 23.71
PCIREG2/ Tri-state high-impedance ..o — 12 12 ns 23.71
delay time

:’MCDI{-:JEQS/ Input hold time . 1 — 1 — ns 23.72
PCIREQA/ Input setup time thesu 3.0 (3.5%) — 3.0(35%) — ns 23.72
PCIGNT1/
REQOUT
PCIGNT4—
PCIGNT1

Note: * HD6417751F167 (V)
Table 23.27 PCIC 1072 Table amended

Signal Timing (With HD6417751RBP240 (V), HD6417751RBP200 (V),
PCIREQ/PCIGNT Port HD6417751RBG240 (V), HD6417751RBG200 (V),

Settings in Non-Host HD6417751RF240 (V), HD6417751RF200 (V):

Mode) (1) V,,,=30t036V,V, =15V,T,=-20to 75°C, C, = 30 pF
Table 23.28 PCIC Table amended

Signal Timing (With HD6417751BP167 (V), HD6417751F167 (V):

PCIREQ/PCIGNT Port
Settings in Non-Host
Mode) (2)

Table 23.34 PCIC — Table deleted
Signal Timing(With

PCIREQ/PCIGNT Port

Settings in Non-Host

Mode)

V,,,=3.0t036V,V,, =18V, T,=-20to75°C, C_= 30 pF
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Appendix A Address 1077 to Synchronization Clock
List 1084 lclk — Ick
Table A.1 Address List Bclk — Bek
Pclk — Pck

1078

Table amended

Area 7
Module Register P4 Address Address*'

PCIC  PCICR H'FE20 0100 H'1E20 0100
%2

Appendix B Package 1087
Dimensions

Figure B.3 Package
Dimensions (256-pin
BGA)

Newly added

Appendix C Mode Pin 1089
Settings

Table C.1 Clock
Operating Modes
(SH7751)

Table amended and notes added

External Frequency
Pin Combination (vs. Input Clock)

Clock 12 Peripheral
Operating Frequency CPU Bus Module FRQCR
Mode MD2 MD1 MDO Divider PLL1 PLL2 Clock Clock Clock Initial Value
0 0 0 0 Off On On 6 312 32 H'OE1A
1 1 Off On On 6 1 1 H'0E23
2 1 0 On On On 3 1 1/2 H'0OE13
3 1 Off On On 6 2 1 H'0E13
4 1 0 0 On On On 3 312 3/4 H'OEOA
5 1 Off On On 6 3 32 H'OEOA
6 1 0 Off Off Off 1 12 12 H'0808

Notes: 1. The multiplication factor of 1/2 frequency driver is
solely determined by the clock operating mode.
2. For the ranges input clock frequency, see the
description of the EXTAL clock input frequency (f.,)
and the CKIO clock output (f,,) in section 23.3.1,
Clock and Control Signal Timing.

Table C.7 PClIMode 1091

Table amended

Pin Value
Mode MD10 MD9 Mode
0 0 0 PCI host with external clock input
1 0 1 PCI host with feedback input clock from CKIO
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D.1 Pin States 1093, Table amended
H H 1 094 Reset Reset

Table D.1 Pin States in (Poweron) (Mamoal) e
Reset, Power-Down PinName VO Master Slave  Master Slave Standby Released Standby Notes
State, and Bus- WE3/IOICWR o H PZ o z#80%  z#t0® Z
Released State (PCI WEofmGER] o.h_] Pz on zior zov z
Enable Disable DRAK1-DRAKO (o] L L L L Z#10# [ z DMAC

! MDO/SCK2 110 FHZE0H |50 | SCIF

Common)

Table D.2 Pin States in 1095

Table amended

Reset, Power-Down Reset Reset Reset
State, and BUS' (Power On) (Manual) Standby (Software) Hard-
Non- Non- Non- Non- ware
Released State (PCI Pin Name /0 Host Host Host Host Host Host Host Host Standby Notes
Enab|e) PCIREQ4 o Pl PZ 750 [k Al PI z Values in
(109 paren-
thesis
are when
using
PORT
PCIREQ2/ 1o ¥ T Z#0 7 ez PI PZ 7, Values in
MD9 (10%# (10%°) (10%°5) paren-
thesis
are when
using
PORT
PCIREQ3/ o ¥ 1#7 Z#0 7w ez PI PZ Z, Values in
MD10 (105#5%) (10%1%5%) (10%1%5%) paren-
thesis
are when
using
. EORTEE
Table D.3 Pin States in 1097 Table amended
Reset, Power-Down Reset Reset Hard-
State, and BUS' (Power-On) (Manual) Bus ware
Pin Name 1o Master Slave Master Slave Standby Released Standby Notes
Released State (PCI R R
. PCIREQ4 — 4 4 z z 4 4 z
Dlsable) PCIREQ2/MD9 /0 1+ 1% z 4 4 4 Z
PCIREQ3/MD10 110 1+ 1% z 4 4 4 z
Table D.4 Handling of 1099 Table amended
Pins When PCl Is Not Pin Name O Handling
Used IDSEL . |_______Pulldown o lowlevel when IDSELis notinuse
D.3 Note on Pin Newly added
Processing

Appendix E 1109
Synchronous DRAM
Address Multiplexing

Tables

Description amended
(9) BUS 32 (64M: 4M x

4b x 4) x 8 *

(128M: 4M x 8b x 4) x 4

Appendix G Power-On 1115 to
and Power-Off 1118
Procedures

Replaced
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Appendix H Product 1119 Table and notes amended

Lineup Operating  Operating

Product Name Voltage Frequency Temperature*' Part Number#* Package
Table H.1 SH7751 1.8V 167 MHz —20t0 75°C HD6417751BP167 (V) 256-pin BGA
SH7751/SH7751R HD6417751F167 (V)  |256-pin QFP

Product Lineup

SH7751R 15V  240MHz —201t075'C  HD6417751RBP240 (V) 256-pin BGA
HD6417751RF240 (V) |256-pin QFP

HD6417751RBG240 (V) 292-pin BGA

200 MHz | HD6417751RBP200 (V)| 256-pin BGA

HD6417751RF200 (V) |256-pin QFP

HD6417751RBG200 (V) 292-pin BGA

Notes: 1. Contact a Renesas sales office regarding product
versions with specifications for a wider temperature
range (—40 to +85°C).

2. All listed products are available in lead-free
versions. Lead-free products have a “V” appended
at the end of the part number.

Appendix | Version 1121, Newly added
Registers 1122

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

Rev.4.00 Oct. 10, 2008 Page lvi of xcviii
REJ09B0370-0400
RENESAS



Contents

SECHON T OVEIVIEW ... 1
1.1 SH7751/SHT7T75TR FEATUIES .....eeuviimiiiiiiniiiieeieeie ettt sttt st 1
1.2 BIOCK DIQZIAM ..ottt ettt st ettt st bt 9
1.3 Pin AITANZEIMENL ......eiitiitieiieiieiie ettt ettt ettt et et e ea e sb e e s bt e s be e beeeesaeesaeeseeenaeenee 10
1.4 Pinl FUNCHONS ..utieiiiiiiieiieiteieee ettt sttt ettt et e et e st e st enseenaesneesneesneeseeneeennenns 13
1.4.1  Pin Functions (256-Pin QFP) .......cccoiiiiiiiiiiieeee et 13
1.4.2  Pin Functions (256-Pinn BGA) ......ccoooiiiiiiieiieeeeceeeee et 24
1.4.3  Pin Functions (292-Pin BGA) ......cc.uoiiiiiiieeeee et 35
Section 2 Programming Model...........ccoooiiniiscceeeene 47
2.1 Data FOTMALS ..cc..eeiiiiiiiieiie ettt ettt ettt et e et e st esabeesabeesaneenaee 47
2.2 RegiSter CONfIGUIAtION ...ccviiriieriiiiiiierieerte et erte ettt e et e et e s be e e beesbeeebeesbeesaeeenne 48
2.2.1 Privileged Mode and Banks ...........ccoceeirieiiiieinieniiieeecite ettt 48
222 General REGISTEIS ......ccvueriiiiiriieiieieeiteeitesteet ettt et sttt saee b ens 51
2.2.3  Floating-Point REZISIEIS. .....cueetirtiiriieiieieiie ittt 53
2.2.4  CoNtrol REGISLEIS ....ccueiruieitieiieieeiieetieit ettt ettt b ettt s sbe e 55
2.2.5  System REZISIETS ....ccoueiiiiiiiiiiieiieieeeeee ettt 56
2.3 Memory-Mapped REZISIETS. ....cccuiiiiiiiiieeiieeiie ettt ettt ettt esbeesateesneeneee 58
2.4 Data FOrmat in REZISIETS....cccuuiiriiiiiiiiiieiiieeie ettt ettt sttt e b e 59
2.5  Data FOrmats in MEIMOTY ..cc..coouiiiiriiiniieiiiiieiteeieenieeit et st sbee et st sete st esieeeeeneesaeenae 59
2.0 PrOCESSOT STALES. ....eeutieuieeiieitieitterteete ettt et st et et et et e et e e bt e bt e beesbesatesaeesbeenbeenteeneesanene 60
2.7 PrOCESSOT MOMES ......eieuiiiiiiieitiesteete ettt ettt et ettt b e bt et et e s atesatesbeenbeebeeaeesaeeeae 62
Section 3 Memory Management Unit (MMU) ..o 63
Bi1 OVEIVIBW .ttt ettt ettt et sttt ettt ettt saa e s e e sbe e bt e et emtesaeesaeenne 63
Bulil FRAUIES ettt ettt ettt sttt ettt et st bt ettt et sane b ens 63
3.1.2  Role of the MMUL......coiuiiiiiiiiiiieeee ettt ettt et st 63
3.1.3  Register Configuration ............cceeeerueerieeiienieeientiee ettt et e e 66
T B S €11 5 o) | S O OO P PP PPROTPPRORRRORt 66
3.2 ReZISIEr DESCIIPHONS ...eeuvieriiieiiiertieeiee et e eite st e stee st e sbe e st e sbee s beesabeesabeesbeesabeesseennne 67
3.3 AAAIESS SPACE ...eieiuiiiiiieiiteeiteeteerte ettt ettt ettt ettt et e et e e abe e bt e e bt e ebeeenaaesnnen 71
3.3.1  Physical Address SPACE .......cooeevuiriiriinieniieieeieetesteseee ettt 71
3.3.2  External MemoOry SPAcCe........cccieiiruieriieriieieeieetiesieete ettt sttt ettt 74
3.3.3  Virtual Address SPaCE.......ccueeruiiriieiirieriieeeeee ettt sttt 75
334  On-Chip RAM SPACE....ccceiriiriiiiiiieiieeeeeeeeeee et 76
3.3.5  Address Translation ..........ccoccecueevierienienieeiienicnienceeec ettt 76
3.3.6  Single Virtual Memory Mode and Multiple Virtual Memory Mode.................... 77
3.3.7 Address Space Identifier (ASID) .....ccccooieriirierienienieneeecc e 77

Rev.4.00 Oct. 10, 2008 Page lvii of xcviii
REJ09B0370-0400
RENESAS



3.4 TLB FUNCHOIS ..uteetieiit ettt ettt ettt ettt st sbe et et eeat e e bt e s beebeenbeemteeaeesaeenaes 78
3.4.1 Unified TLB (UTLB) CONfiguration ..........cccceeeerieeienienieesieeieseesieesieenee e 78
3.4.2 Instruction TLB (ITLB) Configuration............ecceeeerueesienueseeneeneesieseeseeeneeeeens 82
3.4.3  Address Translation Method...........cccccoviiniiniiniiniiniinieieeeeneeneeic e 82
3.5 MMU FUNCHONS .....oouiiiiiiiiiiiiiiiicctccccteeteste ettt s 85
3.5.1 MMU Hardware Management ............cocueveereenieenienieneenieesienieneeseenieeneeseeseenne 85
3.5.2 MMU Software Management .........cccueeeerierueerieenieeieeienieenteeeeseesieeseeeseeeeeeeenns 85
3.5.3 MMU Instruction (LDTLB)....couuiiiiiieeeeee e 85
3.5.4 Hardware ITLB Miss Handling ..........ccccccecuevierieninineniniieeicncnienencseseeieeene 86
3.5.5 Avoiding Synonym Problems ...........cceceeeviiiriiiiniiiiniiienieenieerieesie e 87
3.0 MMU EXCEPUONS ...eetiiiiiiiiieeiteenite ettt ettt esiteesite ettt etteesiaeebeessbbeebeesbaesnstesbseeseessaesnsees 88
3.6.1 Instruction TLB Multiple Hit EXCEPtion........ccccovuiriirienienieniienienieneeceieeeee 88
3.6.2 Instruction TLB MisS EXCEPION.....ccc.eeiuiriiriiriieiieieeieeiiesiceie et 88
3.6.3 Instruction TLB Protection Violation EXCEPtion .........c.cccvevvevvereneneneneneneennene 89
3.6.4 Data TLB Multiple Hit EXCEPLON .....cceviriireririiiiienientieeneceeeeceeeseesie e 90
3.6.5 Data TLB MiSs EXCEPHON ..cuuveiiiiiiiiiiiiieriieeiieesieete ettt et e 91
3.6.6  Data TLB Protection Violation EXCEPtion........cccceeviierieiniiinieiniienieeee e, 92
3.6.7 Initial Page Write EXCEPLION ....c..cooeiviiriiiiiniiiiiiieieetee et 93
3.7  Memory-Mapped TLB Configuration..........c.cceccoeeerieeeienienieneneneeeereeerenesreseseeeens 94
3.7.1  ITLB AdAIess AITAY ....coceevuerieriinienieniieieeieetetetentesreeie st eseeeessessesaessesaeeneeseennennens 94
3772 ITLB Data ATTay L....ccoooiiiiiiiiiieiieieeeereeneete ettt s 95
3.7.3  TTLB DaAta ATTAY 2...eeeeeeiiiierieeiiiienieesiitesteesteesiteesiteesibessiteesaseessseesaseenseeesssesnsees 96
3.7.4  UTLB AdAress AITAY.....cccueerieeiiienieeniienieenteesiteesiteesitessiteesisesbeessseesseessseesnsens 97
3.77.5  UTLB Data AITay 1 ..cccovieiiiiiieiieiieiieieeeeese ettt 98
3.7.6  UTLB Data AITAY 2 .....coieieieieiinientinieniteieee ettt st sre et et aesne e 99
3.8 USAZE INOLES .ottt ettt et sttt e s et e st e bt e st e e bt e saaeenee s 100
SECION 4 CACKES ... 101
A1 OVEIVIBW ..ttt st b e s st sa e s 101
4101 FEALUIES ...couiiiiiiicieccee ettt s 101
4.1.2  Register CONfIGUIATION. ...c.eeiuiiiirieitieitiete ettt s 102
4.2 RegISter DESCIIPIIONS . .eevieutieiieieeiieeiie ettt sttt ettt e st et e e e teeatesaeesbeesbeenbeeteennesaeenae 103
4.3 Operand Cache (OC).....cccueiiiiiriiinieerieee ettt ettt st bee st e s saee s 105
43,1 CONTIGUIALION ..ceutieiiieeiieeiie ettt ettt ettt e st e sabeesbeesabeesbaesateesnbeesaseesabeennne 105
4.3.2  Read OPETALION ....veeiiiiiiiieiieeiieeite ettt ettt et ettt e st e st e st e sbeesabeesabaesaneesas 108
4.3.3  WIIE OPCIAtION ..coeveeiiniieiieiiieiteeiteritet ettt ettt ettt e et sbe e enees 109
4.3.4  Write-Back BUFTEr .....cccuoiiiiiiiiiie e 111
4.3.5  Write-Through Buffer...........ccccoiiiiiiiiiiie e 111
4.3.6  RAM MOUE.....c..ioiiiiiiiiiieieieniteeritet ettt ettt st sttt et s 111
4.3.7  OCINdeX MOUE ......ccoiiiiiiiiiiiiiciiicece s 113

Rev.4.00 Oct. 10, 2008 Page lviii of xcviii
REJ09B0370-0400

RENESAS



4.3.8 Coherency between Cache and External Memory ...........cceccevveeneeneenieneeneennenne 113

4.3.9  Prefetch OPeration ..........cccccueoierenineninieteteieteene ettt ettt eae 113
4.3.10 Notes on Using OC RAM Mode (SH7751R Only) when in Cache Enhanced

MO ...t 114

4.4 Instruction Cache (IC).....ooouviiiiii it e e ee et e e e e e e eeeaaraaeeas 116

441 CONFIGUIATION ..eontiiniieiiieiieeiteett ettt sttt et ettt e e et saeesaeesaeenae 116

442 Read OPEIALION .....coeeuiiiiniiniiriieieeitetetentente sttt ettt sae st st sae et et nae e sne e 119

443 TCINAEX MOME ....cueiiuiiiieiietiett ettt ettt ettt st 120

4.5 Memory-Mapped Cache Configuration (SH7751).c..ccccecvevieiiinineninininieeeecieiescnienens 120

4.5.1  TC AdAIESS ATTAY ..veeeuvieeiieiiieeieesitestee st esteesiteestteesbeeesaeesbeesbeesabeesaseesaseesaneenes 120

4.5.2  TC DAtA ATTAY....eeeiuieiiieeiie ettt ettt sttt e st e st e st este e s bt e sabeesabeesabeesaseenaneens 122

4.53  OC AdAIESS ATTAY...ccueeiieiiriieniienitenieeie ettt ettt et ettt et sbae s e e esbesaeesaeesaeenae 123

4.5.4  OC DAtA ALTAY ...eveeuieiietieieete ettt ettt ettt e bt ettt et saeesbeesbeeeeeeesaeeeae 124

4.6  Memory-Mapped Cache Configuration (SH7751R) ....cccceooiiiiiiiiiiiiiiienieeeeeeeeee 125

4.6.1  IC AdAIess AITAY ....ceveieriinieniinienieeitetetete ettt ettt sae bttt n e ne e 125

4.6.2  TC DAt ATTAY....eeeeiieeiieeiie ettt ettt sttt e et e st e s te e s bt e sabeesabeesabeesnseesaneens 127

4.6.3  OC AdAIesS ATTAY...cc.veeeiieiiieeiieiiieeitesiee et e st e st e st e sbe e sttt esareessseesasesnseeesaneens 128

4.6.4  OC DAta ATTAY ..everiieiieiieieeieete ettt ettt ettt ettt st e b e et saee it nae 129

4.6.5 Summary of Memory-Mapped OC Addresses........cceeoueruereeneenennenienieneeneeenne 130

4.7 SOF€ QUEUES ..ot eetee et e et e e e e et e e et e e e et e e e e taeeeeeateeeeeaeeeeeteeeeeenaeeeeennes 131

471 SQ CoNfiGUIatiOn ......ccueruiriiriiriiniieeeieientene sttt ettt ettt sae et nee e b e 131

472 SQ WIILBS ..ottt s 131

4.7.3  Transfer to EXternal MemoOTy ..........ccccceeviiinieiniiiniieniecrte ettt 132

474  Determination of SQ Access EXCePtion.........ccceeeeveevieriiinienieneinciicneeneeeenn 133

4.7.5 SQRead (SH775TR ONLY)..cuiriiririiniiiiiiicicenteseneeeee ettt 133

4.7.6  SQ Usage Notes (SHT7751 ONLY)....cooiiriiiiiiiiiiieiieeeeeeeeste e 134

SECtION 5 EXCEPLIONS. ...t es 137

ST OVEIVIBW ..ottt et st s 137

S.LL FRAMUIES ...ttt ettt st 137

5.1.2  Register CONfigUIatiON........ccueeuirierieriieieeie ettt e e 137

5.2 RegiSter DESCIIPLIONS ...ceuietieiieieeiieeiie ettt ettt ettt et e e et e et eete st esbeesbeenbeenteeeesaee e 138

5.3 Exception Handling FUNCHONS ......c..coeeiiiiiiieniiniininiencetetcetentcese et 139

5.3.1  Exception Handling FIOW .........cccciiiiiiiiiiiiiiiiiiieiccee sttt 139

5.3.2  Exception Handling Vector AAAIesSes ........cvevierriiinierniiienieniiesiieeieeeieeeiee s 139

5.4  Exception Types and PriOTIHES ........cccueriirerieriiiiiinieneenieeeeieetesitesie e s 140

5.5 EXCEPHON FLOW ...eiiiiiiiiiee ettt st 143

5.5.1  EXCEPION FIOW ..couviiiiiiiiiiieeee et 143

5.5.2  EXCeption SOUICE ACCEPLANCE.......cccuerverertirrerrerierieetenretentensentessesseeseeseensesensenses 144

5.5.3  Exception Requests and BL Bit .......ccccooviiiiiiiiiieiiiiiiienicceeeiee e 146

Rev.4.00 Oct. 10, 2008 Page lix of xcviii
REJ09B0370-0400
RENESAS



5.5.4 Return from Exception Handling............ccccoooiiiiiiiniiniiiiieeeeceeeeeees 146

5.6 Description Of EXCEPLIONS .......cocuiruiiitiiiiiieeieeiiesitert ettt 146

T 0 R 2T U PR 147

5.6.2  General EXCEPLIONS ....ccuuiiiiieiiiiiiieeiee ettt sttt sttt e st e ste e st e sbeesateesaneenane 152

5.0.3  INEETTUPES c.veeeeeeeiieeiieeite et ette ettt e et e et e s bt e et e sabteesbeesabeesnbeesnbeesnsaesabeesnseesanes 166

5.6.4  Priority Order with Multiple EXCEPHONS. .....cccueriereiririiniinienieeieeteeeesieeeeeene 169

5.7 USAZE INNOLES ..ottt ettt ettt ettt e et e e bt e bt et e et e eatesatesaeesbeenteeaeeeseesbeenbeenbeensesneesaeas 170

5.8 RESIIICHIONS ..uutiiieiieitietiete ettt ettt ettt ettt e st et e e bt et e e atesb e et e et e enteenbesatesueeseeenaeeneas 171

Section 6 Floating-Point Unit ...........cocooiriiiiniiiee e 173

0.1 OVEIVIBW..eouiiiiiiieitenit ettt ettt sttt et et st sae e sb et e bt et e sanesuaesbeenbeenneennes 173

6.2 Data FOIMALS ....coouiiiiiiiiieeeiee ettt et sttt ettt st 173

6.2.1  Floating-Point FOrmat..........cccooiiiiiiiiiiiiieieeee e 173

6.2.2  Non-Numbers (NAN) .......oooiiiiiiiiiiee et e e e et e et e e et e e eaaeaean 175

6.2.3  Denormalized NUMDETS ......ccccceiiuiiiriiiiiiiieeitieeteeteeite ettt 176

0.3 REZISIETS. .eeutiieiiieiitete ettt ettt ettt et e bt e bt e et e s be e s bt e sab e e s beesbeesateesabeenateas 177

6.3.1  Floating-Point REZISIETS. ......cccutiiiiiiiiiiiieeiee sttt s 177

6.3.2  Floating-Point Status/Control Register (FPSCR)........c.cccoceeviriiniininniniinicnens 179

6.3.3  Floating-Point Communication Register (FPUL) ..........cccccoociiiiiiiniiniiiieeens 180

0.4 ROUNAING...c..oitiiiiiii ettt ettt et e b e b et e st e et e satesaeenaeenees 181

6.5  Floating-Point EXCEPHONS......ccccuiriiriiririirteeeteteteste sttt ettt st e 181

6.6 Graphics SUPPOTt FUNCHONS .......eiviiiiiieiiienieeie ettt sttt es 183

6.6.1 Geometric Operation INSIrUCHONS .......ccueeruiiriieeriieeiie ettt e e 183

6.6.2  Pair Single-Precision Data Transfer.........c..coccevvieriienieniiniiieiineenieeiceiesieeniens 184

0.7 USAZE INOLES ..ottt ettt ettt ettt eb e bt et e et e e atesatesbeesbeenteeaeeeseeebeenbeenbeensesneesaeas 185

6.7.1 Rounding Mode and Underflow Flag ..........c.cccoeeiiiiiiiiniiniiiceeceeecee 185

6.7.2  Setting of Overflow Flag by FIPR or FTRV Instruction .........cccccccceevenencnennen. 186

6.7.3  Sign of Operation Result when Using FIPR or FTRV Instruction............ccccce.... 187

6.7.4  Notes on Double-Precision FADD and FSUB Instructions...........ceccceceeeeecvennnens 187

Section 7 INSIUCHION SEL........coiiiiiiieieiieiiee e 189

7.1  Execution ENVIFONMENT.........c.cooiiiiiiiiiiiieieeieet ettt ettt 189

7.2 Addressing MOGES ........oceevuiriiniinininiiteietestese sttt ettt sttt ettt sae st s ene 191

7.3 INSHIUCHION SO ...eiuiiiiiiriiiiiiiniieiteicete ettt ettt ettt et e e sebesaeesbeesbeenaeemnesmeesaeenne 195

T4 USAZE INOLES ..eeutieeiiieeiiie ettt et sttt e e st e st e st e e st e esate e s st e e ateesabeesseesabeenbteesaseensseensnesnsen 207
7.4.1 Notes on TRAPA Instruction, SLEEP Instruction, and Undefined Instruction

(H'FFEFD)). ..ttt ettt ettt sttt ettt ettt be et ebeeaeent e e e e asesseese e 207

Rev.4.00 Oct. 10, 2008 Page Ix of xcuviii
REJ09B0370-0400

RENESAS



Section 8 PIPEIINING .......ccoiiiiiiiiee e 211

Bl PIPEIIMES ...ttt ettt sttt et 211
8.2 Parallel-EXecCUtability .......cccciiiiiiriiiiiieeie ettt s s 218
8.3  Execution Cycles and Pipeline Stalling .........cccccooviiiviiiiiiiiieiieeee ettt 222
B4 USAZE INOLES ..ttt ettt ettt et ettt st sbe et e bt et e bt sbe e b e e b ebeeanes 238
Section 9 POWEr-DOwWn MOAES ..........ccviiiniiniininiissscssesei e 239
L2 B 0 )< 4 1 PSR 239
9.1.1  Types of POWEr-DOWn MOUES .......ccccueeriiirieiniiienieiiieenieeiee et st e siee s 239
9.1.2  Register Configuration..........coceevueeriieeniieriieeniienie et eseeeieeesieesieessaeesbeesseenane 241
9.1.3  Pin COnfigUration.......cooueeieriinienienieeierie sttt et s 241
0.2 RegISter DESCIIPLIONS ....c.veviririiriieiieiieitetetente sttt ettt ettt st sae ettt e tesaesresreeaeennens 242
9.2.1 Standby Control Register (STBCR).....c..cccoeveriririiieiiniineniececeeecieeeee 242
9.2.2  Peripheral Module Pin High Impedance Control..........c..ccccoererieceiencnicncnnenne. 244
9.2.3  Peripheral Module Pin Pull-Up Control..........c.cceeeeriieeiiieniieniienieesieesieesieenane 244
9.2.4  Standby Control Register 2 (STBCR2)......ccovvuiiriiiriiiiiieeieeeeesiee et 245
9.2.5 Clock Stop Register 00 (CLKSTPOO) .......coceriemirniiniinieniieieeieneenieeieeee e 246
9.2.6  Clock Stop Clear Register 00 (CLKSTPCLROO).......cccccceveninineneniercieniennenne. 247
0.3 SIEEP MOME ...ttt s st 248
9.3.1 Transition to Sleep MOde..........coceeiiiiiiiiiiiiiiieieec e 248
9.3.2  EXit from SIEep MOAE......ccoiiiiiiiiiiiiiieeiie ettt ettt st 248
0.4 DeepP SIEEP MOUE .....coiuiiiiiiiiiieieeteerte ettt ettt ettt s e ettt e s esaeeeaee 248
9.4.1 Transition to Deep Sleep Mode.........cooeriiriinieninniiiiiiieiteeeeeeeseeeee e 248
9.4.2  Exit from Deep Sleep Mode........cccoevuiririniniiiiieieieneeene et 249
0.5 PINSIEEP MOCE ..ottt sttt ettt st s 249
9.5.1 Transition to Pin Sleep Mode.........c.cceoiirininininiiiiicninceeeceee e 249
9.5.2  Exit from Pin Sleep MOdE.........cooviiiiiiiniiiiiieieciteeete ettt 249
0.6 StandDY MOGE ....coouiiiiiiieiiieeiteete ettt et ettt e naee e 249
9.6.1 Transition to Standby MOdEe.......c..ccoeeririiiiiiniiniiieiieeteteeeeee et e 249
9.6.2  Exit from Standby MOde..........cccccueriiriinirininiiieiceceneeene e 250
9.6.3  Clock Pause FUNCHON .....c..ooiiiuiiiiiiiieieiie ettt 251
9.7  Module Standby FUNCHON .......c.cccueviiririnirieietcecstere ettt 251
9.7.1 Transition to Module Standby FUNCHON ........c.cccevvviiiiiiniiiiniienieciieeeeeiee e 251
9.7.2  Exit from Module Standby FUNCHON........ccceirviiiriiiiiiiiiieiececesee e 252
9.8 Hardware Standby MOdE..........cocueriiriiniiiiiiieiie ittt saee et 253
9.8.1 Transition to Hardware Standby Mode .........c..coceeerieieieniineninineeicicieiennee. 253
9.8.2  Exit from Hardware Standby Mode............ccccocemiririnienienininineneeeeecieienaenen 253
9.8.3  USAZE INOLES ...ttt s 254
9.9  STATUS Pin Change TimiNg ......cccceeevuieriiieriiieniienieerieeste et esee et esieessbeeesitesbeesaeesanes 254

Rev.4.00 Oct. 10, 2008 Page Ixi of xcviii
REJ09B0370-0400
RENESAS



0.9.1  IN RESE .o 255

9.9.2  In Exit from Standby MOde .......c..ccceveruiririeiiiiniinienineeceeercecesere e 256
9.9.3  In EXit from Sleep MOde........ccceouiriinininininiiieteieteeneerese ettt 257
9.9.4  In Exit from Deep Sleep MOde ......c.c.eovviiriiiniiiiiiiieciee ettt 260
9.9.5 Hardware Standby Mode Timing..........ccceeeveerieeriiinieinie ettt 262
0.10  USAZE INNOLES ...ttt ettt ettt et ettt sb e b et eate st e satesbee bt e bt e st e eaaesbeenbeenbeenneeanes 264
9.10.1 Note on Current CONSUMPLION ......cceevveruirrireririeietenenteneneeeeeereseessesresreeneenees 264
Section 10 Clock Oscillation CIrCUILS ..........ccocuiuriiriiniirerniireineineiseresesescseise e 267
LO.T OVEIVIBW ..ottt st 267
JO.1.1 FRATUIES ...cuviiiiiiiieiiciciciciece et 267
10.2 OVErview Of CPG......ccuiiiiiiiiiiiiiiicierteeete et st 269
10.2.1 Block Diagram of CPGi.......ccccocivirieiiiiiieniiniinenteeeteectcstese st 269
10.2.2 CPG Pin COnfiguration .........c.cceveesuieiirientienieeieete sttt et sece et eneeseeesaeens 272
10.2.3 CPG Register Configuration ...........cceeerererenereeienieneneneneeeeeeneesseseeseesieenee 272
10.3  Clock Operating MOMES .......ccocveeruieriieriieiiieeieesiteeieesbeesttesbeesbeesbeesabeesbeessseesabeesaseas 273
10.4  CPG RegiSter DeSCIIPLION .....cccuiiriiiiiieeiie ittt sttt sttt ettt ste et e e sbeesaeeesabeenaeees 275
10.4.1 Frequency Control Register (FRQCR)........cocceeviiiiiiiiniiniiiiiieneeieeiceicseeens 275
10.5 Changing the FreQUENCY .......c.coouiiiiiiiiieiieieee ettt 278
10.5.1 Changing PLL Circuit 1 Starting/Stopping (When PLL Circuit 2 Is Off) ........... 278
10.5.2 Changing PLL Circuit 1 Starting/Stopping (When PLL Circuit 2 Is On)............ 278
10.5.3 Changing Bus Clock Division Ratio (When PLL Circuit 2 Is On).........c..cc.c...... 279
10.5.4 Changing Bus Clock Division Ratio (When PLL Circuit 2 Is Off) ..................... 279
10.5.5 Changing CPU or Peripheral Module Clock Division Ratio ........ccccccceevueniencee 279
10.6  Output CloCk CONLIOL......couiiiiiiieiieiieet ettt ettt et et eiae s e b 280
10.7  Overview of WatChdOg TIMeT .....c.coouiiuiiiiiiieie ettt 280
10.7.1 Block DIiagram......cccocooieiiieiiiiiiiiiiiieieciiett ettt st 280
10.7.2 Register Configuration..........cueeeuieiriieriiieiniieeiie sttt sree e esreesite et ebeesbeeeaees 281
10.8  WDT RegiSter DESCIIPLONS ...cuvveiiiieiieeiieeiieeite ettt ettt et e sbeesbeesbeesbeesabaesaneas 281
10.8.1 Watchdog Timer Counter (WTCNT).......coceevirviniiniiniinenierteneeneeieetesieeniens 281
10.8.2 Watchdog Timer Control/Status Register (WTCSR)......ccccoviriiniinieiiiiinieeene 282
10.8.3 INOtes 0N ReZISIEI ACCESS.....eeruiruiiriiiniieiietieieeteeite sttt ettt st st e sttt eneeeaee e 284
10.9  UsSING the WDT ...c.iiiiiiiiiieeeetet ettt sttt ettt be bbb saeeaneae 285
10.9.1 Standby Clearing Procedure .............ccoceereiiiiiiieriieiiieeiee ettt 285
10.9.2 Frequency Changing Procedure...........cceevuiirvieriiieenieiiieeiee ettt 285
10.9.3 Using Watchdog Timer Mode..........c.ccooeeviiriiriinienieniieneeeee e 286
10.9.4 Using Interval Timer MOde ..........ccccoeviiiiririnieiiieienenteneneeeeeeeereeesre e 286
10.10 Notes 0n Board DeSIZN ....c..ceuiiuiiiiiiiieiieiieteee ettt ettt et 287
TO. 11 USAZE NOLES ...ttt sttt et ettt e saee s e ae e eane 289
10.11.1 Invalid Manual Reset Triggered by Watchdog Timer (SH7751 Only)................ 289

Rev.4.00 Oct. 10, 2008 Page Ixii of xcviii
REJ09B0370-0400

RENESAS



Section 11 Realtime Clock (RTC) .......c.ovoviiieeeeeeeeeee s 291

T1.T  OVEIVIEW .eeeeiiiiiieeiieeciieeetteesiteeetteestteestaeestbaessseessseessaeessaeasseesssaasseessaensseessaensseessaenssesnses 2901

) O T 0T TSRS 2901

11.1.2 BIOCK DIQZIaM ... .eiiuiiiiiiieeiiieiiieeite ettt ettt sttt e st e sateesbaesabeesneenaee 292

11.1.3  Pin Configuration.......ccccveeriierieiiieeiieeiie et eiee ettt sie et esaeesiteesaneesbaeesaeeenns 293

11.1.4 Register COnfiguration...........cecuereerienieenierienieneeneete ettt ettt 293

11.2 RegiSter DESCIIPLIONS ....c..evuiriiriiriiriieiieiteieienteetesie ettt ettt sttt et ee b sae b eueennens 295

11.2.1 64 Hz Counter (ROACNT)....ccoviiiiieiieeiieesite et eiteeieeeiee s e aeesbeesaeesbeesveennns 295

11.2.2 Second Counter (RSECCNT) ....cooiiiiieiiiieeiiee et eetee et e et e saee e 296

11.2.3 Minute Counter (RMINCNT) ....oooiiiiiiiiiiiiieeeeeeieeeee et e 296

11.2.4 Hour Counter (RHRCNT) ...ttt eeeetaee e e e e 297

11.2.5 Day-of-Week Counter (RWKCNT)......coceiiiriimiiiiiiiiienieieeieeieeeeneeesieeeees 297

11.2.6 Day Counter (RDAYCNT) ....ooiiiiiiieieeeete ettt 298

11.2.7 Month Counter (RMONCNT) ......oeiiiiiiiieeieeeiieeieeereeereesreesaeesveesaeesseesneennns 298

11.2.8 Year Counter (RYRCINT) ...coociiiiieiiie ettt et e e e e 299

11.2.9 Second Alarm Register (RSECAR) ....c.c.ooviiiiiiiiniiiniieiecteeeee e 300

11.2.10 Minute Alarm Register (RMINAR) ......c.ccociiriiiiiiiniieiieeniiceieenieesiee e 300

11.2.11 Hour Alarm Register (RHRAR)........cccccoviiiiiiiiiiiiiiteceeceeeeeee 301

11.2.12 Day-of-Week Alarm Register (RWKAR)........cocciiiiiiiniiniiieceeeceeee e, 301

11.2.13 Day Alarm Register (RDAYAR) ......oooiiiiiiiiieeee e 302

11.2.14 Month Alarm Register (RMONAR) .......cccocirimrieieeeeeeeeeee e 303

11.2.15 RTC Control Register 1 (RCRI1)....ccceevciiiriiiiiiiiiiieniieiieesieesieesiee e 303

11.2.16 RTC Control Register 2 (RCR2).......c.covcuiiiiiiriiiiiieeiieeieesieeeieesiee e svee e 305
11.2.17 RTC Control Register (RCR3) and Year-Alarm Register (RYRAR)

(SHT775TR ONLY) c.ttitietieieeeeee ettt ettt ettt ettt s 308

T1.3 OPCIALION. ...ttt ettt ettt ettt sttt sa et besae et et e nebesbenaeas 309

11.3.1 Time Setting ProCedUIES .........cccerireririeieiinieriieeneeetet et 309

11.3.2 Time Reading ProCedures ...........cceevuieriiiriiieniienieenieeeieesteete et 311

11.3.3 Alarm FUNCHON ...o..eiiiiiiiiiiciceeece et 312

L1.4 THEETTUDLS cueeeneeeiteeiteetteteet ettt ettt ettt ettt sb e s bttt eab e e et e sbtesbte s bt e nbe e bt emaeeaeesbeenaeenee 313

L1.5  USAZE INOLES ....ueeieeeieiieteeite ettt ettt ettt st s bt et e bttt ea e e bt e b e e bt e beeatesateseeesaeenbeeneeenee 313

11.5.1 Register InitialiZation .........cccueeieriieriieieeie ettt st 313

11.5.2 Carry Flag and Interrupt Flag in Standby Mode ...........cccoceeieiiiiiniinnnennenne. 313

11.5.3  Crystal Oscillation CiTCUIL .......ceevuveiriieriiieirieeiieeiteeieeeiee st e sieesbeesreesbeesaee e 313

Section 12 Timer Unit (TIMU) .......cooiiiiiieeeeeeeeeeeeeee et 315

J2. 1 OVEIVIEW .eeeuveiieiieeiieeiiieeeiteesiteeetteestteesaseestbaessseesssaessseessaensseesssaensseesssaensseessaensseessaenssesnses 315

T2.1.1 FRALUIES ..ccueveeiieeiieeiieeiteetee et e et e et e e teeeteesbeesabeessbeessaeessseensseesseensseensseensnennses 315

12.1.2 Block DIiagram .......cccccoceerieriieiieiieiieieeeeeeee ettt 316

12.1.3  Pin Configuration.......ccecueiriierieiiiieeiie et eiteetee ettt ae et esaeesateesaneesbaeesaeeeanee 316

Rev.4.00 Oct. 10, 2008 Page Ixiii of xcviii
REJ09B0370-0400
RENESAS



12.1.4 Register CONIGUIAtION........cueeiiruieriieiieieeiteettesteete et sttt et et 317

12.2 RegiSter DESCIIPLIONS ..cc.veetieiiiiiiietienteeie ettt ettt ettt e st et e e enteeaaesbeesbeeees 318
12.2.1 Timer Output Control Register (TOCR)......cc.cccevieviiniininininineniccieienienenane 318
12.2.2 Timer Start Register (TSTR) ...cooieiriiiieiiieieee et 319
12.2.3 Timer Start Register 2 (TSTR2)...cccuiiriiiiiiiiiiiieeieeeeee et 320
12.2.4 Timer Constant Registers (TCOR) ......ccccooiriiiriiiniiniiniiiineeeeeeeeseeens 321
12.2.5 Timer Counters (TCNT) ....cooouiiiiiiee e e 321
12.2.6 Timer Control Registers (TCR) .......ccceiiiiiiiiiiiiieieeeee et 322
12.2.7 Input Capture Register 2 (TCPR2)......ccccccviriririeiiieienieneneneeeeecteeeneesie s 326
12,3 OPETALION ..eeeniiieiieeiie ettt ettt ettt e et e s bee e bt e sabeesabeesabeesabeesabaesabaesabaesabaesasaesnsaennseas 327
12.3.1  Counter OPEIation..........ceevieruierriierriieeiiiesiteeieesteesteesteesteesireessseessseenseessseesnses 327
12.3.2 Input Capture FUNCHON ....cocueiiiiiiiiiiiiiiieiceicetesteieeeee ettt 330
L A 11 11<) s 1 13 £ OO O UU PO STUSRSRRRR 332
12,5 USAZE INOLES ..ottt ettt ettt ettt ettt b e bt et e ettt e s et e sbe e bt et e enteeaeeebeenbeenbeenbeenaesneas 332
12.5.1 REZISIET WIS ..veviieiieiieiieieienietente ettt sttt ettt s sae e 332
12.5.2 TCNT Register REads ......ccceviiiriiiiiiiieeiieeiteete ettt 333
12.5.3 Resetting the RTC Frequency Divider.........ccccoeviiiviiiniieniiiiieeieeiieeee e 333
12.5.4 External Clock FIEQUENCY........coouiriiiiiniiiniiiiinienieniteiteeee et 333
Section 13 Bus State Controller (BSC) .......coooioiioiiecceeeeeeeee s 335
1301 OVEIVIEW.eeiuiiiiieeeiie ettt ettt eeite et e et e e tte et e e stbe e tbeessaeeebeessseessseasseesbeessseessseansseesseansseenses 335
L3101 FRALUTES ....eeieniieeiie ettt ettt et et ettt ettt s bt e et esbaeenbaesbaeenseesnnee 335
13.1.2 BIOCK DIQZIaM....ceuiiiiiiiiieiiiieiteeiteete ettt sttt s s e s e e 337
13.1.3  Pin CONfIGUIATION. ..c..eiitiiiiiiirieeieeteeit ettt sttt sttt saee i 338
13.1.4 Register CONIGUIAtION........cueeteruieriieiieieeiieettesteete ettt ettt e e 340
13.1.5 OVEIVIEW Of ATCAS ..ueeeviieieiieiiieiieesiieesteeetteesiteeetteestaeeaeeesebeesaeesseesaeesseesneenses 341
13.1.6  PCMCTA SUPPOIT c..evieieniieieeie ettt seee st et et eeeestesstesseesseeeeeaesneesneesseenseenseeneens 344
13.2  RegIStEr DESCIIPHONS ..cuvieeiiiieiieeiie ettt ettt ettt sttt e st e sbaeebeesbaeebeesbaeensees 348
13.2.1 Bus Control Register 1 (BCRI) ....cooiiiiiiiiiiiiieeie ettt 348
13.2.2 Bus Control Register 2 (BCR2) .......ccceevieiiiriiriinieiieiceiestenteseee et 357
13.2.3 Bus Control Register 3 (BCR3) (SH7751R Only) .....cccceeveriiiriiniiieiinieeieeee 359
13.2.4 Bus Control Register 4 (BCR4) (SH7751R Only) .....cccceeveriiinieniiniiiinienieeee 361
13.2.5 Wait Control Register 1 (WCR)..ccc.coiiiiiiiiiieiiieieetceteete ettt 363
13.2.6 Wait Control Register 2 (WCR2)......cooiiiiiiiiiiieiieeiteeiee ettt 366
13.2.7 Wait Control Register 3 (WCR3)......cooiiiiiiiiiieiiieeiieeee ettt 374
13.2.8 Memory Control Register (IMCR)........cccceviiviiriiiniinienieeeeeceeeeeeie e 376
13.2.9 PCMCIA Control Register (PCR)........cccoiiiiiiiiiiiiieieeee e 383
13.2.10 Synchronous DRAM Mode Register (SDMR) .......cccoeiiiiiiiiiiiniinieieeieeieeene 386
13.2.11 Refresh Timer Control/Status Register (RTCSR).......cccevieiiiiiiiieiieeeeeee 388
13.2.12 Refresh Timer Counter (RTCNT)......cccvvviiiiiiiiiiiiiieeeeeeereeee e e 390

Rev.4.00 Oct. 10, 2008 Page Ixiv of xcviii
REJ09B0370-0400

RENESAS



13.2.13 Refresh Time Constant Register (RTCOR) ........ccoccoeiiiiiniiiiiiiieneeeeeeee, 391

13.2.14 Refresh Count Register (RFCR) .......cccoiiiiiiiiiiieeeeeeeeeeeee e 392
13.2.15 Notes on Accessing Refresh Control Registers.........cccuevvevereninerereeneenienenenne. 392
13,3 OPOTALION. ..cutiiiuiieeiiie ettt sttt e st e et e st e sttt e st e e sabeesabeessbeessteesateessbeesaseesaeaseeensseenseesnses 393
13.3.1 Endian/Access Size and Data ALigNment...........cccceeevvierrieiriiieniieenieenieenieeneeennns 393
13.3.2 0 AT@AS .ttt s st 400
13.3.3  SRAM INEEITACE .....eoueieiiieiiieiieei ettt et 405
13.3.4 DRAM INEEITACE ....eouvieuiieiieiietieteee ettt ettt e 413
13.3.5 Synchronous DRAM INterface..........ccccocevirerererienienienininenceeeeeecseseese e 427
13.3.6 Burst ROM INterface.........ccoceevuerieriinieniiiiiiiciicntenieeiceeeeceeeseeie e 457
13.3.7 PCMCIA INEITACE .....coueeeeeiieiieieeieetesieet ettt 460
13.3.8 MPX INtEITACE......coueiuieiiiieiiiinit et 471
13.3.9 Byte Control SRAM INtErface ..........cccceveviminirinieieieieieneneeeseeeeeeeeee e 485
13.3.10 Waits between Access CYCIES.....cuiririiriininininiinieeeieietene st 489
13.3.11 BUS AIDIIAION. ...cuvieniieiieeieeiieeiie ittt sttt et ettt et e e enteeneesneesseennes 490
13.3.12 MAStEr MO ......ooueiiiiieiiieiieiieteetetet ettt ettt 493
13.3.13 S1aVE MOME ....conveniiiiieiieieetceeete ettt sttt 494
13.3.14 Cooperation between Master and S1ave........c..cooeeviiriiniiniiiinienieneceeeceee, 495
13.3.15 NOLES 0N USAZE .....oviiiiiiiiiiiiicie e 495
Section 14 Direct Memory Access Controller (DMAQ)........ccccoovininininienenes 497
LA T OVEIVIBW ..eniiiiieeitettet ettt ettt et sttt ettt et st e s e sbe e bt e bt emtesaaesaeesbeenaeenne 497
T4 LT FRATUTES ..eveeieiieeniieiie ettt ettt ettt et st sbe ettt s e sbe e b enneennesanes 497
14.1.2 Block Diagram (SH7751) ..ccvioiiiiiiiiieiieiieeeeeeeeeeeeeeee e 500
14.1.3 Pin Configuration (SHT7751) ..coeeiiiiiiieeeie et 501
14.1.4 Register Configuration (SH7751) ..cceeoiiiiiiiiiiiieeeeeeeeeeee e 502
14.2 RegiSter DESCTIPLIONS ....cc.eeiiiiriiniiriieiieteteteteste ettt ettt et et eae e 504
14.2.1 DMA Source Address Registers 0—3 (SARO-SAR3) .....ccoviiivieriiiiiieiiieeieee 504
14.2.2 DMA Destination Address Registers 0-3 (DARO-DAR3).....cccccevvvevierviiennennns 505
14.2.3 DMA Transfer Count Registers -3 (DMATCRO-DMATCR3)........cccccveennennee. 506
14.2.4 DMA Channel Control Registers 0-3 (CHCRO-CHCR3)..........cccoeeverenienenee. 507
14.2.5 DMA Operation Register (DMAOR)........cccooiimiiiiiniieeeeeeeeeeeee e 515
T4.3 OPETALION....cuviiiiiiiiiieiieit ettt sttt et e sttt et e e s s s e e s e eneennesanesaeeaeenns 517
14.3.1 DMA Transfer Procedure..........ccoccecerviirienienieniiiineenecieereeteseenieere e 517
14.3.2 DMA Transfer REQUESES ......cccueeriiieriiieiiieeiienieesieesitesie et esiee et esiee s 520
14.3.3  Channel PriOTItEs. .......ccceciriiiiiiieiciciesese et 523
14.3.4 Types of DMA Transfer.........coeeiieiieieiienieeee et 526
14.3.5 Number of Bus Cycle States and DREQ Pin Sampling Timing ...........ccccceueee.... 535
14.3.6 Ending DMA Transfer ......c.ccocviririeieniininincieeeeecetetene et 549
14.4  EXAMPIES Of USE ...uviiiiiiiiiiiiieeiie ettt ettt sttt st e st st e s bt e sabeesabeesabeesabeenane 552

Rev.4.00 Oct. 10, 2008 Page Ixv of xcviii
REJ09B0370-0400
RENESAS



14.4.1 Examples of Transfer between External Memory and an External Device

WIth DACK ...ttt sttt et et aeens 552

14.5 On-Demand Data Transfer Mode (DDT Mode).........cccueeviieiiieeiieeiieeciee e e e 553
T4.5.1  OPETALION ..eevviiiiiieeiieiiieeiee et teette st e st e st e sabeesiteesabeesateessaeesbbeeseeebtesnseesbaeenseas 553

14.5.2 Pins in DDT MOGE...cc.uiiiiiiiiiiiiieniiteieeseete ettt ettt st 555

14.5.3 Transfer Request Acceptance on Each Channel ...........coccooeiviniiiniininicniennn. 558

14.5.4 Notes on Use of DDT MoOdUIE .......ccceiviiiriieiiieeiiecieeeie ettt 580

14.6 Configuration of the DMAC (SH7751R)...cccuiiiiiiiiiiee et 583
14.6.1 Block Diagram of the DMAC .........cccccoiminimininiiiecnencseeeeeeteeeeese e 583

14.6.2 Pin Configuration (SHT7751TR) .ecocuiiviiiiiiiiieieeeeece ettt 584

14.6.3 Register Configuration (SH7751TR) ...covvviiriiiniiiniiiiieieeeeeeeteee e 585

14.7 Register Descriptions (SHT77S5TR)...ccciiiiiiiiiiiiniiiiicii ettt 588
14.7.1 DMA Source Address Registers 0—7 (SARO—SAR7).....cccceriiiiniiniiniiieeee 588

14.7.2 DMA Destination Address Registers 0—7 (DARO-DART7).....ccccccceevirenvenennnene 588

14.7.3 DMA Transfer Count Registers 0—7 (DMATCRO-DMATCR7) .....ccccevvveernnen. 589

14.7.4 DMA Channel Control Registers 0—7 (CHCRO—CHCRT7) .......ccccvevvvevvvernreennnen. 589

14.7.5 DMA Operation Register (DMAOR) ......cccceoviiiviiiiiiiiiiieceeceeeee e 593

14.8  Operation (SH7TS5TR) .cooueiiiiiiiiiietei ettt st 595
14.8.1 Channel Specification for a Normal DMA Transfer.......c..cccceceevevenenencnenennen. 595

14.8.2 Channel Specification for DDT-Mode DMA Transfer.........c.ccocceveecvecvenieniencnnens 595

14.8.3 Transfer Channel Notification in DDT Mode...........cceevviiriieniieiieeie e 596

14.8.4 Clearing Request Queues by DTR Format...........cccoocveeviiiniiiniiinieeieeieeeee, 597

14.8.5 Interrupt-Request COAES .........ovviiiriiiniiiiiieiie ettt ettt st 597

14,9 USAZE INOLES ..ottt ettt ettt ettt et e b e ettt sbte s bt e sbe et e et e ebtesbee bt et e enbesanes 600
Section 15 Serial Communication Interface (SCI) .........cccoovveviieviciiicieeiceee, 603
15.1  OVEIVIEW..eeuiiiiiieiie ettt ettt ettt ettt ettt e et e e tveestae e tbeestbeesseassseessseasseesseassseesseansseesseensseenses 603
I5. 1.1 FRATUTES ..c.eeivientieiieeiieeteritet ettt ettt sttt et et e e et st saee bt et e eenesanenneens 603

15.1.2 BIOCK DIQGIam....ccuviiiiiiiiiiiiieiteeiteete ettt ettt et sbae s e sbae e 605

15.1.3  Pin CONfIGUIATION. ..c..eiiiiiiiiiiriieieeteet ettt ettt ettt sttt saee bt 606

15.1.4 Register CONfiGUIAtiON........cueeeiruieriieiieieeiieetiesteete ettt ettt et e e 606

15.2  RegiSter DESCIIPLIONS ..cc.ueiueieiiiiiiitieetteie ettt ettt ettt ettt et et e e enteeaeesbeesbeeeas 607
15.2.1 Receive Shift Register (SCRSRI).....ccoeciriiiiiiieiieeee e 607

15.2.2 Receive Data Register (SCRDRI) ....ccccuiiiiiiiriiiiiiiieiiieeee et 607

15.2.3 Transmit Shift Register (SCTSRI1) c..cooviiiiiiiiiiiiiieceeee et 608

15.2.4 Transmit Data Register (SCTDRI).....ccceeviiriiiriiniiniiiiicniceencecetesitenieeiee 608

15.2.5 Serial Mode Register (SCSMRI).....ccoiiiiiiiiiiiiiiieiiietee et 609

15.2.6 Serial Control Register (SCSCRI)...cccuoiuiiiiiiiiiieieieeee e 611

15.2.7 Serial Status Register (SCSSRI).....cociiiiiiiieiieieeieceeeeie et 615

15.2.8 Serial Port Register (SCSPTRI1) ...cccuviiiiiiiiiiiieeiecteee ettt 619

Rev.4.00 Oct. 10, 2008 Page Ixvi of xcviii
REJ09B0370-0400

RENESAS



15.2.9 Bit Rate Register (SCBRRI1)......cocuiiiiiiiiiiiiiieeeee e 623

15.3  OPCIALION. ......iiuiiiiiieiiitiet ettt ettt ettt et et e et e bt e bt et e es e sbeesbeesbe e beenbeeaeesaeeseeenaeenee 631
)BT 2 B @ 7S o8 1o RS 631
15.3.2 Operation in Asynchronous MOde ...........cocceeevueeriiiiniiieniieeniienieenieesee e 633
15.3.3 Multiprocessor Communication FUNCHON.........ccocueeriiiriieiiiiiieeieeieeee e 644
15.3.4 Operation in Synchronous Mode ..........c.cccoceeriereiniiiiiniiniinieeeeeesreseesee e 655
15.4 SCI Interrupt Sources and DIMAC .......cc.ooiiiiiiiiiienieeee ettt 665
I5.5  USAZE INOLES ....ueeiietieiieteeiie ettt ettt ettt sttt et et et e ea e eb e e sb e e bt e beeatesateseeesaeenbeeneeeaee 666
Section 16 Serial Communication Interface with FIFO (SCIF)..........cccccoovvev.... 671
LO.1  OVEIVIBW ..eniiiiiieeieeeet ettt sttt ettt et st e sbe e st be et eatesaaesaeesbeesneenne 671
LO. 1.1 FRALUIES ...evteiiiieeieeiie ettt ettt ettt et sttt et s b sbe e e eabe s 671
16.1.2 BIOCK DIQZIaAM ...cueiiiiiiiiiieiieieee ettt 673
16.1.3  Pin CONfIGUIATION. ...c.tiitieiieiieitieiteete ettt ettt ettt be e be b eaee e 674
16.1.4 Register CONfIZUIALION . .....coeeuteierierintinieneeitetet ettt sae e eae 674
16.2  ReZISIET DESCIIPLIONS ...eeiiiiiiieriiieiiienieesiteetee st e st et e st e sibeesabeesabeesabeesabeesabeesabeesnseenane 675
16.2.1 Receive Shift Register (SCRSR2).......coocuiiriiiniiiiiiiiiieeiccteeee et 675
16.2.2 Receive FIFO Data Register (SCFRDR2) .......cocccoviiiiiniiniiniiiiiiicnieeceeeene 675
16.2.3 Transmit Shift Register (SCTSR2) ....cceooiiiiiiiiieeeeeeeeeeee e 676
16.2.4 Transmit FIFO Data Register (SCFTDR2) .......cccoiiiiiiiiniiieeeeeeeeeeee, 676
16.2.5 Serial Mode Register (SCSMR2).......ccooiiiiiiiieieeeeieeeee et 677
16.2.6 Serial Control Register (SCSCR2)......cccviiiiiiiiiiiiieniieiieenieesieesie e 679
16.2.7 Serial Status Register (SCEFSR2)....ccc.ciiiiiiiiiiniiinieeiteieeteeee et 682
16.2.8 Bit Rate Register (SCBRR2)......cccciiiiiiiiiiiiiiiiieeeiecteceeeeee e 688
16.2.9 FIFO Control Register (SCFCR2) ......cccouiiiiiiiieiieeieeeeee e 689
16.2.10 FIFO Data Count Register (SCFDR2) ........cccociiiiiiiiirieieeeeeeeeeee e 692
16.2.11 Serial Port Register (SCSPTR2) .......oooiiiiiiiieieeeeeeeee e 693
16.2.12 Line Status Register (SCLSR2) ....ccoouiiiiiiiiieniienieenieeeieenteeee et 700
16.3  OPCTALION. ..c.uuiiiiieeiiieeieeeiee ettt e st e st e st esateesabeestbeesabeessbeessteesateessbeesaseesseanseeesseensnesnses 701
LO.3.1  OVEIVIBW ..ttt ettt ettt et sttt ettt et sbe et e b et esatesbaenbeen 701
16.3.2  Serial OPeration .........cecueeiertieriieieeieeieettentte et ete et et e st e et et eateeseesbeesbeebeeeeeaees 703
16.4 SCIF Interrupt Sources and the DMAC ..........cociiiiiiiiiiieeeeeteeee e 713
160.5  USAZE INOLES ...cuvinreniiriiiieiieitert ettt ettt ettt et ettt b e st at et et e st st e b sae bt e bt eaeeneneesenae s 714
Section 17 Smart Card INterface ...........cocovvviveieiiicieeeecee s 719
I7.1 OVEIVIBW .eiiiiitieitiitett ettt ettt sttt ettt s bt sb e s bt e s bt e bt eatesatesatesbeenbeenee 719
17,101 FRALUTIES ceonieeeeite ettt e ettt e et e e sttt e e ettt e e e nbteeeensbeeeennbeeeennsaeesanses 719
17.1.2 BlOCK DIQZIAM ...cueiiiiiiieiieiieieee ettt 720
17.1.3  Pin COonfigUIation.....c..ccceveruerereeieietetentieesie ettt ettt sr et ae e e enes 721
17.1.4 Register Configuration..........ccceerueerieenieerieenieenieerieeeritesieeeieesbeesieesbeesaeenane 721

Rev.4.00 Oct. 10, 2008 Page Ixvii of xcviii
REJ09B0370-0400
RENESAS



17.2  RegiSter DESCIIPLIONS ..ccuveeueieuiiiiiietiertiett ettt ettt et ettt e st et et esteeaaesbeesbeeees 722

17.2.1 Smart Card Mode Register (SCSCMRI) .....cccoeiiiiiiiiiiinieiieiececeieee e 722
17.2.2 Serial Mode Register (SCSMRI).....cccoerieiiieiiiiieeiesiteieee et 723
17.2.3 Serial Control Register (SCSCR1).....coocuiiriiiniiiiiiieeieceeee e 724
17.2.4 Serial Status Register (SCSSRI)...coouiiiiiiiiiiiieeiceieee e 725
17.3 OPCTALION ..ueniiiiiiiieiiieieete ettt ettt ettt ettt st sbt e bt et et et e sbtesbeenbeenbeenaesaees 726
) T B @ < o 5 1< SRS 726
17.3.2  Pin CONNECHIONS ...eeuvieeieeiiieieieeiieesiteeiteeeteeeteesveessseesssaessseessseessseesssesssessssessnsens 727
17.3.3  Data FOIMAL ......coooiiiiieiiiie et eee e et e e e e e enae e e sssbeeeesnaeeeennneens 728
17.3.4  REZISIET SELLINES .eevuveeeiieiiieeiieeitieeiteeiteeiee st e sieesbeeebeesbeesbeesabeesnbeesabeesnseesases 729
17.3.5  CLOCK .ttt ettt et sttt ettt sbe s 731
17.3.6 Data Transfer OPerations ..........cocvereerieerierienieneenieeie e sieesieenee et eitesieenieenieennens 734
17.4  USAZE INOLES ..ottt ettt ettt ettt ettt e b e b et et e st e s atesbe e bt et e eateemeeebeebeenbeenseenaesneas 741
Section 18 T/O POTLS ... 747
I8.1  OVEIVIBW ..ttt ettt ettt sttt et et st sbe e bttt et et sanesanesbeebeenaeennes 747
T8.1.1  FRATUIES ..c.ueeuuieuiieieeiieete ettt ettt ettt et s e st e e e st saee bt et eanesanesbeens 747
18.1.2 BIOCK DIQZIAMS ....cvviiiiniiiiieieiieitenitetce ettt sttt 748
18.1.3 Pin CONIGUIATION. ..c..iiitieiiiiertieie ettt ettt et st s e et et et eeaeesbeens 755
18.1.4 Register CONTIGUIAtION........cueeiiriieriieiieieeiteettestee ettt et e e 758
18.2  RegiSter DESCTIPLIONS .....eevviiiiiriirieeiieieteterteet sttt sttt sttt besae st saeeanens 759
18.2.1 Port Control Register A (PCTRA) .....cooiiiiiiieiieeteete et 759
18.2.2 Port Data Register A (PDTRA) ...coouiiiiiiieeee ettt 760
18.2.3 Port Control Register B (PCTRB) ......ccoeoiiiiiiiiiiiiiiiiicniceeeeceeeesieeiens 761
18.2.4 Port Data Register B (PDTRB).......cccciiiiiiiiiiiiiieeeeee e 762
18.2.5 GPIO Interrupt Control Register (GPIOIC)........ccccoiiiiiiiiiiiiienieeeeeieeieeeee 763
18.2.6 Serial Port Register (SCSPTRI) .....coviiiiiiiieiieieeieteeeee e 764
18.2.7 Serial Port Register (SCSPTR2) ...ccc.coiiiiiiiiiieiieeieete ettt 765
Section 19 Interrupt Controller (INTC) ........coooviieieieeeeee e 769
JO. 1 OVEIVIEW ...utieeiiieiieeiteeite et e et e e bt e et e e bt e sbeeesbeeebeeesseeensaaenseeansaeassaeanseeassaesnseessseesnsensnsens 769
TO.1.T FRALUIES ....eiieiiiie ettt ettt e ettt e et e ettt e e et e e e s aaaeesnbeeeeensbeesessaeesnseeenn 769
19.1.2 Block DIiagram......cccccocieiiieiiiiiiiiiiiieeeeiett et st 769
19.1.3  Pin Configuration..........c.ceevueeriierieeniienieerie ettt ettt esiee e eiaesbeeeaee e 771
19.1.4 Register Configuration..........ccueevieirieriieiiiieeiie sttt esre et e et eieessbee e 771
19.2 TIEEITUPE SOUICES ..c.vveniiiniieniieiteeiteeitenteet ettt st s bt ettt ettt sate bt e sbe et et e eatesbeenbeenbeenbeennes 772
19.2.1 NMIINEEITUPL. ..ottt ettt ettt s sae e 772
19.2.2 TRL INEEITUPLS w.euvevieneenieietenientieteeie ettt st st vttt este b sae b s ene s eeenesaens 773
19.2.3  On-Chip Peripheral Module INtEITUPLS ........cccuerveieriinienerinenineeieecrenienenienaens 775
19.2.4 Interrupt Exception Handling and Priority........ccccceevvveevieiniennieinieeie e 776

Rev.4.00 Oct. 10, 2008 Page Ixviii of xcviii
REJ09B0370-0400
RENESAS



19.3  RegiSter DESCIIPLIONS ....c.ceviriiriiriiriieiieiietetenteetesie ettt ettt sttt et e b sae st eaeennens 780
19.3.1 Interrupt Priority Registers A to D (IPRA—IPRD).....c..ccccocevininininnnicicncnnenne. 780
19.3.2 Interrupt Control Register (ICR).......cccccocveiiiiiiiiniceeeceeeeeen 781
19.3.3 Interrupt Priority Level Settting Register 00 (INTPRIOO) .........ccocovvvvieriiiennieenns 783
19.3.4 Interrupt Factor Register 00 (INTREQOO) ........covvuerviiiniiiiniiiieenieeeeeieeeiee e 784
19.3.5 Interrupt Mask Register 00 (INTMSKOO).....c..covverviiriineininiinienienieeeeieseeeen 784
19.3.6 Interrupt Mask Clear Register 00 (INTMSKCLROO) ......ccccoceeeevenieneneninennennes 785
19.3.7 INTREQOO0, INTMSKO00, and INTMSKCLROO Bit Allocation .........c..cccceuenene. 786
19.4  INTC OPETALION ...ttt ettt st sttt et ettt e st et enesenesane s e e neeneennesanene 787
19.4.1 Interrupt OPEration SEQUENCE ........cevveerrieriieerieerieenieesieenieeesreesireeseessreeesseesnnes 787
19.4.2 Multiple INCETTUPLS c...veeeerieriiieeieeiieerie ettt ettt ettt st e b e st esbeenane 789
19.4.3 Interrupt Masking with MATL Bit.......cccccooiiiiiiiiniiniiiiecceceeeeee 789
19.5 Interrupt ReSponse TIME ........coeeuieieieiiiniiniiniininteiteteeetestesre sttt ettt s 790
19.6 USAZE INOLES ...ttt ettt sttt ettt be sttt sttt b sae b st eae e eeenenae 791
19.6.1 NMI Interrupts (SH7751 ONlY)...coeriririririeieienienenenieeteeeteeseese e 791
Section 20 User Break Controller (UBQC) .........ocooovooiiiiecccieeeeeeeeeeeeeees 795
20,1 OVEIVIBW ...ttt sttt sttt sae s sae et eaesa e aesbesae e 795
20. 1.1 FRATUIES ..ottt ettt ettt ettt ettt e s bt et e e et e eateebe e beebeenaeeaees 795
20.1.2 BIOCK DIQGIam.....ccueeuiiuiiiiiiiiiiiniieieectetesteee sttt st s s 796
20.2  RegIStEr DESCIIPLIONS ...c.vertireriirtirtieiieitetetentesteeie ettt ettt st sre sttt et e tesaesbesbesueeanens 798
20.2.1 Access t0 UBC REZISIETS .....eeruvieriiiiiieeiieeriteeite ettt sttt e v e st e ssee e 798
20.2.2 Break Address Register A (BARA) ....cooviiiiiiiiiiieeieeeeeeetee e 799
20.2.3 Break ASID Register A (BASRA)...cccooiiiiiriieeeeeteseeeee e 800
20.2.4 Break Address Mask Register A (BAMRA).....c.ccooiiiiiiiiiinienieeeeee e 800
20.2.5 Break Bus Cycle Register A (BBRA) ....ccoooiiiiiiiieieeeeeeeeeee e, 801
20.2.6 Break Address Register B (BARB).....c.cooiiiiiiieieeeeeeeeeee e 803
20.2.7 Break ASID Register B (BASRB) .....coociiiiiiiiiiiieie ettt 803
20.2.8 Break Address Mask Register B (BAMRB) .......cccccooviiiiiiinieniiiiieniee e 803
20.2.9 Break Data Register B (BDRB) .......cocueiiiiiiiiiiiinieiieicecee e 803
20.2.10 Break Data Mask Register B (BDMRB).......c.ccocceiiiiiiiniiiiieicieeeeeee e, 804
20.2.11 Break Bus Cycle Register B (BBRB) .......cccoiiiiiiiiiiieieeeeeeeeeee e, 805
20.2.12 Break Control Register (BRCR) ........ccoeiiiiieiieiieieee e 805
20,3 OPCTALION. ..ecuetietieeiieeiieeite et etee st e eteesbe e s bt e sabeesabeesabeesaseesaseessbeessseessseessseensteesseennsesnses 808
20.3.1 Explanation of Terms Relating to ACCESSES......uevvuiirrierriieriiieniienieesieeneeesveenane 808
20.3.2 Explanation of Terms Relating to Instruction Intervals .........c..ccocevveenernenncnnn, 808
20.3.3 User Break Operation SEQUENCE .......c..cceruerreriruireeeeieienienenteeeneeeneeeensesnensenes 809
20.3.4 Instruction Access Cycle Break ..........ccoooeiieiiiiiiiiiiinieieeeeeceeee e 810
20.3.5 Operand Access Cycle Break..........ccooceiieiieiiiiiiininiciccceceeecreeees 811
20.3.6 Condition Match Flag Setting ........c.cceeeeueiriiieriiieiiieniie st sree s 812

Rev.4.00 Oct. 10, 2008 Page Ixix of xcviii
REJ09B0370-0400
RENESAS



20.3.7 Program Counter (PC) Value Saved.........cccooueeiiriieiienieniee e 812

20.3.8 Contiguous A and B Settings for Sequential Conditions...........cccceeeeveerieeiennnens 813
20.3.9  USAZE INOLES ..ottt ettt s sttt e eas 814
20.4 User Break Debug Support FUNCHON .......coouiiiiiiiiiieiieiieeiee ettt 816
20.5 EXAMPIES Of USE ...eeiviiiiiiiiiiieiiteeiee sttt ettt ettt ettt e bt e ebee s baeeaees 818
20.6 User Break Controller Stop FUNCHON.........cocuiiiiniiriiiiiieiieteieeceeeesteeeeee e 820
20.6.1 Transition to User Break Controller Stopped State............cccceeveerienieneeieneenens 820
20.6.2 Cancelling the User Break Controller Stopped State ..........cccceeeveeneeneeieneennens 820
20.6.3 Examples of Stopping and Restarting the User Break Controller.............c........ 821
Section 21 High-performance User Debug Interface (H-UDI)............ccccccoouee. 823
21,1 OVEIVIBW ...ttt sttt s sttt a e s a e e 823
2111 FRATUIES ..ttt ettt ettt ettt et e et s e b e et e et satesae e bt enteenteeneenbeans 823
21.1.2 BIOCK DIQZIAM.....eiiuiiiiiiiieiieieee ettt st st 823
21.1.3  Pin ConfigUration.......c..coeeeeuerienienienientinieneeieeieeiteteseete st sttt eseseenae e 825
21.1.4 Register CoOnfigUuration.........coceeeruieriuieiiieeiieeiiieeeesteeeieesteesiee st esaeesabeesbeenane 826
21.2  ReZISIEr DESCIIPHONS ..eeuvvieiiieiieeiieeriteeite ettt ettt site et et e e e ebeesbbeebeeebaeeaees 827
21.2.1 Instruction Register (SDIR) .....c..ccoiiiiiriiiniinieiiieecee ettt 827
21.2.2 Data Register (SDDR) ......cciiiiiiiiiiiieieeeeee et 828
21.2.3 Bypass Register (SDBPR) .......oooiiiiiiiieieiee et 828
21.2.4 Interrupt Factor Register (SDINT)......ccccoeririririieienineneneeeeecteeceenc e 829
21.2.5 Boundary Scan Register (SDBSR) ....ccccuviviiiiiiiiiiieciccececceeee e 829
21.3  OPETALION c..uvieiiieeiiieriieeeieeeite ettt e site ettt e tbe e bt e e bt e sabeessbaesabeesabaesabeesabaesabeesabaesnseesasaenaseas 843
21.3.1 TAP CONLIOL....cuiiiiiiiiiiiieiciceereet ettt s 843
21.3.2 H-UDI RESEL ....ccueiuiiiiiirtieiieiteiteteietesteete ettt sttt sttt st s 844
21.3.3 H-UDI INEEITUPE ..ottt ettt ettt st be b ettt eseeesaeeneeeneeas 844
21.3.4 Boundary Scan (EXTEST, SAMPLE/PRELOAD, BYPASS) ....cccovevinininnnene 845
214 USAZE INOLES .eeueveeiiieiteeiteesite ettt ettt et e et e et e et te s bt e sabeessbeessbeesabaesabeesabaesabeesabaesaseesasaenaneas 845
Section 22 PCI Controller (PCIC) ........ooiiiiieieeeeeeeeeeeeeee e 847
22,1 OVEIVIBW ..utiuiiiieitieett ettt et ettt e bt e et e e et e eb e e e bt e s bt e bt eatesateeatesbe e bt enteenteemteeseesbeenbeeseennas 847
22,11 FRATUIES ...ttt ettt ettt et e st e s bt e be et e satesaeenteenteeateeneenbeans 847
22.1.2 Block DIiagram.........ccccceeieiiiiiiiiiiiiiieiceeteeeeeeeeese e e 848
22.1.3  Pin Configuration.........c.ceevuieriiiiniiieniieiiteniee ettt ettt esaeessbeeenaeesaes 849
22.1.4 Register COnfigUuIration.........coceieriieriuieiiieniieiiieeeesteeeieesbeesieesbeesbeesabeesseenaee 850
22.2  PCIC RegiSter DeSCIIPLIONS ....c...eeuteriieriiiieeieeienitenieeie ettt ettt 856
22.2.1 PCI Configuration Register 0 (PCICONFO) .......cccccooiiiiniiiiiiinieneeeeeeeeeeans 856
22.2.2 PCI Configuration Register 1 (PCICONF1) ......cccceiviiiiniiiiiiinieneeeeeeeeieans 857
22.2.3 PCI Configuration Register 2 (PCICONF2) .......cccccccoerinininiinenineeieicncnieneens 863
22.2.4 PCI Configuration Register 3 (PCICONE3) ......cccccovviiiriiiniiiiieieeee e 865

Rev.4.00 Oct. 10, 2008 Page Ixx of xcuviii
REJ09B0370-0400
RENESAS



22.3

22.2.5 PCI Configuration Register 4 (PCICONF4) .......cccccoiiiiiiniinieieienieeeeee e, 867

22.2.6 PCI Configuration Register 5 (PCICONFS) ........cccccvevininininininiceeeeieeiennen 869
22.2.7 PCI Configuration Register 6 (PCICONFO) ........cccccccoerineneninenicnieecieieneenne 871
22.2.8 PCI Configuration Register 7 (PCICONF7) to PCI Configuration Register 10
(PCICONFT0) .ttt st ettt 873
22.2.9 PCI Configuration Register 11 (PCICONFI11) ...cccccoceeniiniiniiiiniineiieeieneenens 874
22.2.10 PCI Configuration Register 12 (PCICONF12) ......ccccccoviiniiniiiinienieneeeee e, 875
22.2.11 PCI Configuration Register 13 (PCICONF13) ......cccocoiiiniiiieiiiienieeeeee e, 875
22.2.12 PCI Configuration Register 14 (PCICONF14) ......ccccecevinininineneniecieneneenes 876
22.2.13 PCI Configuration Register 15 (PCICONF1S) .....ccccoviiviiiiniiinieiieniee e 877
22.2.14 PCI Configuration Register 16 (PCICONF16) .......ccocceevviiiriiieniieniienieeeieeeieene 879
22.2.15 PCI Configuration Register 17 (PCICONF17) ...ccccoceiiiininniiiiiniineeieeieereniens 881
22.2.16 RESEIVEA ATCA....ccuieiieuiieiieetieitete ettt sttt ettt st e st e sttt et e eatesbe e beebeeaeeaees 883
22.2.17 PCI Control Register (PCICR).......cccoecuiiiiiiiiieieiieseeet e 884
22.2.18 PCI Local Space Register [1:0] (PCILSR [1:0]) .cccveerviiiriiiiiiiniiiniienieeiieeeieee 888
22.2.19 PCI Local Address Register [1:0] (PCILAR [1:0])..ccccveeiiiiinieniiiiienieeiiieeieene 890
22.2.20 PCI Interrupt Register (PCIINT)....ccccueeiiiirieiiieeieeee ettt 892
22.2.21 PCI Interrupt Mask Register (PCIINTM) ....cc.cooeriiriinieneinenieiieneeneeeeieenens 895
22.2.22 PCI Address Data Register at Error (PCIALR) .......coccovieiiiiiiiiieeceeeeee, 897
22.2.23 PCI Command Data Register at Error (PCICLR) ........cccooiivieiiiniiiieceeeeee, 898
22.2.24 PCI Arbiter Interrupt Register (PCIAINT) ...cccocvevevenininieninieeeececieneneee 900
22.2.25 PCI Arbiter Interrupt Mask Register (PCIAINTM) ......coccvvvvievciiiniiieniieenieenieene 902
22.2.26 PCI Error Bus Master Data Register (PCIBMLR)........ccccooviiiniiiiiiinieniieeieee 903
22.2.27 PCI DMA Transfer Arbitration Register (PCIDMABT) ....cc.ccccovviinienenienicnnns 904
22.2.28 PCI DMA Transfer PCI Address Register [3:0] (PCIDPA [3:0])...cccceevvervennennee. 905
22.2.29 PCI DMA Transfer Local Bus Start Address Register [3:0] (PCIDLA [3:0]) ..... 907
22.2.30 PCI DMA Transfer Counter Register [3:0] (PCIDTC [3:0]) «.cecveevevverierieeiennee. 908
22.2.31 PCI DMA Control Register [3:0] (PCIDCR [3:0]) ..ccocveeriiinieiiiiiieiieeeieeeieee 910
22.2.32 PIO Address Register (PCIPAR) .......coociiiiiiiiiiiienee ettt 913
22.2.33 Memory Space Base Register (PCIMBR).......cccccoceiiiniininiiiiiniineeieeicneeens 915
22.2.34 1/0O Space Base Register (PCIIOBR) ......ccccoceviririeieiiiiieneninencceeeeceeeen 917
22.2.35 PCI Power Management Interrupt Register (PCIPINT)......cc.cccoocevirviiiiencnnnnne. 918
22.2.36 PCI Power Management Interrupt Mask Register (PCIPINTM) ........c..cccceueeneeee. 919
22.2.37 PCI Clock Control Register (PCICLKR).......ccccceeviiiniiiiiiiiiieniieiiieeiee e 920
22.2.38 PCIC-BSC REZISIETS ..cc.uvieeuiieriiieeiieiiieeitesieeeitesieesteesateesbeesateesareesaseesabeesaneesas 921
22.2.39 Port Control Register (PCIPCTR).....c..cocueiiiriininiienienieneeccecetenieeeeeevesiens 923
22.2.40 Port Data Register (PCIPDTR) .....ccccooouiiiiiiiieieeeeeteeeee e 926
22.2.41 PIO Data Register (PCIPDR)........cccoiiiiiiiiiieieee ettt 927
Description Of OPEration.......c..coceerieereeieienienienteeenie ettt nteste sttt sre st eseessensenaennes 928
22.3.1  Operating MOAES........eevuiiriieniieniiterieerte ettt ettt st e s sbeesbeesbeesabeesbaesane 928

Rev.4.00 Oct. 10, 2008 Page Ixxi of xcviii
REJ09B0370-0400
RENESAS



224

22.5
22.6

22.7
22.8
229

22.3.2 PCI COMMANGS ...ttt ettt ettt ettt st st esaeenteeneeeaeesbeenbeens
22.3.3 PCIC INitIAlIZATON «...eoueeiieiiieieeie ettt st s sae e eeeeaeesbeens
22.3.4 LOCAl REZISIEI ACCESS...c.uieteruiriiriieiieietintentesteeieetteiteeete st st sre ettt et esentenae e
22.3.5 HOSt FUNCHONS ..ottt ettt sttt
22.3.6 PCI Bus Arbitration in Non-host Mode ...........cccceveeneeniniinieninniniineeneeieenene
22.3.7 PIO TIANSTEIS ..couteiiieieiiieitesteeteete ettt sttt st st s e b e b eas
22.3.8 Target TIANSTEIS ... cocueeieieieiiierie ettt ettt sttt eaeeebeens
22.3.9 DMA TIANSTETS ..uviiutiiiieeiiesiieie ettt ettt ettt st sae e et et eaeesaeesaeeeeens
22.3.10 Transfer Contention within PCIC ...........ccccooiiiiiiiiieieeee e
22.3.11 PCI Bus Basic INerface ........c.ccooeeiiriinieniiiiinienieneenceccc et
ENAIANS. ..ottt et st sttt
22.4.1 Internal Bus (Peripheral Bus) Interface for Peripheral Modules...............ccc.c......
22.4.2 Endian Control for Local Bus ........cccoociiiiiiiiiiiiiiecceeeecee e
22.4.3 Endian Control in DMA Transfers..........ccoceeveeiirienienieneeie e
22.4.4 Endian Control in Target Transfers (Memory Read/Memory Write) ..................
22.4.5 Endian Control in Target Transfers (I/O Read/I/O Write) ........cccocveevvvenvennnennnn.
22.4.6 Endian Control in Target Transfers

(Configuration Read/Configuration WIite).........coceveereereenernierieeneeneenieeiennens
RESEING ...ttt ettt st e s bt e bt et st esatesae et e e eneeebeens
TIEETTUPES ettt ettt e bt e sat et e st et e st e e saee e
22.6.1 Interrupts from PCIC to CPU .......ccccociniiiiiiiiieiciecenceencseeeeeeteeeeenie e
22.6.2 Interrupts from External PCI DevVICeS......ccccuvrviiiriiiiiiiieniiiiiieeieesieesiee e sveenane
22.6.3 INTA ..ot seieees s sssee sttt
EITOT DIETECHION. ...ttt sttt st st ettt sae e b et e
PCIC CLOCK -ttt ettt b e a ettt e bt et e e eaeeeneens
POWEr Management ......c...coiiiiiiiiiiiiiieeiiieeee ettt ettt et s
22.9.1 Power Management OVEIVIEW ........cccucoueriereriinerenietetenientenrensessesseeneesesensensens
22.9.2  Stopping the ClOCK.......c.eiiiiiiiiiiiiiiniee sttt ettt s e s
22.9.3 Compatibility with Standby and SIEep.........ccccueereirrieiriiiniiiieeieeee e

22.10 POIt FUNCHONS ..c.eviiiieiieiiiieicieieeteeee ettt st s e
22.11 Version ManQZemeNL .......c..cerueeruieieeientientienteeteetesttesteestee et etesatesstesteeteenteentesseesseesseenees
22,12 USAZE INOLES ....veeeeiieiteieete ettt et et e e et e esteeb e e s bt e bt e et eatesatesatesbeenteeateeneesbeebeenbeensesneesaeas

22.12.1 Notes on Arbiter Interrupt Usage (SH7751 Only) ....cccoveveneneninenrceienicnicniennns
22.12.2 Notes on I/O Read and I/O Write Commands (SH7751 Only) ........cccceeveueervueene
22.12.3 Notes on Configuration-Read and Configuration-Write Commands

(SHT7T5T ONLY) .ttt sttt st s
22.12.4 Notes on Target Read/Write Cycle Timing (SH7751 Only)......ccccovvenieieniennnns

Section 23  Electrical CharaCteriSTICS .....oouoemeeeeeeeeeeeeeee et ee e e e eeeneeeanen

23.1

Absolute Maximum Ratings ........cevvveiriiiniiiniieieeie ettt st s

Rev.4.00 Oct. 10, 2008 Page Ixxii of xcviii
REJ09B0370-0400

RENESAS



PRIV D O @ 1 V.1 ¢ 1o 1<) 115 (o1 I TR 982

23.3  AC ChAraCtEIISTICS ..uveuverertiereriieiieitetetentetente et et ettt ebestesbesbesaeebe et essentesesaesaeeresaeeneene 994
23.3.1 Clock and Control Signal Timing .........ccccceceeviriirviinienieiierceeeeeeere e 996
23.3.2 Control Signal TimMiNg .....ccceevveirieiriienieerie ettt ettt et st e s 1006
23.3.3  BUS TIMING teouttiiiiieiieeiieete ettt ettt sttt sttt e st esabeesabeesabeesaes 1010
23.3.4 Peripheral Module Signal Timing........cccccocereereenirnenieniienieneeeeienresee e 1061
23.3.5 AC Characteristic Test CONItiONS.......ccccerererieieieieienieneneeeeeeeeeeeenene 1074
23.3.6 Change in Delay Time Based on Load Capacitance.............ccceceveenieenuennennen. 1075

Appendix A Address LiSt.......coooioiieiiieeeeee e 1077

Appendix B Package DImensions............c.ccceuiueieiiieieiieieieeeee e 1085

Appendix C Mode Pin SELHNES ......cccovuiiiiiieieeeeeeeeee e 1089

Appendix D Pin FUNCHONS .......c.coooiiiiie s 1093

Dl PINSTALES..c.eiiiiiiiiiiiciiiic e s 1093

D.2  Handling of Unused Pins .......ccccooiiiiriiniiniiiiiiiceieeteeee ettt 1098

D.3  Note 0n Pin ProCesSing .....c..cccvviviriniriiieieicienteeneeeeeeeeteecte st 1099

Appendix E  Synchronous DRAM Address Multiplexing Tables .................... 1101

Appendix F Instruction Prefetching and Its Side Effects............ccccccooovvvirinnnnne. 1113

Appendix G Power-On and Power-Off Procedures...........c.cccooovvnincniniennines 1115

G.1  POWer-On SPULATIONS .....ceoueeiiiiiitieitieie ettt et st be e e e 1115

G.2  Power-Off StPUIAtIONS ....cc.eoveririiriiieiieieieertene ettt ettt nene 1115

G.3 Common Stipulations for Power-On and Power-Off .............ccccocoivviiiniiinnnnieceee, 1118

Appendix H Product LINEUP.........ccoooieiiioieiicieieeeee s 1119

Appendix I  Version REGISTEIS ........ccociiiiiiiiieieceeeeeee e 1121

Rev.4.00 Oct. 10, 2008 Page Ixxiii of xcviii
REJ09B0370-0400
RENESAS



Rev.4.00 Oct. 10, 2008 Page Ixxiv of xcviii
REJ09B0370-0400
RENESAS



Figures

Section 1 Overview

Figure 1.1  Block Diagram of SH7751/SH7751R Group Functions..........ccccceceevveeneencrnueneenne 9
Figure 1.2 Pin Arrangement (256-Pin QFP) .......ccccooiiiiiiiiiiieeeeeeeee e 10
Figure 1.3  Pin Arrangement (256-Pin BGA) ......ccciiiiiiiiiiiieiieeee ettt 11
Figure 1.4  Pin Arrangement (292-Pin BGA) ....c..cccooiviniiiniiiiiiciencnescsceeeeeteeesaenie e 12

Section 2 Programming Model

Figure 2.1  Data FOIMALS ......cooeiiiiiiiiiiiiiiieiceeete sttt st s 47
Figure 2.2  CPU Register Configuration in Each Processor Mode............cccceviriiniineenennnene 50
Figure 2.3 General REZISEIS .......covuiiriiiiieiieieeiest ettt ettt 52
Figure 2.4  Floating-Point REZISIEIS ......cc.coiriririirieieietcietentene sttt 54
Figure 2.5 Data Formats In MEmMOTY ........coccuiiiiiiiriiiiiiiiniie ittt sttt 60
Figure 2.6 Processor State TTanSitions ........ccueevverrieiriieriieeniiesieesieesieesbeesieesveesreesbeesaneens 61

Section 3 Memory Management Unit (MMU)

Figure 3.1  Role of the MIMU .......cooiiiiiiiiiieieeeee ettt 65
Figure 3.2 MMU-Related REZISIETS.....cc.eoouiriiiriiiiiiiiiieieeeeeeeee et 67
Figure 3.3  Physical Address Space (MMUCR.AT = 0) ...cooviivviiiinieeiiiieeeeeeeeeeeeeeeene 71
FIUIE 3.4 P4 ATCA.cc.uiiiiieiieeee ettt ettt st st e et e s e e ebee s beeebeeens 72
Figure 3.5  External MemOry SPACE ........ccovueviirriiriiiiiiniieniteieeteeitesieete ettt st et 74
Figure 3.6  Virtual Address Space (MMUCR.AT = 1)...coooiiiiiiiiiiieceeeeeeeeee e 75
Figure 3.7 UTLB CONIGUIATION ...cuvtetiiiiiieiiieitiesie et eite ettt sttt sae et s teseeesaeeee e eae 78
Figure 3.8  Relationship between Page Size and Address Format..........c..ccccceeeviiniininninnnnne 79
Figure 3.9  ITLB CONfigUIAtiON.......ceiiuiiiiiiiriieiiieeiiesieeeiee st e et sreesiveesebeesieeesibeesaneesbaeenaeeens 82
Figure 3.10 Flowchart of Memory Access Using UTLB........ccccocciviiiieniiiiniienieenieenieeieeneene 83
Figure 3.11 Flowchart of Memory Access Using ITLB ..........ccoccooieniiniiiiniiniiiniceieniees 84
Figure 3.12 Operation of LDTLB INStruCtioN. ......cccueeouiiiiriieniieieeieeiiesieeieeie et 86
Figure 3.13 Memory-Mapped ITLB Address AITay..........ccceeeeerenineneneereeeereneesrenieniennennens 95
Figure 3.14 Memory-Mapped ITLB Data Array 1 .......ccccoceoieiiiniiniinieiieieeeneeneeeeeeeeee 96
Figure 3.15 Memory-Mapped ITLB Data A1ray 2 .......cccceoeeiviieniiieiiiieniienieesieesieesieesveesneens 97
Figure 3.16 Memory-Mapped UTLB Address AITay ..........ccccceeeeueervieeniieeniieeniieenieenneeneeeneeens 98
Figure 3.17 Memory-Mapped UTLB Data Array L.......cccocevieiiiniiniiniiniieenienienceniceeeeee 99
Figure 3.18 Memory-Mapped UTLB Data AIray 2.......cccceoceeiierienieniienieeieeeesetesiee e 100

Section 4 Caches

Figure 4.1 Cache and Store Queue Control Registers (CCR)......ccccevviiinieniiiinieniiiiieeiees 103
Figure 4.2  Configuration of Operand Cache (SH7751) ..c.cccocceviiniininniniiniinieiieiceecneeiee 106
Figure 4.3  Configuration of Operand Cache (SH7751R) ...cccccooieniiniiiiiiiiniiniinieieeieeieens 107

Rev.4.00 Oct. 10, 2008 Page Ixxv of xcviii
REJ09B0370-0400
RENESAS



Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15
Figure 4.16

Section 5
Figure 5.1
Figure 5.2
Figure 5.3

Section 6
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4

Section 8
Figure 8.1
Figure 8.2
Figure 8.3

Configuration of Write-Back Buffer ...........coccooieiiiiiiiii 111
Configuration of Write-Through Buffer............ccoooiiiiiiiinie 111
Configuration of Instruction Cache (SH7751) ..ccoooieiieiieiiiieeieceeeee e 117
Configuration of Instruction Cache (SH7751R).ccccccoviiiniiiiiiiniiiiieiecieeeieeenn 118
Memory-Mapped IC Address AITAY .......ccceeeeerriieeiiieniieniienieenreenieeseeesieeesee s 121
Memory-Mapped IC Data AITay ........coceveereriieniinienieneeieeteetesieesieeeeve e 122
Memory-Mapped OC Address AITAY ........cooeeierierieneenieeie et 124
Memory-Mapped OC Data AITAY ......ccceeceeierieniieniierieeie ettt 125
Memory-Mapped IC Address AITay ......c..cccceeeeeiiiienienieneeeeeeeeeeere e 127
Memory-Mapped IC Data ATTAY ......ceveevriieriiieiiieeiie sttt sre e saee e 128
Memory-Mapped OC Address ATTAY ......c.eeevveeriieriieeriiieniienieenieesreesseeseeesveennns 130
Memory-Mapped OC Data AITAY .....ccceevverierienienieeienienienteneenieete et sieenieens 131
Store Queue ConfigUIAtION. .......cc.eeiuiireiriiriieeieree sttt sttt 132
Exceptions
Register Bit Configurations...........cueevuieiiiieinieeiiieeiee ettt et see e 138
Instruction Execution and Exception Handling...........ccoecueevievnieniiiinienieenicenen, 143
Example of General Exception Acceptance Order...........cocceeevereeneenieesienieneenneene 145

Floating-Point Unit

Format of Single-Precision Floating-Point Number..........ccccoccevervevveiviencncncnenne. 173
Format of Double-Precision Floating-Point Number ............cccooceeviiinierniieinieennne. 174
Single-Precision NaN Bit Pattern........cccceevieeriiiniieniiiieeieeeeeee e 176
Floating-Point REISTEIS ......ccuevieriiiiiiriiiieiienieeecre sttt 178
Pipelining
Basic PIPEIINES ....cc.eevuiiieieiieieeie ettt ettt 212
Instruction Execution Patterns. .........cocccvuereenieniniiiniinienieieeecie et 213
Examples of Pipelined EXeCUtioN..........coccuiiviiiiiiiiiieiiieeiecitecee e 225

Section 9 Power-Down Modes

Figure 9.1
Figure 9.2
Figure 9.3
Figure 9.4
Figure 9.5
Figure 9.6
Figure 9.7
Figure 9.8
Figure 9.9

STATUS Output in Power-On Reset ..........cceoeeiiiiiiieiienieieece e 255
STATUS Output in Manual ReSet..........c.cocerieriiiiiiiiiiiiienieeceee e 255
STATUS Output in Standby — Interrupt SEQUENCE.........cevvveerrueercieirieeriierreeanenn 256
STATUS Output in Standby — Power-On Reset Sequence ...........ccoovevveeeueennen. 256
STATUS Output in Standby — Manual Reset Sequence ..........ccoccevevveerieneenncnne. 257
STATUS Output in Sleep — Interrupt SEqUENCE........ceoveeeeriereereeeeieeieeeeeene 257
STATUS Output in Sleep — Power-On Reset Sequence ..........ccccceeeveerieneennne 258
STATUS Output in Sleep — Manual Reset Sequence............cccceeeeveeeiriencenene. 259
STATUS Output in Deep Sleep — Interrupt SEqUENCE .........cevveevveerveerieerveennnen. 260

Rev.4.00 Oct. 10, 2008 Page Ixxvi of xcviii
REJ09B0370-0400

RENESAS



Figure 9.10 STATUS Output in Deep Sleep — Power-On Reset Sequence ...........ccccccevennenene 260

Figure 9.11 STATUS Output in Deep Sleep — Manual Reset Sequence ............ccccceverennenene 261
Figure 9.12 Hardware Standby Mode Timing (When CA = Low in Normal Operation).......... 262
Figure 9.13 Hardware Standby Mode Timing (When CA = Low in WDT Operation)............. 263
Figure 9.14 Timing When Power Other than VDD-RTC Is Off..........cccccooerviniiniiniininnineene 263
Figure 9.15 Timing When VDD-RTC Power Is Off — On........cccccoveiiiiniiniinieniiniciiciicneene 264

Section 10 Clock Oscillation Circuits

Figure 10.1 (1) Block Diagram of CPG (SH7751)..cc.ceiieiiiieiieeieseeieee e 269
Figure 10.1 (2) Block Diagram of CPG (SH7751R) ..ccooouiiviiinieiiiiiiieeiteeiteeiee ettt 270
Figure 10.2 Block Diagram of WDT ......cccooviiiiiiiniiiiniieieeieete ettt 280
Figure 10.3 Writing to WTCNT and WTCSR ......ccciiiiiiiiiiiieieeeeettereeeeeeeteeee e 284
Figure 10.4 Points for Attention when Using Crystal Resonator.............ccccoeceveenieiieniienienenns 287
Figure 10.5 Points for Attention when Using PLL Oscillator Circuit ...........ccoeceeveeiieecienienneene 288

Section 11 Realtime Clock (RTC)

Figure 11.1 Block Diagram of RTC .......ccccooiiiiiiiiiiiiiniieieetece ettt s 292
Figure 11.2 Examples of Time Setting Procedures...........c..cooeevuervieniinieninienieniencenieeeeeeee 309
Figure 11.3 Examples of Time Reading Procedures............ccocceoveiiinieiiiiiniinieeeeeeeeee 311
Figure 11.4 Example of Use of Alarm Function..............cooceiieiiiiiniinieiieeeeceeee e 312
Figure 11.5 Example of Crystal Oscillation Circuit CONNECtion ..........cccceereeueevenvesienenenennens 314

Section 12 Timer Unit (TMU)

Figure 12.1 Block Diagram of TIMU .........cocceeiimiiiiiniiienienientenieeie ettt 316
Figure 12.2 Example of Count Operation Setting Procedure .............cccceeverienienienennencneee 328
Figure 12.3 TCNT Auto-Reload OPeration........c.ccccveeerieuieieienienienieneninesieeeeeeeesnessennenaens 329
Figure 12.4 Count Timing when Operating on Internal Clock ..........cccocevivinirinnenincncnennn. 329
Figure 12.5 Count Timing when Operating on External Clock ..........ccccceevviieniiiiniiinieiniennnene 330
Figure 12.6 Count Timing when Operating on On-Chip RTC Output ClocK.........cccccecueeuennen 330
Figure 12.7 Operation Timing when Using Input Capture Function ..........ccccceeeevervienieneenens 331

Section 13 Bus State Controller (BSC)

Figure 13.1 Block Diagram of BSC.......ccccccueiiriiniiiininineietcctectene ettt 337
Figure 13.2 Correspondence between Virtual Address Space and External Memory Space..... 341
Figure 13.3 External Memory Space ALOCAtION ........cccueeviiirieiiiiiiniieniie ettt 343
Figure 13.4 Example of RDY Sampling Timing at which BCR4 Is Set

(Two Wait Cycles Are Inserted by WCR2).......ooviiiiiiiiiiiiiiieieeeeeeeeee 362
Figure 13.5 Writing to RTCSR, RTCNT, RTCOR, and RFCR...........ccccoociiiiniiniiiiiieieee 393
Figure 13.6 Basic Timing of SRAM INterface...........cceceverieiiiinieninenininceceeeecieieseese e 406
Figure 13.7 Example of 32-Bit Data Width SRAM Connection .........c.ccceevveerceeerveenieeneeeneenns 407

Rev.4.00 Oct. 10, 2008 Page Ixxvii of xcviii
REJ09B0370-0400
RENESAS



Figure 13.8 Example of 16-Bit Data Width SRAM COnnection .........c.cceeceeeeeneeneenieeieneeneene 408

Figure 13.9 Example of 8-Bit Data Width SRAM Connection ...........ccccceveevevvenenenenenrereeeene 409
Figure 13.10 SRAM Interface Wait Timing (Software Wait Only) .......c.ccecevverereeneeiiencncnenncns 410
Figure 13.11 SRAM Interface Wait State Timing (Wait State Insertion by RDY Signal)........... 411
Figure 13.12 SRAM Interface Read Strobe Negate Timing (AnS = 1, AnW =4, and AnH =2) 412
Figure 13.13 Example of DRAM Connection (32-Bit Data Width, Area 3) .......ccccceeereeneennenne 413
Figure 13.14 Basic DRAM AcCCESS TIMING .......coceeiuiriiiiiiriieiieieeieeiie ettt 415
Figure 13.15 DRAM Wait State Timing .......cccceererierienieniieieeie ettt s 416
Figure 13.16 DRAM Burst Access TimMiNg ......cccceceeeeieriininenenineeeeienientene st eeeeeeesaenneseeas 417
Figure 13.17 DRAM Bus Cycle (EDO Mode, RCD =0, AnW =0, TPC = 1)...cccceevvevvrrennnne. 418
Figure 13.18 Burst Access Timing in DRAM EDO Mode........c.cccooeiiriiiiniieniiiiniienieenieeseeene 419
Figure 13.19 (1) DRAM Burst Bus Cycle, RAS Down Mode Start

(Fast Page Mode, RCD =0, ANW = 0)...ccceiiiiiiiiiiiiieeeeeeeee e 420
Figure 13.19 (2) DRAM Burst Bus Cycle, RAS Down Mode Continuation

(Fast Page Mode, RCD =0, AnW = 0)...cooviiiiiiiiiiiiiieeeeeeeeeceeeeeee 421
Figure 13.19 (3) DRAM Burst Bus Cycle, RAS Down Mode Start

(EDO Mode, RCD =0, ADW = 0)...ooviiiiiiieinieieeieeeeneeeeeeeeeeeeeeenene 422
Figure 13.19 (4) DRAM Burst Bus Cycle, RAS Down Mode Continuation

(EDO Mode, RCD = 0, ANW = 0)..coooiiiriniiieieicnieneneeeeeeeeeerenie e 423
Figure 13.20 CAS-Before-RAS Refresh Operation.............cceceeeeerienieeienienienieneeie e 424
Figure 13.21 DRAM CAS-Before-RAS Refresh Cycle Timing (TRAS =0, TRC = 1).............. 425
Figure 13.22 DRAM Self-Refresh Cycle Timing.......cocceeeveeriieniiieniienieenieenieerieesee e 426
Figure 13.23 Example of 32-Bit Data Width Synchronous DRAM Connection (Area 3) .......... 428
Figure 13.24 Basic Timing for Synchronous DRAM Burst Read .........c..coocceverviiniencencnncnnee 431
Figure 13.25 Basic Timing for Synchronous DRAM Single Read...........cccceeeiiiiniiniinininnene 433
Figure 13.26 Basic Timing for Synchronous DRAM Burst Write ...........cccceeiiriiiiienieneenieeeene 434
Figure 13.27 Basic Timing for Synchronous DRAM Single Write..........cccecevvenenenenenicnenene 436
Figure 13.28 Burst Read TiminNg .......cooveeiiiiirieiiieeieeeieeeiee sttt ettt esaee e 438
Figure 13.29 Burst Read Timing (RAS Down, Same Row Address)........cccceecveevveeneerniveeneeennne. 439
Figure 13.30 Burst Read Timing (RAS Down, Different Row Addresses)........ccoceeveereeneennennn 440
Figure 13.31 Burst Write TImiNg .......ccoeerueeiieiiiiieieeie ettt sttt st 441
Figure 13.32 Burst Write Timing (Same Row Address) .......cccoeveeerienieniinieeee e 442
Figure 13.33 Burst Write Timing (Different ROw Addresses) ........ccccecverereneneneneeeeneenenennens 443
Figure 13.34 Burst Read Cycle for Different Bank and Row Address Following Preceding

BUrst REad CYCIe....couuiiiiiiiiiiiieete ettt sttt st e 446

Figure 13.35 Auto-Refresh Operation ........co.ccocuiiieriineeniiiiinienieneeeeeeeete et 448
Figure 13.36 Synchronous DRAM Auto-Refresh Timing.........c.ccocoeeeeroieiieniinieniicncenceee 448
Figure 13.37 Synchronous DRAM Self-Refresh Timing ..........ccccecoeeverieniiinenienieceescee 450
Figure 13.38 (1) Synchronous DRAM Mode Write Timing (PALL)......ccccecoveviereriieriereeee 452
Figure 13.38 (2) Synchronous DRAM Mode Write Timing (Mode Register Setting)............... 453

Rev.4.00 Oct. 10, 2008 Page Ixxviii of xcviii
REJ09B0370-0400
RENESAS



Figure 13.39 Basic Timing of a Burst Read from Synchronous DRAM (Burst Length = 8) ...... 455

Figure 13.40 Basic Timing of a Burst Write to Synchronous DRAM............cccoociiiiiiiienenenne 456
Figure 13.41 Burst ROM Basic Access TIMING ......cceoeriririnirieieieienienesenieeeeeeeeneesaenne e 458
Figure 13.42 Burst ROM Wait Access TimiNg .......cccceevvieriieiriiieriiieiiieniiesieeeiee st eieesree e 459
Figure 13.43 Burst ROM Wait Access TimMiNg .......ccccevvuieriiieriiieniiieniiienieesieeeiee st eieesveesree s 460
Figure 13.44 Example of PCMCIA INterface.........cooeevueriirienieneeniiieiicntenieeieete et 464
Figure 13.45 Basic Timing for PCMCIA Memory Card Interface...........ccoceeveerieneenieeceniennenns 465
Figure 13.46 Wait Timing for PCMCIA Memory Card Interface.........c..ccoceeeverienenninienienenns 466
Figure 13.47 PCMCIA Space AIIOCALON ......coeeueeririeniintinieriteiteteteniestenie e sieeseentesseseensesaeeneeaees 467
Figure 13.48 Basic Timing for PCMCIA I/O Card Interface ..........ccocceeveeeriiieniieiniieenieenieeneene 468
Figure 13.49 Wait Timing for PCMCIA I/O Card Interface ...........ccooeeveiiirieeniieenieenieenieeneene 469
Figure 13.50 Dynamic Bus Sizing Timing for PCMCIA I/O Card Interface ..........cc.ccoveeveereenne 470
Figure 13.51 Example of 32-Bit Data Width MPX COnnection...........ccccceeeererriesieneeneeneeneenne 472

Figure 13.52 MPX Interface Timing 1 (Single Read Cycle, AnW = 0, No External Wait) ........ 473
Figure 13.53 MPX Interface Timing 2 (Single Read, AnW = 0, One External Wait Inserted) ... 474
Figure 13.54 MPX Interface Timing 3 (Single Write Cycle, AnW = 0, No External Wait)........ 475
Figure 13.55 MPX Interface Timing 4 (Single Write, AnW = 1, One External Wait Inserted) . 476

Figure 13.56 MPX Interface Timing 5 (Burst Read Cycle, AnW = 0, No External Wait).......... 4717
Figure 13.57 MPX Interface Timing 6 (Burst Read Cycle, AnW = 0, External Wait Control)... 478
Figure 13.58 MPX Interface Timing 7 (Burst Write Cycle, AnW = 0, No External Wait).......... 479

Figure 13.59 MPX Interface Timing 8 (Burst Write Cycle, AnW = 1, External Wait Control). 480
Figure 13.60 MPX Interface Timing 9 (Burst Read Cycle, AnW = 0, No External Wait,

Bus Width: 32 Bits, Transfer Data Size: 64 Bits).......cccoovvveeeeiieiiinieieeeeeerreeeeeen. 481
Figure 13.61 MPX Interface Timing 10 (Burst Read Cycle, AnW = 0, One External Wait

Inserted, Bus Width: 32 Bits, Transfer Data Size: 64 BitS).........ccccovvieeiieeieinneenn. 482
Figure 13.62 MPX Interface Timing 11 (Burst Write Cycle, AnW = 0, No External Wait,

Bus Width: 32 Bits, Transfer Data Size: 64 BitS).......cccceeiievieeiiieiieeiie e, 483
Figure 13.63 MPX Interface Timing 12 (Burst Write Cycle, AnW = 1, One External Wait

Inserted, Bus Width: 32 Bits, Transfer Data Size: 64 BitS).......ccccvvvveeveeevvivnnenn.n. 484
Figure 13.64 Example of 32-Bit Data Width Byte Control SRAM.......cccccocevviiniininniiniienienens 485
Figure 13.65 Byte Control SRAM Basic Read Cycle (NO Wait) ......cocuerviiiienienieiieieeieeeeeee 486
Figure 13.66 Byte Control SRAM Basic Read Cycle (One Internal Wait Cycle) ...........ccceeuee. 487
Figure 13.67 Byte Control SRAM Basic Read Cycle (One Internal Wait + One

EXErNal Wait) ...c.oooiiiiiiiiiiieeeeieeee ettt e e e e e 488
Figure 13.68 Waits between ACCESS CYCLES ....uiiruiiiiiiiiiiiiiiiiteeiie ettt sttt 490
Figure 13.69 Arbitration SEQUENCE.......cc.covueriiriiriinierieeieeteete ettt sttt s 492

Section 14 Direct Memory Access Controller (DMAC)
Figure 14.1 Block Diagram of DMAC .........ccooioiiiiiiiiiiieeceeee e 500
Figure 14.2 DMAC Transfer FIOWChArt ........c..cccoeviieiiiriiniinieiieiciicrecnceceicee e 519

Rev.4.00 Oct. 10, 2008 Page Ixxix of xcviii
REJ09B0370-0400
RENESAS



Figure 14.3 Round Robin MOde ........cc.ooiiiiiiiiiiiiee e e
Figure 14.4 Example of Changes in Priority Order in Round Robin Mode.............cccccevenenne.
Figure 14.5 Data Flow in Single Address Mode .........ccccoveverierininenininieieieienenesesesieeene
Figure 14.6 DMA Transfer Timing in Single Address Mode..........ccoovvevviieniernieenienniieeeene
Figure 14.7 Operation in Dual Address MOde..........cooviiriiiniiiinieiiieeeeeee ettt
Figure 14.8 Example of Transfer Timing in Dual Address Mode ..........cccccoceeneenenncniincenene
Figure 14.9 Example of DMA Transfer in Cycle Steal Mode........c..ccccoevenenieieeeniencncnennns
Figure 14.10 Example of DMA Transfer in Burst Mode...........ccccocoeiiniiiiiniiiiceceee
Figure 14.11 Bus Handling with Two DMAC Channels Operating.............cocceceeceeeenvenienenennens
Figure 14.12 Dual Address Mode/Cycle Steal Mode External Bus — External Bus/DREQ

(Level Detection), DACK (Read CYCIe) ....ccuevvuiiiriiriiiiiiieeiieeeeeiee et
Figure 14.13 Dual Address Mode/Cycle Steal Mode External Bus — External Bus/DREQ

(Edge Detection), DACK (Read CycCle) .......cccceeieriiniiiiiiiienieneeeee e
Figure 14.14 Dual Address Mode/Burst Mode External Bus — External Bus/DREQ

(Level Detection), DACK (Read CyCle) ....cceevuiirrieriiiiieiieiiieeeceeeeiee e
Figure 14.15 Dual Address Mode/Burst Mode External Bus — External Bus/DREQ

(Edge Detection), DACK (Read Cycle) ......cccoviiiriirniiiinieiiieeieenieeeieeeieesveein
Figure 14.16 Dual Address Mode/Cycle Steal Mode On-Chip SCI (Level Detection)

—> EXternal BUS .....coouoiiiiiieee e
Figure 14.17 Dual Address Mode/Cycle Steal Mode External Bus — On-Chip SCI

(LeVel DELECTION).....ceeiiieiiiiriieeeeeeectreee e e eeectre e e e e eeectre e e e e e eeeenraereeeeeeeensaaaeeeaeeens
Figure 14.18 Single Address Mode/Cycle Steal Mode External Bus — External Bus/DREQ

(LeVEl DELECTION)....vvieiieeieiiirieeeeeeeeitreee e e e eeeetr et e e e eeeetre e e e e e eeerataereeeeeeennsrareeeeeeenns
Figure 14.19 Single Address Mode/Cycle Steal Mode External Bus — External Bus/DREQ

(Ed@e DELECLION) ..ottt ettt ettt ettt st e bt e bt ebe e seesaee e
Figure 14.20 Single Address Mode/Burst Mode External Bus — External Bus/DREQ

(LeVel DELECTION)....cceeiiieeiiiriieeeee ettt e e e eeectre e e e eeectreeeeeeeeeeabrereeeeeeeensaaaeeeaeeans
Figure 14.21 Single Address Mode/Burst Mode External Bus — External Bus/DREQ

(EdZe DELECHION) ...eeuiieiiieeiiieiiteeite sttt ettt ettt et ettt e s bt e s bt e sbaesbaesnnees

Figure 14.22 Single Address Mode/Burst Mode External Bus — External Bus/DREQ

(Level Detection)/32-Byte Block Transfer (Bus Width: 32 Bits, SDRAM:

ROW Hit WIILE) ..ttt e e e e et e e e aeeeeeans
Figure 14.23 On-Demand Transfer Mode Block Diagram...........cocceceverereeneeienienenenencneeene
Figure 14.24 System Configuration in On-Demand Data Transfer Mode............c.ccceceevuerucncenne
Figure 14.25 Data Transfer Request FOrmat ...........cccoviiiiiiiniiiniiiniienieceesieeniee e
Figure 14.26 Single Address Mode/Synchronous DRAM — External Device Longword

Transfer SDRAM Auto-Precharge Read Bus Cycle, Burst

(RCD =1, CAS Iatency =3, TPC = 3)..cuiiiiiiiieieeeeeeteeee e

Rev.4.00 Oct. 10, 2008 Page Ixxx of xcviii
REJ09B0370-0400
RENESAS



Figure 14.27 Single Address Mode/External Device — Synchronous DRAM Longword
Transfer SDRAM Auto-Precharge Write Bus Cycle, Burst

(RCD =1, TRWL =2, TPC=1)cutiiiiiniiienieeieeeeeeeeteetestese st 560
Figure 14.28 Dual Address Mode/Synchronous DRAM — SRAM Longword Transfer............ 561
Figure 14.29 Single Address Mode/Burst Mode/External Bus — External Device 32-Byte

Block Transfer/Channel 0 On-Demand Data Transfer...........cccccceeeveninincneenne 562
Figure 14.30 Single Address Mode/Burst Mode/External Device — External Bus 32-Byte

Block Transfer/Channel 0 On-Demand Data Transfer..........cccccoeoeevenveneeneenenee. 562
Figure 14.31 Single Address Mode/Burst Mode/External Bus — External Device 32-Bit

Transfer/Channel 0 On-Demand Data Transfer .........c..cceceevercienienieenieeneenenncnne. 563
Figure 14.32 Single Address Mode/Burst Mode/External Device — External Bus 32-Bit

Transfer/Channel 0 On-Demand Data Transfer ..........ccccccevininininiincicncncnnnn 564

Figure 14.33 Handshake Protocol Using Data Bus (Channel 0 On-Demand Data Transfer) ..... 565
Figure 14.34 Handshake Protocol without Use of Data Bus

(Channel 0 On-Demand Data Transfer) ..........cccceeveeevieeiieeiieeeee e evee e 566
Figure 14.35 Read from Synchronous DRAM Precharge Bank...........ccccoevviiniiiiniiniiiinieniennns 567
Figure 14.36 Read from Synchronous DRAM Non-Precharge Bank (Row Miss) ..........cccceueeee 567
Figure 14.37 Read from Synchronous DRAM (ROW Hit) ......c.cccoceeviininniniiniiiniiiiniccieneees 568
Figure 14.38 Write to Synchronous DRAM Precharge Bank...........ccoocoooiiiniiiniiiiiiiiiecees 568
Figure 14.39 Write to Synchronous DRAM Non-Precharge Bank (Row Miss).....c..ccccoceeueeueenen. 569
Figure 14.40 Write to Synchronous DRAM (Row Hit)......c..cocoeiiiiiiiiniiiiiiicccceceeee 569
Figure 14.41 Single Address Mode/Burst Mode/External Bus — External Device 32-Byte

Block Transfer/Channel 0 On-Demand Data Transfer.........cc..cccceevvievicniencenennen. 570
Figure 14.42 DDT MOAE SELHINE .....couvirutiriieiieieiieite sttt ettt ettt ettt s e e e e st saee e 571
Figure 14.43 Single Address Mode/Burst Mode/Edge Detection/ External Device

— External Bus Data Transfer ..........coocoeoieiiiiiiiiiieneeeeee e 571
Figure 14.44 Single Address Mode/Burst Mode/Level Detection/ External Bus

— External Device Data Transfer ..........cccocooivviviiiiiiiiinininicccicee, 572
Figure 14.45 Single Address Mode/Burst Mode/Edge Detection/Byte, Word, Longword,

Quadword/External Bus — External Device Data Transfer................cccceeeeeunennn. 572
Figure 14.46 Single Address Mode/Burst Mode/Edge Detection/Byte, Word, Longword,

Quadword/External Device — External Bus Data Transfer................cccccceeienn. 573
Figure 14.47 Single Address Mode/Burst Mode/32-Byte Block Transfer/DMA Transfer

Request to Channels 1-3 Using Data BUS ........ccooverciiiiiiinieeniienieenieeeieeseeeene 574

Figure 14.48 Single Address Mode/Burst Mode/32-Byte Block Transfer/ External Bus
— External Device Data Transfer/ Direct Data Transfer Request to Channel 2

without Using Data BUS .....cccooiiiiiiiieeeeeeeee e 575
Figure 14.49 Single Address Mode/Burst Mode/External Bus — External Device Data
Transfer/Direct Data Transfer Request to Channel 2 ..........ccccoceeereniiieiiencnicnnenn 576

Rev.4.00 Oct. 10, 2008 Page Ixxxi of xcviii
REJ09B0370-0400
RENESAS



Figure 14.50 Single Address Mode/Burst Mode/External Device — External Bus Data

Transfer/Direct Data Transfer Request to Channel 2............c.ccoooeevieiiiieniinienene 577
Figure 14.51 Single Address Mode/Burst Mode/External Bus — External Device Data

Transfer (Active Bank Address)/Direct Data Transfer Request to Channel 2........ 578
Figure 14.52 Single Address Mode/Burst Mode/External Device — External Bus Data

Transfer (Active Bank Address)/Direct Data Transfer Request to Channel 2........ 579

Figure 14.53 Block Diagram of the DMAC .......ccccooiiiiiiiiiiieeeeeeeeee e 583
Figure 14.54 DTR Format (Transfer Request Format) (SH7751R)...cc.cocoeiiiiiniiniiiiciiceeee 594
Figure 14.55 Single Address Mode/Burst Mode/External Bus — External Device 32-Byte

Block Transfer/Channel 0 On-Demand Data Transfer...........cccccocenencencininene 598
Figure 14.56 Single Address Mode/Cycle Steal Mode/External Bus — External Device/

32-Byte Block Transfer/On-Demand Data Transfer on Channel 4 ........................ 599

Section 15 Serial Communication Interface (SCI)

Figure 15.1 Block Diagram of SCl........ccccoiiinininininiicieesteneeenieee ettt 605
Figure 15.2 SCK Pill.ciiiiiiiiiiiiiieeeeeeeesee ettt ettt ettt et sbae e e s 621
Figure 15.3  TXD Pilleciiiiiiiiiiieeee ettt sttt st st e st e st e saae e 622
Figure 154 RXD Pill.ccoiiiiiiiiii ettt st s 622
Figure 15.5 Data Format in Asynchronous Communication (Example with 8-Bit Data,

Parity, TWO StOp Bits) ....coiuieiieiieiieeeeeeee et 634
Figure 15.6 Relation between Output Clock and Transfer Data Phase (Asynchronous Mode). 636
Figure 15.7 Sample SCI Initialization FIOWChart ............cccoocviiviiiiiiinieiiieiecceeeeee e 637
Figure 15.8 Sample Serial Transmission FIOwcChart..........ccccccovviiiviiiniiiniiiniiiniieicenieesieee 638
Figure 15.9 Example of Transmit Operation in Asynchronous Mode

(Example with 8-Bit Data, Parity, One Stop Bit) ........cccoeeviniiniiniiiicceee 640
Figure 15.10 Sample Serial Reception Flowchart (1)........ccccoeieiiiiiniiniiiiiiecececeeee 641
Figure 15.11 Example of SCI Receive Operation (Example with 8-Bit Data, Parity,

ONE SLOP Bit)ueeieiiiiiiieiieet ettt st s 644
Figure 15.12 Example of Inter-Processor Communication Using Multiprocessor Format

(Transmission of Data H'AA to Receiving Station A) ........ccccevvvereenenncnncnncncenne 645
Figure 15.13 Sample Multiprocessor Serial Transmission Flowchart.............cccccooiniiniinnnnne 647
Figure 15.14 Example of SCI Transmit Operation (Example with 8-Bit Data,

Multiprocessor Bit, One Stop Bit).......ccccecvirireririeniiiinienenenenescceeeeeeeneee 649
Figure 15.15 Sample Flowchart of Multiprocessor Serial Reception with Interrupt Generation 651
Figure 15.16 Sample Multiprocessor Serial Reception Flowchart (1)......cccccoceeveeninninvencencne 652
Figure 15.16 Sample Multiprocessor Serial Reception Flowchart (2)......c.cccoceveenenninvincenene. 653
Figure 15.17 Example of SCI Receive Operation (Example with 8-Bit Data,

Multiprocessor Bit, One Stop Bit)......cccceoieiiiiiiiiiiiieece e 654
Figure 15.18 Data Format in Synchronous Communication ............c.cceceveeererereeeenrenuenenennens 655
Figure 15.19 Sample SCI Initialization FIOWChart ............cccooouiiriiiniiiniiiiceieeccee e 657

Rev.4.00 Oct. 10, 2008 Page Ixxxii of xcviii
REJ09B0370-0400
RENESAS



Figure 15.20 Sample Serial Transmission FIOWChart ............c.ccoocoviiiiiiiiniiniineeeee e 658

Figure 15.21 Example of SCI Transmit Operation..........ccceecuereereeneenieerienieneeneesieeeeeeesieeneeens 660
Figure 15.22 Sample Serial Reception Flowchart (1).......ccccecueevevienieninenininenieieeeeeienenieneens 661
Figure 15.23 Example of SCI Receive OPeration...........ceerveerierniieeniennieeniieenieesnieesieesveesveenns 663
Figure 15.24 Sample Flowchart for Serial Data Transmission and Reception ............cccccecueunee. 664
Figure 15.25 Receive Data Sampling Timing in Asynchronous Mode ........c..cccccceeeveenenncneene 668
Figure 15.26 Example of Synchronous Transmission by DMAC ...........ccccceeevinininiencnenennen. 669

Section 16 Serial Communication Interface with FIFO (SCIF)

Figure 16.1 Block Diagram of SCIF.........cccoooiiiiiiiiiiiiiiiiieeeeeestestestee e 673
Figure 16.2 MDS/RTS2 Pill.......c..viuiveeeeeeseeeeeeeeeeees e es e 696
Figure 16.3 MD7/CTS2 Pill......o.ovvueveieeereeeeeseeeseeses s es e snseees 697
Figure 16.4 MDI/TXD2 Pill...cooiiiiiniiiiiieiieieicieteeseeet ettt s 698
Figure 16.5 MD2/RXD2 PIIl c..couiiiiiiiiiiiiieieiiientteenteet ettt s 698
Figure 16.6  MDO/SCK2 Pill ...c.cooiiriiniiiiniiiieiteteeestestese sttt sttt saenne s 699
Figure 16.7 Sample SCIF Initialization FlIowchart .............ccoovveeviiinienniiiniiiiecieeeceeeeeene 705
Figure 16.8 Sample Serial Transmission Flowchart...........ccccoeeviiiiienniiiiniiinieiececeieeeene 706
Figure 16.9 Example of Transmit Operation (Example with 8-Bit Data, Parity,

ONE SLOP Bit) ..ottt 708
Figure 16.10 Example of Operation Using Modem Control (CTS2).........cccovvvvevrerreererrenreniens 708
Figure 16.11 Sample Serial Reception Flowchart (1).......ccccecveevevieviininieneninenieeeeeeeiesienieneens 709
Figure 16.11 Sample Serial Reception FIOWChart (2).......cccceerierniiinieniiiiiieeiee st 710
Figure 16.12 Example of SCIF Receive Operation (Example with 8-Bit Data, Parity,

ONE StOP Bit) oot 712
Figure 16.13 Example of Operation Using Modem Control (RTS2)........cccccovvieniininiiniienienens 712
Figure 16.14 Receive Data Sampling Timing in Asynchronous Mode ............ccccevoeeviinennnncene 716

Section 17 Smart Card Interface

Figure 17.1 Block Diagram of Smart Card Interface...........ccoceeviirnieniiiinieniieiiecee e 720
Figure 17.2 Schematic Diagram of Smart Card Interface Pin Connections............c.cceeceevuereenne 727
Figure 17.3 Smart Card Interface Data FOrmat ............cccoooieiiiiiiiiiiiiiiieneceeeeeeee e 728
Figure 17.4 TEND Generation Timing . .......cccecueeiertierienieeieeieicesieeie et siee et eieeeeeesaeens 730
Figure 17.5 Sample Start Character Waveforms .........cocceceeeeeeierienienenenencnceeeeeeeeeseenneneens 731
Figure 17.6 Difference in Clock Output According to GM Bit Setting..........ccccevvvevvierniencneenne 734
Figure 17.7 Sample Initialization FIOWChATrt .........cccccovviirriiiiiiiiiniiiiieniteeeeceee e 735
Figure 17.8 Sample Transmission Processing Flowchart ...........cccccooeeviriiniiniiniincincicneee 737
Figure 17.9 Sample Reception Processing FIOWChart ...........ccccecerininininininiieicicicicnienns 739
Figure 17.10 Receive Data Sampling Timing in Smart Card Mode...........cccceeeeviiieniineennneene 741
Figure 17.11 Retransfer Operation in SCI Receive Mode..........coceverererceienienienenenencnenenee 743
Figure 17.12 Retransfer Operation in SCI Transmit Mode.........cccceevverniiinienniiinieeeeeieesieens 743

Rev.4.00 Oct. 10, 2008 Page Ixxxiii of xcviii
REJ09B0370-0400
RENESAS



Figure 17.13 Procedure for Stopping and Restarting the Clock ........c.ccoooeerieiiniiiiiniiniiceeee 744

Section 18 1/0 Ports

Figure 18.1 16-Bit POTt A ....oooiiiiiiiiieeeeeeeee ettt ettt et e 748
Figure 18.2 16-Bit POt B .....cooiiiiiiiiiiieeeeet ettt et 749
FIigure 18.3  SCK Pill..cuuiiiiiiiiiiiiieieeeitete ettt st st s 750
Figure 18.4 TXD Pill..couiiiiiiiiieee ettt st sttt et 751
Figure 18.5 RXD Pill..couoiiiiiiiieeee ettt et st 751
Figure 18.6 MDI/TXD2 Pill...cuoriiiiiiiiiiiieieieieneneeeeeeetetete sttt ettt e 752
Figure 18.7 MD2/RXD2 Pifl ..coouiiiiiiiiiieiiieeieeiteete ettt sttt sttt e st esaee e 752
Figure 18.8 MDO/SCK2 Pl .cccuuiiiiiiiiieiiieeieesieesie ettt ettt et sbaeesiaesbaessaeesanee 753
Figure 18.9 MD7/CTS2 Pill........ouuovieceeeeeeeeeeeeeeeeeeeeeee e 754
Figure 18.10 MDS/RTS2 Pill........c.ovivieeeieeeeeeeeeeeeeeeeeesees s es s 755

Section 19 Interrupt Controller (INTC)

Figure 19.1 Block Diagram of INTC........cocccoiiiiiiiiiiiiiieieceercnecseee et 770
Figure 19.2 Example of IRL Interrupt CONNECHION. ......cceevuierrerierienienieeierieneeneeneete e eeeene 773
Figure 19.3 Interrupt Operation FIOWChArt..........ccoccoviiiiiiiiniiniiiiiiieicciceeceeee e 788

Section 20 User Break Controller (UBC)
Figure 20.1 Block Diagram of User Break Controller...........cccecueveriineninienininieieienienenenaens 796
Figure 20.2 User Break Debug Support Function Flowchart ...........ccocceveiiiriiiniiieniiiniienieenns 817

Section 21 High-performance User Debug Interface (H-UDI)

Figure 21.1 Block Diagram of H-UDI CirCUit.........cccceeriiriinieniieiieeieeieeee et 824
Figure 21.2 TAP Control State Transition Diagram...........cccceereeieriienienieneeeee e 843
Figure 21.3 H-UDI RESEL.......coiiiiiiiiiiiiieieteece ettt e s s 844

Section 22 PCI Controller (PCIC)

Figure 22.1 PCIC BIOCk DIagram .......c.cocueiieniiinieiiiiiiieinteniceieeeeteetesitesit e s 848
Figure 22.2 PIO MeEMOTY SPACE ACCESS .....ceuviureriiiniinieriieiieiteteteteniesteeseeseesressesessessessesseeneens 936
Figure 22.3  PIO I/O SPACE ACCESS ....couveureuieriniiniiriieiieiteeetesteste sttt sttt eesensesresaesresaeeneennens 937
Figure 22.4 Local Address Space Accessing Method ..........ccccccevireririnieiieiicnenenenenenceene 938
Figure 22.5 Example of DMA Transfer Control Register Settings ........cccccoceveeneerucreeneennenn 942
Figure 22.6 Example of DMA Transfer Flowchart ...........coccooviiiiiiiniinniiicciceeeeeeee 944
Figure 22.7 Master Write Cycle in Host Mode (Single).........ccocveveevirneniiinienieneenciienicneene 948
Figure 22.8 Master Read Cycle in Host Mode (Single)........ccccovereeerieieienienienieneneneneneenene 949
Figure 22.9 Master Memory Write Cycle in Non-Host Mode (Burst) .......c..cecceeeecvecvenienenennens 950
Figure 22.10 Master Memory Read Cycle in Non-Host Mode (Burst) ..........ccccceeeevireeneencne. 951
Figure 22.11 Target Read Cycle in Non-Host Mode (Single) ........cccceevvverniienieinieenieniieeieenne, 953

Rev.4.00 Oct. 10, 2008 Page Ixxxiv of xcviii
REJ09B0370-0400
RENESAS



Figure 22.12 Target Write Cycle in Non-Host Mode (Single) .........ccccoeveninenineneeniecienicniennens 954

Figure 22.13 Target Memory Read Cycle in Host Mode (BUrst) ........c..cccceeeereeieneeienencnennns 955
Figure 22.14 Target Memory Write Cycle in Host Mode (BUurst) .........c.cccoceeveenieiieciiecieniennens 956
Figure 22.15 Master Memory Write Cycle in Host Mode (Burst, With Stepping)........cc.ccceeuee.. 957
Figure 22.16 Target Memory Read Cycle in Host Mode (Burst, With Stepping) .......cc.cccceeueenee 958
Figure 22.17 Endian Conversion Modes for Peripheral Bus .........cc.cccocceviiiiniiniiininiinicnicnes 959
Figure 22.18 Peripheral Bus <> PCI Bus Data Alignment .........c..ccccoceevereeieiienienieneneneneneenee. 960
Figure 22.19 Endian Control for Local Bus.......cc.ccccceririniiiniiiiiiicienenenceceeeeereesaesie e 961
Figure 22.20 Data Alignment at DMA Transfer.........c.ccocvireniiiiienenenenineneeeeceeeiesenie s 962
Figure 22.21 (1) Data Alignment at Target Memory Transfer (Big-Endian Local Bus)............ 964
Figure 22.21 (2) Data Alignment at Target Memory Transfer (Little-Endian Local Bus).......... 965

Figure 22.22 Data Alignment at Target I/O Transfer (Both Big Endian and Little Endian) ....... 966
Figure 22.23 Data Alignment at Target Configuration Transfer

(Both Big Endian and Little Endian)...........cccoceviiiiiniiniiiiii e 967
Figure 22.24 Target Bus Timeout Interrupt Generation Example 1

(Example in which the Target Device Asserts STOP at the Sixteenth Clock Cycle

after FRAME Was ASSEITEA)........ccoeiiuiiiiieeiieiireeeee ettt eeeearee e e e eeeaareeeeeeenn 978
Figure 22.25 Target Bus Timeout Interrupt Generation Example 2 (Example in which

the Target Device Takes 8 Clock Cycles to Prepare for the Third Data Transfer). 979
Figure 22.26 Master Bus Timeout Interrupt Generation Example 1 (Example in which

the Master Device Prepares the Data and Asserts IRDY at the Eighth Clock

Cycle after FRAME Was ASSErted) ......ccceevvuieriieniiieniienieenieesieesieesveesiieesveenene 979
Figure 22.27 Master Bus Timeout Interrupt Generation Example 2 (Example in which

the Master Device Takes 8 Clock Cycles to Prepare for the Third Data

Transfer following the Second Data Phase) .........ccccccceevenininineeceiicncicnencnenn 980

Section 23 Electrical Characteristics

Figure 23.1 EXTAL Clock Input Timing ........cccceeviierieiniienieinieenieeieeeiee et et siee e 1001
Figure 23.2 (1) CKIO Clock Output Timing ......ccecveerriieriieriieenieenieenieenreenieeeseesieeeseee e 1001
Figure 23.2 (2) CKIO Clock Output Timing .......cccueevveeierierieneenienientenieenieenieereeeesieenieens 1001
Figure 23.3 Power-On Oscillation Settling Time .........cccceveerieierienienieneerc e 1002
Figure 23.4 Standby Return Oscillation Settling Time (Return by RESET or MRESET) .... 1002
Figure 23.5 Power-On Oscillation Settling Time ...........cccccoiveirinicinincincceceeeeees 1003
Figure 23.6 Standby Return Oscillation Settling Time (Return by RESET or MRESET) .... 1003
Figure 23.7 Standby Return Oscillation Settling Time (Return by NMI)........ccccocevveninnene 1004
Figure 23.8 Standby Return Oscillation Settling Time (Return by IRL3-IRLO)................... 1004
Figure 23.9 PLL Synchronization Settling Time in Case of RESET, MRESET or

INMI INECITUPL ..ottt ettt ettt et e b et e et estesaeenbeas 1005
Figure 23.10 PLL Synchronization Settling Time in Case of IRL Interrupt...........c.cccccvuenuenne. 1005
Figure 23.11 Control Signal Timing.......ccocueeriiiriiiniienieeiie ettt sttt sbee e 1008

Rev.4.00 Oct. 10, 2008 Page Ixxxv of xcviii
REJ09B0370-0400
RENESAS



Figure 23.12 (1) Pin Drive Timing for Standby Mode............cooeeiiriiniininiiceceece
Figure 23.12 (2) Pin Drive Timing for Software Standby Mode.........c.ccccoeeveriiiencencene
Figure 23.13 SRAM Bus Cycle: Basic Bus Cycle (N0 Wait) .......ccccecuevieieeienienienceicenee
Figure 23.14 SRAM Bus Cycle: Basic Bus Cycle (One Internal Wait) ......cccccoccevveeneencencnne.
Figure 23.15 SRAM Bus Cycle: Basic Bus Cycle (One Internal Wait + One External Wait)
Figure 23.16 SRAM Bus Cycle: Basic Bus Cycle (No Wait, Address Setup/

Hold Time Insertion, AnS = 1, AnH = 1) ..o
Figure 23.17 Burst ROM Bus Cycle (INO Wait) ....coceiiiiiiiieiieieeeieseeeee e
Figure 23.18 Burst ROM Bus Cycle (1st Data: One Internal Wait + One External Wait;

2nd/3rd/4th Data: One Internal Wait).........ccoovvveieeiiiiiirieeeeeeeeieeee e
Figure 23.19 Burst ROM Bus Cycle (No Wait, Address Setup/Hold Time Insertion,

ANS = 1, ANH = 1) oo e
Figure 23.20 Burst ROM Bus Cycle (One Internal Wait + One External Wait) .....................
Figure 23.21 Synchronous DRAM Auto-Precharge Read Bus Cycle: Single

(RCD [1:0] =01, CAS Latency = 3, TPC [2:0] = 011) c.eeevererireeieicicieennen
Figure 23.22 Synchronous DRAM Auto-Precharge Read Bus Cycle: Burst

(RCD [1:0] =01, CAS Latency =3, TPC [2:0] = 011) ceoveeviieiiiiieieeeeeee
Figure 23.23 Synchronous DRAM Normal Read Bus Cycle: ACT + READ Commands,

Burst (RASD =1, RCD [1:0] = 01, CAS Latency = 3)...cccccevceerrenenieneenieeienne
Figure 23.24 Synchronous DRAM Normal Read Bus Cycle: PRE + ACT + READ

Commands, Burst (RASD =1, RCD [1:0] =01, TPC [2:0] = 001,

CAS LateNCY = 3)..iiiiieiiieiiee ettt sttt ettt et sae st e st e e st e sabeesateesabeenaeees
Figure 23.25 Synchronous DRAM Normal Read Bus Cycle: READ Command, Burst

(RASD =1, CAS LatenCy = 3) .eoeeveeiieiieieeitenieeieeieete sttt st
Figure 23.26 Synchronous DRAM Auto-Precharge Write Bus Cycle: Single

(RCD [1:0] =01, TPC [2:0] = 001, TRWL [2:0] = 010)...coererireeieiererennnen
Figure 23.27 Synchronous DRAM Auto-Precharge Write Bus Cycle: Burst

(RCD [1:0] =01, TPC [2:0] = 001, TRWL [2:0] = 010)...ccceoveirrereinreeererennn
Figure 23.28 Synchronous DRAM Normal Write Bus Cycle: ACT + WRITE Commands,

Burst (RASD =1, RCD [1:0] = 01, TRWL [2:0] = 010) «..ccvevieiiiiieiiiiiene
Figure 23.29 Synchronous DRAM Normal Write Bus Cycle: PRE + ACT +

WRITE Commands, Burst (RASD = 1, RCD [1:0] = 01, TPC [2:0] = 001,

TRWL [2:0] = 010) cetetiriieiereeeeeeeeesene ettt
Figure 23.30 Synchronous DRAM Normal Write Bus Cycle: WRITE Command,

Burst (RASD =1, TRWL [2:0] = 010) .c..oovviiiiiiiiiiiiiiiiicccciee,
Figure 23.31 Synchronous DRAM Bus Cycle: Precharge Command (TPC [2:0] = 001) .......
Figure 23.32 Synchronous DRAM Bus Cycle: Auto-Refresh (TRAS = 1, TRC [2:0] = 001)
Figure 23.33 Synchronous DRAM Bus Cycle: Self-Refresh (TRC [2:0] = 001) ........c...c........
Figure 23.34 (a) Synchronous DRAM Bus Cycle: Mode Register Setting (PALL)...............
Figure 23.34 (b) Synchronous DRAM Bus Cycle: Mode Register Setting (SET) .................

Rev.4.00 Oct. 10, 2008 Page Ixxxvi of xcviii
REJ09B0370-0400
RENESAS



Figure 23.35 DRAM Bus Cycles (1) RCD [1:0] = 00, AnW [2:0] = 000, TPC [2:0] = 001 (2)

RCD [1:0] =01, AnW [2:0] = 001, TPC [2:0] = 010 .c..coviriiririnerieicieieiene 1037
Figure 23.36 DRAM Bus Cycle (EDO Mode, RCD [1:0] = 00, AnW [2:0] = 000,

TRC [2:0] = 001) . 1038
Figure 23.37 DRAM Bus Cycle (EDO Mode, RCD [1:0] = 00, AnW [2:0] = 000,

TPC [2:0] = 001) oottt 1039
Figure 23.38 DRAM Burst Bus Cycle (EDO Mode, RCD [1:0] =01, AnW [2:0] = 001,

TPC [2:0] = 001) oottt sttt s sr s st 1040
Figure 23.39 DRAM Burst Bus Cycle (EDO Mode, RCD [1:0] =01, AnW [2:0] =001,

TPC [2:0] =001, 2-Cycle CAS Negate Pulse Width) .......ccccecevviieriiiiniennnennnn. 1041
Figure 23.40 DRAM Burst Bus Cycle: RAS Down Mode State

(EDO Mode, RCD [1:0] =00, AnW [2:0] = 000) .....ocvevueririninieinieiereienne 1042
Figure 23.41 DRAM Burst Bus Cycle: RAS Down Mode Continuation

(EDO Mode, RCD [1:0] =00, AnW [2:0] = 000) .....ccvevrememimeninereeeereeenenn 1043
Figure 23.42 DRAM Burst Bus Cycle (Fast Page Mode, RCD [1:0] = 00,

AnW [2:0] =000, TPC [2:0] = 001)c..eerieniiiiiiinienieneeieeteeeeneeneesieeee e 1044
Figure 23.43 DRAM Burst Bus Cycle (Fast Page Mode, RCD [1:0] =01,

AnW [2:0] =001, TPC [2:0] = 001).cceevviriiiiiiiieieieicieesieeeeeeeeeeeiee e 1045
Figure 23.44 DRAM Burst Bus Cycle (Fast Page Mode, RCD [1:0] =01, AnW [2:0] = 001,

TPC [2:0] = 001, 2-Cycle CAS Negate Pulse Width) ........ccccecceriiiieniencnnenen. 1046
Figure 23.45 DRAM Burst Bus Cycle: RAS Down Mode State (Fast Page Mode,

RCD [1:0] = 00, AnW [2:0] = 000) .....cceemirmiriinienieneeieerenrenreneenreeie e eaees 1047
Figure 23.46 DRAM Burst Bus Cycle: RAS Down Mode Continuation

(Fast Page Mode, RCD [1:0] = 00, AnW [2:0] = 000) .....ccccerceereenenvuenreneaienns 1048
Figure 23.47 DRAM Bus Cycle: DRAM CAS-Before-RAS Refresh

(TRAS [2:0] = 000, TRC [2:0] = 001) c.eeoverireierieieiereicieniesene e 1049
Figure 23.48 DRAM Bus Cycle: DRAM CAS-Before-RAS Refresh

(TRAS [2:0] =001, TRC [2:0] = 001) ..eocveeriniieiieieiierieneenieeeceeeeeenieeieenees 1050
Figure 23.49 DRAM Bus Cycle: DRAM Self-Refresh (TRC [2:0] = 001) ...ccccveevieriiieeeeenne. 1051

Figure 23.50 PCMCIA Memory Bus Cycle (1) TED [2:0] = 000, TEH [2:0] = 000,

No Wait (2) TED [2:0] = 001, TEH [2:0] = 001, One Internal Wait + One

EXternal Wail.........cccooiiiiiiiiiiiie e et e 1052
Figure 23.51 PCMCIA 1/O Bus Cycle (1) TED [2:0] = 000, TEH [2:0] = 000,

No Wait (2) TED [2:0] =001, TEH [2:0] = 001, One Internal Wait +

One EXternal Wall.....c.coovuiiiiiiiiiieeiee ittt sttt ettt et et e s 1053
Figure 23.52 PCMCIA 1/0 Bus Cycle (TED [2:0] =001, TEH [2:0] = 001,

One Internal Wait, Bus SiZing) ........ccoceeiiiiiiiiiiiiieeieeeeeee e 1054
Figure 23.53 MPX Basic Bus Cycle: Read (1) 1st Data (One Internal Wait) (2) 1st Data

(One Internal Wait + One External Wait) ........ccccceoeveeeiienieenie e 1055

Rev.4.00 Oct. 10, 2008 Page Ixxxvii of xcviii
REJ09B0370-0400
RENESAS



Figure 23.54 MPX Basic Bus Cycle: Write (1) 1st Data (No Wait) (2) 1st Data

(One Internal Wait) (3) 1st Data (One Internal Wait + One External Wait) ......
Figure 23.55 MPX Bus Cycle: Burst Read (1) 1st Data (One Internal Wait),

2nd to 8th Data (No Internal Wait) (2) 1st Data (No Internal Wait),

2nd to 8th Data (No Internal Wait + External Wait Control)............cccceceeuneen.
Figure 23.56 MPX Bus Cycle: Burst Write (1) No Internal Wait (2) 1st Data

(One Internal Wait), 2nd to 8th Data (No Internal Wait + External

WALL CONLIOL) ..ot e e e et e et e e et e e eeaeeeeereeaean
Figure 23.57 Memory Byte Control SRAM Bus Cycles (1) Basic Read Cycle

(No Wait) (2) Basic Read Cycle (One Internal Wait) (3) Basic Read Cycle

(One Internal Wait + One External Wait) .........c.cooovvvvvieiieeeiiiiinieeeee e
Figure 23.58 Memory Byte Control SRAM Bus Cycle: Basic Read Cycle

(No Wait, Address Setup/Hold Time Insertion, AnS [0] = 1, AnH [1:0] =01) .
Figure 23.59 TCLK INput Timing ....cccoceverieirieiiieienienieeteneee ettt eenenaens
Figure 23.60 RTC Oscillation Settling Time at POWer-On........c..ccccoeverinenininicenieicnicniennens
Figure 23.61 SCK Input ClOCK TImiNg ......cevvveeriiieriiieniieniieeieesitesieesiee et esveesieesvee s
Figure 23.62 SCI I/O Synchronous Mode Clock Timing..........ccecceeveveerieenieenieenieeenieeneeenne
Figure 23.63 I/O Port Input/Output TIming.......cccccevueriereeneeniiniinientenieeeeieseeseenie e
Figure 23.64 (a) DREQ/DRAK TiminNg .......ccceeouiiierieriieieeieeiieeieesieeie et
Figure 23.64 (b) DBREQ/TR Input Timing and BAVL Output Timing ..............ccccccevvenen...
Figure 23.65 TCK INput Timing........ccccoveriirinirinieieieteteestese sttt
Figure 23.66 RESET HoOld Timing......ccccooviiiiiiiiiiiiieeiee ettt sttt
Figure 23.67 H-UDI Data Transfer Timing.........cccoecveerieirieenieinieeieesiieeiee et
Figure 23.68 Pin Break Timing .......cooceovierieriiiiiiiieienitetceieeesitesit ettt
Figure 23.69 NMI INPUt TiMINg.....cccoceeieieieiiiiienienieneeeeeeeet ettt saenenae s
Figure 23.70 PCI Clock INput TIMING ....cceerueerieeriirieiienieeieeie ettt
Figure 23.71 Output Signal TIMiNg.....c..eeveriririeiiiirtenienieeercee ettt naens
Figure 23.72 Output Signal Timing.......coeeieriiiiniieiiieniee ettt e e e
Figure 23.73 1/O Port Input/Output Timing........ccceevverveiinieeiieiiieeiee et siee e
Figure 23.74 Output Load CIrCUIL ..c...eeterieriiiiiiiiieiiesieeeeteeeetesiteste ettt
Figure 23.75 Load Capacitance—Delay Time ..........cccocerieiiiiiiiiinieiieieeeeeseeee e

Appendix B Package Dimensions

Figure B.1 Package Dimensions (256-pin QFP) ........c..cccccoviriiniininniiinieneneenceceee e
Figure B.2 Package Dimensions (256-pin BGA) .......cccccocveviirviiniienieniienieneneeneeceee e
Figure B.3 Package Dimensions (292-pin BGA) .......ccccooiiviiiiinienienieenieeeneeeeceee e

Appendix F Instruction Prefetching and Its Side Effects
Figure F.1  Instruction PrefetCh.........ccooiiiiiiiieiieee e

Rev.4.00 Oct. 10, 2008 Page Ixxxviii of xcviii
REJ09B0370-0400
RENESAS



Appendix G Power-On and Power-Off Procedures

Figure G.1 Method for Temporarily Selecting Clock Operation Mode 6............ccceceerueenene 1117
Figure G.2 Power-On Procedure 1 .........ccoccooiiiiiiiiiiniiiieieeeeneeneeeere e 1118
Figure G.3  Power-On Procedure 2 .........cccoviieriiiniiinieeiieeiteesiie ettt sttt s 1118

Rev.4.00 Oct. 10, 2008 Page Ixxxix of xcviii
REJ09B0370-0400
RENESAS



Rev.4.00 Oct. 10, 2008 Page xc of xcuviii
REJ09B0370-0400
RENESAS



Section 1
Table 1.1
Table 1.2
Table 1.3
Table 1.4

Section 2
Table 2.1

Section 3
Table 3.1

Section 4
Table 4.1
Table 4.2
Table 4.3
Table 4.4

Section 5
Table 5.1
Table 5.2
Table 5.3

Section 6
Table 6.1
Table 6.2

Section 7
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 7.5
Table 7.6
Table 7.7
Table 7.8
Table 7.9
Table 7.10

Tables

Overview
SH7751/SH7T51R FEALUIES......cccvviiiiiiiiiiiiieeeeiiee ettt ettt eevee e e e 2
Pin FUNCHONS ...ttt e et e e e aae e e eeaaeaeen 13
Pin FUNCHONS ...ttt ete e e e e e eeaaeaeen 24
Pin FUNCHONS ...eeiiieiieciieeee ettt e et e e e e e eetaaeeeeeeeeeanneees 35

Programming Model
Initial Re@iSter VAalUeS .....cccucoiiiiiniiiiiiiiiiiiteeeeeteeteste et 49

Memory Management Unit (MMU)

MMU REZISLETS ....eeeirieiiieiiiiieiieieeie ettt ettt e ne e s eaneas 66
Caches

Cache Features (SHT7751) .ottt 101

Cache Features (SH7751TR) c..uiiiooiiii e 102

Store QUEUE FeatUres. ......ccocuviiiiiieiieiieee et e e e e aaae e e e e ean 102

Cache Control REISIETS ......cc.eeueeieriirieriinienieeitetetctestete sttt 102
Exceptions

Exception-Related REISLETS ....c..covveriiriiriiniiiiiiiieieeiteieeieeeeteste e e 137

EXCEPHIONS ..ttt ettt et ettt sttt ae ettt et e st e ebeesb e e b e e nbeentesaeesaeas 140

TYPES OF RESEL ...ttt ettt ettt et 148

Floating-Point Unit
Floating-Point Number Formats and Parameters ............ccoceevveeniieenieeniieeneeennens 174
Floating-Point RAnNges .........ccceeiiiiiiiiniiiiiiiicteeeceeeteetestesesee e 175

Instruction Set

Addressing Modes and Effective Addresses ..........cecueeuereneneninenenienienenenennenne 191
Notation Used in Instruction LiSt ........c.cceoeeviiriiiniinieninniiiiinieneenceeeeeee e 195
Fixed-Point Transfer INStructions........c..ccocceveriirieneenieniiniinieneeneeeereere e 196
Arithmetic Operation INStrUCHIONS ......cceerueerieriieriinienceieee et 198
Logic Operation INStIUCLIONS .......cccueiterieriieriieie ettt 200
SHift INSIIUCIONS ...ttt sttt ettt ettt e b e eaeeas 201
Branch INStrUCHIONS. ......ceiviiiiieriee ettt sttt e s 202
System Control INStIUCHIONS ...cc..eeriierriieriieniee ettt ettt e sbaeesaee s 203
Floating-Point Single-Precision InStructions..........coceevveerieenieeniieenieenieeneeeneeens 205
Floating-Point Double-Precision INStructions ...........ccccceeuereeneenennicnieneeneenennens 206

Rev.4.00 Oct. 10, 2008 Page xci of xcviii
REJ09B0370-0400
RENESAS



Table 7.11 Floating-Point Control INStruCtiONS .........ccoeertieriieiieieeiestteieee e 206
Table 7.12  Floating-Point Graphics Acceleration InStructions ............cceceeeereereeneereenieeneenne 207

Section 8 Pipelining

Table 8.1 INSUCION GIOUPS..c.utieiiieriiierieenitenteesteeste ettt e riteebeesbeesabeesbeesateesabeessseesaseenaeeas 218
Table 8.2  Parallel-EXeCutabilify ........coocervueriiriiniiiiieiieiesiteieeeeeete sttt 222
Table 8.3 EXECUtION CYCIES...cueruiriiiiiiiiiiiieniieeeteeetetee sttt 229

Section 9 Power-Down Modes

Table 9.1 Status of CPU and Peripheral Modules in Power-Down Modes...........c.ccccecuenee. 240
Table 9.2  Power-Down Mode REZISIETS ......ccueeriiiiiiiiriiiiieeiieeieeeee ettt 241
Table 9.3  Power-Down Mode Pins .......ccccooiiiiiiiiiiiiiiiiniiieeeeeeceestesteeee et 241
Table 9.4  State of Registers in Standby Mode .........c..cceouevirininiiienicniennieenececeeeieans 250

Section 10 Clock Oscillation Circuits

Table 10.1  CPG PINS c..cooiiiiiiiiiieiieicnt ettt ettt st s 272
Table 10.2  CPG REZISEI.....cciiiiiiiirieeiiieeieeriie ettt ettt et e st eebeesbeeebaesabeesseesanes 272
Table 10.3 (1) Clock Operating Modes (SH7751) c..cooueiiiriiniiniiiieiinientereeneeeee e 273
Table 10.3 (2) Clock Operating Modes (SH7751R) ....cooueeiieiieiiiieieeeece e 273
Table 10.4 FRQCR Settings and Internal Clock Frequencies ...........coccevvereenieneenicnceneeene 274
Table 10.5  WDT REZISIETS ..c..oouiriiriiriiriirieeiietetctesteste ettt st ettt sae e eae 281

Section 11 Realtime Clock (RTC)

Table 11.1  RTC PINS ..ciciiiiiieiieeiieeie ettt st etee st eeteesbeesbeessbeessbeessbaesnseesnseesnseennns 293
Table 11.2 RTC REZISLEIS ..ccuveuveiiiiriiriiriieiietetentesteeie sttt ettt st sae bt ettt saesaesbesaeeneene 293
Table 11.3  Crystal Oscillation Circuit Constants (Recommended Values)..........c.cccoceveennenne 313

Section 12 Timer Unit (TMU)

Table 12.1  TIMU PINS....cooiiiiiiiiiiiiiiiiciee e 316
Table 12.2  TIMU REZISIETS ..ccu.eeuiiiuiiriieniieniieiteieete ettt ettt ettt et eaesaaesaeesaee e 317
Table 12.3  TMU INLEITUPE SOUICES .....eeveeniiiieiiieieeie ettt ettt st sttt st e seee e 332

Section 13 Bus State Controller (BSC)

Table 13.1  BSC PINS ...cuiiiiiiiieciieeee ettt e s vt e e e vt e e e eita e e e satbaeeeebeeeessseeennnsaeas 338
Table 13.2  BSC REZISIETS ...eevuviiriiiiiieniiieiieesit ettt e sttt e ste e st e sbeesateesabeesateesabeesaseesaseennee 340
Table 13.3  External Memory Space Map.......ccoccoveiviiriiniinieiiiieniestesieeie et 342
Table 13.4 PCMCIA Interface FEatures.............ooooeuiiieiiieeiiiiieeeeiee e 344
Table 13.5 PCMCIA Support INterfaces ........cccceeruerrierierieiieieeieeesteeee et 345
Table 13.6 Idle InSertion betWeen ACCESSES.....ccuvreiieeeeeeiiriiieeeeeeeeirrreeeeeeeeetarreeeeeeeeerrreeeaeeeans 365
Table 13.7 When MPX Interface Is Set (Areas 0 t0 6).......vvveeeeeeeiiiuveeeeeeeeeiiiieeeeeeeeecirereeee e 373

Rev.4.00 Oct. 10, 2008 Page xcii of xcviii
REJ09B0370-0400
RENESAS



Table 13.8

Table 13.9

Table 13.10
Table 13.11
Table 13.12
Table 13.13
Table 13.14
Table 13.15

Table 13.16
Table 13.17

32-Bit External Device/Big-Endian Access and Data Alignment...........ccccc....... 394

16-Bit External Device/Big-Endian Access and Data Alignment...........ccccccue.... 395
8-Bit External Device/Big-Endian Access and Data Alignment..........c..cccceveueee. 396
32-Bit External Device/Little-Endian Access and Data Alignment ..............c..c..... 397
16-Bit External Device/Little-Endian Access and Data Alignment .............cc..c..... 398
8-Bit External Device/Little-Endian Access and Data Alignment ............cccco.e.... 399

Relationship between AMXEXT and AMX2-0 Bits and Address Multiplexing... 414
Example of Correspondence between this LSI and Synchronous

DRAM Address Pins (32-Bit Bus Width, AMX2-AMXO0 = 000, AMXEXT =0) 429
Cycles in Which Pipelined Access Can Be Used .........ccoocvevviiiniiiiiennieniieeiene, 445
Relationship between Address and CE When Using PCMCIA Interface .............. 462

Section 14 Direct Memory Access Controller (DMAC)

Table 14.1
Table 14.2
Table 14.3
Table 14.4
Table 14.5
Table 14.6
Table 14.7
Table 14.8
Table 14.9
Table 14.10

Table 14.11
Table 14.12
Table 14.13
Table 14.14
Table 14.15
Table 14.16
Table 14.17
Table 14.18
Table 14.19

DIMAC PIDS vttt sttt ettt saesa b sttt sae e 501
DMAC Pins in DDT MOdE .....cccoueeuiiiiiiiinienienineeceiteeeeieseeeie et e 502
DIMAC REZISLEIS .ecuuvieiiieeiiieriieniiiesteertt et ettt este ettt esiteesbtessbtessbeesbeessseesbeesaseesas 502
Selecting External Request Mode with RS Bits .......cocceeviiiiiiiniiiiiiiieciicceeee, 521
Selecting On-Chip Peripheral Module Request Mode with RS Bits ...........c...c...... 522
Supported DMA Transfers .........eooueeeeeierieiieneeeee ettt 526
Relationship between DMA Transfer Type, Request Mode, and Bus Mode ......... 532
External Request Transfer Sources and Destinations in Normal DMA Mode ....... 533
External Request Transfer Sources and Destinations in DDT Mode ..................... 534
Conditions for Transfer between External Memory and an External Device

with DACK, and Corresponding Register Settings ..........ccoceevverveeneeneeniensueneenens 552
Usable SZ, ID, and MD Combination in DDT Mode..........ccooovvviiiiiiiiiiiiiiii 557
DIMAC PiNS .ttt ettt sttt ettt et sb e b e b b eae e 584
DMAC Pins in DDT MO .....cceoueeuiiiiiiiinienienieicnceteeetete sttt 585
Register CONfiUIAtION .......eevuiiiiieiiieiiie ettt ettt sbeeesiaeens 586
Channel Selection by DTR Format (DMAOR.DBL = 1)....cccccoeeiiniiiniiiiieeienne, 594
Notification of Transfer Channel in Eight-Channel DDT Mode...........c.cccocceueenee. 596
Function of BAVL.......ooii ettt 596
DTR Format for Clearing Request QUEUES ..........cccecuecuerienienenineneeieieeeieienenne 597
DMAC Interrupt-Request COdes.........ooveniiririiniinienieiieiieieeeeseeeere e 598

Section 15 Serial Communication Interface (SCI)

Table 15.1
Table 15.2
Table 15.3
Table 15.4

SCIPINS ..ttt ettt 606
SCT REZISIOTS ..cenvtenteenieeieete ettt ettt et ettt e bt e bt e b e e e et e st e satesaeenaeeteenteeneens 606
Examples of Bit Rates and SCBRRI1 Settings in Asynchronous Mode.................. 625
Examples of Bit Rates and SCBRR1 Settings in Synchronous Mode.................... 628

Rev.4.00 Oct. 10, 2008 Page xciii of xcviii
REJ09B0370-0400
RENESAS



Table 15.5

Table 15.6
Table 15.7
Table 15.8
Table 15.9
Table 15.10
Table 15.11
Table 15.12
Table 15.13

Section 16
Table 16.1
Table 16.2
Table 16.3
Table 16.4
Table 16.5
Table 16.6

Section 17
Table 17.1
Table 17.2
Table 17.3
Table 17.4
Table 17.5
Table 17.6
Table 17.7
Table 17.8
Table 17.9

Section 18
Table 18.1
Table 18.2
Table 18.3
Table 18.4

Section 19
Table 19.1
Table 19.2
Table 19.3

Maximum Bit Rate for Various Frequencies with Baud Rate Generator

(ASYNChIonOoUS MOdE)....c..coiuiiiiiiiiiesiiee ettt e 629
Maximum Bit Rate with External Clock Input (Asynchronous Mode).................. 630
Maximum Bit Rate with External Clock Input (Synchronous Mode).................... 630
SCSMRI Settings for Serial Transfer Format Selection ............cceceevveenieennennnen. 632
SCSMR1 and SCSCRI1 Settings for SCI Clock Source Selection..............c..cc....... 633
Serial Transfer Formats (Asynchronous Mode) ..........ccccoeeerieneenenneniiencenieeee 635
Receive Error CONditions ........cc.eevieierienieiiieieeie ettt et 643
SCIINLEITUPE SOUICES ...ttt ettt 666
SCSSRI1 Status Flags and Transfer of Receive Data.........cccceevveeviiiiiieiniienieennnen. 667

Serial Communication Interface with FIFO (SCIF)

SCIF PINS ..ttt ettt sttt ettt st ebe e 674
SCIF REZISTETS ..uveeutieuiienieeiieeiieittente et et et st e st e st e it e e eateeseesbeesbeenbeenbeeneesanesaeenae 674
SCSMR?2 Settings for Serial Transfer Format Selection ..........c.ccoccvvevinencrcncnen. 702
SCSCR?2 Settings for SCIF Clock Source Selection ..........cccceeveerviieriieenieeneeennnen. 702
Serial Transfer FOrmMats .........coceriiriiniiniiiniceeter et 703
SCIF INTEITUPE SOUICES ..c..veureiieieiieeieete et sieenieenieete et sttt e e et et st saeesaee e ene 714

Smart Card Interface

Smart Card Interface PinS .........ccccoveiiieeiiiiiiecie e 721
Smart Card Interface ReZIStErS.......cooviivuiiiiiiieiiiiieee ettt 721
Smart Card Interface Register SEttngs ........coecveerviieriieeriiieniiienieenieerieeseee e 729
Values of n and Corresponding CKS1 and CKSO Settings .........cceceveereevienuennnene 732
Examples of Bit Rate B (bits/s) for Various SCBRR1 Settings (Whenn =0)....... 732
Examples of SCBRR1 Settings for Bit Rate B (bits/s) (Whenn=0) ................... 732
Maximum Bit Rate at Various Frequencies (Smart Card Interface Mode) ............ 733
Register Settings and SCK Pin State.........cccccevviiiiiiiiiiiniieiiieeeesieeeeesiee e 733
Smart Card Mode Operating States and Interrupt Sources..........cocceeeveerieerveennen. 740
I/O Ports

32-Bit General-Purpose I/O Port Pins .........ccoccooieiiiiiniinienieieeee e 755
SCIT/O POTt PiNS...couiieiiieieeiieeiiesieete ettt et sttt se e sneesnee e 757
SCIF /O POTt PINS.....ooiiieiiiiiiiiiiciienicettete ettt sttt 757
I/O POTt REZISIETS ..euvieeiieeiieeiee ettt sttt sttt sttt e st et e e aaeeaee s 758

Interrupt Controller (INTC)

IINTIC PADIS. .ttt ettt ettt be et e st e et e saeeneeans 771
INTC REZISEIS.....cueeeniieiieiiiiieeeetettete ettt sttt e s s 771
IRL3-IRLO Pins and Interrupt Levels........cccoeviiriiiiniiiiieiiieeeeeee e 774

Rev.4.00 Oct. 10, 2008 Page xciv of xcviii
REJ09B0370-0400

RENESAS



Table 19.4
Table 19.5
Table 19.6
Table 19.7
Table 19.8

Section 20
Table 20.1

Section 21
Table 21.1
Table 21.2
Table 21.3

Section 22
Table 22.1
Table 22.2
Table 22.3
Table 22.4
Table 22.5
Table 22.6
Table 22.7
Table 22.8
Table 22.9
Table 22.10
Table 22.11
Table 22.12
Table 22.13
Table 22.14

Section 23
Table 23.1
Table 23.2
Table 23.3
Table 23.4
Table 23.5
Table 23.6
Table 23.7
Table 23.8
Table 23.9

Interrupt Exception Handling Sources and Priority Order ...........ccoceeeeveenieneennee. 777
Interrupt Request Sources and IPRA-IPRD Registers..........ccccoveuevienieneenennennee. 781
Interrupt Request Sources and INTPRIOO Register........c..cccceeevevcenienieneenienncnnne. 783
Bit AIIOCALION ...c..ouiiiiiiiiiiiiiccce e 786
Interrupt Response TimMe ........cccueeviiiiiiiiiiienieeniterie ettt 790

User Break Controller (UBC)
UBC REZISLETS ...cuveviieeieeiieientieieeie ettt sttt ettt st be et ese et ae st snesaeeneene 797

High-performance User Debug Interface (H-UDI)

H-UDI PiBS.cciiiiiciieeeeeee ettt st 825
H-UDI REZISIETS..c.eutiiiiiieiieieeieeie ettt sttt st st et 826
Structure of Boundary Scan REgISter ........cccevieiiiiiiiiiiiiieieeecee e 830
PCI Controller (PCIC)
Pin COnfigUIAtION c...veeeiiiiiiieiieeie ettt ettt e et sbe e st esabeesanee e 849
List of PCI Configuration RegIStErS .......cccueeruiiiiiiiiriiiiieeiieeiieete et 851
PCI Configuration Register Configuration.........c..cocceeveeevuenieneeneenenienieneeneenne 852
List of PCIC Local ReGISLEIS. ......ceouiiiirierieieeieeie ettt 853
List of CLASS23 to 16 Base Class Codes (CLASS23 t0 16).......ccccveieeceeeeecnnneen. 864
Memory Space Base Address Register (BASEQ)....c..cccoviveriiiicicnenininencnceene 870
Memory Space Base Address Register (BASEL) .....cccooviiviiiiniiiniiiniiieieeeee 872
OPETating MOAES .....ceouvieeiiieiiieeiie ettt ettt ettt et s bt e esbeesbeesbeessaesane 928
PCI Command SUPPOTT ...cc..eeuverierieniienieeieeie ettt ettt sttt eaesaaesaees 929
AALCCESS STZE...neiintieniieiieeieet ettt ettt ettt et a e bbb e ettt e et e et et et eaeeas 960
DMA Transfer Access Size and Endian Conversion Mode .........ccccceccevveneeneenen. 962
Target Transfer Access Size and Endian Conversion Mode .........ccccoccoeeenencennene 963
TNEETTUPLS ©eeereiiiieeieeete ettt ettt ettt ettt st e e bt e st e e sbeesnbaesnsaesabes 969
Method of Stopping Clock per Operating Mode ...........cceeeveenieeneeinieeneeenieeneens 974

Electrical Characteristics

Absolute Maximum Ratings........ccccoeeirieieieniiniinininenieeeeeeeetese s 981
DC Characteristics (HD6417751RBP240 (V), HD6417751RBG240 (V)) ............ 982
DC Characteristics (HD6417751RBP200 (V), HD6417751RBG200 (V)) ............ 984
DC Characteristics (HD6417751RBP200 (V) couuvvviieeieeeiieeeeee e 986
DC Characteristics (HD6417751RF200 (V) woeeeuviieeeiiee et 988
DC Characteristics (HD6417751BP167 (V) cuvieoieeeiieieeie et evee e 990
DC Characteristics (HDO417751F167 (V) ueeouieiieeciiecieeieeeieeeciee e sveesvee e 992
Permissible Output CULITENLS. .......c...ooierieriiiriirieiieeeeieete et 994
Clock Timing (HD6417751RBP240 (V), HD6417751RBG240 (V) c.cecvvevverenne. 994

Rev.4.00 Oct. 10, 2008 Page xcv of xcviii
REJ09B0370-0400
RENESAS



Table 23.10
Table 23.11
Table 23.12
Table 23.13
Table 23.14

Table 23.15
Table 23.16

Table 23.17
Table 23.18

Table 23.19
Table 23.20
Table 23.21
Table 23.22
Table 23.23
Table 23.24
Table 23.25
Table 23.26
Table 23.27

Table 23.28

Clock Timing (HD641775IRF240 (V)) ..corveeeeereereeeeeseeeeeeeeeeeeeeeseseesseseeeesssee 994

Clock Timing (HD6417751RBP200 (V), HD6417751RBG200 (V)) c.covvevvevenenee 995
Clock Timing (HD6417751RF200 (V) ceervireririeieienienineneeieeeeeeseeneesie e 995
Clock Timing (HD6417751BP167 (V), HD6417751F167 (V)).ecocevirinencrieneneee 995
Clock and Control Signal Timing

(HD6417751RBP240 (V), HD6417751RBG240 (V) .eovevrvinieeninrccniciecnienene 996
Clock and Control Signal Timing (HD6417751RF240) ....cc.ccccoceninireneneenenne. 997
Clock and Control Signal Timing

(HD6417751RBP200 (V), HD6417751RBG200 (V)) cveeverieeierieieieienienieneennes 998
Clock and Control Signal Timing (HD6417751RF200 (V) ...covvvvvvvieiniieniennen. 999
Clock and Control Signal Timing

(HD6417751BP167 (V), HDO417751F167 (V) eeveiireiiinieieinceeenreeecrenenne 1000
Control Signal Timing (1) .....cceerierieriiiieniene et 1006
Control Signal Timing (2) .....cceereereeriiiienienteie et 1007
Bus TIming (1) coeeeeeeieeeee ettt ettt ettt e s eeeens 1010
BUS TIMING (2) .eeeveeeiieiiieeieeeieeeee sttt ettt ettt e st eesbae e abeenbee s 1012
Peripheral Module Signal Timing (1)......ccceevvueeriiinieinieniieeiee e 1061
Peripheral Module Signal Timing (2)........ccccevveerienernernenieneeneeeeteseenieeiene 1063
PCIC Signal Timing (in PCIREQ/PCIGNT Non-Port Mode) (1) .......cccceeueeneeee 1069
PCIC Signal Timing (in PCIREQ/PCIGNT Non-Port Mode) (2) .......cccceeuennen. 1070
PCIC Signal Timing (With PCIREQ/PCIGNT Port Settings in Non-Host Mode)

(1) e et 1072
PCIC Signal Timing (With PCIREQ/PCIGNT Port Settings in Non-Host Mode)

(2) ettt 1072

Appendix A Address List

Table A.1

AATESS LLISE oottt et e e e st e e e e s s e naaeee s 1077

Appendix C Mode Pin Settings

Table C.1
Table C.2
Table C.3
Table C.4
Table C.5
Table C.6
Table C.7

Clock Operating Modes (SH7751) c..coviiieniiniiiniinieneeieeieeeeeeeneeeeee e 1089
Clock Operating Modes (SH7751R) ..c..coevirenininieiiieicieneneneseeeeeeeenen 1090
Area 0 Memory Map and Bus Width ........ccccocoevieviiiiiiininininncceceene 1090
27314 Y1 USRS T 1090
MaASEEI/SIAVE ...t 1091
CIOCK INPUL..ceiiiiieeteee ettt sttt e e s baesabee s 1091
PCIMOUE ..ottt sttt s 1091

Rev.4.00 Oct. 10, 2008 Page xcvi of xcviii
REJ09B0370-0400

RENESAS



Appendix D Pin Functions
Table D.1  Pin States in Reset, Power-Down State, and Bus-Released State

(PCI Enable, Disable COMMON) .......c.ccceeiuiiiieiiieeeiiieeeeireeeeeieee et e e e e eeaveeas 1093
Table D.2  Pin States in Reset, Power-Down State, and Bus-Released State (PCI Enable). 1095
Table D.3  Pin States in Reset, Power-Down State, and Bus-Released State (PCI Disable) 1097
Table D.4  Handling of Pins When PCI Is Not Used ......c..ccccevieniiniiniiiiiiiiiceecneeieeene 1099

Appendix H Product Lineup
Table H.1 ~ SH7751/SH7751R Product LINEUP .......cccueeviriinieniiniiiniieieeiceiceeeeitesieeieeen 1119

Appendix I Version Registers
Table I.1 Register Configuration ...........coccceceriiiienieniieiieieeieeeeseere e 1121

Rev.4.00 Oct. 10, 2008 Page xcvii of xcviii
REJ09B0370-0400
RENESAS



Rev.4.00 Oct. 10, 2008 Page xcviii of xcviii
REJ09B0370-0400
RENESAS



1. Overview

Section 1 Overview

1.1 SH7751/SH7751R Group Features

The SH7751/SH7751R Group microprocessor, featuring a built-in PCI bus controller compatible
with PCs and multimedia devices. The SuperH™#* RISC engine is a Renesas original 32-bit RISC
(Reduced Instruction Set Computer) microcomputer. The SuperH™ RISC engine employs a fixed-
length 16-bit instruction set, allowing an approximately 50% reduction in program size over a 32-
bit instruction set.

The SH7751/SH7751R Group feature the SH-4 Core, which at the object code level is upwardly
compatible with the SH-1, SH-2, and SH-3 microcomputers. The SH7751/SH7751R Group have
an instruction cache, an operand cache that can be switched between copy-back and write-through
modes, a 4-entry full-associative instruction TLB (table look aside buffer), and MMU (memory
management unit) with 64-entry full-associative shared TLB.

The SH7751/SH7751R Group also feature a bus state controller (BSC) that can be coupled to
DRAM (page/EDO) and synchronous DRAM. Also, because of its built-in functions, such as PCI
bus controller, timers, and serial communications functions, required for multimedia and OA
equipment, use of the SH7751/SH7751R Group enable a dramatic reduction in system costs.

The features of the SH7751/SH7751R Group are summarized in table 1.1.

Note: * SuperH is a trademark of Renesas Technology Corp.
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1. Overview

Table 1.1 SH7751/SH7751R Group Features

Item Features

LSI o

Superscalar architecture: Parallel execution of two instructions
External buses (SH buses)
— Separate 26-bit address and 32-bit data buses

— External bus frequency of 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times internal bus
frequency

External bus (PCI bus):
— 32-bit address/data multiplexing
— Selection of internal clock or external PCl-dedicated clock

CPU o

Renesas Technology original SuperH architecture

32-bit internal data bus

General register file:

— Sixteen 32-bit general registers (and eight 32-bit shadow registers)
— Seven 32-bit control registers

— Four 32-bit system registers

RISC-type instruction set (upward-compatible with SuperH Series)
— Fixed 16-bit instruction length for improved code efficiency

— Load-store architecture

— Delayed branch instructions

— Conditional execution

— C-based instruction set

Superscalar architecture (providing simultaneous execution of two
instructions) including FPU

Instruction execution time: Maximum 2 instructions/cycle

Virtual address space: 4 Gbytes (448-Mbyte external memory space)
Space identifier ASIDs: 8 bits, 256 virtual address spaces

On-chip multiplier

Five-stage pipeline
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1. Overview

Item

Features

FPU

On-chip floating-point coprocessor

Supports single-precision (32 bits) and double-precision (64 bits)
Supports IEEE754-compliant data types and exceptions

Two rounding modes: Round to Nearest and Round to Zero

Handling of denormalized numbers: Truncation to zero or interrupt
generation for compliance with IEEE754

Floating-point registers: 32 bits x 16 x 2 banks
(single-precision 32 bits x 16 or double-precision 64 bits x 8) x 2 banks

32-bit CPU-FPU floating-point communication register (FPUL)

Supports FMAC (multiply-and-accumulate) instruction

Supports FDIV (divide) and FSQRT (square root) instructions

Supports FLDIO/FLDI1 (load constant 0/1) instructions

Instruction execution times

— Latency (FMAC/FADD/FSUB/FMUL): 3 cycles (single-precision), 8
cycles (double-precision)

— Pitch (FMAC/FADD/FSUB/FMUL): 1 cycle (single-precision), 6 cycles
(double-precision)

Note: FMAC is supported for single-precision only.

3-D graphics instructions (single-precision only):

— 4-dimensional vector conversion and matrix operations (FTRV): 4
cycles (pitch), 7 cycles (latency)

— 4-dimensional vector inner product (FIPR): 1 cycle (pitch), 4 cycles
(latency)
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1. Overview

Item Features
Clock pulse e Choice of main clock
generator (CPG)

— SH7751:1/2, 1, 3, or 6 times EXTAL
— SH7751R: 1, 6, or 12 times EXTAL
e Clock modes: (Maximum frequency: Varies with models)
— CPU frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
— Bus frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
— Peripheral frequency: 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
e Power-down modes
— Sleep mode
— Deep sleep mode
— Pin sleep mode
— Standby mode
— Hardware standby mode
— Module standby function
¢ Single-channel watchdog timer

Memory e 4-Gbyte address space, 256 address space identifiers (8-bit ASIDs)
management

unit (MMU) e Single virtual mode and multiple virtual memory mode

e Supports multiple page sizes: 1 Kbyte, 4 Kbytes, 64 Kbytes, 1 Mbyte
e 4-entry fully-associative TLB for instructions
e 64-entry fully-associative TLB for instructions and operands

e Supports software-controlled replacement and random-counter
replacement algorithm

e TLB contents can be accessed directly by address mapping
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1. Overview

Item

Features

Cache memory
[SH7751]

Instruction cache (IC)

— 8 Kbytes, direct mapping

— 256 entries, 32-byte block length

— Normal mode (8-Kbyte cache)

— Index mode

Operand cache (OC)

— 16 Kbytes, direct mapping

— 512 entries, 32-byte block length

— Normal mode (16-Kbyte cache)

— Index mode

— RAM mode (8-Kbyte cache + 8-Kbyte RAM)

— Choice of write method (copy-back or write-through)
Single-stage copy-back buffer, single-stage write-through buffer

Cache memory contents can be accessed directly by address mapping
(usable as on-chip memory)

Store queue (32 bytes x 2 entries)

Cache memory
[SH7751R]

Instruction cache (IC)

— 16 Kbytes, 2-way set associative

— 256 entries/way, 32-byte block length

— Cache-double-mode (16-Kbyte cache)

— Index mode

— SH7751-compatible mode (8 Kbytes, direct mapping)
Operand cache (OC)

— 32 Kbytes, 2-way set associative

— 512 entries/way, 32-byte block length

— Cache-double-mode (32-Kbyte cache)

— Index mode

— RAM mode (16-Kbyte cache + 16-Kbyte RAM)

— Choice of write method (copy-back or write-through)
— SH7751-compatible mode (16 Kbytes, direct mapping)
Single-stage copy-back buffer, single-stage write-through buffer

Cache memory contents can be accessed directly by address mapping
(usable as on-chip memory)

Store queue (32 bytes x 2 entries)
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1. Overview

Item Features

Interrupt controller e  Five independent external interrupts (NMI, IRL3 to IRLO)

(INTC) o 15-level signed external interrupts: IRL3 to IRLO

e On-chip peripheral module interrupts: Priority level can be set for each
module

User break e Supports debugging by means of user break interrupts

controller (UBC) e Two break channels

e Address, data value, access type, and data size can all be set as break
conditions

e Supports sequential break function

Bus state e Supports external memory access
controller (BSC) — 32/16/8-bit external data bus

e External memory space divided into seven areas, each of up to 64
Mbytes, with the following parameters settable for each area:

— Bus size (8, 16, or 32 bits)
— Number of wait cycles (hardware wait function also supported)
— Direct connection of DRAM, synchronous DRAM, and burst ROM
possible by setting space type
— Supports fast page mode and DRAM EDO
— Supports PCMCIA interface
— Chip select signals (CS0 to CS6) output for relevant areas
¢ DRAM/synchronous DRAM refresh functions
— Programmable refresh interval
— Supports CAS-before-RAS refresh mode and self-refresh mode
e DRAM/synchronous DRAM burst access function
e Big endian or little endian mode can be set
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1. Overview

Item

Features

Direct memory
access controller
(DMAC)

Physical address DMA controller

— SH7751: 4-channel

— SH7751R: 8-channel

Transfer data size: 8, 16, 32, or 64 bits, or 32 bytes

Address modes:

— Single address mode

— Dual address mode

Transfer requests: External, on-chip peripheral module, or auto-requests
Bus modes: Cycle-steal or burst mode

Supports on-demand data transfer mode (external bus 32 bit)

Timer unit (TMU)

5-channel auto-reload 32-bit timer

Input-capture function on one channel

Selection from 7 counter input clocks in 3 of 5 channels and from 5
counter input clocks on remaining 2 of 5 channels

Realtime clock
(RTC)

On-chip clock and calendar functions
Built-in 32 kHz crystal oscillation circuit with maximum 1/256 second
resolution (cycle interrupts)

Serial
communication
interface

(SCI, SCIF)

Two full-duplex communication channels (SCI, SCIF)

Channel 1 (SCI):

— Choice of asynchronous mode or synchronous mode

— Supports smart card interface

Channel 2 (SCIF):

— Supports asynchronous mode

— Separate 16-byte FIFOs provided for transmitter and receiver
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1. Overview

Item Features

PCl bus controller e PCI bus controller (supports a subset of PCI revision 2.1)*

(PCIC) __ 32-bitbus

— 33 MHz/66

MHz support

¢ PCI master/slave support

e PCI host function support

— Built-in bus

arbiter

e 4 built-in PCl-dedicated DMAC (direct memory access controller)

channels

— Each channel equipped with 64-byte FIFO

e Selection of built-in clock or external PCl-dedicated clock

e Interrupt requests can be sent to CPU

Product lineup Operating
Abbreviation ~ Voltage Frequency Model No. Package
SH7751 1.8V 167 MHz HD6417751BP167 256-pin BGA
HD6417751F167 256-pin QFP
SH7751R 15V 240 MHz HD6417751RBP240 256-pin BGA
HD6417751RF240 256-pin QFP
HD6417751RBG240 292-pin BGA
200 MHz HD6417751RBP200 256-pin BGA
HD6417751RF200 256-pin QFP
HD6417751RBG200 292-pin BGA

Note: * Some items are not compatible with PCI 2.1.
For more information, see section 22.1.1, Features.
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1. Overview

1.2 Block Diagram

Figure 1.1 shows an internal block diagram of the SH7751/SH7751R Group.
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Figure 1.1 Block Diagram of SH7751/SH7751R Group Functions
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1. Overview

.
1.3 Pin Arrangement
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Note: Power must be supplied to the on-chip PLL power supply pins (VDD-PLL1, VDD-PLL2, VSS-PLL1,
VSS-PLL2, VDD-CPG, VSS-CPG, VDD-RTC, and VSS-RTC) regardless of whether or not the PLL
circuits, crystal oscillation circuit, and RTC are used.

Figure 1.2 Pin Arrangement (256-Pin QFP)
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1. Overview
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Notes:  Power must be supplied to the on-chip PLL power supply pins (VDD-PLL1, VDD-
PLL2, VSS-PLL1, VSS-PLL2, VDD-CPG, VSS-CPG, VDD-RTC, and VSS-RTC)
regardless of whether or not the PLL circuits, crystal oscillation circuit, and RTC are
used.

* May be connected to VggQ.

Figure 1.3 Pin Arrangement (256-Pin BGA)
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TDI_ VSS-PLLL DREQT MD4/CEZB ! SCK TXD MRESET ___ TRL2
csa TRLO ADL
0 O O @€ @ 0O @€ @ O ©.@6 O © @€ O @ @ O O
csi CS5 ! ADO
BS ! AD2 AD4
ElO O O @ j ) O
CS6 WEO/REG ' AD3
DO ! ADS AD7
FlOo O O O BGA292 ® O O
WET D1 1 AD6
D3 . AD8
sl O O O @ (Top view) e 0 O
D2 ' CIBEO
DS 1 AD9 AD11
H{O O O @ @ @ ©0:0 © © () O
D4 D6 N AD10
D8 ' AD12 AD14
1 O o o @ @ 0:0 © © (U] O
D7 D9 ! AD13
D11 ' AD15 PAR
K (@) [ ] @ @6 .0 0 © @ O O O
e 7 s NP CBEI_ _ _ _ ] -
D14 ' PERR PCISTOP
L (@) (¢] @ © . 606 0 ©o ® O _O
D13 D15 ' PCILOCK ___
CAST/DQM1 ! DEVSEL TRDY
M O ) O @ @ .0 @ © o O O
CAS0/ Rp/cASS/RD/WR ' —_ TRDY
DQMO  FRAME ' CIBEZ AD16
N () @ @6 ;.0 © © @ O
CKIO ___ CKE ' PCIFRAME
52 ' AD18
PO O O @ ' ® O
RAS N AD17
AQ ' AD19 AD21
RO O O O ! (0] @)
C§3 AL ! AD20
A3 ' AD23 CIBE3
11O O O @ T ) O
A2 A4 ' AD22
A6 ' AD24 AD26
WO O O @ © 0O @6 @ O .0 O © @€ O @ @ O @)
A5 A7 ' PFOIREGT AD25
A9 CAS3/DQM3 D21 D26 : A23 PCIREQ2/MD9 GNTIN AD28
vl O O O 0 O O @.0 O ©® O O O
A ATO D18 D29 1 A20 WEZICIORD ___PCIGNT2 PCIRST PCIGNT1/ AD27
Al2 CAs2/DQM2 D20 D25 o) D31 1 A22 SLEEP PC\RE&(SIMDIO REQOUT AD30
w o O O O ' o O O
ATl Al D17 D23 D28 | AL9 A5 PCIGNT3 INTA AD29
AL4 AL7 D19 D24 D30 A21 WESICIOWR __ PCIREQ4 PCICLK AD31
v ©) o O o O O O 0. O O O O O O
A13 Al5 D16 D22 D27 N A18 A24 PCIGNT4 IDSEL SERR
|
' (@ vDDQ(IO) @ Vvss © VDD-CPG/RTC

@ VDD-PLL1/2 © VSS-CPG/RTC @ VDD (internal)
© VSS-PLL1/2
Note: Power must be supplied to the on-chip PLL power supply pins (VDD-PLL1, VDD-PLL2,

VSS-PLL1, VSS-PLL2, VDD-CPG, VSS-CPG, VDD-RTC, and VSS-RTC) regardless of
whether or not the PLL circuits, crystal oscillation circuit, and RTC are used.

Figure 1.4 Pin Arrangement (292-Pin BGA)
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1. Overview

14 Pin Functions
14.1 Pin Functions (256-Pin QFP)

Table 1.2  Pin Functions

Memory Interface

No. PinName /O Function Reset SRAM DRAM SDRAM PCMCIA MPX

1 TMS I Mode

(H-UDI)
2 TCK Clock

(H-UDI)

vDDQ Power 10 VDD
VSSQ Power 10 GND

5 TDI | Data in

(H-UDI)
6 CSO 0 Chip select 0 CSo CSo
7 CSt1 o] Chip select 1 Cs1 CcSs1
8 CS4 0 Chip select 4 Cs4 Cs4
9 CS5 o] Chip select 5 CS5 CE1A CS5
10 CS6 o] Chip select 6 CS6 CE1B CS6
11 BS o] Bus start (BS) (BS) (BS) (BS) (BS)
12 WEOREG O D7-DO WEO REG

select signal
13 WET o D15-D8 WET WET

select signal
14 DO 110 Data A0
15 VvDDQ Power 10 VDD
16 VSSQ Power 10 GND
17 VDD Power Internal VDD
18 VSS Power Internal GND
19 D1 I/0 Data Al
20 D2 I/0 Data A2
21 D3 110 Data A3
22 D4 I/0 Data A4
23 D5 110 Data A5
24 D6 I/0 Data A6
25 D7 I/0 Data A7
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1.

Overview

Memory Interface

No. Pin Name 1/O Function SRAM DRAM SDRAM PCMCIA MPX
26 D8 110 Data A8
27 D9 I/0 Data A9
28 D10 I/0 Data A10
29 vDDQ Power 10 VDD
30 VSSQ Power 10 GND
31 DM I/O Data Al
32 D12 I/0 Data A12
33 D13 I/O Data A13
34 D14 I/0 Data Al14
35 D15 I/0 Data A15
36 CAS0/ O D7-Do CASO DQMO

DQMO select signal
37 CASi/ O D15-D8 CAS1 DQM1

DQM1 select signal
38 RD/WR O Read/write RD/WR RD/WR RD/WR RD/WR RD/WR
39 CKIO (0] Clock output CKIO CKIO CKIO CKIO
40 Reserved Do not connect
41 vDDQ Power 10 VDD
42 VSSQ Power 10 GND
43 Reserved Do not connect
44 RDICASS/ O  Read/CAS/ OE CAS OE FRAME

FRAME FRAME
45 CKE (0] Clock output CKE

enable

46 RAS o} RAS RAS RAS
47 VDD Power Internal VDD
48 VSS Power Internal GND
49 CS2 o] Chip select 2 Ccs2 (CS2) Ccs2 Ccs2
50 CS3 0 Chip select 3 CS3 (CS3) CS3 CS3
51 A0 o Address
52 A1 o} Address
53 A2 o Address
54 A3 o} Address
55 vDDQ Power 10 VDD
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1. Overview

Memory Interface

No. PinName 1/O Function Reset SRAM DRAM PCMCIA MPX
56 VSSQ Power 10 GND
57 A4 o} Address
58 A5 o} Address
59 A6 o} Address
60 A7 o} Address
61 A8 o Address
62 A9 o} Address
63 A10 o} Address
64 Al O Address
65 A12 o} Address
66 A13 O Address
67 VDDQ Power 10 VDD
68 VSSQ Power 10 GND
69 A14 o} Address
70 A15 o} Address
71 A16 o Address
72 A17 o} Address
73 CAS2/ o] D23-D16 CAS2
DQM2 select signal
74  CAS3/ o D31-D24 CAS3
DQM3 select signal
75 D16 I/0 Data A16
76 D17 I/0 Data A17
77 D18 I/O Data A18
78 D19 I/0 Data A19
79 vDDQ Power 10 VDD
80 VSSQ Power 10 GND
81 VDD Power Internal VDD
82 VSS Power Internal GND
83 D20 I/0 Data A20
84 D21 I/O Data A21
85 D22 I/0 Data A22
86 D23 I/0 Data A23
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1.

Overview

Memory Interface

No. PinName 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
87 D24 I/0 Data A24
88 D25 I/0 Data A25
89 D26 I/0 Data
90 D27 110 Data
91 D28 I/0 Data
92 D29 I/O Data ACCSIZEO
93 VvDDQ Power 10 VDD
94 VSSQ Power 10 GND
95 D30 110 Data ACCSIZE1
96 D31 I/0 Data ACCSIZE2
97 VDD Power Internal VDD
98 VSS Power Internal GND
99 A18 o Address
100 A19 o} Address
101 A20 o} Address
102 A21 o Address
103 A22 o} Address
104 A23 o} Address
105 VvDDQ Power 10 VDD
106 VSSQ Power 10 GND
107 A24 o Address
108 A25 o} Address
109 WE2/ o D23-D16 WE2 ICIORD
ICIORD select signal
110 WES/ o} D31-D24 WE3 ICIOWR
ICIOWR select signal
111 VDD Power Internal VDD
112 VSS Power Internal GND
113 SLEEP | Sleep
114 PCIGNT4 O Bus grant
(host function)
115 PCIGNT3 O Bus grant

(host function)
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1. Overview

Memory Interface

No. Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
116 PCIGNT2 O Bus grant
(host function)
117 PCIREQ4 I* Bus request
(host function)
118 PCIREQ3/ I* Bus request MD10
MD10 (host
function)/
mode
119 VvDDQ Power 10 VDD
120 VSSQ Power 10 GND
121 PCIREQ2/ I* Bus request MD9
MD9 (host
function)/
mode
122 IDSEL Configuration
device select
123 INTA (0] Interrupt
(async)
124 PCIRST (0] Reset output
125 PCICLK | PCl input
clock
126 PCIGNT1/ O Bus grant (host
REQOUT function)/
bus request
127 PCIREQ1/ | Bus request
GNTIN (host function)
/bus grant
128 SERR I/0 System error
129 ADS31 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
130 AD30 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
131 VvDDQ Power 10 VDD
132 VSSQ Power 10 GND
133 AD29 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
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1.

Overview

Memory Interface

No. Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

134 AD28 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

135 AD27 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

136 AD26 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

137 AD25 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

138 AD24 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

139 C/BES3 1/0 Command/byte
enable

140 AD23 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

141 AD22 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

142 AD21 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

143 VvDDQ Power 10 VDD

144 VSSQ Power 10 GND

145 VDD Power Internal VDD

146 VSS Power Internal GND

147 AD20 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

148 AD19 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

149 AD18 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

150 AD17 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

151 AD16 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

152 C/BE2 I/0 Command/
byte enable

153 PCIFRAME I/O Bus cycle

154 IRDY I/0 Initiator ready

155 TRDY I/0 Target ready
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1. Overview

Memory Interface

No. Pin Name 1/O0 Function Reset SRAM DRAM SDRAM PCMCIA MPX

156 DEVSEL I/0 Device select

157 VvDDQ Power 10 VDD

158 VSSQ Power 10 GND

159 PCISTOP 1/O Transaction
stop

160 PCILOCK 1/O Exclusive
access

161 PERR I/0 Parity error

162 PAR I/0 Parity

163 C/BE1 I/0 Command/
byte enable

164 AD15 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

165 AD14 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

166 AD13 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

167 AD12 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

168 AD11 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

169 VvVDDQ Power 10 VDD

170 VSSQ Power 10 GND

171 AD10 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

172 AD9 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

173 ADS8 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

174 C/BEO I/0 Command/
byte enable

175 VDD Power Internal VDD

176 VSS Power Internal GND

177 AD7 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

178 ADG6 I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
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1.

Overview

Memory Interface

No. Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

179 AD5 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

180 AD4 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

181 ADS3 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

182 AD2 I/0 PClI address/ (Port) (Port) (Port) (Port) (Port)
data/port

183 VvDDQ Power 1/0 VDD

184 VSSQ Power /0O GND

185 AD1 I/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

186 ADO I/0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

187 IRLO | Interrupt O

188 IRL1 | Interrupt 1

189 IRL2 | Interrupt 2

190 IRL3 | Interrupt 3

191 VSSQ Power /O GND

192 VvDDQ Power /0 VDD

193 XTAL2 (0] RTC crystal
resonator pin

194 EXTAL2 | RTC crystal
resonator pin

195 VDD-RTC Power RTC VDD

196 VSS-RTC Power RTC GND

197 CA* I Hardware
standby

198 RESET | Reset RESET

199 TRST | Reset
(H-UDI)

200 MRESET | Manual reset

201 NMI | Nonmaskable

interrupt
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1.

Overview

Memory Interface

No. Pin Name 1/O0 Function Reset SRAM DRAM SDRAM PCMCIA MPX
202 BACK/ (0] Bus
BSREQ acknowledge/
bus request
203 BREQ/ Bus
BSACK request/bus
acknowledge
204 MDe6/ Mode/I0IS16 MD6 101S16
10IS16 (PCMCIA)
205 RDY | Bus ready RDY RDY RDY
206 TXD O SCl data
output
207 VvDDQ Power 10 VDD
208 VSSQ Power 10 GND
209 VDD Power Internal VDD
210 VSS Power Internal GND
211 MD2/RXD2 | Mode/SCIF MD2 RXD2 RXD2 RXD2 RXD2 RXD2
data input
212 RXD | SCI data input
213 TCLK I/0 RTC/TMU
clock
214 MD8/RTS2 I/0 Mode/SCIF MD8 RTS2 RTS2 RTS2 RTS2 RTS2
data control
(RTS)
215 SCK 110 SCIF clock
216 MD1/TXD2 I/O Mode/SCIF MD1 TXD2 TXD2 TXD2 TXD2 TXD2
data output
217 MDO0/SCK2 I/0 Mode/SCIF MDO SCK2 SCK2 SCK2 SCK2 SCK2
clock
218 MD7/CTS2 1/0 Mode/SCIF MD7 CTS2 CTS2 CTS2 CTS2 CTS2
data control
(CTS)
219 AUDSYNC AUD sync
220 AUDCK AUD clock
221 VvDDQ Power 10 VDD
222 VSSQ Power 10 GND
223 AUDATAO AUD data
224 AUDATA1 AUD data
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1. Overview

Memory Interface

No. Pin Name 1/0 Function Reset SRAM DRAM SDRAM PCMCIA MPX

225 VDD Power Internal VDD

226 VSS Power Internal GND

227 AUDATA2 AUD data

228 AUDATA3 AUD data

229 Reserved Do not connect

230 MD3/CE2A 1I/O0 Mode/ MD3 CE2A
PCMCIA-CE

231 MD4/CE2B I/O Mode/ MD4 CE2B
PCMCIA-CE

232 MD5 | Mode MD5

233 vDDQ Power 10 VDD

234 VSSQ Power 10 GND

235 DACKO (0] DMACO bus
acknowledge

236 DACK1 (0] DMACH1 bus
acknowledge

237 DRAKO (0] DMACO
request
acknowledge

238 DRAK1 (0] DMACH1
request
acknowledge

239 VDD Power Internal VDD

240 VSS Power Internal GND

241 STATUSO O Status

242 STATUS1T O Status

243 DREQO | Request from
DMACO

244 DREQ1 Request from
DMACH1

245 ASEBRK/ 1/O Pin break/

BRKACK acknowledge

(H-UDI)

246 TDO O Data out
(H-UDI)
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1. Overview

No.

Pin Name 1/0

Memory Interface

Function Reset SRAM DRAM

SDRAM PCMCIA MPX

247

vDDQ Power

10 VDD

248

VSSQ Power

10 GND

249

VDD-PLL2 Power

PLL2 VDD

250

VSS-PLL2 Power

PLL2 GND

251

VDD-PLL1 Power

PLL1 VDD

252

VSS-PLL1 Power

PLL1 GND

253

VDD-CPG  Power

CPG VDD

254

VSS-CPG  Power

CPG GND

255

XTAL 0]

Crystal
resonator

256

EXTAL

External input
clock/crystal
resonator

Legend:

I:
O:

1/0:
Power:

Notes:

Input

Output
Input/output
Power supply

supply power to RTC at the minimum.

Power must be supplied to VDD-PLL1/2 and VSS-PLL1/2 regardless of whether or not the
on-chip PLL circuits are used.

Power must be supplied to VDD-CPG and VSS-CPG regardless of whether or not the on-
chip crystal oscillation circuit is used.

Power must be supplied to VDD-RTC and VSS-RTC regardless of whether or not the on-
chip RTC is used.

For the handling of the PCI bus pins in PCI-disabled mode, see table D.4 in appendix D.
* |/O attribute is I/O when used as a port.

Supply power to all power pins. However, on the SH7751 in hardware standby mode,
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1. Overview

14.2 Pin Functions (256-Pin BGA)

Table 1.3  Pin Functions

Memory Interface

Pin

No. Number Pin Name /O Function Reset SRAM DRAM SDRAM PCMCIA MPX
1 B3 T™MS | Mode

(H-UDI)
2 C4 TCK | Clock

(H-UDI)
3 G3 vDDQ Power |0 VDD
4 F2 VSSQ Power 10 GND
5 D4 TDI | Data in

(H-UDI)
6 B1 CSo 0 Chip select 0 CSo CSo
7 c2 CS1 0 Chip select 1 CS1 CS1
8 C1 Cs4 (o] Chip select 4 CS4 CSs4
9 D3 CS5 0 Chip select 5 CS5 CE1A CS5
10 D2 CS6 o] Chip select 6 CS6 CE1B CS6
11 D1 BS (o} Bus start (BS) (BS) (BS) (BS) (BS)
12 E4 WEO/ (0] D7-D0O WEO REG

RE select signal

13 E3 WET (0] D15-D8 WET WET

select signal
14 E2 DO 1/0 Data A0
15 G2 vDDQ Power |0 VDD
16 L4 VSSQ Power 10 GND
17 G4 VDD Power  Internal VDD
18 F4 VSS Power Internal GND
19 E1 D1 110 Data Al
20 F3 D2 110 Data A2
21 F1 D3 110 Data A3
22 G1 D4 110 Data A4
23 H4 D5 [l{e} Data A5
24 H3 D6 110 Data A6
25 H2 D7 /0 Data A7
26 H1 D8 110 Data A8
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1. Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
27 J4 D9 /0 Data A9
28 J3 D10 /0 Data A10
29 K3 vDDQ Power 10 VDD
30 L3 VSSQ Power 10 GND
31 J2 D11 110 Data Al
32 J1 D12 /0 Data A12
33 K4 D13 110 Data A13
34 K2 D14 110 Data Al4
35 K1 D15 l{e} Data A15
36 L2 CAS0/ o] D7-DO CASO DQMO

DQMO select signal
37 M4 CAS1/ o] D15-D8 CAST DQM1

DQM1 select signal
38 M3 RD/WR o} Read/write RD/WR RD/WR RD/WR RDWR RD/WR
39 M1 CKIO (o} Clock output CKIO CKIO CKIO CKIO
40 M2 NC Do not connect
41 P3 vDDQ Power 10 VDD
42 L1 VSSQ Power 10 GND
43 N3 NC Do not connect
44 P1 RD/ (o} Read/CAS/ OE CAS OE FRAME

CASS/ FRAME

FRAME
45 N2 CKE (0] Clock output CKE

enable

46 N1 RAS (e} RAS RAS RAS
47 P4 VDD Power Internal VDD
48 R4 VSS Power Internal GND
49 N4 Cs2 Chip select 2 CSs2 (CS2) CS2 CSs2
50 R3 CS3 0 Chip select 3 CS3 (CS3) CS3 CS3
51 R1 A0 0} Address
52 T4 A1 o} Address
53 T3 A2 o} Address
54 T2 A3 Address
55 P2 vDDQ Power 10 VDD
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1. Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
56 R2 VSSQ Power 10 GND
57 T A4 o} Address
58 U4 A5 o} Address
59 us A6 0} Address
60 u2 A7 o Address
61 U1 A8 o} Address
62 V2 A9 o Address
63 \al A10 (6] Address
64 Wi1 A1 o} Address
65 Y1 A12 (6] Address
66 Y2 A13 0} Address
67 V7 vDDQ Power 10 VDD
68 V3 VSSsQ Power 10 GND
69 W3 Al4 o} Address
70 Y3 A15 (6] Address
71 V4 A16 (0] Address
72 w4 A17 (o} Address
73 Y4 CAS2/ o D23-D16 select CAS2 DQM2
DQM2 signal
74 U5 CAS3/ o D31-D24 select CAS3 DQM3
DQM3 signal
75 V5 D16 110 Data A16
76 W5 D17 110 Data A17
77 Y5 D18 /0 Data A18
78 V6 D19 110 Data A19
79 W7 VvDDQ Power 10 VDD
80 W2 VSSQ Power 10 GND
81 u7 VDD Power Internal VDD
82 ue VSS Power Internal GND
83 Y6 D20 110 Data A20
84 Y7 D21 /0 Data A21
85 us D22 110 Data A22
86 V8 D23 l{e} Data A23
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1. Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM PCMCIA MPX
87 w8 D24 110 Data A24
88 Y8 D25 l{e} Data A25
89 U9 D26 [l{e} Data
90 V9 D27 /0 Data
91 W9 D28 110 Data
92 Y9 D29 l{e} Data ACCSIZEO
93 V10 VvDDQ Power 10 VDD
94 W6 VvSsQ Power 10 GND
95 W10 D30 l{e} Data ACCSIZE1
96 Y10 D31 /0 Data ACCSIZE2
97 u10 VDD Power Internal VDD
98 ut1 VSS Power Internal GND
99 Vi1 A18 (0] Address
100 Y11 A19 o Address
101 U12 A20 o} Address
102 V12 A21 o Address
103 W12 A22 (o} Address
104 Y12 A23 Address
105 Vi4 VvDDQ Power 10 VDD
106 W11 VSsQ Power 10 GND
107 U13 A24 (o} Address
108 V13 A25 (6] Address
109 W13 WE2/ o D23-D16 select WE2 ICIORD
ICIORD signal
110 Y13 WE3/ (e} D31-D24 select WE3 ICIOWR
ICIOWR signa
111 U14 VDD Power Internal VDD
112 U15 VSS Power Internal GND
113 Y14 SLEEP | Sleep
114 V15 PCIGNT4 O Bus grant (host
function)
115 Y15 PCIGNT3 O Bus grant (host

function)
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1. Overview
Memory Interface
Pin
No. Number Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
116 U16 PCIGNT2 O Bus grant
(host function)
117 V16 PCIREQ4  I* Bus request (host
function)
118 W16 PCIREQ3/ I*' Bus request (hostMD10
MD10 function)/
mode
119 W14 VvDDQ Power 10 VDD
120 W15 VSSQ Power 10 GND
121 Y16 PCIREQ2/ I*' Bus request (hostMD9
MD9 function)/
mode
122 U17 IDSEL | Configuration
device select
123 V17 INTA (o} Interrupt (async)
124 W17 PCIRST (0] Reset output
125 Y17 PCICLK | PCl input
clock
126 W18 PCIGNT1/ O Bus grant (host
REQOUT function)/
bus request
127 Y18 PCIREQ1/ | Bus request (host
GNTIN function)/
bus grant
128 Y19 SERR 110 System error
129 Y20 AD31 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
130 W20 AD30 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
131 P18 vDDQ Power 10 VDD
132 V18 VSSQ Power 10 GND
133 V19 AD29 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
134 V20 AD28 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
135 U18 AD27 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
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1. Overview
Memory Interface
Pin

No. Number Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

136 U220 AD26 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

137 T17 AD25 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

138 T18 AD24 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

139 U19 C/BE3 1/0 PCI address/
data/port

140 T20 AD23 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

141 R18 AD22 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

142 T19 AD21 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

143 N19 VvDDQ Power 10 VDD

144 W19 VSSQ Power 10 GND

145 P17 VDD Power Internal VDD

146 R17 VSS Power Internal GND

147  R20 AD20 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

148 P20 AD19 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

149 P19 AD18 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

150 N20 AD17 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

151 N17 AD16 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

152 N18 C/BE2 l{e} Command/
byte enable

153 M20 PCIFRAME I/O Bus cycle

154 M19 IRDY 110 Initiator ready

155 M18 TRDY l{e} Target ready

156  M17 DEVSEL 110 Device select

157 L18 vDDQ Power 10 VDD
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1. Overview

Memory Interface

Pin

No. Number Pin Name I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

158 R19 VSSQ Power 10 GND

159 L20 PCISTOP 1/O Transaction stop

160 L19 PCILOCK 1/O0 Exclusive access

161  L17 PERR 110 Parity error

162 K20 PAR 110 Parity

163 K18 C/BE1 110 Command/
byte enable

164 J20 AD15 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

165 J19 AD14 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

166 J18 AD13 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

167 J17 AD12 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

168 H20 AD11 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

169 G18 vDDQ Power 10 VDD

170 K17 VSSQ Power 10 GND

171 H19 AD10 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

172 G20 AD9 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

173 H18 AD8 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

174  H17 C/BEO l{e} Command/
byte enable

175  G17 VDD Power Internal VDD

176  F17 VSS Power  Internal GND

177 F18 AD7 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

178 F20 AD6 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

179 E20 AD5 110 PCI address/ (Port) (Port) (Port) (Port) (Port)

data/port
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1. Overview

Memory Interface

Pin

No. Number Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

180 E19 AD4 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

181 E18 AD3 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

182 D20 AD2 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

183 G19 vDDQ Power /O VDD

184 K19 VSSQ Power 1/O GND

185 D19 AD1 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

186 D18 ADO 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

187 E17 IRLO | Interrupt 0

188 C20 IRL1 | Interrupt 1

189 C19 IRL2 | Interrupt 2

190 B20 IRL3 | Interrupt 3

191 B18 NC Do not connect **

192 D17 vDDQ Power /O VDD

193 A20 XTAL2 o RTC crystal
resonator pin

194  A19 EXTAL2 | RTC crystal
resonator pin

195 A18 VDD-RTC Power RTC VDD

196 B19 VSS-RTC  Power RTC GND

197 B17 CA | Hardware standby

198 A17 RESET | Reset RESET

199 C16 TRST | Reset (H-UDI)

200 B16 MRESET | Manual reset

201 D16 NMI | Nonmaskable
interrupt

202 A16 BACK/ (o} Bus acknowledge/

BSREQ bus request
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1.

Overview

Memory Interface

Pin
No. Number Pin Name I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
203 Bi15 BREQ/ | Bus
BSACK request/bus
acknowledge
204 C15 MDeé/ | Mode/IOIS16 MD6 10IS16
101S16 (PCMCIA)
205 A15 RDY | Bus ready RDY RDY RDY
206 Al4 TXD o SCI data output
207 Bi14 vDDQ Power 10 VDD
208 F19 VSSQ Power 10 GND
209 D14 VDD Power Internal VDD
210 D15 VSS Power Internal GND
211 D13 MD2/ | Mode/SCIF MD2 RXD2 RXD2 RXD2 RXD2 RXD2
RXD2 data input
212 C13 RXD | SCI data input
213 B13 TCLK /0 RTC/TMU clock
214 A13 MD8/ /0 Mode/SCIF MD8 RTS2 RTS2 RTS2 RTS2 RTS2
RTS2 data control
(RTS)
215 D12 SCK 110 SCIF clock
216 Bi1 MD1/ 110 Mode/SCIF MD1 TXD2 TXD2 TXD2 TXD2 TXD2
TXD2 data output
217 C12 MDo/ 110 Mode/SCIF MDO SCK2 SCK2 SCK2 SCK2 SCK2
SCK2 clock
218 A12 MD7/ /0 Mode/SCIF MD7 CTS2 CTS2 CTS2 CTS2 CTS2
CTS2 data control
(CTS)
219 B12 AUDSYNC AUD sync
220 At AUDCK AUD clock
221 C14 vDDQ Power |0 VDD
222 C18 VSSQ Power 10 GND
223 C10 AUDATAO AUD data
224  A10 AUDATA1 AUD data
225 D11 VDD Power Internal VDD
226 D10 VSS Power  Internal GND
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1. Overview

Memory Interface

Pin

No. Number Pin Name I/O Function Reset PCMCIA MPX

227 B9 AUDATA2 AUD data

228 D9 AUDATAS AUD data

229 C9 NC Do not connect

230 A9 MD3/CE2A /0 Mode/ MD3 CE2A
PCMCIA-CE

231 D8 MD4/CE2B I/O Mode/ MD4 CE2B
PCMCIA-CE

232 C8 MD5 | Mode MD5

233 C11 VvDDQ Power 10 VDD

234 C17 VSSQ Power 10 GND

235 B8 DACKO (o} DMACO bus
acknowledge

236 A8 DACK1 o DMACT1 bus
acknowledge

237 B7 DRAKO O DMACO request
acknowledge

238 A7 DRAK1 o DMACT request
acknowledge

239 D7 VDD Power Internal VDD

240 D6 VSS Power  Internal GND

241 C6 STATUSO O Status

242 B6 STATUS1 O Status

243 A6 DREQO | Request from
DMACO

244 C5 DREQ1 | Request from
DMAC1

245 D5 ASEBRK/ 1/0 Pin break/

BRKACK acknowledge

(H-UDI)

246 B4 TDO (e} Data out
(H-UDI)

247 C7 VvDDQ Power 10 VDD

248 B10 VSSQ Power 10 GND

249 A5 VDD-PLL2 Power PLL2 VDD

RENESAS
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1.

Ove

rview

Memory Interface

No. ::‘mber Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
250 B5 VSS-PLL2 Power PLL2 GND
251 A4 VDD-PLL1 Power PLL1VDD
252 C3 VSS-PLL1 Power PLL1GND
253 A3 VDD-CPG Power CPG VDD
254 B2 VSS-CPG Power CPG GND
255 A2 XTAL o} Crystal resonator
256 Al EXTAL | External input
clock/crystal
resonator
Legend:
I: Input
O: Output
I/O: Input/output
Power: Power supply
Notes: Supply power to all power pins. However, on the SH7751 in hardware standby mode,

supply power to RTC at the minimum.

Power must be supplied to VDD-PLL1/2 and VSS-PLL1/2 regardless of whether or not the

on-chip PLL circuits are used.

Power must be supplied to VDD-CPG and VSS-CPG regardless of whether or not the on-

chip crystal oscillation circuit is used.

Power must be supplied to VDD-RTC and VSS-RTC regardless of whether or not the on-

chip RTC is used.
For the handling of the PCI bus pins in PCI-disabled mode, see table D.4 in appendix D.
1. 1/O attribute is I1/0 when used as a port.
2. May be connected to V Q.
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1. Overview

143 Pin Functions (292-Pin BGA)

Table 1.4  Pin Functions

Memory Interface

Pin

No. Number Pin Name I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
1 B1 T™MS | Mode

(H-UDI)
2 B2 TCK | Clock

(H-UDI)
3 F4 VvDDQ Power 10 VDD
4 E4 VSS Power GND
5 C1 TDI | Data in

(H-UDI)
6 c2 CSo o] Chip select 0 CSo CSo
7 D1 CSs1 0 Chip select 1 CS1 CS1
8 D2 CS4 o] Chip select 4 CS4 CS4
9 D3 CS5 o] Chip select 5 CS5 CE1A CS5
10 El CS6 0 Chip select 6 CS6 CE1B CS6
11 E2 BS o] Bus start (BS) (BS) (BS) (BS) (BS)
12 E3 WEO/ o] D7-DO WEO REG

RE select signal

13 F1 WET (0] D15-D8 WET WET

select signal
14 F2 DO [l{e} Data A0
15 G3 vDDQ Power 10 VDD
16 D4 VSS Power GND
17 G4 VDD Power Internal VDD
18 H4 VSS Power GND
19 F3 D1 [l{e} Data A1l
20 G1 D2 110 Data A2
21 G2 D3 /0 Data A3
22 H1 D4 1/0 Data A4
23 H2 D5 110 Data A5
24 H3 D6 1/0 Data A6
25 J1 D7 110 Data A7
26 J2 D8 [l{e} Data A8
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1.

Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
27 J3 D9 /0 Data A9
28 K1 D10 l{e} Data A10
29 J4 VvDDQ Power 10 VDD
30 D5 VSS Power GND
31 K2 D11 110 Data Al
32 K3 D12 /0 Data A12
33 L1 D13 110 Data A13
34 L2 D14 110 Data Al14
35 L3 D15 l{e} Data A15
3 M CAS0/ o] D7-DO CASO DQMO

DQMO select signal
37 M2 CAS1/ o D15-D8 CAS1T DQM1

DQM1 select signal
38 M3 RD/WR o} Read/write RD/WR RD/WR RD/WR RDWR RD/WR
39 N1 CKIO (o} Clock output CKIO CKIO CKIO CKIO CKIO
40 K4 VDD Power Internal VDD
41 R4 vDDQ Power 10 VDD
42 L4 VSS Power 10 GND
43 M4 vDDQ Power 1/0 VDD
44 N2 RD/CASS/ O Read/CAS/ OE CAS OE FRAME

FRAME FRAME
45 N3 CKE o Clock output CKE

enable

46  P1 RAS o RAS RAS RAS
47 P4 VDD Power Internal VDD
48 N4 VSS Power GND
49 P2 Ccs2 0 Chip select 2 CS2 (Cs2) [ 3 CS2
50 Ri CS3 o] Chip select 3 CS3 (CS3) CS3 CS3
51 R2 AO (o} Address
52 R3 Al o} Address
53 T1 A2 (o} Address
54 T2 A3 o} Address
55 P3 vDDQ Power 10 VDD
56 T4 VSS Power GND
57 T3 A4 O Address
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1. Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM PCMCIA MPX
58 U1 A5 o} Address
59 u2 A6 o} Address
60 us A7 o} Address
61 \al A8 (0] Address
62 V2 A9 o Address
63 V3 A10 0} Address
64 W1 A11 o Address
65 w2 A12 o Address
66 Y1 A13 Address
67 V7 VvDDQ Power 10 VDD
68 U4 VSS Power GND
69 Y2 A14 o Address
70 Y3 A15 Address
71 W3 A16 o} Address
72 Y4 A17 (6] Address
73 W4 CAS2/ o] D23-D16 select

DQM2 signal
74 V4 CAS3/ o] D31-D24 select

DQM3 signal
75 Y5 D16 110 Data A16
76 W5 D17 110 Data A17
77 V5 D18 110 Data A18
78 Y6 D19 110 Data A19
79 ue vDDQ Power 10 VDD
80 us VSS Power GND
81 u7 VDD Power Internal VDD
82 us VSS Power GND
83 W6 D20 /0 Data A20
84 V6 D21 /0 Data A21
85 Y7 D22 110 Data A22
86 W7 D23 l{e} Data A23
87 Y8 D24 l{e} Data A24
88 W8 D25 /0 Data A25
89 V8 D26 /0 Data
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1. Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM SDRAM PCMCIA MPX
90 Y9 D27 /0 Data
91 W9 D28 110 Data
92 V9 D29 /0 Data ACCSIZEO
93 U9 vDDQ Power 10 VDD
94 V10 VSS Power GND
95 Y10 D30 1/0 Data ACCSIZEA
96 W10 D31 110 Data ACCSIZE2
97 u10 VDD Power Internal VDD
98 U1 VSS Power GND
99 Y11 A18 (6] Address
100 W11 A19 o} Address
101 V11 A20 (e} Address
102 Y12 A21 (0] Address
103 W12 A22 (o} Address
104 V12 A23 (6] Address
105 U15 VvDDQ Power 10 VDD
106 U17 VSS Power GND
107 Y13 A24 (0] Address
108 W13 A25 (o} Address
109 V13 WE2/ o} D23-D16 select WE2 ICIORD
ICIORD signal
110 Y14 WES/ o D31-D24 select WE3 ICIOWR
ICIOWR signal
111 U14 VDD Power Internal VDD
112 U13 VSS Power GND
113 W14 SLEEP | Sleep
114 Y15 PCIGNT4 O Bus grant (host
function)
115 W15 PCIGNT3 O Bus grant (host
function)
116 V15 PCIGNT2 O Bus grant (host
function)
117 Y16 PCIREQ4  I* Bus grant (host
function)
118 W16 PCIREQ3/ I* Bus request (hostMD10
MD10 function)/ mode
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1. Overview

Memory Interface

Pin
No. Number Pin Name I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
119 Vi4 vDDQ Power 10 VDD
120 U116 VSS Power GND
121 V16 PCIREQ2/ I* Bus request (hostMD9
MD9 function)/
mode
122 Y17 IDSEL | Configuration
device select
123 W17 INTA (o} Interrupt (async)
124 V17 PCIRST (0] Reset output
125 Y18 PCICLK | PCl input
clock
126 W18 PCIGNT1/ O Bus grant (host
REQOUT function)/
bus request
127 V18 PCIREQ1/ | Bus grant (host
GNTIN function)/
bus request
128 Y19 SERR 110 System error
129 Y20 AD31 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
130 W20 AD30 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
131 R17 VvDDQ Power 10 VDD
132 T17 VSS Power GND
133 W19 AD29 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
134 V20 AD28 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
135 V19 AD27 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
136 U20 AD26 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
137  U19 AD25 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
138 U18 AD24 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
139 T20 C/BE3 /0 PCl address/

data/port
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1. Overview

Memory Interface

Pin

No. Number Pin Name I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

140 T18 AD23 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

141 T19 AD22 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

142 R20 AD21 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

143 P18 vDDQ Power 10 VDD

144  U12 VvDDQ Power /O VDD

145 P17 VDD Power Internal VDD

146 N17 VSS Power GND

147 R19 AD20 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

148 R18 AD19 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

149 P20 AD18 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

150 P19 AD17 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

151 N20 AD16 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

152 N18 C/BE2 /0 Command/
byte enable

153 N19 PCIFRAME 1/O Bus cycle

154  M20 IRDY /10 Initiator ready

155 M19 TRDY 110 Target ready

156 M18 DEVSEL 110 Device select

157 M17 VvDDQ Power 10 VDD

158 L17 VDD Power Internal VDD

159 L20 PCISTOP 1/O Transaction stop

160 L19 PCILOCK 1/O Exclusive access

161 L18 PERR 110 Parity error

162 K20 PAR 110 Parity

163 K19 C/BEA l{e} Command/
byte enable

164 K18 AD15 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
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1. Overview
Memory Interface
Pin

No. Number Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

165 J20 AD14 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

166 J19 AD13 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

167 J18 AD12 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

168 H20 AD11 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

169 F17 vDDQ Power 10 VDD

170 K17 VSS Power GND

171 H19 AD10 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

172 H18 AD9 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

173 G20 AD8 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

174 G19 C/BEO /0 Command/
byte enable

175 G17 VDD Power Internal VDD

176  H17 VSS Power GND

177  F20 AD7 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

178 F19 AD6 1/0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

179 F18 AD5 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

180 E20 AD4 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

181  E19 AD3 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

182 E18 AD2 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

183 G18 VvDDQ Power /O VDD

184 J17 vDDQ Power I/O VDD

185 D20 AD1 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

186 D19 ADO 110 PCI address/ (Port) (Port) (Port) (Port) (Port)

data/port
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1. Overview

Memory Interface

Pin
No. Number Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
187 D18 IRLO | Interrupt 0
188 C20 IRLA1 | Interrupt 1
189 C19 IRL2 | Interrupt 2
190 B20 IRL3 | Interrupt 3
191 B18 VSS-RTC  Power RTC GND
192 E17 VSS Power GND
193  A20 XTAL2 o RTC crystal
resonator pin
194  A19 EXTAL2 | RTC crystal
resonator pin
195 A18 VDD-RTC Power RTC VDD
196 B19 vDDQ Power 10 VDD
197 C18 CA | Hardware
standby
198 A17 RESET | Reset RESET
199 B17 TRST | Reset (H-UDI)
200 C17 MRESET | Manual reset
201  A16 NMI | Nonmaskable
interrupt
202 B16 BACK/ (0] Bus
BSREQ acknowledge/
bus request
203 C16 BREQ/ | Bus
BSACK request/bus
acknowledge
204 A15 MDeé/ | Mode/IOIS16 MD6 10IS16
10IS16 (PCMCIA)
205 Bi15 RDY | Bus ready RDY RDY RDY
206 C15 TXD (0] SCI data output
207 C14 vDDQ Power 10 VDD
208 C11 VSS Power GND
209 D14 VDD Power Internal VDD
210 D16 VSS Power GND
211 Al4 MD2/RXD2 | Mode/SCIF MD2 RXD2 RXD2 RXD2 RXD2 RXD2
data input
212 Bl14 RXD | SCI data input
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1. Overview

Memory Interface

Pin

No. Number Pin Name I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

213 A13 TCLK /0 RTC/TMU clock

214 B13 MD8/RTS2 1/0 Mode/SCIF MD8 RTS2 RTS2 RTS2 RTS2 RTS2
data control
(RTS)

215 C13 SCK 110 SCIF clock

216 A12 MD1/TXD2 1/O Mode/SCIF MD1 TXD2 TXD2 TXD2 TXD2 TXD2
data output

217 Bi12 MDO0/SCK2 1/0 Mode/SCIF MDO SCK2 SCK2 SCK2 SCK2 SCK2
clock

218 C12 MD7/CTS2 /O Mode/SCIF MD7 CTS2 CTS2 CTS2 CTS2 CTS2
data control
(RTS)

219 A1 AUDSYNC AUD Sync

220 Bi1 AUDCK AUD clock

221 D15 vDDQ Power 10 VDD

222 D10 VSS Power GND

223 A10 AUDATAO AUD data

224 B10 AUDATAA1 AUD data

225 D11 VDD Power Internal VDD

226 D17 VSS Power GND

227 C10 AUDATA2 AUD data

228 A9 AUDATA3 AUD data

229 D8 VSS GND

230 B9 MD3/CE2A I/0 Mode/ MD3 CE2A
PCMCIA-CE

231 C9 MD4/CE2B 1/O Mode/ MD4 CE2B
PCMCIA-CE

232 A8 MD5 | Mode MD5

233 D12 VvDDQ Power 10 VDD

234 D9 vDDQ Power 1/O VDD

235 B8 DACKO o DMACO bus
acknowledge

236 C8 DACK1 o DMAC1 bus
acknowledge

237 A7 DRAKO o DMACO request

acknowledge

RENESAS
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Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

238 B7 DRAK1 (0] DMACT request
acknowledge

239 D7 VDD Power Internal VDD

240 D6 VvDDQ Power /O VDD

241 A6 STATUSO O Status

242 B6 STATUS1 O Status

243 C6 DREQO | Request from
DMACO

244 C5 DREQ1 | Request from
DMACH1

245 B5 ASEBRK/  1/0 Pin break/

BRKACK acknowledge

(H-UDI)

246 C4 TDO (e} Data out
(H-UDI)

247 C7 VvDDQ Power 10 VDD

248 D13 VSS Power GND

249 A5 VDD-PLL2 Power PLL2 VDD

250 B4 VSS-PLL2 Power PLL2 GND

251 A4 VDD-PLL1 Power PLL1VDD

252 C3 VSS-PLL1 Power PLL1 GND

253 B3 VDD-CPG Power CPG VDD

254 A3 VSS-CPG Power CPG GND

255 A2 XTAL (0] Crystal resonator

256 Al EXTAL | External input
clock/crystal
resonator

257 H8 VSS Power GND

258 J8 VSS Power GND

259 K8 VSS Power GND

260 L8 VSS Power GND

261 M8 VSS Power GND

262 N8 VSS Power GND

263 N9 VSS Power GND

264 N10 VSS Power GND

265 N11 VSS Power GND
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1. Overview

Memory Interface

No. :I:mber Pin Name 1/O Function Reset SRAM PCMCIA MPX
266 N12 VSS Power GND
267 N13 VSS Power GND
268 M13 VSS Power GND
269 L13 VSS Power GND
270 K13 VSS Power GND
271 J13 VSS Power GND
272  H13 VSS Power GND
273 H12 VSS Power GND
274  HMN VSS Power GND
275 H10 VSS Power GND
276  H9 VSS Power GND
277 J9 VSS Power GND
278 K9 VSS Power GND
279 L9 VSS Power GND
280 M9 VSS Power GND
281 M10 VSS Power GND
282 M1 VSS Power GND
283 M12 VSS Power GND
284 L12 VSS Power GND
285 K12 VSS Power GND
286 J12 VSS Power GND
287 J11 VSS Power GND
288 J10 VSS Power GND
289 K10 VSS Power GND
290 L10 VSS Power GND
291 L1 VSS Power GND
292 Ki1 VSS Power GND
Legend:

I: Input

O: Output

I/O: Input/output

Power: Power supply
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Notes: Supply power to all power pins.

Power must be supplied to VDD-PLL1/2 and VSS-PLL1/2 regardless of whether or not the
on-chip PLL circuits are used.

Power must be supplied to VDD-CPG and VSS-CPG regardless of whether or not the on-
chip crystal oscillation circuit is used.

Power must be supplied to VDD-RTC and VSS-RTC regardless of whether or not the on-
chip RTC is used.

For the handling of the PCI bus pins in PCI-disabled mode, see table D.4 in appendix D.
* |/O attribute is I/O when used as a port.
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2. Programming Model

Section 2 Programming Model

2.1 Data Formats

The data formats handled by the SH-4 are shown in figure 2.1.

7 0
Byte (8 bits)
15 0
Word (16 bits)
31 0
Longword (32 bits)
3130 22 0
Single-precision floating-point (32 bits) s| exp fraction
63 62 51 0
Double-precision floating-point (64 bits) |s| exp fraction

Figure 2.1 Data Formats
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2.2 Register Configuration
2.2.1 Privileged Mode and Banks

Processor Modes: The SH-4 has two processor modes, user mode and privileged mode. The SH-4
normally operates in user mode, and switches to privileged mode when an exception occurs or an
interrupt is accepted. There are four kinds of registers—general registers, system registers, control
registers, and floating-point registers—and the registers that can be accessed differ in the two
processor modes.

General Registers: There are 16 general registers, designated RO to R15. General registers RO to
R7 are banked registers which are switched by a processor mode change.

In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked
register set is accessed as general registers, and which set is accessed only through the load control
register (LDC) and store control register (STC) instructions.

When the RB bit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1 general
registers RO_BANKI1 to R7_BANKI1 and non-banked general registers R8 to R15 can be accessed
as general registers RO to R15. In this case, the eight registers comprising bank 0 general registers
RO_BANKO to R7_BANKO are accessed by the LDC/STC instructions. When the RB bit is O (that
is, when bank 0 is selected), the 16 registers comprising bank 0 general registers RO_BANKO to
R7_BANKO and non-banked general registers R8 to R15 can be accessed as general registers RO
to R15. In this case, the eight registers comprising bank 1 general registers RO_BANKI1 to
R7_BANKI are accessed by the LDC/STC instructions.

In user mode, the 16 registers comprising bank 0 general registers RO_BANKO to R7_BANKO and
non-banked general registers R8 to R15 can be accessed as general registers RO to R15. The eight
registers comprising bank 1 general registers RO_BANKI1 to R7_BANKI1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status register
(SR), which can be accessed in both processor modes, and the saved status register (SSR), saved
program counter (SPC), vector base register (VBR), saved general register 15 (SGR), and debug
base register (DBR), which can only be accessed in privileged mode. Some bits of the status
register (such as the RB bit) can only be accessed in privileged mode.

System Registers: System registers comprise the multiply-and-accumulate registers
(MACH/MACL), the procedure register (PR), the program counter (PC), the floating-point
status/control register (FPSCR), and the floating-point communication register (FPUL). Access to
these registers does not depend on the processor mode.
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Floating-Point Registers: There are thirty-two floating-point registers, FRO-FR15 and XF0O—
XF15. FRO-FR15 and XFO-XF15 can be assigned to either of two banks (FPRO_BANKO-
FPR15_BANKO or FPRO_BANKI1-FPR15_BANK1).

FRO-FR15 can be used as the eight registers DR0/2/4/6/8/10/12/14 (double-precision floating-
point registers, or pair registers) or the four registers FV0/4/8/12 (register vectors), while XF0—
XF15 can be used as the eight registers XD0/2/4/6/8/10/12/14 (register pairs) or register matrix
XMTRX.

Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value*

General registers  R0O_BANKO0-R7_BANKO,  Undefined
RO_BANK1-R7_BANK1,

R8-R15
Control registers SR MD bit = 1, RB bit = 1, BL bit=1, FD bit =0,
IMASK = 1111 (H'F), reserved bits = 0, others
undefined
GBR, SSR, SPC, SGR, Undefined
DBR
VBR H'00000000
System registers MACH, MACL, PR, FPUL Undefined
PC H'A0000000
FPSCR H'00040001
Floating-point FRO-FR15, XFO-XF15 Undefined

registers

Note: * Initialized by a power-on reset and manual reset.

The register configuration in each processor mode is shown in figure 2.2.

Switching between user mode and privileged mode is controlled by the processor mode bit (MD)
in the status register.
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31 31 31
RO_BANKOQ#*1%#2 RO_BANK1#1%#3 RO_BANKQ#*1#4
R1_BANKO0*2 R1_BANK1#3 R1_BANKO*4
R2_BANKO0*2 R2_BANK1#3 R2_BANKO*4
R3_BANKO0*2 R3_BANK1*3 R3_BANKO*4
R4_BANKO0*2 R4_BANK1#3 R4_BANKO*4
R5_BANKO0*2 R5_BANK1*3 R5_BANKOQ*4
R6_BANKO0*2 R6_BANK1#3 R6_BANKO*4
R7_BANKO0*2 R7_BANK1#3 R7_BANKO*4
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
SR SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
PC PC PC
SPC SPC
SGR SGR
DBR DBR
RO_BANKOQ*1:#4 RO_BANK1#1#3
R1_BANKO*4 R1_BANK1#3
R2_BANKO*4 R2_BANK1#3
R3_BANKO#*4 R3_BANK1#3
R4_BANKO*4 R4_BANK1*3
R5_BANKO*4 R5_BANK1#3
R6_BANKO*4 R6_BANK1*3
R7_BANKO*4 R7_BANK1#3

(a) Register configuration
in user mode

(b) Register configuration in
privileged mode (RB = 1)

(c) Register configuration in
privileged mode (RB = 0)

Notes: 1. The RO register is used as the index register in indexed register-indirect addressing mode and
indexed GBR indirect addressing mode.

2. Banked registers
3. Banked registers

Accessed as general registers when the RB bit is set to 1 in the SR register. Accessed only by
LDC/STC instructions when the RB bit is cleared to 0.

4. Banked registers

Accessed as general registers when the RB bit is cleared to 0 in the SR register. Accessed only by
LDC/STC instructions when the RB bit is set to 1.

Figure 2.2 CPU Register Configuration in Each Processor Mode
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2.2.2 General Registers

Figure 2.3 shows the relationship between the processor modes and general registers. The SH-4
has twenty-four 32-bit general registers (RO_BANK(0-R7_BANKO, RO_BANKI1-R7_BANKI,
and R8—R15). However, only 16 of these can be accessed as general registers RO-R15 in one
processor mode. The SH-4 has two processor modes, user mode and privileged mode, in which
RO-R7 are assigned as shown below.

¢ RO_BANKO-R7_BANKO
In user mode (SR.MD = 0), RO-R7 are always assigned to RO_BANKO-R7_BANKO.

In privileged mode (SR.MD = 1), RO-R7 are assigned to RO_BANKO-R7_BANKO only when
SR.RB =0.

¢ RO_BANKI-R7_BANKI
In user mode, RO_BANK1-R7_BANKI1 cannot be accessed.
In privileged mode, RO—R7 are assigned to RO_BANKI1-R7_BANKI1 only when SR.RB = 1.
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SR.MD =0 or
(SR.MD =1, SR.RB =0) (SR.MD =1, SR.RB =1)
RO RO_BANKO RO_BANKO
R1 R1_BANKO R1_BANKO
R2 R2_BANKO R2_BANKO
R3 R3_BANKO R3_BANKO
R4 R4_BANKO R4_BANKO
R5 R5_BANKO R5_BANKO
R6 R6_BANKO R6_BANKO
R7 R7_BANKO R7_BANKO
RO_BANK1 RO_BANK1 RO
R1_BANK1 R1_BANK1 R1
R2_BANK1 R2_BANK1 R2
R3_BANK1 R3_BANK1 R3
R4_BANK1 R4_BANK1 R4
R5_BANK1 R5_BANK1 R5
R6_BANK1 R6_BANK1 R6
R7_BANKA1 R7_BANK1 R7
R8s R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15

Figure 2.3 General Registers

Programming Note: As the user's RO-R7 are assigned to RO_BANKO0-R7_BANKO, and after an
exception or interrupt RO-R7 are assigned to RO_BANKI1-R7_BANKI1, it is not necessary for the
interrupt handler to save and restore the user's RO—R7 (RO_BANKO-R7_BANKO).

After a reset, the values of RO_BANKO-R7_BANKO, RO_BANKI1-R7_BANKI1, and R8—R15 are
undefined.
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223 Floating-Point Registers

Figure 2.4 shows the floating-point registers. There are thirty-two 32-bit floating-point registers,
divided into two banks (FPRO_BANKO-FPR15_BANKO and FPRO_BANKI1-FPR15_BANKI1).
These 32 registers are referenced as FRO-FR15, DR0/2/4/6/8/10/12/14, FV0/4/8/12, XFO-XF15,
XDO0/2/4/6/8/10/12/14, or XMTRX. The correspondence between FPRn_BANKIi and the reference
name is determined by the FR bit in FPSCR (see figure 2.4).

Floating-point registers, FPRn_BANK:i (32 registers)

FPRO_BANKO, FPR1_BANKO, FPR2_BANKO, FPR3_BANKO, FPR4_BANKO,
FPR5_BANKO, FPR6_BANKO, FPR7_BANKO, FPR8_BANKO, FPR9_BANKO,
FPR10_BANKO, FPR11_BANKO, FPR12_BANKO, FPR13_BANKO, FPR14_BANKO,
FPR15_BANKO

FPRO_BANKI1, FPR1_BANKI1, FPR2_BANKI1, FPR3_BANKI, FPR4_BANKI,
FPR5_BANKI1, FPR6_BANKI1, FPR7_BANKI1, FPR8_BANKI, FPR9_BANKI,
FPR10_BANKI1, FPR11_BANKI, FPR12_BANKI, FPR13_BANKI1, FPR14_BANKI,
FPR15_BANKI1

Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO-FR15 are assigned to FPRO_BANKO-FPR15_BANKO.
When FPSCR.FR = 1, FRO-FR15 are assigned to FPRO_BANKI1-FPR15_BANKI.

Double-precision floating-point registers or single-precision floating-point register pairs, DRi
(8 registers): A DR register comprises two FR registers.

DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},

DRS8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers

FV0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FRS5, FR6, FR7},

FV8 = {FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO-XF15 are assigned to FPRO_BANKI1-FPR15_BANKI.
When FPSCR.FR = 1, XFO0-XF15 are assigned to FPRO_BANKO-FPR15_BANKO.

Single-precision floating-point extended register pairs, XDi (8 registers): An XD register
comprises two XF registers

XDO0 = {XF0, XF1}, XD2 = {XF2, XF3}, XD4 = {XF4, XF5}, XD6 = { XF6, XF7},

XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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o Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16
XF registers

XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10  XF14
XF3 XF7 XF11 XFI15

FPSCR.FR=0 FPSCR.FR = 1
FVO DRO FRO FPRO_BANKO XFO XDO XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3
FV4 DR4 FR4 FPR4_BANKO XF4 XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6 XD6
FR7 FPR7_BANKO XF7
FVv8 DR8 FR8 FPR8_BANKO XF8 XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FVi2 DR12 FR12 FPR12_BANKO XF12 XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FVO
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 FV4
XF5 FPR5_BANK1 FR5
XD6 XF6 FPR6_BANK1 FR6 DRS6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 FV8
XF9 FPR9_BANK1 FR9
XD10 XF10 FPR10_BANK1 FR10 DR10
XF11 FPR11_BANK1 FR11
XD12 XF12 FPR12_BANK1 FR12 DR12 FVi2
XF13 FPR13_BANK1 FR13
XD14 XF14 FPR14_BANK1 FR14 DRi4
XF15 FPR15_BANK1 FR15

Figure 2.4 Floating-Point Registers
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Programming Note: After a reset, the values of FPRO_BANKO-FPR15_BANKO and
FPRO_BANKI1-FPR15_BANKI1 are undefined.

224 Control Registers

Status register, SR (32 bits, privilege protection, initial value = 0111 0000 0000 0000 0000
00XX 1111 00XX (X = undefined))

31 30 29 28 27 16 15 14 10 9 8 7 4 3 2 1 0
[~ Juo[reec] — o] =  [w[a] was< | — [s]7]
Note: —: Reserved. These bits are always read as 0, and should only be written with 0.

e MD: Processor mode

MD = 0: User mode (some instructions cannot be executed, and some resources cannot be
accessed)

MD = 1: Privileged mode

e RB: General register specification bit in privileged mode (set to 1 by a reset, exception, or
interrupt)

RB = 0: RO_BANKO-R7_BANKO are accessed as general registers RO-R7. (RO_BANKI1-
R7_BANKI1 can be accessed using LDC/STC instructions.)

RB = 1: RO_BANKI1-R7_BANKI are accessed as general registers RO-R7. (RO_BANKO-
R7_BANKO can be accessed using LDC/STC instructions.)

e BL: Exception/interrupt block bit (set to 1 by a reset, exception, or interrupt)

BL = 1: Interrupt requests are masked. If a general exception other than a user break occurs
while BL = 1, the processor switches to the reset state.

e FD: FPU disable bit (cleared to O by a reset)

FD = 1: An FPU instruction causes a general FPU disable exception, and if the FPU instruction
is in a delay slot, a slot FPU disable exception is generated. (FPU instructions: H'F***
instructions, LDC(.L)/STS(.L) instructions for FPUL/FPSCR)

e M, Q: Used by the DIVOS, DIVOU, and DIV1 instructions.

o IMASK: Interrupt mask level

Interrupts of a lower level than IMASK are masked. IMASK does not change when an
interrupt is generated.

S: Specifies a saturation operation for a MAC instruction.
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e T: True/false condition or carry/borrow bit

Saved status register, SSR (32 bits, privilege protection, initial value undefined): The current
contents of SR are saved to SSR in the event of an exception or interrupt.

Saved program counter, SPC (32 bits, privilege protection, initial value undefined): The
address of an instruction at which an interrupt or exception occurs is saved to SPC.

Global base register, GBR (32 bits, initial value undefined): GBR is referenced as the base
address in a GBR-referencing MOV instruction.

Vector base register, VBR (32 bits, privilege protection, initial value = H'0000 0000): VBR is
referenced as the branch destination base address in the event of an exception or interrupt. For
details, see section 5, Exceptions.

Saved general register 15, SGR (32 bits, privilege protection, initial value undefined): The
contents of R15 are saved to SGR in the event of an exception or interrupt.

Debug base register, DBR (32 bits, privilege protection, initial value undefined): When the
user break debug function is enabled (BRCR.UBDE = 1), DBR is referenced as the user break
handler branch destination address instead of VBR.

2.2.5 System Registers

Multiply-and-accumulate register high, MACH (32 bits, initial value undefined)
Multiply-and-accumulate register low, MACL (32 bits, initial value undefined)
MACH/MACL is used for the added value in a MAC instruction, and to store a MAC instruction
or MUL instruction operation result.

Procedure register, PR (32 bits, initial value undefined): The return address is stored in PR in a
subroutine call using a BSR, BSRF, or JSR instruction, and PR is referenced by the subroutine
return instruction (RTS).

Program counter, PC (32 bits, initial value = H'A000 0000): PC indicates the executing
instruction address.
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Floating-point status/control register, FPSCR (32 bits, initial value = H'0004 0001)

31 22 21 20 19 18 17 12 11 7 6 2 1 0
— |FR |SZ |PR |DN | Cause Enable | Flag | RM |
Note: —: Reserved. These bits are always read as 0, and should only be written with 0.

e FR: Floating-point register bank

FR = 0: FPRO_BANKO-FPR15_BANKO are assigned to FRO-FR15; FPRO_BANKI1-
FPR15_BANKI1 are assigned to XFO-XF15.

FR = 1: FPRO_BANKO-FPR15_BANKO are assigned to XFO-XF15; FPRO_BANKI1-
FPR15_BANKI1 are assigned to FRO-FR15.

e SZ: Transfer size mode
SZ = 0: The data size of the FMOV instruction is 32 bits.
SZ = 1: The data size of the FMOV instruction is a 32-bit register pair (64 bits).

e PR: Precision mode
PR = 0: Floating-point instructions are executed as single-precision operations.

PR = 1: Floating-point instructions are executed as double-precision operations (the result of
instructions for which double-precision is not supported is undefined).

Do not set SZ and PR to 1 simultaneously; this setting is reserved.
[SZ, PR = 11]: Reserved (FPU operation instruction is undefined.)

e DN: Denormalization mode
DN = 0: A denormalized number is treated as such.

DN = 1: A denormalized number is treated as zero.

e Cause: FPU exception cause field
e Enable: FPU exception enable field
e Flag: FPU exception flag field

FPU Invalid Division Overflow Underflow Inexact
Error (E) Operation (V) by Zero (Z) (O) V) mn
Cause  FPU exception Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field
Enable FPU exception None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
enable field
Flag FPU exception None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
flag field
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When an FPU operation instruction is executed, the FPU exception cause field is cleared to
zero first. When the next FPU exception is occured, the corresponding bits in the FPU
exception cause field and FPU exception flag field are set to 1. The FPU exception flag field
holds the status of the exception generated after the field was last cleared.

e RM: Rounding mode
RM = 00: Round to Nearest
RM = 01: Round to Zero
RM = 10: Reserved
RM = 11: Reserved

e Bits 22 to 31: Reserved

Floating-point communication register, FPUL (32 bits, initial value undefined): Data transfer
between FPU registers and CPU registers is carried out via the FPUL register.

Programming Note: When SZ = 1 and big endian mode is selected, FMOV can be used for
double-precision floating-point data load or store operations. In little endian mode, two 32-bit data
size moves must be executed, with SZ = 0, to load or store a double-precision floating-point data.

2.3 Memory-Mapped Registers

Appendix A shows the control registers mapped to memory. The control registers are double-
mapped to the following two memory areas. All registers have two addresses.

H'1C00 0000-H'1FFF FFFF
H'FC00 0000-H'FFFF FFFF

These two areas are used as follows.

e H'1C00 0000-H'1FFF FFFF
This area must be accessed using the address translation function of the MMU. Setting the
page number of this area to the corresponding filed of the TLB enables access to a memory-
mapped register. Accessing this area without using the address translation function of the
MMU is not guaranteed.

e H'FC00 0000-H'FFFF FFFF
Access to area HFC00 0000-H'FFFF FFFF in user mode will cause an address error. Memory-
mapped registers can be referenced in user mode by means of access that involves address
translation.
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Note: Do not access undefined locations in either area The operation of an access to an
undefined location is undefined. Also, memory-mapped registers must be accessed using a
fixed data size. The operation of an access using an invalid data size is undefined.

24 Data Format in Registers

Register operands are always longwords (32 bits). When a memory operand is only a byte (8 bits)
or a word (16 bits), it is sign-extended into a longword when loaded into a register.

31 0
Longword

2.5 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bits in length is
sign-extended before being loaded into a register.

A word operand must be accessed starting from a word boundary (even address of a 2-byte unit:
address 2n), and a longword operand starting from a longword boundary (even address of a 4-byte
unit: address 4n). An address error will result if this rule is not observed. A byte operand can be
accessed from any address.

Big endian or little endian byte order can be selected for the data format. The endian should be set
with the MD5 external pin in a power-on reset. Big endian is selected when the MD5 pin is low,
and little endian when high. The endian cannot be changed dynamically. Bit positions are
numbered left to right from most-significant to least-significant. Thus, in a 32-bit longword, the
leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is the least significant
bit.
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The data format in memory is shown in figure 2.5.

A A+1 A+2 A+3 A+11 A+10 A+9 A+8
31 23 15 7 0 31 23 15 7 0
7 0|7 07 0|7 0 7 0|7 0(7 0|7 0
Address A | Byte 0| Byte 1| Byte 2 | Byte 3 Byte 3|Byte 2 | Byte 1|Byte 0| Address A +8
15 0[15 0 15 0[15 0
Address A + 4 Word 0 Word 1 Word 1 Word 0 Address A + 4
31 0 31 0
Address A + 8 Longword Longword Address A
Big endian Little endian

Figure 2.5 Data Formats In Memory

Note: The SH-4 does not support endian conversion for the 64-bit data format. Therefore, if
double-precision floating-point format (64-bit) access is performed in little endian mode,
the upper and lower 32 bits will be reversed.

2.6 Processor States

The SH-4 has five processor states: the reset state, exception-handling state, bus-released state,
program execution state, and power-down state.

Reset State: In this state the CPU is reset. The power-on reset state is entered when the RESET
pin goes low. The CPU enters the manual reset state if the RESET pin is high and the MRESET
pin is low. For more information on resets, see section 5, Exceptions.

In the power-on reset state, the internal state of the CPU and the on-chip peripheral module
registers are initialized. In the manual reset state, the internal state of the CPU and registers of on-
chip peripheral modules other than the bus state controller (BSC) are initialized. Since the bus
state controller (BSC) is not initialized in the manual reset state, refreshing operations continue.
Refer to the register configurations in the relevant sections for further details.

Exception-Handling State: This is a transient state during which the CPU's processor state flow
is altered by a reset, general exception, or interrupt exception source.

In the case of a reset, the CPU branches to address H'A000 0000 and starts executing the user-
coded exception handling program.

In the case of a general exception or interrupt, the program counter (PC) contents are saved in the
saved program counter (SPC), the status register (SR) contents are saved in the saved status
register (SSR), and the R15 contents are saved in saved general register 15 (SGR). The CPU
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branches to the start address of the user-coded exception service routine found from the sum of the
contents of the vector base address and the vector offset. See section 5, Exceptions, for more
information on resets, general exceptions, and interrupts.

Program Execution State: In this state the CPU executes program instructions in sequence.

Power-Down State: In the power-down state, CPU operation halts and power consumption is
reduced. The power-down state is entered by executing a SLEEP instruction. There are three
modes in the power-down state: sleep mode, deep sleep mode, and standby mode. For details, see
section 9, Power-Down Modes.

Bus-Released State: In this state the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.6.

From any state when RESET = 1 and MRESET = 0

RESET =0
3 Power-on reset state Manual reset state :
' Reset state .
RESET =1 RESET =1,
MRESET =1
Exception-handling state
L
Bus request
q Bus request
clearance
Interrupt Interrupt
Exception End of exception
Bus-released state . interrupt transition
> processing
Bus request
clearance
request
LY

Bus request
clearance

Bus request Program execution state

SLEEP instruction
with STBY bit
cleared

Sleep mode Standby mode

SLEEP instruction
with STBY bit set

Figure 2.6 Processor State Transitions
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2.7 Processor Modes

There are two processor modes: user mode and privileged mode. The processor mode is
determined by the processor mode bit (MD) in the status register (SR). User mode is selected
when the MD bit is cleared to 0, and privileged mode when the MD bit is set to 1. When the reset
state or exception state is entered, the MD bit is set to 1. There are certain registers and bits which
can only be accessed in privileged mode.
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.1.1 Features

The SH-4 can handle 29-bit external memory space from an 8-bit address space identifier and 32-
bit logical (virtual) address space. Address translation from virtual address to physical address is
performed using the memory management unit (MMU) built into the SH-4. The MMU performs
high-speed address translation by caching user-created address translation table information in an
address translation buffer (translation lookaside buffer: TLB). The SH-4 has four instruction TLB
(ITLB) entries and 64 unified TLB (UTLB) entries. UTLB copies are stored in the ITLB by
hardware. A paging system is used for address translation, with support for four page sizes (1, 4,
and 64 Kbytes, and 1 Mbyte). It is possible to set the virtual address space access right and
implement storage protection independently for privileged mode and user mode.

3.1.2 Role of the MMU

The MMU was conceived as a means of making efficient use of physical memory. As shown in
figure 3.1, when a process is smaller in size than the physical memory, the entire process can be
mapped onto physical memory, but if the process increases in size to the point where it does not fit
into physical memory, it becomes necessary to divide the process into smaller parts, and map the
parts requiring execution onto physical memory on an ad hoc basis ((1)). Having this mapping
onto physical memory executed consciously by the process itself imposes a heavy burden on the
process. The virtual memory system was devised as a means of handling all physical memory
mapping to reduce this burden ((2)). With a virtual memory system, the size of the available
virtual memory is much larger than the actual physical memory, and processes are mapped onto
this virtual memory. Thus processes only have to consider their operation in virtual memory, and
mapping from virtual memory to physical memory is handled by the MMU. The MMU is
normally managed by the OS, and physical memory switching is carried out so as to enable the
virtual memory required by a task to be mapped smoothly onto physical memory. Physical
memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in a time sharing
system (TSS) that allows a number of processes to run simultaneously ((3)). Running a number of
processes in a TSS did not increase efficiency since each process had to take account of physical
memory mapping. Efficiency is improved and the load on each process reduced by the use of a
virtual memory system ((4)). In this system, virtual memory is allocated to each process. The task
of the MMU is to map a number of virtual memory areas onto physical memory in an efficient
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manner. It is also provided with memory protection functions to prevent a process from
inadvertently accessing another process's physical memory.

When address translation from virtual memory to physical memory is performed using the MMU,
it may happen that the translation information has not been recorded in the MMU, or the virtual
memory of a different process is accessed by mistake. In such cases, the MMU will generate an
exception, change the physical memory mapping, and record the new address translation
information.

Although the functions of the MMU could be implemented by software alone, having address
translation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address translation (the translation lookaside buffer: TLB)
is provided in hardware, and frequently used address translation information is placed here. The
TLB can be described as a cache for address translation information. However, unlike a cache, if
address translation fails—that is, if an exception occurs—switching of the address translation
information is normally performed by software. Thus memory management can be performed in a
flexible manner by software.

There are two methods by which the MMU can perform mapping from virtual memory to physical
memory: the paging method, using fixed-length address translation, and the segment method,
using variable-length address translation. With the paging method, the unit of translation is a
fixed-size address space called a page (usually from 1 to 64 Kbytes in size).

In the following descriptions, the address space in virtual memory in the SH-4 is referred to as
virtual address space, and the address space in physical memory as physical address space.
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Figure 3.1 Role of the MMU
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3.1.3 Register Configuration
The MMU registers are shown in table 3.1.

Table 3.1 MMU Registers

Abbrevia- Initial P4 Area7 Access
Name tion R/W Value*' Address**  Address**  Size
Page table entry high PTEH R/W  Undefined H'FFO0 0000 H'1FO0 0000 32
register
Page table entry low PTEL R/W  Undefined H'FFO0 0004 H'1FO0 0004 32
register
Page table entry PTEA R/W  Undefined H'FF00 0034 H'1F00 0034 32
assistance register
Translation table base  TTB R/W  Undefined H'FFO0 0008 H'1F00 0008 32
register
TLB exception address TEA R/W  Undefined H'FF00 000C H'1F00 000C 32
register
MMU control register MMUCR R/W  H'0000 0000 H'FFO0 0010 H'1F00 0010 32

Notes: 1. The initial value is the value after a power-on reset or manual reset.

2. P4 address is the address when using the virtual/physical address space P4 area. The
area 7 address is the address used when making an access from physical address

space area 7 using the TLB.

3.14 Caution

Operation is not guaranteed if an area designated as a reserved area in this manual is accessed.
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3.2 Register Descriptions

There are six MMU-related registers.

1. PTEH
31 10 9 8 7 0
VPN —|— ASID
2. PTEL
31 30 29 28 109 8 7 6 5 4 3 2 10
—|—|— PPN —|v|sz| PR |sz|cC|D |SHwT|
3. PTEA
31 4 3 2 0
TC| SA
4. TTB
31 0
TTB
5. TEA
31 0
Virtual address at which MMU exception or address error occurred
6. MMUCR
31 26 25 24 23 18 17 16 15 109 8 7 6 5 4.3 2 10
LRUI —|— URB —|— URC SV|—|—|—|—|—|TI|—|AT
|
SQMD
Note:  — indicates a reserved bit; the write value must be 0, and a read will return 0.

Figure 3.2 MMU-Related Registers
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1. Page table entry high register (PTEH): Longword access to PTEH can be performed from
H'FF00 0000 in the P4 area and H'1F00 0000 in area 7. PTEH consists of the virtual page number
(VPN) and address space identifier (ASID). When an MMU exception or address error exception
occurs, the VPN of the virtual address at which the exception occurred is set in the VPN field by
hardware. VPN varies according to the page size, but the VPN set by hardware when an exception
occurs consists of the upper 22 bits of the virtual address which caused the exception. VPN setting
can also be carried out by software. The number of the currently executing process is set in the
ASID field by software. ASID is not updated by hardware. VPN and ASID are recorded in the
UTLB by means of the LDLTB instruction. A branch to the PO, P3, or VO area which uses the
updated ASID after the ASID field in PTEH is rewritten should be made at least 6 instructions
after the PTEH update instruction.

2. Page table entry low register (PTEL): Longword access to PTEL can be performed from
H'FF00 0004 in the P4 area and H'IFOO 0004 in area 7. PTEL is used to hold the physical page
number and page management information to be recorded in the UTLB by means of the LDTLB
instruction. The contents of this register are not changed unless a software directive is issued.

3. Page table entry assistance register (PTEA): Longword access to PTEA can be performed
from H'FF0O 0034 in the P4 area and H'1F00 0034 in area 7. PTEA is used to store assistance bits
for PCMCIA access to the UTLB by means of the LDTLB instruction. When performing
PCMCIA access with the MMU off, access is always performed using the values of the SA and
TC bits in this register. Access to a PCMCIA interface area by the DMAC is always performed
using the DMAC's CHCRn.SSAn, CHCRn.DSAn, CHCRn.STC, and CHCRn.DTC values. The
contents of this register are not changed unless a software directive is issued.

4. Translation table base register (TTB): Longword access to TTB can be performed from
H'FFO00 0008 in the P4 area and H'1F00 0008 in area 7. TTB is used, for example, to hold the base
address of the currently used page table. The contents of TTB are not changed unless a software
directive is issued. This register can be freely used by software.

5. TLB exception address register (TEA): Longword access to TEA can be performed from
H'FF00 000C in the P4 area and H'1F00 000C in area 7. After an MMU exception or address error
exception occurs, the virtual address at which the exception occurred is set in TEA by hardware.
The contents of this register can be changed by software.

6. MMU control register (MMUCR): MMUCR contains the following bits:
LRUI: Least recently used ITLB

URB: UTLB replace boundary

URC: UTLB replace counter

SQMD: Store queue mode bit

SV: Single virtual mode bit
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TI: TLB invalidate
AT: Address translation bit

Longword access to MMUCR can be performed from H'FFOO0 0010 in the P4 area and H'1F00
0010 in area 7. The individual bits perform MMU settings as shown below. Therefore, MMUCR
rewriting should be performed by a program in the P1 or P2 area. After MMUCR is updated, an
instruction that performs data access to the PO, P3, UQ, or store queue area should be located at
least four instructions after the MMUCR update instruction. Also, a branch instruction to the PO,
P3, or UO area should be located at least eight instructions after the MMUCR update instruction.
MMUCR contents can be changed by software. The LRUI bits and URC bits may also be updated
by hardware.

e LRUI: LRU bits that indicate the ITLB entry for which replacement is to be performed. The
LRU (least recently used) method is used to decide the ITLB entry to be replaced in the event
of an ITLB miss. The entry to be purged from the ITLB can be confirmed using the LRUI bits.
LRUI is updated by means of the algorithm shown below. A dash in this table means that
updating is not performed.

LRUI
[5] [4] [3] [2] 1] [0]
When ITLB entry 0 is used 0 0 0 — — —
When ITLB entry 1 is used 1 — — 0 0 —
When ITLB entry 2 is used — 1 — 1 — 0
When ITLB entry 3 is used — — 1 — 1 1

Other than the above —_ — — — — _

When the LRUI bit settings are as shown below, the corresponding ITLB entry is updated by
an ITLB miss. An asterisk in this table means “Don't care”.

LRUI
[5] (41 [3] [2] (1] [0]
ITLB entry 0 is updated 1 1 1 * * *
ITLB entry 1 is updated 0 * * 1 1 *
ITLB entry 2 is updated * 0 * 0 * 1
ITLB entry 3 is updated * * 0 * 0 0

Other than the above Setting prohibited
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Ensure that values for which “Setting prohibited” is indicated in the above table are not set at
the discretion of software. After a power-on or manual reset the LRUI bits are initialized to O,
and therefore a prohibited setting is never made by a hardware update.

e URB: Bits that indicate the UTLB entry boundary at which replacement is to be performed.
Valid only when URB > 0.

e URC: Random counter for indicating the UTLB entry for which replacement is to be
performed with an LDTLB instruction. URC is incremented each time the UTLB is accessed.
When URB > 0, URC is reset to 0 when the condition URC = URB occurs. Also note that, if a
value is written to URC by software which results in the condition URC > URB, incrementing
is first performed in excess of URB until URC = H'3F. URC is not incremented by an LDTLB
instruction.

e SQMD: Store queue mode bit. Specifies the right of access to the store queues.
0: User/privileged access possible

1: Privileged access possible (address error exception in case of user access)

e SV: Bit that switches between single virtual memory mode and multiple virtual memory mode.
0: Multiple virtual memory mode
1: Single virtual memory mode

When this bit is changed, ensure that 1 is also written to the TI bit.

e TI: TLB invalidation bit. Writing 1 to this bit invalidates (clears to 0) all valid UTLB/ITLB
bits. This bit always returns O when read.

e AT: Address translation enable bit. Specifies MMU enabling or disabling.
0: MMU disabled
1: MMU enabled

MMU exceptions are not generated when the AT bit is 0. In the case of software that does not
use the MMU, therefore, the AT bit should be cleared to 0.
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33 Address Space

3.3.1 Physical Address Space

The SH-4 supports a 32-bit physical address space, and can access a 4-Gbyte address space. When
the MMUCR.AT bit is cleared to 0 and the MMU is disabled, the address space is this physical
address space. The physical address space is divided into a number of areas, as shown in figure
3.3. The physical address space is permanently mapped onto 29-bit external memory space; this
correspondence can be implemented by ignoring the upper 3 bits of the physical address space
addresses. In privileged mode, the 4-Gbyte space from the PO area to the P4 area can be accessed.
In user mode, a 2-Gbyte space in the UQ area can be accessed. Accessing the P1 to P4 areas
(except the store queue area) in user mode will cause an address error.

External
memory space
H'0000 0000 T Areao | H'0000 0000
Area 1
Area 2
Area 3
PO area Area 4 U0 area
Cacheable Area 5 Cacheable
Area 6
Area 7
H'8000 0000 ) H'8000 0000
P1 area !
Cacheable
H'A000 0000 P2 area
Non-cacheable | ! "
' ! Address error
H'C000 0000 P3 area
Cacheable B
H'E000 0000 H'E000 0000
. P4 aLea " Store queue area H'EA00 0000
H'FFFE FFEF on-cacheable Address error H'FFEE FEFF
Privileged mode User mode

Figure 3.3 Physical Address Space MMUCR.AT = 0)

When performing access from the CPU to a PCMCIA interface area in the SH-4, access is always
performed using the values of the SA and TC bits set in the PTEA register. Access to a PCMCIA
interface area by the DMAC is always performed using the DMAC's CHCRn.SSAn,
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CHCRn.DSAn, CHCRn.STC, and CHCRn.DTC values. For details, see section 14, Direct
Memory Access Controller (DMAC).

PO, P1, P3, U0 Areas: The PO, P1, P3, and UO areas can be accessed using the cache. Whether or
not the cache is used is determined by the cache control register (CCR). When the cache is used,
with the exception of the P1 area, switching between the copy-back method and the write-through
method for write accesses is specified by the CCR.WT bit. For the P1 area, switching is specified
by the CCR.CB bit. Zeroizing the upper 3 bits of an address in these areas gives the corresponding
external memory space address. However, since area 7 in the external memory space is a reserved
area, a reserved area also appears in these areas.

P2 Area: The P2 area cannot be accessed using the cache. In the P2 area, zeroizing the upper 3
bits of an address gives the corresponding external memory space address. However, since area 7
in the external memory space is a reserved area, a reserved area also appears in this area.

P4 Area: The P4 area is mapped onto SH-4 on-chip I/O channels. This area cannot be accessed
using the cache. The P4 area is shown in detail in figure 3.4.

H'EO000 0000
Store queue

H'E400 0000

Reserved area
H'F000 0000 Instruction cache address array
H'F100 0000 Instruction cache data array
H'F200 0000 Instruction TLB address array
H'F300 0000 Instruction TLB data arrays 1 and 2
H'F400 0000 Operand cache address array
H'F500 0000 Operand cache data array
H'F600 0000 Unified TLB address array
H'F700 0000 Unified TLB data arrays 1 and 2
H'F800 0000

Reserved area
H'FC00 0000

Control register area

H'FFFF FFFF

Figure 3.4 P4 Area
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The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues
(SQs). When the MMU is disabled (MMUCR.AT = 0), the SQ access right is specified by the
MMUCR.SQMD bit. For details, see section 4.7, Store Queues.

The area from H'FOOO0 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 4.5.1, IC Address Array.

The area from H'F100 0000 to H'F1FF FFFF is used for direct access to the instruction cache data
array. For details, see section 4.5.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct access to the instruction TLB
address array. For details, see section 3.7.1, ITLB Address Array.

The area from H'F300 0000 to H'F3FF FFFF is used for direct access to instruction TLB data
arrays 1 and 2. For details, see sections 3.7.2, ITLB Data Array 1, and 3.7.3, ITLB Data Array 2.

The area from H'F400 0000 to H'F4FF FFFF is used for direct access to the operand cache address
array. For details, see section 4.5.3, OC Address Array.

The area from H'F500 0000 to H'FSFF FFFF is used for direct access to the operand cache data
array. For details, see section 4.5.4, OC Data Array.

The area from H'F600 0000 to H'FO6FF FFFF is used for direct access to the unified TLB address
array. For details, see section 3.7.4, UTLB Address Array.

The area from H'F700 0000 to HF7FF FFFF is used for direct access to unified TLB data arrays 1
and 2. For details, see sections 3.7.5, UTLB Data Array 1, and 3.7.6, UTLB Data Array 2.

The area from H'FC0O0 0000 to H'FFFF FFFF is the on-chip peripheral module control register
area. For details, see appendix A, Address List.
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3.3.2 External Memory Space

The SH-4 supports a 29-bit external memory space. The external memory space is divided into
eight areas as shown in figure 3.5. Areas 0 to 6 relate to memory, such as SRAM, synchronous
DRAM, DRAM, and PCMCIA. Area 7 is a reserved area. For details, see section 13, Bus State
Controller (BSC).

H'0000 0000 Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0C00 0000 Area 3
H'1000 0000 Area d
H'1400 0000 Area 5
H'1800 0000 Area 6
:iggg 2(;?:?: Area 7 (reserved area)

Figure 3.5 External Memory Space
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333 Virtual Address Space

Setting the MMUCR.AT bit to 1 enables the PO, P3, and UO areas of the physical address space in
the SH-4 to be mapped onto any external memory space in 1-, 4-, or 64-Kbyte, or 1-Mbyte, page
units. By using an 8-bit address space identifier, the PO, UO, P3, and store queue areas can be
increased to a maximum of 256. This is called the virtual address space. Mapping from virtual
address space to 29-bit external memory space is carried out using the TLB. Only when area 7 in
external memory space is accessed using virtual address space, addresses H'1C00 0000 to H'1FFF
FFFF of area 7 are not designated as a reserved area, but are equivalent to the P4 area control
register area in the physical address space. Virtual address space is illustrated in figure 3.6.

256 . N External 256 T
ﬁ “*._ memory space ﬁ
Area 0
Area 1
Area 2
PO area Area 3 U0 area
Cacheable Area 4
Address translation possible Cacheaple .
Area 5 Address translation possible
Area 6
Area 7
| | iR Iy
P1 area
Cacheable /i
Address translation not possible s
P2 area i /
Non-cacheable I,’
Address translation not possible il Address error
P3 area i
Cacheable |
Address translation possible
___________ Pdarea...._______J Store queue area
Non-cacheable
Address translation not possible Address error
Privileged mode User mode
Figure 3.6 Virtual Address Space MMUCR.AT =1)

In the state of cache enabling, when the areas of PO, P3, and U0 are mapped onto the area of the

PCMCIA interface by means of the TLB, it is necessary either to specify 1 for the WT bit or to
specify O for the C bit on that page. At that time, the regions are accessed by the values of SA and

TC set in page units of the TLB.
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Here, access to an area of the PCMCIA interface by accessing an area of P1, P2, or P4 from the
CPU is disabled. In addition, the PCMCIA interface is always accessed by the DMAC with the
values of CHCRn, SSAn, CHCRn.DsAn, CHCRn.STC and CHCRn.DTC in the DMAC. For
details, see Section 14, Direct Memory Access Controller (DMAC).

PO, P3, U0 Areas: The PO area (excluding addresses H'7C00 0000 to H'7FFF FFFF), P3 area, and
UO area (excluding addresses H'7C00 0000 to H'7FFF FFFF) allow access using the cache and
address translation using the TLB. These areas can be mapped onto any external memory space in
1-, 4-, or 64-Kbyte, or 1-Mbyte, page units. When CCR is in the cache-enabled state and the
cacheability bit (C bit) in the TLB is 1, accesses can be performed using the cache. In write
accesses to the cache, switching between the copy-back method and the write-through method is
indicated by the TLB write-through bit (WT bit), and is specified in page units.

Only when the PO, P3, and UQ areas are mapped onto external memory space by means of the
TLB, addresses H'1C00 0000 to H'IFFF FFFF of area 7 in external memory space are allocated to
the control register area. This enables control registers to be accessed from the UO area in user
mode. In this case, the C bit for the corresponding page must be cleared to 0.

P1, P2, P4 Areas: Address translation using the TLB cannot be performed for the P1, P2, or P4
area (except for the store queue area). Accesses to these areas are the same as for physical address
space. The store queue area can be mapped onto any external memory space by the MMU.
However, operation in the case of an exception differs from that for normal PO, U0, and P3 spaces.
For details, see section 4.7, Store Queues.

334 On-Chip RAM Space

In the SH-4, half of the operand cache can be used as on-chip RAM. This can be done by changing
the CCR settings.

When the operand cache is used as on-chip RAM (CCR.ORA = 1), PO, UQ area addresses H7C00
0000 to H'7FFF FFFF are an on-chip RAM area. Data accesses (byte/word/longword/quadword)
can be used in this area. This area can only be used in RAM mode.

3.3.5 Address Translation

When the MMU is used, the virtual address space is divided into units called pages, and
translation to physical addresses is carried out in these page units. The address translation table in
external memory contains the physical addresses corresponding to virtual addresses and additional
information such as memory protection codes. Fast address translation is achieved by caching the
contents of the address translation table located in external memory into the TLB. In the SH-4,
basically, the ITLB is used for instruction accesses and the UTLB for data accesses. In the event
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of an access to an area other than the P4 area, the accessed virtual address is translated to a
physical address. If the virtual address belongs to the P1 or P2 area, the physical address is
uniquely determined without accessing the TLB. If the virtual address belongs to the PO, UO, or P3
area, the TLB is searched using the virtual address, and if the virtual address is recorded in the
TLB, a TLB hit is made and the corresponding physical address is read from the TLB. If the
accessed virtual address is not recorded in the TLB, a TLB miss exception is generated and
processing switches to the TLB miss exception handling routine. In the TLB miss exception
handling routine, the address translation table in external memory is searched, and the
corresponding physical address and page management information are recorded in the TLB. After
the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.

3.3.6 Single Virtual Memory Mode and Multiple Virtual Memory Mode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either
of which can be selected with the MMUCR.SV bit. In the single virtual memory system, a number
of processes run simultaneously, using virtual address space on an exclusive basis, and the
physical address corresponding to a particular virtual address is uniquely determined. In the
multiple virtual memory system, a number of processes run while sharing the virtual address
space, and a particular virtual address may be translated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systems in terms of operation is in the TLB address comparison method (see
section 3.4.3, Address Translation Method).

3.3.7 Address Space Identifier (ASID)

In multiple virtual memory mode, the 8-bit address space identifier (ASID) is used to distinguish
between processes running simultaneously while sharing the virtual address space. Software can
set the ASID of the currently executing process in PTEH in the MMU. The TLB does not have to
be purged when processes are switched by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for processes running
simultaneously while using the virtual memory space on an exclusive basis.

Notes: 1. In single virtual memory mode of the SH-4, entries with the same virtual page number
(VPN) but different ASIDs cannot be set in the TLB simultaneously.

2. When the SH7751 is operating in single virtual memory mode and user mode, the LSI
may hang during hardware ITLB miss handling (see section 3.5.4, Hardware ITLB
Miss Handling), or an ITLB multiple hit exception may occur, if an ITLB miss occurs
and the UTLB contains address translation information including an ITLB miss address
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with a different ASID and unshared state (SH bit is 0). To avoid this, use workaround

(1) or (2) below.

(1) Purge the UTLB when switching the ASID values (PTEH and ASID) of the current
processing.

(2) Manage the behavior of program instruction addresses in user mode so that no
instruction is executed in an address area (including overrun prefetch of an
instruction) that is registered in the UTLB with a different ASID and unshared
address translation information. Note that accessing a different ASID in single
virtual memory mode can only be used to trigger an exception during data access.

34 TLB Functions

34.1 Unified TLB (UTLB) Configuration
The unified TLB (UTLB) is so called because of its use for the following two purposes:

1. To translate a virtual address to a physical address in a data access

2. As a table of address translation information to be recorded in the instruction TLB in the event
of an ITLB miss

Information in the address translation table located in external memory is cached into the UTLB.
The address translation table contains virtual page numbers and address space identifiers, and
corresponding physical page numbers and page management information. Figure 3.7 shows the
overall configuration of the UTLB. The UTLB consists of 64 fully-associative type entries. Figure
3.8 shows the relationship between the address format and page size.

Entry0 |ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] |SH|C|PR [1:0]| D|WT|SA [2:0]| TC
Entry1l |ASID[7:0] |VPN[31:10] | V| |PPN [28:10]|SZ [1:0]|SH|C|PR[1:0]| D|WT|SA [2:0]| TC
Entry2 |ASID[7:0] |VPN[31:10] | V| |PPN [28:10]|SZ [1:0] |SH|C|PR[1:0]| D|WT|SA [2:0]| TC

Entry 63 |ASID [7:0] | VPN [31:10] | v | | PPN [28:10] | SZ [1:0] | SH | c | PR [L:0] | D | WT| SA[2:0] | TC ‘

Figure 3.7 UTLB Configuration
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1-Kbyte page

Virtual address Physical address
31 10 9 0 28 10 9 0

VPN Offset —) PPN Offset

4-Kbyte page

Virtual address Physical address
31 1211 0 28 1211 0

VPN Offset —) PPN Offset

64-Kbyte page

Virtual address Physical address
31 16 15 0 28 16 15 0

VPN Offset —) PPN Offset

1-Mbyte page
Virtual address Physical address
31 2019 0 28 20 19 0

VPN Offset —) PPN Offset

Figure 3.8 Relationship between Page Size and Address Format

VPN: Virtual page number

For 1-Kbyte page: upper 22 bits of virtual address
For 4-Kbyte page: upper 20 bits of virtual address
For 64-Kbyte page: upper 16 bits of virtual address
For 1-Mbyte page: upper 12 bits of virtual address

ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bit is O, this identifier is compared with the ASID in PTEH when address comparison is
performed.
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e SH: Share status bit
When 0, pages are not shared by processes.

When 1, pages are shared by processes.

o SZ: Page size bits
Specify the page size.
00: 1-Kbyte page
01: 4-Kbyte page
10: 64-Kbyte page
11: 1-Mbyte page

e V: Validity bit
Indicates whether the entry is valid.
0: Invalid
1: Valid
Cleared to 0 by a power-on reset.

Not affected by a manual reset.

e PPN: Physical page number
Upper 22 bits of the physical address.
With a 1-Kbyte page, PPN bits [28:10] are valid.
With a 4-Kbyte page, PPN bits [28:12] are valid.
With a 64-Kbyte page, PPN bits [28:16] are valid.
With a 1-Mbyte page, PPN bits [28:20] are valid.
The synonym problem must be taken into account when setting the PPN (see section 3.5.5,
Avoiding Synonym Problems).

e PR: Protection key data
2-bit data expressing the page access right as a code.
00: Can be read only, in privileged mode
01: Can be read and written in privileged mode
10: Can be read only, in privileged or user mode

11: Can be read and written in privileged mode or user mode
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C: Cacheability bit

Indicates whether a page is cacheable.

0: Not cacheable

1: Cacheable

When control register space is mapped, this bit must be cleared to 0.

When performing PCMCIA space mapping in the cache enabled state, either clear this bit to 0
or set the WT bit to 1.

D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed

1: Write has been performed

WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode

1: Write-through mode

When performing PCMCIA space mapping in the cache enabled state, either set this bit to 1 or
clear the C bit to 0.

SA: Space attribute bits

Valid only when the page is mapped onto PCMCIA connected to area 5 or 6.
000: Undefined

001: Variable-size 1/0 space (base size according to IOIS16 signal)

010: 8-bit I/O space

011: 16-bit I/O space

100: 8-bit common memory space

101: 16-bit common memory space

110: 8-bit attribute memory space

111: 16-bit attribute memory space

TC: Timing control bit

Used to select wait control register bits in the bus control unit for areas 5 and 6.

0: WCR2 (A5W2-A5W0) and PCR (ASPCW1-A5PCWO0, ASTED2-AS5TEDO, ASTEH2-
AS5TEHO) are used

1: WCR2 (A6W2-A6W0) and PCR (A6PCW1-A6PCWO0, A6TED2-A6TEDO, A6TEH2—
AG6TEHO) are used
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3.4.2 Instruction TLB (ITLB) Configuration

The ITLB is used to translate a virtual address to a physical address in an instruction access.
Information in the address translation table located in the UTLB is cached into the ITLB. Figure
3.9 shows the overall configuration of the ITLB. The ITLB consists of 4 fully-associative type
entries. The address translation information is almost the same as that in the UTLB, but with the

following differences:

1. D and WT bits are not supported.
2. There is only one PR bit, corresponding to the upper of the PR bits in the UTLB.

Entry O
Entry 1
Entry 2
Entry 3

ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] | SH|C|PR|SA[2:0]| TC
ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] | SH|C|PR|SA[2:0]| TC
ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] | SH|C|PR|SA[2:0]| TC
ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] | SH|C|PR|SA [2:0]| TC

Figure 3.9 ITLB Configuration

34.3 Address Translation Method

Figures 3.10 and 3.11 show flowcharts of memory accesses using the UTLB and ITLB.
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C

Data access to virtual address (VA)

)

VAs
in P4 area

VE
On-chip I/0 access

VAis
in P2 area

VAis
in P1 area

A

VPNs match
andV =1

and ASIDs match and

VA s in PO, UO,
or P3 area

VPNs match

V=1

A 4

0 (User)

Data TLB protection
violation exception

Data TLB protection
violation exception

Cache access
in copy-back mode

Cache access

in write-through mode

»)
> Memory access

(Non-cacheable)

Figure 3.10

Flowchart of Memory Access Using UTLB
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< Instruction access to virtual address (VA)

VAis VAis VAis
in P4 area | in P2 area in P1 area

VA s in PO, UO,
or P3 area

Access prohibited 0 CCR.

NO _Z1d (MMUCR.SV = 0 of

VPNs match
and ASIDs match and
V=1

VPNs match No

andV=1

Only one
entry matches

Hardware ITLB
miss handling

Record in ITLB

Instruction TLB
miss exception

1 (Privileged)

c=1

Instruction TLB protection
violation exception and CCR.CE=1

I Cache access

Instruction TLB
multiple hit exception

|
> Memory access

(Non-cacheable)

Figure 3.11 Flowchart of Memory Access Using ITLB
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3.5 MMU Functions

351 MMU Hardware Management
The SH-4 supports the following MMU functions.

1. The MMU decodes the virtual address to be accessed by software, and performs address
translation by controlling the UTLB/ITLB in accordance with the MMUCR settings.

2. The MMU determines the cache access status on the basis of the page management
information read during address translation (C, WT, SA, and TC bits).

3. If address translation cannot be performed normally in a data access or instruction access, the
MMU notifies software by means of an MMU exception.

4. If address translation information is not recorded in the ITLB in an instruction access, the
MMU searches the UTLB, and if the necessary address translation information is recorded in
the UTLB, the MMU copies this information into the ITLB in accordance with
MMUCR.LRUL

3.5.2 MMU Software Management
Software processing for the MMU consists of the following:

1. Setting of MMU-related registers. Some registers are also partially updated by hardware
automatically.

2. Recording, deletion, and reading of TLB entries. There are two methods of recording UTLB
entries: by using the LDTLB instruction, or by writing directly to the memory-mapped UTLB.
ITLB entries can only be recorded by writing directly to the memory-mapped ITLB. For
deleting or reading UTLB/ITLB entries, it is possible to access the memory-mapped
UTLB/ITLB.

3. MMU exception handling. When an MMU exception occurs, processing is performed based on
information set by hardware.

353 MMU Instruction (LDTLB)

A TLB load instruction (LDTLB) is provided for recording UTLB entries. When an LDTLB
instruction is issued, the SH-4 copies the contents of PTEH, PTEL, and PTEA to the UTLB entry
indicated by MMUCR.URC. ITLB entries are not updated by the LDTLB instruction, and
therefore address translation information purged from the UTLB entry may still remain in the
ITLB entry. As the LDTLB instruction changes address translation information, ensure that it is
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issued by a program in the P1 or P2 area. The operation of the LDTLB instruction is shown in
figure 3.12.

MMUCR
31 26 2524 23 181716 15 1098 7 3210
LRUI — URB — URC \s — Ti|—|aT]
—_—
Entry specification SQMD
PTEL
31 2928 109876543210
— PPN —|visz| PR |sz|c|D [sHwT]
PTEH
31 109 8 7 0
VPN — ASID PTEA
31 432 0
— Tc| sAa
A4 III

Entry 0 | ASID[7:0] | VPN [31:10] | V | |PPN [28:10] [SZ[1:0] |SH|C |PR[1:0] | D | WT|SA[2:0] | TC

Entryl |ASID[7:0] |VPN[31:10] |V | |PPN[28:10] |SZ[1:0] |SH|C |PR[1:0] |D |WT|SA[2:0]|TC

Entry2 |ASID[7:0] | VPN [31:10] | V| |PPN[28:10] |SZ[1:0] |SH|C |PR[1:0] |D |WT|SA[2:0] | TC

Entry 63 | ASID [7:0] | VPN [31:10] |V PPN [28:10] | SZ [1:0] | SH| C |PR[1:0] | D | WT|SA [2:0] | TC

UTLB

Figure 3.12 Operation of LDTLB Instruction

3.54 Hardware ITLB Miss Handling

In an instruction access, the SH-4 searches the ITLB. If it cannot find the necessary address
translation information (i.e. in the event of an ITLB miss), the UTLB is searched by hardware, and
if the necessary address translation information is present, it is recorded in the ITLB. This
procedure is known as hardware ITLB miss handling. If the necessary address translation
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information is not found in the UTLB search, an instruction TLB miss exception is generated and
processing passes to software.

355 Avoiding Synonym Problems

When 1- or 4-Kbyte pages are recorded in TLB entries, a synonym problem may arise. The
problem is that, when a number of virtual addresses are mapped onto a single physical address, the
same physical address data is recorded in a number of cache entries, and it becomes impossible to
guarantee data integrity. This problem does not occur with the instruction TLB or instruction
cache. In the SH-4, entry specification is performed using bits [13:5] of the virtual address in order
to achieve fast operand cache operation. However, bits [13:10] of the virtual address in the case of
a 1-Kbyte page, and bits [13:12] of the virtual address in the case of a 4-Kbyte page, are subject to
address translation. As a result, bits [13:10] of the physical address after translation may differ
from bits [13:10] of the virtual address.

Consequently, the following restrictions apply to the recording of address translation information
in UTLB entries.

1. When address translation information whereby a number of 1-Kbyte page UTLB entries are
translated into the same physical address is recorded in the UTLB, ensure that the VPN [13:10]
values are the same.

2. When address translation information whereby a number of 4-Kbyte page UTLB entries are
translated into the same physical address is recorded in the UTLB, ensure that the VPN [13:12]
values are the same.

3. Do not use 1-Kbyte page UTLB entry physical addresses with UTLB entries of a different
page size.

4. Do not use 4-Kbyte page UTLB entry physical addresses with UTLB entries of a different
page size.

The above restrictions apply only when performing accesses using the cache. When cache index
mode is used, VPN [25] is used for the entry address instead of VPN [13], and therefore the above
restrictions apply to VPN [25].

Note: When multiple items of address translation information use the same physical memory to
provide for future SuperH RISC engine family expansion, ensure that the VPN [20:10]
values are the same. Also, do not use the same physical address for address translation
information of different page sizes.
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3.6 MMU Exceptions

There are seven MMU exceptions: the instruction TLB multiple hit exception, instruction TLB
miss exception, instruction TLB protection violation exception, data TLB multiple hit exception,
data TLB miss exception, data TLB protection violation exception, and initial page write
exception. Refer to figures 3.10 and 3.11 for the conditions under which each of these exceptions
occurs.

3.6.1 Instruction TLB Multiple Hit Exception

An instruction TLB multiple hit exception occurs when more than one ITLB entry matches the
virtual address to which an instruction access has been made. If multiple hits occur when the
UTLB is searched by hardware in hardware ITLB miss handling, a data TLB multiple hit
exception will result.

When an instruction TLB multiple hit exception occurs a reset is executed, and cache coherency is
not guaranteed.

Hardware Processing: In the event of an instruction TLB multiple hit exception, hardware carries
out the following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'140 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

Software Processing (Reset Routine): The ITLB entries which caused the multiple hit exception
are checked in the reset handling routine. This exception is intended for use in program
debugging, and should not normally be generated.

3.6.2 Instruction TLB Miss Exception

An instruction TLB miss exception occurs when address translation information for the virtual
address to which an instruction access is made is not found in the UTLB entries by the hardware
ITLB miss handling procedure. The instruction TLB miss exception processing carried out by
hardware and software is shown below. This is the same as the processing for a data TLB miss
exception.
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Hardware Processing: In the event of an instruction TLB miss exception, hardware carries out
the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'040 in EXPEVT.
4

. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the instruction TLB miss exception handling routine.

e N

Software Processing (Instruction TLB Miss Exception Handling Routine): Software is
responsible for searching the external memory page table and assigning the necessary page table
entry. Software should carry out the following processing in order to find and assign the necessary
page table entry.

1. Write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT bits in the page table
entry recorded in the external memory address translation table. If necessary, the values of the
SA and TC bits should be written to PTEA.

2. When the entry to be replaced in entry replacement is specified by software, write that value to
URC in the MMUCR register. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

3. Execute the LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the TLB.

4. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

3.6.3 Instruction TLB Protection Violation Exception

An instruction TLB protection violation exception occurs when, even though an ITLB entry
contains address translation information matching the virtual address to which an instruction
access is made, the actual access type is not permitted by the access right specified by the PR bit.
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The instruction TLB protection violation exception processing carried out by hardware and
software is shown below.

Hardware Processing: In the event of an instruction TLB protection violation exception,
hardware carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code HOAQ in EXPEVT.
4

. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. Set the current R15 value in SGR.
Sets the MD bit in SR to 1, and switches to privileged mode.

Sets the BL bit in SR to 1, and masks subsequent exception requests.

Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the instruction TLB protection violation exception handling routine.

A S A

Software Processing (Instruction TLB Protection Violation Exception Handling Routine):
Resolve the instruction TLB protection violation, execute the exception handling return instruction
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.

3.64 Data TLB Multiple Hit Exception

A data TLB multiple hit exception occurs when more than one UTLB entry matches the virtual
address to which a data access has been made. A data TLB multiple hit exception is also generated
if multiple hits occur when the UTLB is searched in hardware ITLB miss handling.

When a data TLB multiple hit exception occurs a reset is executed, and cache coherency is not
guaranteed. The contents of PPN in the UTLB prior to the exception may also be corrupted.

Hardware Processing: In the event of a data TLB multiple hit exception, hardware carries out the
following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'140 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).
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Software Processing (Reset Routine): The UTLB entries which caused the multiple hit exception
are checked in the reset handling routine. This exception is intended for use in program
debugging, and should not normally be generated.

3.6.5 Data TLB Miss Exception

A data TLB miss exception occurs when address translation information for the virtual address to
which a data access is made is not found in the UTLB entries. The data TLB miss exception
processing carried out by hardware and software is shown below.

Hardware Processing: In the event of a data TLB miss exception, hardware carries out the
following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'040 in the case of a read, or H'060 in the case of a write, in EXPEVT
(OCBP, OCBWB: read; OCBI, MOVCA.L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR, and sets the R15 contents at the time
in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the data TLB miss exception handling routine.

RS

Software Processing (Data TLB Miss Exception Handling Routine): Software is responsible
for searching the external memory page table and assigning the necessary page table entry.
Software should carry out the following processing in order to find and assign the necessary page
table entry.

1. Write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT bits in the page table
entry recorded in the external memory address translation table. If necessary, the values of the
SA and TC bits should be written to PTEA.

2. When the entry to be replaced in entry replacement is specified by software, write that value to
URC in the MMUCR register. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.
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Execute the LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the
UTLB.

Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

3.6.6 Data TLB Protection Violation Exception

A data TLB protection violation exception occurs when, even though a UTLB entry contains
address translation information matching the virtual address to which a data access is made, the
actual access type is not permitted by the access right specified by the PR bit. The data TLB
protection violation exception processing carried out by hardware and software is shown below.

Hardware Processing: In the event of a data TLB protection violation exception, hardware
carries out the following processing:

1. Sets the VPN of the virtual address at which the exception occurred in PTEH.

2. Sets the virtual address at which the exception occurred in TEA.

RS

Sets exception code H'OAO in the case of a read, or H'OCO in the case of a write, in EXPEVT
(OCBP, OCBWB: read; OCBI, MOVCA.L: write).

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the data TLB protection violation exception handling routine.

Software Processing (Data TLB Protection Violation Exception Handling Routine): Resolve
the data TLB protection violation, execute the exception handling return instruction (RTE),
terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.
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3.6.7 Initial Page Write Exception

An initial page write exception occurs when the D bit is O even though a UTLB entry contains
address translation information matching the virtual address to which a data access (write) is
made, and the access is permitted. The initial page write exception processing carried out by
hardware and software is shown below.

Hardware Processing: In the event of an initial page write exception, hardware carries out the
following processing:

el S

RGNS

Sets the VPN of the virtual address at which the exception occurred in PTEH.
Sets the virtual address at which the exception occurred in TEA.
Sets exception code H'080 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the initial page write exception handling routine.

Software Processing (Initial Page Write Exception Handling Routine): The following
processing should be carried out as the responsibility of software:

1. Retrieve the necessary page table entry from external memory.

2. Write 1 to the D bit in the external memory page table entry.
3. Write to PTEL the values of the PPN, PR, SZ, C, D, WT, SH, and V bits in the page table

entry recorded in external memory. If necessary, the values of the SA and TC bits should be
written to PTEA.

When the entry to be replaced in entry replacement is specified by software, write that value to
URC in the MMUCR register. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

Execute the LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the
UTLB.
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6. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

3.7 Memory-Mapped TLB Configuration

To enable the ITLB and UTLB to be managed by software, their contents can be read and written
by a P2 area program with a MOV instruction in privileged mode. Operation is not guaranteed if
access is made from a program in the other area. A branch to an area other than the P2 area should
be made at least 8 instructions after this MOV instruction. The ITLB and UTLB are allocated to
the P4 area in physical address space. VPN, V, and ASID in the ITLB can be accessed as an
address array, PPN, V, SZ, PR, C, and SH as data array 1, and SA and TC as data array 2. VPN,
D, V, and ASID in the UTLB can be accessed as an address array, PPN, V, SZ, PR, C, D, WT, and
SH as data array 1, and SA and TC as data array 2. V and D can be accessed from both the address
array side and the data array side. Only longword access is possible. Instruction fetches cannot be
performed in these areas. For reserved bits, a write value of 0 should be specified; their read value
is undefined.

371 ITLB Address Array

The ITLB address array is allocated to addresses H'F200 0000 to HF2FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, V, and ASID to be written to the address array are
specified in the data field.

In the address field, bits [31:24] have the value H'F2 indicating the ITLB address array, and the
entry is selected by bits [9:8]. As longword access is used, 0 should be specified for address field
bits [1:0].

In the data field, VPN is indicated by bits [31:10], V by bit [8], and ASID by bits [7:0].
The following two kinds of operation can be used on the ITLB address array:

1. ITLB address array read
VPN, V, and ASID are read into the data field from the ITLB entry corresponding to the entry
set in the address field.

2. ITLB address array write
VPN, V, and ASID specified in the data field are written to the ITLB entry corresponding to
the entry set in the address field.
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31 2423 109 8 7 0
Address field [1[ 111210101210 «vovevereerremmi E | oo,
31 109 8 7 0
Data field VPN .- |V ASID
Legend:
VPN: Virtual page number ASID: Address space identifier
V:  Validity bit ... Reserved bits (0 write value, undefined read value)
E: Entry

Figure 3.13 Memory-Mapped ITLB Address Array

3.7.2 ITLB Data Array 1

ITLB data array 1 is allocated to addresses H'F300 0000 to HF37F FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, and SH to be written to the data array are
specified in the data field.

In the address field, bits [31:23] have the value H'F30 indicating ITLB data array 1, and the entry
is selected by bits [9:8].

In the data field, PPN is indicated by bits [28:10], V by bit [8], SZ by bits [7] and [4], PR by bit
[6], C by bit [3], and SH by bit [1].

The following two kinds of operation can be used on ITLB data array 1:

1. ITLB data array 1 read
PPN, V, SZ, PR, C, and SH are read into the data field from the ITLB entry corresponding to
the entry set in the address field.

2. ITLB data array 1 write

PPN, V, SZ, PR, C, and SH specified in the data field are written to the ITLB entry
corresponding to the entry set in the address field.
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31 2423 109 8 7 0
Address field |11 [1]1]0]0]1[1[0] -voerrrrrrmmmmmmeiiiiean E | corvereiiiins

31302928 109876543210

Data field | ....... PPN ...V .| |c}--
| / |

PPN: Physical page number PR: Protection key data
V:  Validity bit C: Cacheability bit
E: Entry SH: Share status bit
SZ: Page size bits ----: Reserved bits (0 write value, undefined read value)

Figure 3.14 Memory-Mapped ITLB Data Array 1

3.7.3 ITLB Data Array 2

ITLB data array 2 is allocated to addresses H'F380 0000 to H'F3FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is

specified in the address field, and SA and TC to be written to data array 2 are specified in the data
field.

In the address field, bits [31:23] have the value H'F38 indicating ITLB data array 2, and the entry
is selected by bits [9:8].

In the data field, SA is indicated by bits [2:0], and TC by bit [3].
The following two kinds of operation can be used on ITLB data array 2:

1. ITLB data array 2 read

SA and TC are read into the data field from the ITLB entry corresponding to the entry set in
the address field.

2. ITLB data array 2 write

SA and TC specified in the data field are written to the ITLB entry corresponding to the entry
set in the address field.
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31 2423 10987 0
Address field [1[2[11110101L1 L] L] «ocveveeremermmns E | cooeeiiiii
31 4320
Data fIeld | ovneeii SA
|
I
TC
Legend:
TC: Timing control bit SA: Space attribute bits
E: Entry ----: Reserved bits (0 write value, undefined read value)

Figure 3.15 Memory-Mapped ITLB Data Array 2
3.74 UTLB Address Array

The UTLB address array is allocated to addresses HF600 0000 to HF6FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, D, V, and ASID to be written to the address array are
specified in the data field.

In the address field, bits [31:24] have the value H'F6 indicating the UTLB address array, and the
entry is selected by bits [13:8]. The address array bit [7] association bit (A bit) specifies whether
or not address comparison is performed when writing to the UTLB address array.

In the data field, VPN is indicated by bits [31:10], D by bit [9], V by bit [8], and ASID by bits
[7:0].

The following three kinds of operation can be used on the UTLB address array:

1. UTLB address array read

VPN, D, V, and ASID are read into the data field from the UTLB entry corresponding to the
entry set in the address field. In a read, associative operation is not performed regardless of
whether the association bit specified in the address field is 1 or 0.

2. UTLB address array write (non-associative)

VPN, D, V, and ASID specified in the data field are written to the UTLB entry corresponding
to the entry set in the address field. The A bit in the address field should be cleared to 0.

3. UTLB address array write (associative)
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When a write is performed with the A bit in the address field set to 1, comparison of all the
UTLB entries is carried out using the VPN specified in the data field and PTEH.ASID. The
usual address comparison rules are followed, but if a UTLB miss occurs, the result is no
operation, and an exception is not generated. If the comparison identifies a UTLB entry
corresponding to the VPN specified in the data field, D and V specified in the data field are
written to that entry. If there is more than one matching entry, a data TLB multiple hit
exception results. This associative operation is simultaneously carried out on the ITLB, and if a
matching entry is found in the ITLB, V is written to that entry. Even if the UTLB comparison
results in no operation, a write to the ITLB side only is performed as long as there is an ITLB
match. If there is a match in both the UTLB and ITLB, the UTLB information is also written to
the ITLB.

31 2423 1413 8 7 210
Address field [1|1[1[1]0][1[1]0] «veoerermmmmmmeniniinianes E Al e
31302928 109 8 7 0
Data field VPN D|V ASID
Legend:
VPN: Virtual page number ASID: Address space identifier
V:  Validity bit A: Association bit
E:  Entry .. Reserved bits (0 write value, undefined read value)
D:  Dirty bit

Figure 3.16 Memory-Mapped UTLB Address Array
3.7.5 UTLB Data Array 1

UTLB data array 1 is allocated to addresses H'F700 0000 to H'F77F FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, D, SH, and WT to be written to the data
array are specified in the data field.

In the address field, bits [31:23] have the value H'F70 indicating UTLB data array 1, and the entry
is selected by bits [13:8].

In the data field, PPN is indicated by bits [28:10], V by bit [8], SZ by bits [7] and [4], PR by bits
[6:5], C by bit [3], D by bit [2], SH by bit [1], and WT by bit [0].

The following two kinds of operation can be used on UTLB data array 1:
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1. UTLB data array 1 read

PPN, V, SZ, PR, C, D, SH, and WT are read into the data field from the UTLB entry
corresponding to the entry set in the address field.

2. UTLB data array 1 write

PPN, V, SZ, PR, C, D, SH, and WT specified in the data field are written to the UTLB entry
corresponding to the entry set in the address field.

31 2423 1413 8 7 0
Address field [ 1122101 ]2]21]0] «voveverereeemeeninannnnn. E | e
31302928 109876543210
Data field | -...... PPN v PR clp
/ |
Legend: \/ ‘
. . SZ SH WT
PPN: Physical page number PR: Protection key data
V:  Validity bit C: Cacheability bit
E: Entry SH: Share status bit
SZ: Page size bits WT: Write-through bit
D: Dirty hit ----: Reserved bits (0 write value, undefined read value)

Figure 3.17 Memory-Mapped UTLB Data Array 1

3.7.6 UTLB Data Array 2

UTLB data array 2 is allocated to addresses H'F780 0000 to H'F7FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and SA and TC to be written to data array 2 are specified in the data
field.

In the address field, bits [31:23] have the value H'F78 indicating UTLB data array 2, and the entry
is selected by bits [13:8].

In the data field, TC is indicated by bit [3], and SA by bits [2:0].
The following two kinds of operation can be used on UTLB data array 2:

1. UTLB data array 2 read

SA and TC are read into the data field from the UTLB entry corresponding to the entry set in
the address field.
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2. UTLB data array 2 write
SA and TC specified in the data field are written to the UTLB entry corresponding to the entry
set in the address field.

31 2423 14 13 8 7 0
Addressfield [1[ 2111101111l 2la] «oeeevvereereiiinnnn. E | e
31 432 0
[0 7= 1 ¢= 11 =1 o [ SA
Legend: TC
TC: Timing control bit SA: Space attribute bits
E: Entry ----: Reserved bits (0 write value, undefined read value)

Figure 3.18 Memory-Mapped UTLB Data Array 2

3.8 Usage Notes

1. Address Space Identifier (ASID) in Single Virtual Memory Mode
Refer to the note in 3.3.7, Address Space Identifier (ASID).
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Section 4 Caches

4.1 Overview
4.1.1 Features

The SH7751 has an on-chip 8-Kbyte instruction cache (IC) for instructions and 16-Kbyte operand
cache (OC) for data. Half of the memory of the operand cache (8 Kbytes) can also be used as on-
chip RAM. The features of these caches are summarized in table 4.1.

The SH7751 has an on-chip 16-Kbyte instruction cache (IC) for instructions and 32-Kbyte
operand cache (OC) for data. Half of the operand cache memory (16 Kbytes) can also be used as
on-chip RAM. When the EMODE bit in the CCR register is cleared to 0 in the SH7751R, both the
IC and OC are set to SH7751 compatible mode. When the EMODE bit in the CCR register is set
to 1, the cache characteristics are as shown in table 4.2. After a power-on reset or manual reset, the
initial value of the EMODE bit is 0.

This LSI supports two 32-byte store queues (SQs) for performing high-speed writes to external
memory. SQ features are shown in table 4.3.

Table 4.1 Cache Features (SH7751)

Iltem Instruction Cache Operand Cache

Capacity 8-Kbyte cache 16-Kbyte cache or 8-Kbyte cache +
8-Kbyte RAM

Type Direct mapping Direct mapping

Line size 32 bytes 32 bytes

Entries 256 entry 512 entry

Write method Copy-back/write-through selectable
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Table 4.2 Cache Features (SH7751R)

Iltem Instruction Cache Operand Cache
Capacity 16-Kbyte cache 32-Kbyte cache or 16-Kbyte cache +
16-Kbyte RAM

Type 2-way set-associative 2-way set-associative

Line size 32 bytes 32 bytes

Entries 256 entry/way 512 entry/way

Write method Copy-back/write-through selectable

Replace method LRU (Least Recently Used) LRU (Least Recently Used)
algorithm algorithm

Table 4.3  Store Queue Features

Item Store Queues

Capacity 2 x 32 bytes

Addresses H'E000 0000 to H'E3FF FFFF

Write Store instruction (1-cycle write)
Write-back Prefetch instruction (PREF instruction)
Access right MMU off: according to MMUCR.SQMD

MMU on: according to individual page PR

4.1.2 Register Configuration
Table 4.4 shows the cache control registers.

Table 4.4  Cache Control Registers

Initial P4 Area 7 Access
Name Abbreviation R/W  Value*' Address** Address** Size
Cache control CCR R/W  H'0000 0000 H'FFO0001C H'1F00001C 32
register
Queue address QACRO R/W  Undefined H'FF00 0038 H'1F00 0038 32
control register 0
Queue address QACR1 R/W  Undefined H'FF00 003C H'1F00 003C 32

control register 1

Notes: 1. The initial value is the value after a power-on or manual reset.
2. P4 address is the address when using the virtual/physical address space P4 area. The
area 7 address is the address used when making an access from physical address
space area 7 using the TLB.
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4.2 Register Descriptions

There are three cache and store queue related control registers, as shown in figure 4.1.

CCR

31 30 161514 1211109 8 76 54 3 2 1 0
I .................................................... I ......... I ...... l, I I CB/ I

EMODE* X ICI ICE OIX ORA OCI WT OCE

QACRO

31 54 210
........................................................................................ AREA |------

QACR1

31 54 210
........................................................................................ AREA |------

Notes: -------- indicates reserved bits: 0 must be specified in a write; the read value is 0.

* SH7751R only

Figure 4.1 Cache and Store Queue Control Registers (CCR)
(1) Cache Control Register (CCR): CCR contains the following bits:

EMODE: Cache-double-mode (SH7751R only. Reserved bit in SH7751.)
1IX: IC index enable

ICI: IC invalidation

ICE: IC enable

OIX: OC index enable

ORA: OC RAM enable

OCI: OC invalidation

CB: Copy-back enable

WT: Write-through enable

OCE: OC enable

CCR can be accessed by longword-size access from H'FFO0001C in the P4 area and H'1FO0001C
in area 7. The CCR bits are used for the cache settings described below. Consequently, CCR
modifications must only be made by a program in the non-cached P2 area. After CCR is updated,
an instruction that performs data access to the PO, P1, P3, or UQ area should be located at least
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four instructions after the CCR update instruction. Also, a branch instruction to the PO, P1, P3, or
U0 area should be located at least eight instructions after the CCR update instruction.

e EMODE: Cache-double-mode bit

Indicates whether or not cache-double-mode is used in the SH7751R. This bit is reserved in the
SH7751. The EMODE bit cannot be modified while the cache is in use.

0: SH7751-compatible-mode*' (Initial value)
1: Cache-double-mode

Note: 1. Address allocation in OC index mode and RAM mode is not compatible with that in
RAM mode.

e IIX: IC index enable bit
0: Effective address bits [12:5] used for IC entry selection
1: Effective address bits [25] and [11:5] used for IC entry selection

e ICI: IC invalidation bit

When 1 is written to this bit, the V bits of all IC entries are cleared to 0. This bit always returns
0 when read.

e ICE: IC enable bit

Indicates whether or not the IC is to be used. When address translation is performed, the IC
cannot be used unless the C bit in the page management information is also 1.

0: IC not used
1: IC used

e OIX: OC index enable bit*’

0: Effective address bits [13:5] used for OC entry selection

1: Effective address bits [25] and [12:5] used for OC entry selection
Note: 2. Inthe SH7751R, clear the OIX bit to 0 when the ORA bit is 1.

e ORA: OC RAM enable bit*’

When the OC is enabled (OCE = 1), the ORA bit specifies whether the half of the OC are to be
used as RAM. When the OC is not enabled (OCE = 0), the ORA bit should be cleared to 0.

0: Normal mode (the entire OC is used as a cache)
1: RAM mode (half of the OC is used as a cache and the other half is used as RAM)
Note: 3. Inthe SH7751R, clear the ORA bit to O when the OIX bit is 1.
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e OCI: OC invalidation bit

When 1 is written to this bit, the V and U bits of all OC entries are cleared to 0. This bit always
returns 0 when read.

e CB: Copy-back bit
Indicates the P1 area cache write mode.
0: Write-through mode
1: Copy-back mode

e  WT: Write-through bit
Indicates the PO, UQ, and P3 area cache write mode. When address translation is performed,
the value of the WT bit in the page management information has priority.

0: Copy-back mode
1: Write-through mode

e OCE: OC enable bit
Indicates whether or not the OC is to be used. When address translation is performed, the OC
cannot be used unless the C bit in the page management information is also 1.
0: OC not used
1: OC used

(2) Queue Address Control Register 0 (QACRO0): QACRO can be accessed by longword-size
access from H'FFO00038 in the P4 area and H'IFO00038 in area 7. QACRO specifies the area onto
which store queue 0 (SQO) is mapped when the MMU is off.

(3) Queue Address Control Register 1 (QACR1): QACRI can be accessed by longword-size
access from H'FFO0003C in the P4 area and H'1FO0003C in area 7. QACRI1 specifies the area onto
which store queue 1 (SQ1) is mapped when the MMU is off.

4.3 Operand Cache (OC)

4.3.1 Configuration

The operand cache in the SH7751 adopts the direct-mapping method, and consists of 512 cache
lines. Each cache line is composed of a 19-bit tag, V bit, U bit, and 32-byte data. The operand
cache in the SH7751R adopts the 2-way set-associative method, and each way consists of 512
cache lines.
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Figure 4.2 shows the configuration of the operand cache in the SH7751.

Figure 4.3 shows the configuration of the operand cache in the SH7751R.

Effective address

31 26 25 131211109 543210
N L/
»| RAMarea
determination [11:5]
A A Y
OIX —» m—— ORA —»> ==
[13]
20 Longword (LW) selection
9 Address array 3 Data array
S 0 Tag u |V LWO | LW1 [LW2 | LW3 | LW4 | LW5 | LW6 | LW7
2
<@
[}
(2]
MMU 2
c
[im| >
19
511 19 bits 1 bit[1 bit 32 bits|32 bits |32 bits|32 bits|32 bits|32 bits|32 bits|32 bits
A A A A A A A A
l A vy v A4 A4 A A4 v
L »
Compare, l T
Read data Write data
Hit signal

Figure 4.2 Configuration of Operand Cache (SH7751)
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Effective address

31 26 25 1312 10 5 4 2 0
A \/
» RAM area
determination Longword (LW)
selection
OIX N / v v [12:5]
ORA [13]
Entry //
selection
22 Address array
9 . (way 0, way 1) 3l Data array (way 0, way 1) LRU
0 Tag u|vVv LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7
MMU
19
511 19 bits 1 bit|1 bit| | 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits| | |1 bit
A A A A A A A A -
l v A4 v v A v v A
Y v —
Compare | Compare l T
way-0 way-1 Read data Write data
v
Hit signal
Figure 4.3 Configuration of Operand Cache (SH7751R)
e Tag

Stores the upper 19 bits of the 29-bit external address of the data line to be cached. The tag is
not initialized by a power-on or manual reset.

e V bit (validity bit)

Indicates that valid data is stored in the cache line. When this bit is 1, the cache line data is

valid. The V bit is initialized to 0 by a power-on reset, but retains its value in a manual reset.
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e U bit (dirty bit)
The U bit is set to 1 if data is written to the cache line while the cache is being used in copy-
back mode. That is, the U bit indicates a mismatch between the data in the cache line and the
data in external memory. The U bit is never set to 1 while the cache is being used in write-
through mode, unless it is modified by accessing the memory-mapped cache (see section 4.5,
Memory-Mapped Cache Configuration (SH7751) and 4.6, Memory-Mapped Cache
Configuration (SH7751R)). The U bit is initialized to O by a power-on reset, but retains its
value in a manual reset.

e Data field

The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized
by a power-on or manual reset.

e LRU (SH7751R only)
In a 2-way set-associative system, up to two entry addresses can register the same data in
cache. The LRU bit indicates to which way the entry is to be registered among the two ways.
There is one LRU bit in each entry, and it is controlled by hardware. The LRU (Last Recently
Used) algorithm that selects the most recently accessed way is used for way selection. The
LRU bit is initialized to 0 by a power-on reset, but is not initialized by a manual reset. The
LRU bit cannot be read from or written to by software.

4.3.2 Read Operation

When the OC is enabled (CCR.OCE = 1) and data is read by means of an effective address from a
cacheable area, the cache operates as follows:

1. The tag, V bit, and U bit are read from the cache line indexed by effective address bits [13:5].

2. The tag is compared with bits [28:10] of the address resulting from effective address
translation by the MMU:

o If the tag matches and the V bit is 1 — (3a)
e If the tag matches and the V bit is 0 — (3b)
o If the tag does not match and the V bit is 0 — (3b)

o If the tag does not match, the V bit is 1, and the U bitis 0 — (3b)
o If the tag does not match, the V bit is 1, and the U bitis 1 — (3¢c)

3a. Cache hit

The data indexed by effective address bits [4:0] is read from the data field of the cache line
indexed by effective address bits [13:5] in accordance with the access size
(quadword/longword/word/byte).
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3b.

3c.

Cache miss (no write-back)

Data is read into the cache line from the external memory space corresponding to the effective
address. Data reading is performed, using the wraparound method, in order from the longword
data corresponding to the effective address, and when the corresponding data arrives in the
cache, the read data is returned to the CPU. While the remaining one cache line of data is being
read, the CPU can execute the next processing. When reading of one line of data is completed,
the tag corresponding to the effective address is recorded in the cache, and 1 is written to the V
bit.

Cache miss (with write-back)

The tag and data field of the cache line indexed by effective address bits [13:5] are saved in the
write-back buffer. Then data is read into the cache line from the external memory space
corresponding to the effective address. Data reading is performed, using the wraparound
method, in order from the longword data corresponding to the effective address, and when the
corresponding data arrives in the cache, the read data is returned to the CPU. While the
remaining one cache line of data is being read, the CPU can execute the next processing. When
reading of one line of data is completed, the tag corresponding to the effective address is
recorded in the cache, 1 is written to the V bit, and O to the U bit. The data in the write-back
buffer is then written back to external memory.

4.3.3 Write Operation

When the OC is enabled (CCR.OCE = 1) and data is written by means of an effective address to a
cacheable area, the cache operates as follows:

1. The tag, V bit, and U bit are read from the cache line indexed by effective address bits [13:5].

3a.

The tag is compared with bits [28:10] of the address resulting from effective address
translation by the MMU:
Copy-back  Write-through

e If the tag matches and the V bit is 1 — (3a) — (3b)
o If the tag matches and the V bit is 0 — (3¢) — (3d)
o If the tag does not match and the V bit is 0 — (30) — (3d)
o If the tag does not match, the V bit is 1, and the U bitis 0 — (3¢) — (3d)
o If the tag does not match, the V bit is 1, and the U bitis 1 — (3e) — (3d)

Cache hit (copy-back)

A data write in accordance with the access size (quadword/longword/word/byte) is performed
for the data indexed by bits [4:0] of the effective address and the data field of the cache line
indexed by effective address bits [13:5]. Then 1 is set in the U bit.
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3b. Cache hit (write-through)

3c

A data write in accordance with the access size (quadword/longword/word/byte) is performed
for the data field of the cache line indexed by effective address bits [13:5] and for the data
indexed by effective address bits [4:0]. A write is also performed to the corresponding external
memory using the specified access size.

. Cache miss (copy-back/no write-back)

A data write in accordance with the access size (quadword/longword/word/byte) is performed
for the data field indexed by effective address bits [13:5] and for the data indexed by effective
address bits [4:0]. Then, data is read into the cache line from the external memory space
corresponding to the effective address. Data reading is performed, using the wraparound
method, in order from the longword data corresponding to the effective address, and one cache
line of data is read excluding the written data. During this time, the CPU can execute the next
processing. When reading of one line of data is completed, the tag corresponding to the
effective address is recorded in the cache, and 1 is written to the V bit and U bit.

3d. Cache miss (write-through)

3e.

A write of the specified access size is performed to the external memory corresponding to the
effective address. In this case, a write to cache is not performed.

Cache miss (copy-back/with write-back)

The tag and data field of the cache line indexed by effective address bits [13:5] are first saved
in the write-back buffer, and then a data write in accordance with the access size
(quadword/longword/word/byte) is performed for the data indexed by bits [4:0] of the effective
address of the data field of the cache line indexed by effective address bits [13:5]. Then, data is
read into the cache line from the external memory space corresponding to the effective
address. Data reading is performed, using the wraparound method, in order from the longword
data corresponding to the effective address, and one cache line of data is read excluding the
written data. During this time, the CPU can execute the next processing. When reading of one
line of data is completed, the tag corresponding to the effective address is recorded in the
cache, and 1 is written to the V bit and U bit. The data in the write-back buffer is then written
back to external memory.
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4.3.4 Write-Back Buffer

In order to give priority to data reads to the cache and improve performance, this LSI has a write-
back buffer which holds the relevant cache entry when it becomes necessary to purge a dirty cache
entry into external memory as the result of a cache miss. The write-back buffer contains one cache
line of data and the physical address of the purge destination.

Physical address bits [28:5] | LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7

Figure 4.4 Configuration of Write-Back Buffer
4.3.5 Write-Through Buffer

This LSI has a 64-bit buffer for holding write data when writing data in write-through mode or
writing to a non-cacheable area. This allows the CPU to proceed to the next operation as soon as
the write to the write-through buffer is completed, without waiting for completion of the write to
external memory.

Physical address bits [28:0] | LWO | LWA1

Figure 4.5 Configuration of Write-Through Buffer
4.3.6 RAM Mode

Setting CCR.ORA to 1 enables 8 Kbytes of the operand cache to be used as RAM. The operand
cache entries used as RAM are the 8 Kbytes of entries 128 to 255 and 384 to 511. In SH7751-
compatible-mode in the SH7751R, the 8 Kbytes of operand cache entries 256 to 511 are used as
RAM. In cache-double-mode in the SH7751R, the total 16 Kbytes of entries 256 to 511 in each
way of the operand cache are used as RAM. Other entries can still be used as cache. RAM can be
accessed using addresses H'7C00 0000 to H'7FFF FFFF. Byte-, word-, longword-, and quadword-
size data reads and writes can be performed in the operand cache RAM area. Instruction fetches
cannot be performed in this area.

Note that in the SH7751R, OC index mode cannot be used when RAM mode is used.

An example of RAM use is shown below. Here, the 4 Kbytes comprising OC entries 128 to 256
are designated as RAM area 1, and the 4 Kbytes comprising OC entries 384 to 511 as RAM area
2.
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When OC index mode is off (CCR.OIX = 0)

H'7C00 0000 to H'7C00 OFFF (4 KB): Corresponds to RAM area 1
H'7C00 1000 to H7C00 1FFF (4 KB): Corresponds to RAM area 1
H'7C00 2000 to H'7C00 2FFF (4 KB): Corresponds to RAM area 2
H'7C00 3000 to H'7CO00 3FFF (4 KB): Corresponds to RAM area 2
H'7C00 4000 to H'7C00 4FFF (4 KB): Corresponds to RAM area 1

RAM areas 1 and 2 then repeat every 8 Kbytes up to H'7FFF FFFF.

Thus, to secure a continuous §-Kbyte RAM area, the area from H'7C00 1000 to H'7C00 2FFF
can be used, for example.

When OC index mode is on (CCR.OIX = 1)

H'7C00 0000 to H7C00 OFFF (4 KB): Corresponds to RAM area 1
H'7C00 1000 to H7C00 1FFF (4 KB): Corresponds to RAM area 1
H'7C00 2000 to H7C00 2FFF (4 KB): Corresponds to RAM area 1

H'7DFF F000 to H'7DFF FFFF (4 KB): Corresponds to RAM area 1
H'7E00 0000 to H'7E00 OFFF (4 KB): Corresponds to RAM area 2
H'7E00 1000 to H'7E00 1FFF (4 KB): Corresponds to RAM area 2

H'7FFF FO00 to H'7FFF FFFF (4 KB): Corresponds to RAM area 2

As the distinction between RAM areas 1 and 2 is indicated by address bit [25], the area from
H'7DFF F000 to H'7E00 OFFF should be used to secure a continuous §-Kbyte RAM area.

An example of RAM use in the SH7751R is shown below.

SH7751-compatible-mode (CCR.EMODE = 0)
H'7C00 0000 to H'7C00 1FFF (8 KB): Corresponds to RAM area (entries 256 to 511)
H'7C00 2000 to H7C00 3FFF (8 KB): Corresponds to RAM area (entries 256 to 511)

A shadow of the RAM area occurs every 8 Kbytes up to H'7FFF FFFF.

Cache-double-mode (CCR.EMODE = 1)

The 8 Kbytes of entries 256 to 511 in OC way 0 are used as RAM area 1, and the 8 Kbytes of
entries 256 to 511 in OC way 1 are used as RAM area 2.

H'7C00 0000 to H7C00 1FFF (8 KB): Corresponds to RAM area 1
H'7C00 2000 to H'7C00 3FFF (8 KB): Corresponds to RAM area 2
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H'7C00 4000 to H'7CO00 SFFF (8 KB): Corresponds to RAM area 1
H'7C00 6000 to H'7C00 7FFF (8 KB): Corresponds to RAM area 2

A shadow of the RAM area occurs every 16 Kbytes up to H'7FFF FFFF.

4.3.7 OC Index Mode

Setting CCR.OIX to 1 enables OC indexing to be performed using bit [25] of the effective
address. This is called OC index mode. In normal mode, with CCR.OIX cleared to 0, OC indexing
is performed using bits [13:5] of the effective address. Using index mode allows the OC to be
handled as two areas by means of effective address bit [25], providing efficient use of the cache.

Note that in the SH7751R, RAM mode cannot be used when OC index mode is used.
4.3.8 Coherency between Cache and External Memory

Coherency between cache and external memory should be assured by software. In this LSI, the
following four new instructions are supported for cache operations. Details of these instructions
are given in the Programming Manual.

Invalidate instruction: OCBI @Rn Cache invalidation (no write-back)
Purge instruction: OCBP @Rn Cache invalidation (with write-back)
Write-back instruction: OCBWB @Rn Cache write-back

Allocate instruction: MOVCA.L RO,@Rn Cache allocation

439 Prefetch Operation

This LSI supports a prefetch instruction to reduce the cache fill penalty incurred as the result of a
cache miss. If it is known that a cache miss will result from a read or write operation, it is possible
to fill the cache with data beforehand by means of the prefetch instruction to prevent a cache miss
due to the read or write operation, and so improve software performance. If a prefetch instruction
is executed for data already held in the cache, or if the prefetch address results in a UTLB miss or
a protection violation, the result is no operation, and an exception is not generated. Details of the
prefetch instruction are given in the Programming Manual.

Prefetch instruction: PREF @Rn
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4.3.10 Notes on Using OC RAM Mode (SH7751R Only) when in Cache Enhanced Mode

When in cache enhanced mode (CCR.EMODE = 1) on the SH7751R, and the OC RAM mode, in
which half of the operand cache is used as internal RAM, is selected (CCR.ORA = 1), data in
RAM may be updated incorrectly.

Conditions Under which Problem Occurs: Incorrect data may be written to RAM when the
following four conditions are satisfied.

Condition 1: Cache enhanced mode (CCR.EMODE = 1) is specified.
Condition 2: The RAM mode (CCR.ORA = 1) in which half of the operand cache is used as RAM
is specified.

Condition 3: An exception or an interrupt occurs.

Note: This includes a break triggered by a debugging tool swapping an instruction (a break
occurring when a TRAPA instruction or undefined instruction code H'FFFD is swapped
for an instruction).

Condition 4: A store instruction (MOV, FMOV, AND.B, OR.B, XOR.B, MOVCA.L, STC.L, or
STS.L) that accesses internal RAM (H'7C000000 to H'7FFFFFFF) exists within four
words after the instruction associated with the exception or interrupt described in
condition 3. This includes cases where the store instruction that accesses internal
RAM itself generates an exception.

Description: When the problem occurs, 8 bytes of incorrect data is written to the §-byte boundary
that includes an address that differs by H'2000 from the address accessed by the store instruction
that accesses internal RAM mentioned in condition 4. For example, when a long word is stored at
address H'7C000204, the 8 bytes of data in the internal RAM mapped to addresses H'7C002200 to
H'7C002207 becomes corrupted.
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Examples

Example 1 A store instruction accessing internal RAM occurs within four instructions after an
instruction generating a TLB miss exception.

MOV.L #H'0C400000, RO

RO is an address causing a TLB miss.

MOV.L #H'7C000204, R1

R1 is an address mapped to internal RAM.

MOV.L @R0, R2 TLB miss exception occurs.

NOP 1st word

NOP 2nd word

NOP 3rd word

MOV.L R3, @R1 Store instruction accessing internal RAM

Example 2 A store instruction accessing internal RAM occurs within four instructions after an
instruction causing an interrupt to be accepted.

MOV.L #H'7C002000, R1

R1 is an address mapped to internal RAM.

MOV.L #H'12345678, RO

An interrupt is accepted after this instruction.

NOP 1st word
NOP 2nd word
NOP 3rd word
MOV.L RO, @R1 Store instruction accessing internal RAM

Example 3 A debugging tool generates a break to swap an instruction.

Original Instruction String After Instruction Swap Break

MOV.L #H'7C000000, RO

MOV.L #H'7C000000, RO

Contains address corresponding to RO.

ADD RO, RO TRAPA #H'01 RO address is not a problem in original
instruction string.
MOV.L R1, @RO MOV.L R1, @RO Internal RAM is accessed by a store

operation because ADD is not executed.
The store is cancelled, but 2LW starting
at H'7C002000 is corrupted.
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Workarounds: When RAM mode is specified in cache enhanced mode, either of the following
workarounds can be used to avoid the problem.

Workaround 1:
Use only 8 Kbytes of the 16-Kbyte internal RAM area. In this case, RAM areas for which
address bits [12:0] are identical and only bit [13] differs must not be used. For example,
the 8-Kbyte RAM area from H'7C000000 to H'7COO01FFF or from H'7C001000 to
H'7CO002FFF may be used.

Note: When a break is used to swap instructions by a debugging tool, etc., a memory access
address may be changed when an instruction following the instruction generating the
break is swapped for another instruction, causing the unused 8-Kbyte RAM area to be
accessed. This will result in the problem described above. However, this phenomenon
only occurs during debugging when a break is used to swap instructions. Using a break
with no instruction swapping will not cause the problem.

Workaround 2:
Ensure that there are no instructions that generate an interrupt or exception within four
instructions after an instruction that accesses internal RAM. For example, the internal
RAM area can be used as a data table that is accessed only by load instructions, with
writes to the internal RAM area only being performed when the table is generated. In this
case, set SR.BL to 1 to disable interrupts while writing to the table. Also take measures to
ensure that no exceptions due to TLB misses, etc., occur while writing to the table.

Note: The problem still may occur when a break is used to swap instructions by a debugging
tool. This phenomenon only occurs during debugging when a break is used to swap
instructions. Using a break with no instruction swapping will not cause the problem.

4.4 Instruction Cache (IC)

4.4.1 Configuration

The instruction cache consists of 256 cache lines, each composed of a 19-bit tag, V bit, and 32-
byte data (16 instructions). The instruction cache in the SH7751R adopts the 2-way set-associative
method, and each way consists of 256 cache lines.
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Figure 4.6 shows the configuration of the instruction cache in the SH7751.

Figure 4.7 shows the configuration of the instruction cache in the SH7751R.

Effective address

31 26 25 131211109 543210
A \/
\ [11:5]
X —> m
20 Longword (LW) selection
8 Address array 3 Data array
5 0 Tag \Y LWO | LW1 [ LW2 | LW3|LW4 | LW5 | LW6 | LW7
=
<2
[0]
2]
MMU =
<
L »
19
255 19 bits 1 bit 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits
A A A A A A A A
v v v v v v v v
>
A 4
Compare l
Read data
Hit signal

Figure 4.6 Configuration of Instruction Cache (SH7751)
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Effective address

LRU

31 25 13121110 5 4 2 0
\ \/
Longword (LW)
[115] selection
X —> — '
[12]
Entry //
selection
22 Address array
8 (way 0, way 1) 3 Data array (way 0, way 1)
] I
0 Tag \% LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7
MMU
19
255 19 bits 1 bit|| 32 bits|32 bits|32 bits| 32 bits|32 bits|32 bits |32 bits |32 bits| |
A A A A 3 4 A A
l A4 A4 v A4 A Y A4 A4
y v —>
Compare [Compare l
way-0 way-1
Read data
\
Hit signal

1 bit

e Tag

Figure 4.7 Configuration of Instruction Cache (SH7751R)

Stores the upper 19 bits of the 29-bit external address of the data line to be cached. The tag is
not initialized by a power-on or manual reset.

e V bit (validity bit)

Indicates that valid data is stored in the cache line. When this bit is 1, the cache line data is

valid. The V bit is initialized to 0 by a power-on reset, but retains its value in a manual reset.
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e Data array
The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized
by a power-on or manual reset.

e LRU (SH7751R only)
In a 2-way set-associative system, up to two entry addresses can register the same data in
cache. The LRU bit indicates to which way the entry is to be registered among the two ways.
There is one LRU bit in each entry, and it is controlled by hardware. The LRU (Last Recently
Used) algorithm that selects the most recently accessed way is used for way selection. The
LRU bit is initialized to 0 by a power-on reset, but is not initialized by a manual reset. The
LRU bit cannot be read from or written to by software.

4.4.2 Read Operation

When the IC is enabled (CCR.ICE = 1) and instruction fetches are performed by means of an
effective address from a cacheable area, the instruction cache operates as follows:

1. The tag and V bit are read from the cache line indexed by effective address bits [12:5].

2. The tag is compared with bits [28:10] of the address resulting from effective address
translation by the MMU:

e If the tag matches and the V bit is 1 — (3a)
e If the tag matches and the V bit is 0 — (3b)
e If the tag does not match and the V bit is 0 — (3b)
e If the tag does not match and the V bit is 1 — (3b)

3a. Cache hit

The data indexed by effective address bits [4:2] is read as an instruction from the data field of
the cache line indexed by effective address bits [12:5].

3b. Cache miss

Data is read into the cache line from the external memory space corresponding to the effective
address. Data reading is performed, using the wraparound method, in order from the longword
data corresponding to the effective address, and when the corresponding data arrives in the
cache, the read data is returned to the CPU as an instruction. When reading of one line of data
is completed, the tag corresponding to the effective address is recorded in the cache, and 1 is
written to the V bit.
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44.3 IC Index Mode

Setting CCR.IIX to 1 enables IC indexing to be performed using bit [25] of the effective address.
This is called IC index mode. In normal mode, with CCR.IIX cleared to 0, IC indexing is
performed using bits [12:5] of the effective address. Using index mode allows the IC to be handled
as two areas by means of effective address bit [25], providing efficient use of the cache.

4.5 Memory-Mapped Cache Configuration (SH7751)

To enable the IC and OC to be managed by software, the IC contents can be read and written by a
P2 area program with a MOV instruction in privileged mode. Operation is not guaranteed if access
is made from a program in another area. In this case, a branch to the PO, U0, P1, or P3 area should
be made at least 8 instructions after this MOV instruction. The OC contents can be read and
written by a P1 or P2 area program with a MOV instruction in privileged mode. Operation is not
guaranteed if access is made from a program in another area. In this case, a branch to the PO, U0,
or P3 area should be made at least 8 instructions after this MOV instruction. The IC and OC are
allocated to the P4 area in physical memory space. Only data accesses can be used on both the IC
address array and data array and the OC address array and data array, and the access size is always
longword. Instruction fetches cannot be performed in these areas. For reserved bits, a write value
of 0 should be specified, and read values are undefined.

4.5.1 IC Address Array

The IC address array is allocated to addresses HFO00 0000 to H'FOFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The entry to be accessed is specified in the address field, and the
write tag and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'FO indicating the IC address array, and the entry
is specified by bits [12:5]. CCR.IIX has no effect on this entry specification. The address array bit
[3] association bit (A bit) specifies whether or not association is performed when writing to the IC
address array. As only longword access is used, 0 should be specified for address field bits [1:0].

In the data field, the tag is indicated by bits [31:10], and the V bit by bit [0]. As the IC address
array tag is 19 bits in length, data field bits [31:29] are not used in the case of a write in which
association is not performed. Data field bits [31:29] are used for the virtual address specification
only in the case of a write in which association is performed.

The following three kinds of operation can be used on the IC address array:
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1. IC address array read
The tag and V bit are read into the data field from the IC entry corresponding to the entry set in
the address field. In a read, associative operation is not performed regardless of whether the
association bit specified in the address field is 1 or 0.

2. IC address array write (non-associative)

The tag and V bit specified in the data field are written to the IC entry corresponding to the
entry set in the address field. The A bit in the address field should be cleared to 0.

3. IC address array write (associative)
When a write is performed with the A bit in the address field set to 1, the tag stored in the entry
specified in the address field is compared with the tag specified in the data field. If the MMU
is enabled at this time, comparison is performed after the virtual address specified by data field
bits [31:10] has been translated to a physical address using the ITLB. If the addresses match
and the V bit is 1, the V bit specified in the data field is written into the IC entry. In other
cases, no operation is performed. This operation is used to invalidate a specific IC entry. If an
ITLB miss occurs during address translation, or the comparison shows a mismatch, an
interrupt is not generated, no operation is performed, and the write is not executed. If an
instruction TLB multiple hit exception occurs during address translation, processing switches
to the instruction TLB multiple hit exception handling routine.

31 2423 1312 543210
Address field |1 [1]1]1]0]0[0[0] -cceeerereemeimiiiiiniine. Entry Aleeeennn.
31 109 10
Data field Tag ............................ \VJ
Legend:
V: Validity bit

A: Association bit
----- Reserved bits (0 write value, undefined read value)

Figure 4.8 Memory-Mapped IC Address Array
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4.5.2 IC Data Array

The IC data array is allocated to addresses HF100 0000 to HF1FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The entry to be accessed is specified in the address field, and the longword
data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F1 indicating the IC data array, and the entry is
specified by bits [12:5]. CCR.IIX has no effect on this entry specification. Address field bits [4:2]
are used for the longword data specification in the entry. As only longword access is used, 0
should be specified for address field bits [1:0].

The data field is used for the longword data specification.
The following two kinds of operation can be used on the IC data array:

1. IC data array read
Longword data is read into the data field from the data specified by the longword specification
bits in the address field in the IC entry corresponding to the entry set in the address field.

2. IC data array write
The longword data specified in the data field is written for the data specified by the longword

specification bits in the address field in the IC entry corresponding to the entry set in the
address field.

31 24 23 1312 54 210
Address field [1]{1[1]1]0]0]0[ 1] -cocoeremveeeviiiiiin. Entry L
31 0

Data field Longword data

Legend:
L: Longword specification bits
----- Reserved bits (0 write value, undefined read value)

Figure 4.9 Memory-Mapped IC Data Array
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4.5.3 OC Address Array

The OC address array is allocated to addresses H'F400 0000 to HF4FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The entry to be accessed is specified in the address field, and the
write tag, U bit, and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'F4 indicating the OC address array, and the
entry is specified by bits [13:5]. CCR.OIX and CCR.ORA have no effect on this entry
specification. The address array bit [3] association bit (A bit) specifies whether or not association

is performed when writing to the OC address array. As only longword access is used, O should be
specified for address field bits [1:0].

In the data field, the tag is indicated by bits [31:10], the U bit by bit [1], and the V bit by bit [0].
As the OC address array tag is 19 bits in length, data field bits [31:29] are not used in the case of a
write in which association is not performed. Data field bits [31:29] are used for the virtual address
specification only in the case of a write in which association is performed.

The following three kinds of operation can be used on the OC address array:

1. OC address array read
The tag, U bit, and V bit are read into the data field from the OC entry corresponding to the
entry set in the address field. In a read, associative operation is not performed regardless of
whether the association bit specified in the address field is 1 or 0.

2. OC address array write (non-associative)

The tag, U bit, and V bit specified in the data field are written to the OC entry corresponding to
the entry set in the address field. The A bit in the address field should be cleared to 0.

When a write is performed to a cache line for which the U bit and V bit are both 1, after write-
back of that cache line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)

When a write is performed with the A bit in the address field set to 1, the tag stored in the
entry specified in the address field is compared with the tag specified in the data field. If the
MMU is enabled at this time, comparison is performed after the virtual address specified by
data field bits [31:10] has been translated to a physical address using the UTLB. If the
addresses match and the V bit is 1, the U bit and V bit specified in the data field are written
into the OC entry. This operation is used to invalidate a specific OC entry. In other cases, no
operation is performed. If the OC entry U bit is 1, and 0 is written to the V bit or to the U bit,
write-back is performed. If a UTLB miss occurs during address translation, or the comparison
shows a mismatch, an exception is not generated, no operation is performed, and the write is
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not executed. If a data TLB multiple hit exception occurs during address translation,
processing switches to the data TLB multiple hit exception handling routine.

31 2423 1413 543210
Address field [1[1[1]1]0[1]0]0]-----reerereememmemiiniienn. Entry Al
31 109 210
Data field Tag [ ulv
Legend:
V: Validity bit
U: Dirty bit

A: Association bit
----1 Reserved bits (0 write value, undefined read value)

Figure 4.10 Memory-Mapped OC Address Array
454 OC Data Array

The OC data array is allocated to addresses H'F500 0000 to H'F5FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The entry to be accessed is specified in the address field, and the longword
data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'FS indicating the OC data array, and the entry is
specified by bits [13:5]. CCR.OIX and CCR.ORA have no effect on this entry specification.
Address field bits [4:2] are used for the longword data specification in the entry. As only longword
access is used, 0 should be specified for address field bits [1:0].

The data field is used for the longword data specification.
The following two kinds of operation can be used on the OC data array:

1. OC data array read
Longword data is read into the data field from the data specified by the longword specification
bits in the address field in the OC entry corresponding to the entry set in the address field.

2. OC data array write
The longword data specified in the data field is written for the data specified by the longword
specification bits in the address field in the OC entry corresponding the entry set in the address
field. This write does not set the U bit to 1 on the address array side.
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31 2423 1413 54 210
Pl oereeerneeiiiiiiiiiiiiiiiiien, Entry | I PR

Address field
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—
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31 0
Data field Longword data

Legend:
L: Longword specification bits
-.-.: Reserved bits (0 write value, undefined read value)

Figure 4.11 Memory-Mapped OC Data Array
4.6 Memory-Mapped Cache Configuration (SH7751R)

To enable the IC and OC to be managed by software, IC contents can be read and written by a P2
area program with a MOV instruction in privileged mode. Operation is not guaranteed if access is
made from a program in another area. In this case, a branch to the PO, UO, P1, or P3 area should be
made at least 8 instructions after this MOV instruction. The OC contents can be read and written
by a P1 or P2 area program with a MOV instruction in privileged mode. Operation is not
guaranteed if access is made from a program in another area. In this case, a branch to the PO, U0,
or P3 area should be made at least 8 instructions after this MOV instruction. The IC and OC are
allocated to the P4 area in physical memory space. Only data accesses can be used on both the IC
address array and data array and the OC address array and data array, and the access size is always
longword. Instruction fetches cannot be performed in these areas. For reserved bits, a write value
of 0 should be specified, and read values are undefined. Note that the memory-mapped cache
configuration in SH7751-compatible-mode of the SH7751R is the same as that in the SH7751.

4.6.1 IC Address Array

The IC address array is allocated to addresses HF000 0000 to HFOFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'FO indicating the IC address array, the way is
specified by bit [13], and the entry is specified by bits [12:5]. CCR.IIX has no effect on this entry
specification. Address field bit [3], that is the association bit (A bit), specifies whether or not
association is performed when writing to the IC address array. As only longword access is used, 0
should be specified for address field bits [1:0].
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In the data field, the tag is indicated by bits [31:10], and the V bit by bit [0]. As the IC address
array tag is 19 bits in length, data field bits [31:29] are not used in the case of a write in which
association is not performed. Data field bits [31:29] are used for the virtual address specification
only in the case of a write in which association is performed.

The following three kinds of operation can be used on the IC address array:

1. IC address array read

The tag and V bit are read into the data field from the IC entry corresponding to the way and
entry set in the address field. In a read, associative operation is not performed regardless of
whether the association bit specified in the address field is 1 or 0.

2. IC address array write (non-associative)

The tag and V bit specified in the data field are written to the IC entry corresponding to the
way and entry set in the address field. The A bit in the address field should be cleared to 0.

3. IC address array write (associative)

When a write is performed with the A bit in the address field set to 1, each way's tag stored in
the entry specified in the address field is compared with the tag specified in the data field. The
way number set in bit [13] is ignored. If the MMU is enabled at this time, comparison is
performed after the virtual address specified by data field bits [31:10] has been translated to a
physical address using the ITLB. If the addresses match and the V bit in that way is 1, the V bit
specified in the data field is written into the IC entry. In other cases, no operation is performed.
This operation is used to invalidate a specific IC entry. If an ITLB miss occurs during address
translation, or the comparison shows a mismatch, an interrupt is not generated, no operation is
performed, and the write is not executed. If an instruction TLB multiple hit exception occurs
during address translation, processing switches to the instruction TLB multiple hit exception
handling routine.

31 2423 1312 543210
Address field [1[1[1]1]0]0]0[0]---cveeereeemimimiiiiniinn. Entry AL
|
|
Way
31 109 10
Data field Tag | i
Legend:
V: Validity bit

A: Association bit
----: Reserved bits (0 write value, undefined read value)

Figure 4.12 Memory-Mapped IC Address Array
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4.6.2 IC Data Array

The IC data array is allocated to addresses HF100 0000 to HF1FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F1 indicating the IC data array, the way is
specified by bit [13], and the entry is specified by bits [12:5]. CCR.IIX has no effect on this entry
specification. Address field bits [4:2] are used for the longword data specification in the entry. As
only longword access is used, 0 should be specified for address field bits [1:0].

The data field is used for the longword data specification.
The following two kinds of operation can be used on the IC data array:

1. IC data array read

Longword data is read into the data field from the data specified by the longword specification
bits in the address field in the IC entry corresponding to the way and entry set in the address
field.

2. IC data array write

The longword data specified in the data field is written for the data specified by the longword
specification bits in the address field in the IC entry corresponding to the way and entry set in
the address field.

31 2423 1312 54 210

Address field [1[1[1]1]010]0[ 1] -cocoeeeevemememeniiiannn. l Entry L |-
Wxay

31 0
Data field Longword data

Legend:
L: Longword specification bits
----: Reserved bits (0 write value, undefined read value)

Figure 4.13 Memory-Mapped IC Data Array
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4.6.3 OC Address Array

The OC address array is allocated to addresses H'F400 0000 to HF4FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag, U bit, and V bit are specified in the data field.

In the address field, bits [31:24] have the value H'F4 indicating the OC address array, the way is
specified by bit [14], and the entry is specified by bits [13:5]. CCR.OIX has no effect on this entry
specification. The OC address array access in RAM mode (CCR.ORA = 1) is performed only to
cache, and bit [13] specifies the way. For details on address allocation, see section 4.6.5, Summary
of Memory-Mapped OC Addresses. Address field bit [3], that is the association bit (A bit),
specifies whether or not association is performed when writing to the OC address array. As only
longword access is used, O should be specified for address field bits [1:0].

In the data field, the tag is indicated by bits [31:10], the U bit by bit [1], and the V bit by bit [0].
As the OC address array tag is 19 bits in length, data field bits [31:29] are not used in the case of a
write in which association is not performed. Data field bits [31:29] are used for the virtual address
specification only in the case of a write in which association is performed.

The following three kinds of operation can be used on the OC address array:

1. OC address array read

The tag, U bit, and V bit are read into the data field from the OC entry corresponding to the
way and entry set in the address field. In a read, associative operation is not performed
regardless of whether the association bit specified in the address field is 1 or 0.

2. OC address array write (non-associative)

The tag, U bit, and V bit specified in the data field are written to the OC entry corresponding to
the way and entry set in the address field. The A bit in the address field should be cleared to 0.

When a write is performed to a cache line for which the U bit and V bit are both 1, after write-
back of that cache line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)

When a write is performed with the A bit in the address field set to 1, each way's tag stored in
the entry specified in the address field is compared with the tag specified in the data field. The
way number set in bit [14] is ignored. If the MMU is enabled at this time, comparison is
performed after the virtual address specified by data field bits [31:10] has been translated to a
physical address using the UTLB. If the addresses match and the V bit in that way is 1, the U
bit and V bit specified in the data field are written into the OC entry. This operation is used to
invalidate a specific OC entry. In other cases, no operation is performed. If the OC entry U bit
is 1, and 0 is written to the V bit or to the U bit, write-back is performed. If a UTLB miss
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occurs during address translation, or the comparison shows a mismatch, an exception is not
generated, no operation is performed, and the write is not executed. If a data TLB multiple hit
exception occurs during address translation, processing switches to the data TLB multiple hit
exception handling routine.

31 2423 151413 543210

Address field [1|1[1]1]0[1]0]0]-----reerreeeiemenennn ‘ Entry Aleeeennn
Way
31 109 210
Data field Tag [ ulv

Legend:
V: Validity bit
U: Dirty bit

A: Association bit
----: Reserved bits (0 write value, undefined read value)

Figure 4.14 Memory-Mapped OC Address Array

4.6.4 OC Data Array

The OC data array is allocated to addresses H'F500 0000 to H'FSFF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F5 indicating the OC data array, the way is
specified by bit [14], and the entry is specified by bits [13:5]. CCR.OIX has no effect on this entry
specification. The OC address array access in RAM mode (CCR.ORA = 1) is performed only to
cache, and bit [13] specifies the way. For details on address allocation, see section 4.6.5, Summary
of Memory-Mapped OC Addresses. Address field bits [4:2] are used for the longword data
specification in the entry. As only longword access is used, 0 should be specified for address field
bits [1:0].

The data field is used for the longword data specification.

The following two kinds of operation can be used on the OC data array:
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1. OC data array read
Longword data is read into the data field from the data specified by the longword specification
bits in the address field in the OC entry corresponding to the way and entry set in the address
field.

2. OC data array write
The longword data specified in the data field is written for the data specified by the longword
specification bits in the address field in the OC entry corresponding to the way and entry set in
the address field. This write does not set the U bit to 1 on the address array side.

31 2423 151413 54 210
Address field |11 [1]1]0[1]0[1]---ccceeeremememvmiennnanns | Entry L feeeees
Way
31 0
Data field Longword data

Legend:
L: Longword specification bits
----: Reserved bits (0 write value, undefined read value)

Figure 4.15 Memory-Mapped OC Data Array

4.6.5 Summary of Memory-Mapped OC Addresses

The memory-mapped OC addresses in cache-double-mode in the SH7751R are summarized below
using data area access as an example.

e Normal mode (CCR.ORA =0)
H'F500 0000 to HF500 3FFF (16 KB): Way O (entries 0 to 511)
H'F500 4000 to H'F500 7FFF (16 KB): Way 1 (entries 0 to 511)

A shadow of the cache area occurs every 32 Kbytes up to HF5FF FFFF.

¢ RAM mode (CCR.ORA =1)
H'F500 0000 to H'F500 1FFF (8 KB): Way 0 (entries O to 255)
H'F500 2000 to H'F500 3FFF (8 KB): Way 1 (entries 0 to 255)

A shadow of the cache area occurs every 16 Kbytes up to H'F5FF FFFF.

Rev.4.00 Oct. 10, 2008 Page 130 of 1122
REJ09B0370-0400
RENESAS



4. Caches

4.7 Store Queues

Two 32-byte store queues (SQs) are supported to perform high-speed writes to external memory.
When not using the SQs, the low power dissipation power-down modes, in which SQ functions
are stopped, can be used. The queue address control registers (QACRO and QACR1) cannot be
accessed while SQ functions are stopped. See section 9, Power-Down Modes, for the procedure
for stopping SQ functions. Note that power-down modes (STBCR2.MSTP6 = 1) that stop SQ
functions cannot be used on the SH7751 when using the operand cache for write-back operations.*

Note: * Cases where write-back operations are performed:

e When the operand cache is used in copy-back mode (determined by the CCR.CB
and CCR.WT bits and, if address translation is performed, the WT bit in the page
management information)

e When the memory allocation cache function is used to write to the OC address
array, and an entry is generated when both the V and U bits are set to 1

4.7.1 SQ Configuration

There are two 32-byte store queues, SQO and SQ1, as shown in figure 4.16. These two store
queues can be set independently.

SQO0 | SQO[0] | SQO[1] | SQO[2] | SQO[3] | SQO[4] | SQO[5] | SQO[6] | SQO[7]

sSQ1 | SQ1[0] | SQ1[1] | SQ1[2] | SQ1[3] | SQ1[4] | SQ1[5] | SQ1[6] | SQ1[7]

4B 4B 4B 4B 4B 4B 4B 4B

Figure 4.16 Store Queue Configuration
4.7.2 SQ Writes

A write to the SQs can be performed using a store instruction on P4 area H'E000 0000 to H'E3FF
FFFC. A longword or quadword access size can be used. The meaning of the address bits is as
follows:

[31:26]: 111000 Store queue specification
[25:6]: Don't care Used for external memory transfer/access right
[5]: 0/1 0: SQO specification 1: SQI specification

Rev.4.00 Oct. 10,2008 Page 131 of 1122
REJ09B0370-0400
RENESAS




4. Caches

[4:2]: LW specification  Specifies longword position in SQ0/SQ1
[1:0] 00 Fixed at 0

4.7.3 Transfer to External Memory

Transfer from the SQs to external memory can be performed with a prefetch instruction (PREF).
Issuing a PREF instruction for P4 area H'E000 0000 to H'E3FF FFFC starts a burst transfer from
the SQs to external memory. The burst transfer length is fixed at 32 bytes, and the start address is
always at a 32-byte boundary. While the contents of one SQ are being transferred to external
memory, the other SQ can be written to without a penalty cycle, but writing to the SQ involved in
the transfer to external memory is deferred until the transfer is completed.

The SQ transfer destination external address bit [28:0] specification is as shown below, according
to whether the MMU is on or off.

e When MMU is on
The SQ area (H'E000 0000 to H'E3FF FFFF) is set in VPN of the UTLB, and the transfer
destination external address in PPN. The ASID, V, SZ, SH, PR, and D bits have the same
meaning as for normal address translation, but the C and WT bits have no meaning with regard
to this page. Since burst transfer is prohibited for PCMCIA areas, the SA and TC bits also have
no meaning.
When a prefetch instruction is issued for the SQ area, address translation is performed and
external address bits [28:10] are generated in accordance with the SZ bit specification. For
external address bits [9:5], the address prior to address translation is generated in the same way
as when the MMU is off. External address bits [4:0] are fixed at 0. Transfer from the SQs to
external is performed to this address.

e When MMU is off

The SQ area (HE000 0000 to HE3FF FFFF) is specified as the address at which a PREF
instruction is issued. The meaning of address bits [31:0] is as follows:

[31:26]: 111000 Store queue specification
[25:6]: Address External address bits [25:6]
[5]: 0/1 0: SQO specification
1: SQ1 specification and external address bit [5]
[4:2]: Don't care No meaning in a prefetch
[1:0] 00 Fixed at 0

External address bits [28:26], which cannot be generated from the above address, are generated
from the QACRO/1 registers.
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QACRO [4:2]: External address bits [28:26] corresponding to SQO
QACRI [4:2]: External address bits [28:26] corresponding to SQ1

External address bits [4:0] are always fixed at O since burst transfer starts at a 32-byte
boundary.

In this LSI, data transfer to a PCMCIA interface area is always performed using the SA and
TC bits in the PTEA register.

4.7.4 Determination of SQ Access Exception

Determination of an exception in a write to an SQ or transfer to external memory (PREF
instruction) is performed as follows. If an exception occurs in an SQ write, the SQ contents may
be corrupted in the SH7751 (see section 4.7.6, SQ Usage Notes), but the previous values of the SQ
contents are guaranteed in the SH7751R. If an exception occurs in transfer from an SQ to external
memory, the transfer to external memory will be aborted.

e When MMU is on

Operation is in accordance with the address translation information recorded in the UTLB, and
MMUCR.SQMD. Write type exception judgment is performed for writes to the SQs, and read
type for transfer from the SQs to external memory (PREF instruction), and a TLB miss
exception, protection violation exception, or initial page write exception is generated.
However, if SQ access is enabled, in privileged mode only, by MMUCR.SQMD, an address
error will be flagged in user mode even if address translation is successful.

e When MMU is off
Operation is in accordance with MMUCR.SQMD.
0: Privileged/user access possible
1: Privileged access possible

If the SQ area is accessed in user mode when MMUCR.SQMD is set to 1, an address error will
be flagged.

4.7.5 SQ Read (SH7751R only)

In the SH7751R, the SQ contents can be read by a load instruction for addresses H'FF001000 to
H'FF00103C in the P4 area in privileged mode. The access size is always longword.

[31:6]: H'FF001000 (store queue specification)

[5]: 0/1 (0: SQO specification, 1: SQ1 specification)

[4:2]: LW specification (specification of longword position in SQO or SQ1)
[1:0]: 00 (fixed to 0)
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4.7.6 SQ Usage Notes (SH7751 Only)

If an exception occurs within the three instructions preceding an instruction that writes to an SQ in
the SH7751, a branch may be made to the exception handling routine after execution of the SQ
write that should be suppressed when an exception occurs.

This may be due to the bug described in (1) or (2) below.

(1) When SQ data is transferred to external memory within a normal program

If a PREF instruction for transfer from an SQ to external memory is included in the three
instructions preceding an SQ store instruction, the SQ is updated because the SQ write that
should be suppressed when a branch is made to the exception handling routine is executed, and
after returning from the exception handling routine the execution order of the PREF instruction
and SQ store instruction is reversed, so that erroneous data may be transferred to external
memory.

(2) When SQ data is transferred to external memory in an exception handling routine

If store queue contents are transferred to external memory within an exception handling
routine, erroneous data may be transferred to external memory.

Example 1: When an SQ store instruction is executed after a PREF instruction for transfer from that same
SQ to external memory

PREF instruction
; PREF instruction for transfer from SQ to external memory
; Address of this instruction is saved to SPC when exception occurs.
; Instruction 1, instruction 2, or instruction 3 may be executed on return from exception handling
; routine.
Instruction 1 ; May be executed if an SQ store instruction.
Instruction 2 ; May be executed if an SQ store instruction.
Instruction 3 ; May be executed if an SQ store instruction.
Instruction 4 ; Not executed even if an SQ store instruction.
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Example 2: When an instruction at which an exception occurs is a branch instruction and a branch is made

Instruction 1 (branch instruction); Address of this instruction is saved to SPC when exception occurs.
Instruction 2 ; May be executed if an instruction 1 delay slot instruction and an SQ store instruction.
Instruction 3
Instruction 4
Instruction 5
Instruction 6
Instruction 7 (instruction 1 branch destination)
; May be executed if an SQ store instruction.
Instruction 8 ; May be executed if an SQ store instruction.

Example 3: When an instruction at which an exception occurs is a branch instruction but a branch is not
made

Instruction 1 (branch instruction); Address of this instruction is saved to SPC when exception occurs.
Instruction 2 ; May be executed if an SQ store instruction.

Instruction 3 ; May be executed if an SQ store instruction.

Instruction 4 ; May be executed if an SQ store instruction.

Instruction 5

Both A and B below must be satisfied in order to prevent this bug.

A: When a store queue store instruction is executed after a PREF instruction for transfer from that
same store queue (SQO, SQ1) to external memory, (1) and (2) below must be satisfied.
(1) Insert three NOP instructions™' between the two instructions.
(2) Do not place a PREF instruction for transfer from a store queue to external memory in the

delay slot of a branch instruction.

B: Do not execute a PREF instruction for transfer from a store queue to external memory within
an exception handling routine.
If the above is executed and there is a store queue store instruction among the four
instructions™ including the instruction at the address indicated by the SPC, the state of the
contents transferred to external memory by the PREF instruction may be that when execution
of this store instruction is completed.

Notes: 1. If there are other instructions between the two instructions, this bug can be prevented if
the total number of other instructions plus NOP instructions is at least three.
2. If the instruction at the address indicated by the SPC is a branch instruction, this also
applies to two instructions at the branch destination.
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Section 5 Exceptions

5.1 Overview

5.1.1 Features

Exception handling is processing handled by a special routine, separate from normal program
processing, that is executed by the CPU in case of abnormal events. For example, if the executing
instruction ends abnormally, appropriate action must be taken in order to return to the original
program sequence, or report the abnormality before terminating the processing. The process of
generating an exception handling request in response to abnormal termination, and passing control
flow to an exception handling routine, etc., is given the generic name of exception handling.

SH-4 exception handling is of three kinds: for resets, general exceptions, and interrupts.
5.1.2 Register Configuration
The registers used in exception handling are shown in table 5.1.

Table 5.1 Exception-Related Registers

Abbrevia- P4 Area 7 Access
Name tion R/W Initial Value Address*>  Address**  Size
TRAPA exception TRA R/W Undefined H'FF00 0020 H'1F00 0020 32
register
Exception event EXPEVT R/W H'0000 0000/ H'FF00 0024 H'1F00 0024 32
register H'0000 0020%'
Interrupt event INTEVT R/W Undefined H'FF00 0028 H'1F00 0028 32
register

Notes: 1. H'0000 0000 is set in a power-on reset, and H'0000 0020 in a manual reset.
2. P4 address is the address when using the virtual/physical address space P4 area.
When making an access from area 7 in the physical address space using the TLB, the
three high most bits of the address are ignored.
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5.2 Register Descriptions

There are three registers related to exception handling. Addresses are allocated for these, and can
be accessed by specifying the P4 address or area 7 address.

1. The exception event register (EXPEVT) resides at P4 address H'FFO0 0024, and contains a 12-
bit exception code. The exception code set in EXPEVT is that for a reset or general exception
event. The exception code is set automatically by hardware when an exception is accepted.
EXPEVT can also be modified by software.

2. The interrupt event register INTEVT) resides at P4 address H'FF00 0028, and contains a 14-
bit exception code. The exception code set in INTEVT is that for an interrupt request. The
exception code is set automatically by hardware when an exception is accepted. INTEVT can
also be modified by software.

3. The TRAPA exception register (TRA) resides at P4 address H'FFOO 0020, and contains 8-bit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware when
a TRAPA instruction is executed. TRA can also be modified by software.

The bit configurations of EXPEVT, INTEVT, and TRA are shown in figure 5.1.

EXPEVT

31 12 11 0

0 0 Exception code

INTEVT

31 1413 0

0 0 Exception code

TRA

31 10 9 210

0 0 imm 00

Legend:

0: Reserved bits. These bits are always read as 0, and should only be written
with 0.

imm: 8-bit immediate data of the TRAPA instruction

Figure 5.1 Register Bit Configurations
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5.3 Exception Handling Functions
5.3.1 Exception Handling Flow

In exception handling, the contents of the program counter (PC), status register (SR) and R15 are
saved in the saved program counter (SPC), saved status register (SSR), and saved general register
15 (SGR), and the CPU starts execution of the appropriate exception handling routine according to
the vector address. An exception handling routine is a program written by the user to handle a
specific exception. The exception handling routine is terminated and control returned to the
original program by executing a return-from-exception instruction (RTE). This instruction restores
the PC and SR contents and returns control to the normal processing routine at the point at which
the exception occurred. The SGR contents are not written back to R15 by an RTE instruction.

The basic processing flow is as follows. See section 2, Programming Model, for the meaning of
the individual SR bits.

The PC, SR, and R15 contents are saved in SPC, SSR, and SGR.

The block bit (BL) in SR is set to 1.

The mode bit (MD) in SR is set to 1.

The register bank bit (RB) in SR is set to 1.

In a reset, the FPU disable bit (FD) in SR is cleared to O.

The exception code is written to bits 11-0 of the exception event register (EXPEVT) or to bits
13-0 of the interrupt event register INTEVT).

7. The CPU branches to the determined exception handling vector address, and the exception
handling routine begins.

A

5.3.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A000 0000. General exception and interrupt vector addresses
are determined by adding the offset for the specific event to the vector base address, which is set
by software in the vector base register (VBR). In the case of the TLB miss exception, for example,
the offset is H'0000 0400, so if H'9CO08 0000 is set in VBR, the exception handling vector address
will be H'9C08 0400. If a further exception occurs at the exception handling vector address, a
duplicate exception will result, and recovery will be difficult; therefore, fixed physical addresses
(P1, P2) should be specified for vector addresses.
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54 Exception Types and Priorities

Table 5.2 shows the types of exceptions, with their relative priorities, vector addresses, and
exception/interrupt codes.

Table 5.2  Exceptions

Exception Execution Priority Priority Vector Exception
Category Mode Exception Level Order Address Offset Code
Reset Abort type Power-on reset 1 1 H'A000 0000 — H'000
Manual reset 1 2 H'A000 0000 — H'020
H-UDI reset 1 1 H'A000 0000 — H'000
Instruction TLB multiple-hit 1 3 H'A000 0000 — H'140
exception
Data TLB multiple-hit exception 1 H'A000 0000 — H'140
General Re- User break before instruction 2 (VBR/DBR)  H'100/— H'1EO
exception execution execution*'
type Instruction address error 2 1 (VBR) H'100 H'OEO
Instruction TLB miss exception 2 2 (VBR) H'400 H'040
Instruction TLB protection 2 3 (VBR) H'100 H'0A0
violation exception
General illegal instruction 2 4 (VBR) H'100 H'180
exception
Slot illegal instruction exception 2 4 (VBR) H'100 H'1A0
General FPU disable exception 2 4 (VBR) H'100  H'800
Slot FPU disable exception 2 4 (VBR) H'100 H'820
Data address error (read) 2 5 (VBR) H'100 H'OEO
Data address error (write) 2 5 (VBR) H'100 H'100
Data TLB miss exception (read) 2 6 (VBR) H'400 H'040
Data TLB miss exception (write) 2 6 (VBR) H'400 H'060
Data TLB protection 2 7 (VBR) H'100 H'0A0
violation exception (read)
Data TLB protection 2 7 (VBR) H'100 H'0CO
violation exception (write)
FPU exception 2 8 (VBR) H'100 H120
Initial page write exception 2 (VBR) H100  H'080
Completion Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
type User break after instruction 2 10 (VBR/DBR) H'100/— H'1EO

execution*’
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Exception Execution Priority Priority Vector Exception
Category Mode Exception Level Order Address Offset Code
Interrupt ~ Completion Nonmaskable interrupt 3 — (VBR) H'600 H'1CO
type External IRL3-IRLO 0 4 2 (VBR) H'600 H'200
interrupts —1 7H'220
2 H240
3 H'260
4 H'280
5 H'2A0
6 H2c0
7 H2E0
8 H'300
9 H'320
A H'340
B H360
C H'380
D H'3A0
E H3CO
Peripheral TMUO TUNIO 4 *2 (VBR) H'600 H'400
;‘t"e‘::‘lﬁt TMUT TUNI Ha20
(module/ TMU2 TUNI2 H'440
source) TICPI2 Ha60
TMU3 TUNI3 H'BOO
TMU4 TUNI4 HB8O
RTC ATI H'480
PRI H4r0
Cul H'4CO0
SCI ERI H'4E0
RXI H'500
™ H520
TEI H'540
WDT ITI H'560
REF RCMI H580
ROVI H'5A0
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Exception Execution Priority Priority Vector Exception
Category Mode Exception Level Order Address Offset Code
Interrupt  Completion Peripheral H-UDI H-UDI 4 *2 (VBR) H'600 H'600
type module =515 GpIo He20
interrupt R
(module/ DMAC DMTEO H'640
source) DMTE1 Heso
DMTE2 H'680
DMTES H6AO
DMTE4* H'780
DMTES* H7A0
DMTE6* H7CO
DMTE7*° H'7EO
DMAE HeCO
SCIF  ERI H'700
RXI H720
BRI H740
TXI H'760
PCIC PCISERR HAOO
PCIERR H'AEO
PCIPWDWN H'ACO
PCIPWON H'AA0
PCIDMAO H'A80
PCIDMA1 H'A60
PCIDMA2 H'A40
PCIDMA3 H'A20

Priority: Priority is first assigned by priority level, then by priority order within each level (the lowest
number represents the highest priority).

Exception transition destination: Control passes to H'/A000 0000 in a reset, and to [VBR + offset] in

other cases.

Exception code: Stored in EXPEVT for a reset or general exception, and in INTEVT for an interrupt.
IRL: Interrupt request level (pins IRL3—IRLO).
Module/source: See the sections on the relevant peripheral modules.

Notes: 1. When BRCR.UBDE = 1, PC = DBR. In other cases, PC = VBR + H'100.
2. The priority order of external interrupts and peripheral module interrupts can be set by

software.

3. SH7751R only
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5. Exceptions

5.5 Exception Flow

551 Exception Flow

Figure 5.2 shows an outline flowchart of the basic operations in instruction execution and
exception handling. For the sake of clarity, the following description assumes that instructions are
executed sequentially, one by one. Figure 5.2 shows the relative priority order of the different
kinds of exceptions (reset/general exception/interrupt). Register settings in the event of an
exception are shown only for SSR, SPC, SGR, EXPEVT/INTEVT, SR, and PC, but other registers
may be set automatically by hardware, depending on the exception. For details, see section 5.6,
Description of Exceptions. Also, see section 5.6.4, Priority Order with Multiple Exceptions, for
exception handling during execution of a delayed branch instruction and a delay slot instruction,
and in the case of instructions in which two data accesses are performed.

Reset Yes

requested?

Execute next instruction

Is highest-
priority exception
re-exception

General
exception requested?

Yes

type?
ype Cancel instruction execution
No result
Interrupt
requested?
A
No SSR « SR EXPEVT « exception code
SPC « PC SR. {MD, RB, BL, FD, IMASK} « 11101111
SGR « R15 PC « H'A000 0000

EXPEVT/INTEVT « exception code

SR.{MD,RB,BL} « 111

PC « (BRCR.UBDE=1 && User_Break?
DBR: (VBR + Offset))

A4 A, Y

Figure 5.2 Instruction Execution and Exception Handling
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5. Exceptions

5.5.2 Exception Source Acceptance

A priority ranking is provided for all exceptions for use in determining which of two or more
simultaneously generated exceptions should be accepted. Five of the general exceptions—the
general illegal instruction exception, slot illegal instruction exception, general FPU disable
exception, slot FPU disable exception, and unconditional trap exception—are detected in the
process of instruction decoding, and do not occur simultaneously in the instruction pipeline. These
exceptions therefore all have the same priority. General exceptions are detected in the order of
instruction execution. However, exception handling is performed in the order of instruction flow
(program order). Thus, an exception for an earlier instruction is accepted before that for a later
instruction. An example of the order of acceptance for general exceptions is shown in figure 5.3.
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5. Exceptions

Pipeline flow: V TLB miss (data access)
Instruction n IF | ID | EX | MA | WB
Instruction n+1 IF ID | EX | MA | WB
i A General illegal instruction exception
V TLB miss (instruction access)
Instruction n+2 | IF ‘ ID ‘ EX ‘ MA ‘ WB |
Legend:
IF: Instruction fetch

| IF ‘ D ‘ EX ‘ MA ‘ WB| ID: Instruct?on decodg

EX: Instruction execution
MA: Memory access
WB: Write-back

Instruction n+3

Order of detection:

General illegal instruction exception (instruction n+1) and
TLB miss (instruction n+2) are detected simultaneously

|

TLB miss (instruction n)

Order of exception handling: Program order
TLB miss (instruction n)

Re-execution of instruction n

General illegal instruction exception
(instruction n+1)

Re-execution of instruction n+1

TLB miss (instruction n+2)

L 3

Re-execution of instruction n+2

|

Execution of instruction n+3 4

Figure 5.3 Example of General Exception Acceptance Order
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5. Exceptions

5.5.3 Exception Requests and BL Bit
When the BL bit in SR is 0, general exceptions and interrupts are accepted.

When the BL bit in SR is 1 and a general exception other than a user break is generated, the CPU's
internal registers and the registers of the other modules are set to their post-reset state, and the
CPU branches to the same address as in a reset (H'A000 0000). For the operation in the event of a
user break, see section 20, User Break Controller (UBC).

If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after the BL
bit has been cleared to 0 by software. If a nonmaskable interrupt (NMI) occurs, it can be held
pending or accepted according to the setting made by software.

Thus, normally, SPC and SSR are saved and then the BL bit in SR is cleared to 0, to enable
multiple exception state acceptance.

554 Return from Exception Handling

The RTE instruction is used to return from exception handling. When the RTE instruction is
executed, the SPC contents are restored to PC and the SSR contents to SR, and the CPU returns
from the exception handling routine by branching to the SPC address. If SPC and SSR were saved
to external memory, set the BL bit in SR to 1 before restoring the SPC and SSR contents and
issuing the RTE instruction.

5.6 Description of Exceptions

The various exception handling operations are described here, covering exception sources,
transition addresses, and processor operation when a transition is made.
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5. Exceptions

5.6.1 Resets

(1) Power-On Reset

Sources:

— RESET pin low level

— When the watchdog timer overflows while the WT/IT bit is set to 1 and the RSTS bit is
cleared to 0 in WTCSR. For details, see section 10, Clock Oscillation Circuits.

Transition address: H'A000 0000

Transition operations:

Exception code H'000 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.

In the initialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bits are set to 1, the FD bit is cleared to 0, and the interrupt mask bits (IMASK)
are set to B'1111.

CPU and on-chip peripheral module initialization is performed. For details, see the register
descriptions in the relevant sections. For some CPU functions, the TRST pin and RESET pin
must be driven low. It is therefore essential to execute a power-on reset and drive the TRST
pin low when powering on.

If the RESET pin is driven high before the MRESET pin while both these pins are low, a
manual reset may occur after the power-on reset operation. The RESET pin must be driven
high at the same time as, or after, the MRESET pin.

Power on reset ()

{

EXPEVT = H'00000000;

VBR = H'00000000;

SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

SR.IMASK = B'1111;

SR.FD=0;

Initialize CPU();
Initialize Module (PowerOn) ;

PC = H'A0000000;
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(2) Manual Reset

Sources:

— MRESET pin low level and RESET pin high level

— When a general exception other than a user break occurs while the BL bit is set to 1 in SR

— When the watchdog timer overflows while the RSTS bit is set to 1 in WTCSR. For details,
see section 10, Clock Oscillation Circuits.

Transition address: H'A000 0000

Transition operations:

Exception code H'020 is set in EXPEVT, initialization of VBR and SR is performed, and a

branch is made to PC = H'A000 0000.

In the initialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,

RB, and BL bits are set to 1, the FD bit is cleared to 0, and the interrupt mask bits IMASK)

are setto B'1111.

CPU and on-chip peripheral module initialization is performed. For details, see the register

descriptions in the relevant sections.

Manual reset ()

{

EXPEVT = H'00000020;
VBR = H'00000000;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
SR.IMASK = B'1111;
SR.FD = 0;

Initialize CPU();
Initialize Module (Manual) ;
PC = H'A0000000;

}

Table 5.3  Types of Reset

Reset State Transition

Conditions Internal States
Type MRESET RESET CPU On-Chip Peripheral Modules
Power-on reset — Low Initialized See Register Configuration in
Manual reset Low High Initialized  ©ach section
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(3) H-UDI Reset

Source: SDIR.TI3-TIO = B'0110 (negation) or B'0111 (assertion)
Transition address: H'A000 0000
Transition operations:

Exception code H'000 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.

In the initialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bits are set to 1, the FD bit is cleared to 0, and the interrupt mask bits IMASK)
are setto B'1111.

CPU and on-chip peripheral module initialization is performed. For details, see the register
descriptions in the relevant sections.

H-UDI_reset ()

{

EXPEVT = H'00000000;
VBR = H'00000000;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
SR.IMASK = B'1111;
SR.FD = 0;

Initialize CPU() ;
Initialize Module (PowerOn) ;

PC = H'A0000000;
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(4) Instruction TLB Multiple-Hit Exception

e Source: Multiple ITLB address matches

e Transition address: H'A000 0000

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
Exception code H'140 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.
In the initialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bits are set to 1, the FD bit is cleared to 0, and the interrupt mask bits IMASK)
are setto B'1111.
CPU and on-chip peripheral module initialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.

TLB multi hit ()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;
EXPEVT = H'00000140;
VBR = H'00000000;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
SR.IMASK = B'1111;
SR.FD = 0;

Initialize CPU();
Initialize Module (Manual) ;

PC = H'A0000000;
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(5) Data TLB Multiple-Hit Exception

Source: Multiple UTLB address matches

Transition address: H'A000 0000

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.

In the initialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bits are set to 1, the FD bit is cleared to 0, and the interrupt mask bits IMASK)
are setto B'1111.

CPU and on-chip peripheral module initialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.

TLB multi_hit ()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;
EXPEVT = H'00000140;
VBR = H'00000000;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
SR.IMASK = B'1111;
SR.FD = 0;

Initialize CPU();
Initialize Module (Manual) ;

PC = H'A0000000;
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5.6.2 General Exceptions

(1) Data TLB Miss Exception

e Source: Address mismatch in UTLB address comparison
e Transition address: VBR + H'0000 0400

e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'040 (for a read access) or H'060 (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0400.

To speed up TLB miss processing, the offset is separate from that of other exceptions.

Data_TLB_miss_exception ()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = read_access ? H'00000040 : H'00000060;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000400;
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(2) Instruction TLB Miss Exception

e Source: Address mismatch in ITLB address comparison
e Transition address: VBR + H'0000 0400
e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'040 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0400.

To speed up TLB miss processing, the offset is separate from that of other exceptions.

ITLB miss exception()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'00000040;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000400;
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(3) Initial Page Write Exception

e Source: TLB is hit in a store access, but dirty bit D =0
e Transition address: VBR + H'0000 0100

e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates

the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'080 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a

branch is made to PC = VBR + H'0100.

Initial_write_exception()

{

TEA = EXCEPTION_ADDRESS;
PAGE_NUMBER ;

PTEH.VPN =
SPC = PC;
SSR = SR;
SGR = R15;

EXPEVT = H'00000080;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(4) Data TLB Protection Violation Exception

Source: The access does not accord with the UTLB protection information (PR bits) shown
below.

PR Privileged Mode User Mode

00 Only read access possible Access not possible

01 Read/write access possible Access not possible

10 Only read access possible Only read access possible
11 Read/write access possible Read/write access possible

Transition address: VBR + H'0000 0100

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'0OAO (for a read access) or HOCO (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0100.

Data TLB protection violation exception()

{

TEA = EXCEPTION_ADDRESS;

PTEH.VPN = PAGE NUMBER;

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = read_access ? H'000000A0 : H'000000CO;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'00000100;
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(5) Imstruction TLB Protection Violation Exception

Source: The access does not accord with the ITLB protection information (PR bits) shown
below.

PR Privileged Mode User Mode
0 Access possible Access not possible
1 Access possible Access possible

Transition address: VBR + H'0000 0100

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'0AO is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.

ITLB protection violation exception ()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000O0OAO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(6)

Data Address Error

Sources:
— Word data access from other than a word boundary (2n +1)
— Longword data access from other than a longword data boundary (4n +1, 4n + 2, or 4n +3)

— Quadword data access from other than a quadword data boundary (8n +1, 8n + 2, 8n +3, 8n
+4,8n+5,8n+6,0r8n+7)

— Access to area H'8000 0000-H'FFFF FFFF in user mode
Transition address: VBR + H'0000 0100
Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'OEO (for a read access) or H'100 (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0100. For
details, see section 3, Memory Management Unit (MMU).

Data_ address_error()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_ NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read access? H'000000EO: H'00000100;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(7) Instruction Address Error

Sources:

— Instruction fetch from other than a word boundary (2n +1)

— Instruction fetch from area H'8000 0000—H'FFFF FFFF in user mode

Transition address: VBR + H'0000 0100

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in the
SPC and SSR. The R15 contents at this time are saved in SGR.

Exception code H'OEO is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. For details, see section 3, Memory Management Unit
MMU).

Instruction address error()

{

TEA = EXCEPTION_ ADDRESS;
PTEH.VPN = PAGE NUMBER;
SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'000O0OOEOQO;
SR.MD = 1;

SR.RB = 1;

SR.BL 1;
PC = VBR + H'00000100;
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(8) Unconditional Trap

Source: Execution of TRAPA instruction

Transition address: VBR + H'0000 0100

Transition operations:

As this is a processing-completion-type exception, the PC contents for the instruction
following the TRAPA instruction are saved in SPC. The value of SR and R15 when the
TRAPA instruction is executed are saved in SSR and SGR. The 8-bit immediate value in the
TRAPA instruction is multiplied by 4, and the result is set in TRA [9:0]. Exception code H'160
is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC =
VBR + H'0100.

TRAPA exception()

{

SPC = PC + 2;
SSR = SR;
SGR = R15;

TRA = imm << 2;
EXPEVT = H'00000160;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(9) General Illegal Instruction Exception
e Sources:

— Decoding of an undefined instruction not in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: HFFFD

— Decoding in user mode of a privileged instruction not in a delay slot

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

Transition address: VBR + H'0000 0100

Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.

Exception code H'180 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is not guaranteed if an undefined code other
than H'FFFD is decoded.

General illegal instruction_ exception()

{

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'00000180;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(10) Slot Illegal Instruction Exception

Sources:
— Decoding of an undefined instruction in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: HFFFD
— Decoding of an instruction that modifies PC in a delay slot

Instructions that modify PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm,SR, LDC.L. @Rm+,SR

— Decoding in user mode of a privileged instruction in a delay slot

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

— Decoding of a PC-relative MOV instruction or MOV A instruction in a delay slot
Transition address: VBR + H'0000 0100
Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'1AOQ is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is not guaranteed if an undefined code other
than H'FFFD is decoded.

Slot_illegal_ instruction_exception/()

{

SPC = PC - 2;

SSR = SR;
SGR = R15;
EXPEVT = H'000001AO0;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(11) General FPU Disable Exception

e Source: Decoding of an FPU instruction* not in a delay slot with SR.FD =1

e Transition address: VBR + H'0000 0100

e Transition operations:
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at this time are saved in SGR.
Exception code H'800 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.

Note: * FPU instructions are instructions in which the first 4 bits of the instruction code are H'F
(but excluding undefined instruction HFFFD), and the LDS, STS, LDS.L, and STS.L
instructions corresponding to FPUL and FPSCR.

General fpu disable exception()

{

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'00000800;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000100;
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(12) Slot FPU Disable Exception

Source: Decoding of an FPU instruction in a delay slot with SR.FD =1

Transition address: VBR + H'0000 0100

Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'820 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100.

Slot fpu disable exception()

{

SPC = PC - 2;

SSR = SR;

SGR = R15;

EXPEVT = H'00000820;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'00000100;

Rev.4.00 Oct. 10, 2008 Page 163 of 1122
REJ09B0370-0400
RENESAS



5. Exceptions

(13) User Breakpoint Trap

e Source: Fulfilling of a break condition set in the user break controller
e Transition address: VBR + H'0000 0100, or DBR
e Transition operations:

In the case of a post-execution break, the PC contents for the instruction following the

instruction at which the breakpoint is set are set in SPC. In the case of a pre-execution break,

the PC contents for the instruction at which the breakpoint is set are set in SPC.

The SR and R15 contents when the break occurred are saved in SSR and SGR. Exception code

H'1EO is set in EXPEVT.

The BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR + H'0100. It is

also possible to branch to PC = DBR.

For details of PC, etc., when a data break is set, see section 20, User Break Controller (UBC).

User break exception()

{

SPC = (pre_execution break? PC : PC + 2);
SSR = SR;

SGR = R15;

EXPEVT = H'000001EOQ;

SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = (BRCR.UBDE==1 ? DBR : VBR + H'00000100) ;

Rev.4.00 Oct. 10, 2008 Page 164 of 1122
REJ09B0370-0400
RENESAS



5. Exceptions

(14) FPU Exception

Source: Exception due to execution of a floating-point operation

Transition address: VBR + H'0000 0100

Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR . The R15 contents at this time are saved in SGR. Exception code H'120 is set in

EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to PC = VBR +
H'0100.

FPU exception()

{

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'00000120;
SR.MD =
SR.RB
SR.BL
PC = VBR + H'00000100;

1;
1;
1;

Rev.4.00 Oct. 10, 2008 Page 165 of 1122
REJ09B0370-0400
RENESAS



5. Exceptions

5.6.3 Interrupts
(1) NMI

e Source: NMI pin edge detection

e Transition address: VBR + H'0000 0600

e Transition operations:
The PC and SR contents for the instruction at which this exception is accepted are saved in
SPC and SSR. The R15 contents at this time are saved in SGR.
Exception code H'1CO is set in INTEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0600. When the BL bit in SR is 0, this interrupt is not
masked by the interrupt mask bits in SR, and is accepted at the highest priority level. When the
BL bit in SR is 1, a software setting can specify whether this interrupt is to be masked or
accepted. For details, see section 19, Interrupt Controller INTC).

NMI ()
{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'000001CO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'00000600;
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(2) IRL Interrupts

Source: The interrupt mask bit setting in SR is smaller than the IRL (3-0) level, and the BL bit
in SR is 0 (accepted at instruction boundary).

Transition address: VBR + H'0000 0600

Transition operations:

The PC contents immediately after the instruction at which the interrupt is accepted are set in
SPC. The SR and R15 contents at the time of acceptance are set in SSR and SGR.

The code corresponding to the IRL (3-0) level is set in INTEVT. See table 19.4, for the
corresponding codes. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to
VBR + H'0600. The acceptance level is not set in the interrupt mask bits in SR. When the BL
bit in SR is 1, the interrupt is masked. For details, see section 19, Interrupt Controller (INTC).

IRL()

{

SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'00000200 ~ H'000003CO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000600;
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(3) Peripheral Module Interrupts

e Source: The interrupt mask bit setting in SR is smaller than the peripheral module (H-UDI,
GPIO, DMAC, PCIC, TMU, RTC, SCI, SCIF, WDT, or REF) interrupt level, and the BL bit in
SR is 0 (accepted at instruction boundary).

e Transition address: VBR + H'0000 0600

e Transition operations:

The PC contents immediately after the instruction at which the interrupt is accepted are set in
SPC. The SR and R15 contents at the time of acceptance are set in SSR and SGR.

The code corresponding to the interrupt source is set in INTEVT. The BL, MD, and RB bits
are set to 1 in SR, and a branch is made to VBR + H'0600. The module interrupt levels should
be set as values between B'0000 and B'1111 in the interrupt priority registers (IPRA-IPRC) in
the interrupt controller. For details, see section 19, Interrupt Controller (INTC).

Module interruption()

{

SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'00000400 ~ H'00000B40;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'00000600;
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5.6.4 Priority Order with Multiple Exceptions

With some instructions, such as instructions that make two accesses to memory, and the
indivisible pair comprising a delayed branch instruction and delay slot instruction, multiple
exceptions occur. Care is required in these cases, as the exception priority order differs from the
normal order.

1. Instructions that make two accesses to memory
With MAC instructions, memory-to-memory arithmetic/logic instructions, and TAS
instructions, two data transfers are performed by a single instruction, and an exception will be
detected for each of these data transfers. In these cases, therefore, the following order is used
to determine priority.

a. Data address error in first data transfer

=

TLB miss in first data transfer

TLB protection violation in first data transfer
Initial page write exception in first data transfer
Data address error in second data transfer

TLB miss in second data transfer

TLB protection violation in second data transfer

s

Initial page write exception in second data transfer

2. Indivisible delayed branch instruction and delay slot instruction

As a delayed branch instruction and its associated delay slot instruction are indivisible, they

are treated as a single instruction. Consequently, the priority order for exceptions that occur in

these instructions differs from the usual priority order. The priority order shown below is for

the case where the delay slot instruction has only one data transfer.

a. A check is performed for the abort type and reexecution type exceptions of priority levels 1
and 2 in the delayed branch instruction.

b. A check is performed for the abort type and reexecution type exceptions of priority levels 1
and 2 in the delay slot instruction.

c. A check is performed for the completion type exception of priority level 2 in the delayed
branch instruction.

d. A check is performed for the completion type exception of priority level 2 in the delay slot
instruction.

e. A check is performed for priority level 3 in the delayed branch instruction and priority
level 3 in the delay slot instruction. (There is no priority ranking between these two.)

f. A check is performed for priority level 4 in the delayed branch instruction and priority
level 4 in the delay slot instruction. (There is no priority ranking between these two.)
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If the delay slot instruction has a second data transfer, two checks are performed in step b, as in
1 above.

If the accepted exception (the highest-priority exception) is a delay slot instruction re-
execution type exception, the branch instruction PR register write operation (PC — PR
operation performed in BSR, BSRF, JSR) is not inhibited.

5.7 Usage Notes

1. Return from exception handling
a. Check the BL bit in SR with software. If SPC and SSR have been saved to external
memory, set the BL bit in SR to 1 before restoring them.
b. Issue an RTE instruction. When RTE is executed, the SPC contents are set in PC, the SSR
contents are set in SR, and branch is made to the SPC address to return from the exception
handling routine.

2. If a general exception or interrupt occurs when SR.BL =1

a. General exception
When a general exception other than a user break occurs, manual reset occurs. The value in
EXPEVT at this time is H'0000 0020; the value of the SPC and SSR registers is undefined.

b. Interrupt
If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after
the BL bit in SR has been cleared to 0 by software. If a nonmaskable interrupt (NMI)
occurs, it can be held pending or accepted according to the setting made by software. In the
sleep or standby state, however, an interrupt is accepted even if the BL bit in SR is set to 1.

3. SPC when an exception occurs

a. Re-execution type general exception
The PC value for the instruction in which the general exception occurred is set in SPC, and
the instruction is re-executed after returning from exception handling. If an exception
occurs in a delay slot instruction, however, the PC value for the delay slot instruction is
saved in SPC regardless of whether or not the preceding delayed branch instruction
condition is satisfied.

b. Completion type general exception or interrupt
The PC value for the instruction following that in which the general exception occurred is
set in SPC. If an exception occurs in a branch instruction with delay slot, however, the PC
value for the branch destination is saved in SPC.

4. An exception must not be generated in an RTE instruction delay slot, as the operation will be
undefined in this case.
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5.8 Restrictions

1. Restrictions on first instruction of exception handling routine

e Do not locate a BT, BF, BT/S, BF/S, BRA, or BSR instruction at address VBR + H'100, VBR
+ H'400, or VBR + H'600.

e When the UBDE bit in the BRCR register is set to 1 and the user break debug support
function* is used, do not locate a BT, BF, BT/S, BF/S, BRA, or BSR instruction at the address
indicated by the DBR register.

Note: * See section 20.4, User Break Debug Support Function.
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6. Floating-Point Unit

Section 6 Floating-Point Unit

6.1 Overview
The floating-point unit (FPU) has the following features:

e Conforms to IEEE754 standard

e 32 single-precision floating-point registers (can also be referenced as 16 double-precision
registers)

e Two rounding modes: Round to Nearest and Round to Zero
e Two denormalization modes: Flush to Zero and Treat Denormalized Number

e Six exception sources: FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow,
and Inexact

e Comprehensive instructions: Single-precision, double-precision, graphics support, system
control

When the FD bit in SR is set to 1, the FPU cannot be used, and an attempt to execute an FPU
instruction will cause an FPU disable exception.

6.2 Data Formats
6.2.1 Floating-Point Format

A floating-point number consists of the following three fields:

e Sign (s)
e Exponent (e)
e Fraction (f)

The FPU can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 6.1 and 6.2.

31 30 23 22 0

] e f

Figure 6.1 Format of Single-Precision Floating-Point Number
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63 62 52 51 0

s e f

Figure 6.2 Format of Double-Precision Floating-Point Number

The exponent is expressed in biased form, as follows:
e = E + bias

The range of unbiased exponent EisE | —1to E _+ 1. The two valuesE , —1and E  + 1 are
distinguished as follows. E__— 1 indicates zero (both positive and negative sign) and a

‘min

denormalized number, and E__ + 1 indicates positive or negative infinity or a non-number (NaN).

Table 6.1 shows bias, E an(i E_, values.

‘min®

Table 6.1 Floating-Point Number Formats and Parameters

Parameter Single-Precision Double-Precision
Total bit width 32 bits 64 bits

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E.. +127 +1023

E -126 -1022

Floating-point number value v is determined as follows:

IfE=E__+1andf=0, visanon-number (NaN) irrespective of sign s
IfE=E__ +1andf=0,v=(-1) (infinity) [positive or negative infinity]
IfE <E<E_,v=(-1)2"(1.f) [normalized number]

IfE=E -landf#0,v= (=1)2°"" (0.f) [denormalized number]

IfE=E_ - 1andf=0,v=(-1)0 [positive or negative zero]

Table 6.2 shows the ranges of the various numbers in hexadecimal notation.
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Table 6.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFFFFFF to H'7FC00000

H'7FFFFFFF FFFFFFFF to
H'7FF80000 00000000

Quiet non-number

H'7FBFFFFF to H'7F800001

H7FF7FFFF FFFFFFFF to
H'7FF00000 00000001

Positive infinity

H'7F800000

H'7FF00000 00000000

Positive normalized
number

H'7F7FFFFF to H'00800000

H'7FEFFFFF FFFFFFFF to
H'00100000 00000000

Positive denormalized
number

H'007FFFFF to H'00000001

H'000FFFFF FFFFFFFF to
H'00000000 00000001

Positive zero

H'00000000

H'00000000 00000000

Negative zero

H'80000000

H'80000000 00000000

Negative denormalized
number

H'80000001 to H'807FFFFF

H'80000000 00000001 to
H'800FFFFF FFFFFFFF

Negative normalized
number

H'80800000 to H'FF7FFFFF

H'80100000 00000000 to
H'FFEFFFFF FFFFFFFF

Negative infinity

H'FF800000

H'FFFO0000 00000000

Quiet non-number

H'FF800001 to H'FFBFFFFF

H'FFF00000 00000001 to
H'FFF7FFFF FFFFFFFF

Signaling non-number

H'FFC00000 to H'FFFFFFFF

H'FFF80000 00000000 to
H'FFFFFFFF FFFFFFFF

6.2.2 Non-Numbers (NaN)

Figure 6.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care

e Exponent field: All bits are 1

e Fraction field: At least one bit is 1

The NaN is a signaling NaN (sNaN) if the MSB of the fraction field is 1, and a quiet NaN (qNaN)
if the MSB is 0.
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31 30 23 22 0

X 11111111 XXX XXXXXXXXXXXX

N = 1:sNaN
N = 0: gNaN

Figure 6.3 Single-Precision NaN Bit Pattern

An sNAN is input in an operation, except copy, FABS, and FNEG, that generates a floating-point
value.

e When the EN.V bit in the FPSCR register is 0, the operation result (output) is a gNaN.

e  When the EN.V bit in the FPSCR register is 1, an invalid operation exception will be
generated. In this case, the contents of the operation destination register are unchanged.

If a gNaN is input in an operation that generates a floating-point value, and an sNaN has not been
input in that operation, the output will always be a gNaN irrespective of the setting of the EN.V bit
in the FPSCR register. An exception will not be generated in this case.

The qNAN values generated by the FPU as operation results are as follows:

e Single-precision qNaN: H7FBFFFFF
e Double-precision qNaN: H'7FF7FFFF FFFFFFFF

See the individual instruction descriptions for details of floating-point operations when a non-
number (NaN) is input.

6.2.3 Denormalized Numbers

For a denormalized number floating-point value, the exponent field is expressed as 0, and the
fraction field as a non-zero value.

When the DN bit in the FPU's status register FPSCR is 1, a denormalized number (source operand
or operation result) is always flushed to 0 in a floating-point operation that generates a value (an
operation other than copy, FNEG, or FABS).

When the DN bit in FPSCR is 0, a denormalized number (source operand or operation result) is
processed as it is. See the individual instruction descriptions for details of floating-point
operations when a denormalized number is input.
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6.3 Registers
6.3.1 Floating-Point Registers

Figure 6.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers, referenced by specifying FRO-FR15, DR0/2/4/6/8/10/12/14, FV0/4/8/12, XFO-
XF15, XD0/2/4/6/8/10/12/14, or XMTRX.

1. Floating-point registers, FPRi_BANK]j (32 registers)
FPRO_BANKO-FPR15_BANKO
FPRO_BANKI1-FPR15_BANKI1

2. Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO-FR15 indicate FPRO_BANKO-FPR15_BANKO;
when FPSCR.FR = 1, FRO-FR15 indicate FPRO_BANKI1-FPR15_BANKI.

3. Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR
registers
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DRS8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

4. Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FRS5, FR6, FR7},
FV8 = {FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

5. Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO-XF15 indicate FPRO_BANKI1-FPR15_BANKI;
when FPSCR.FR = 1, XFO-XF15 indicate FPRO_BANKO-FPR15_BANKO.

6. Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprises two XF registers
XDO0 = {XFO0, XF1}, XD2 = {XF2, XF3}, XD4 = {XF4, XF5}, XD6 = {XF6, XF7},
XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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7. Single-precision floating-point extended register matrix: XMTRX
XMTRX comprises all 16 XF registers
XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10  XF14
XF3 XF7 XFI11  XF15
FPSCR.FR=0 FPSCR.FR =1
FVO DRO FRO FPRO_BANKO XFO XD0O XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3
FvV4 DR4 FR4 FPR4_BANKO XF4 XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6  XD6
FR7 FPR7_BANKO XF7
Fv8 DR8 FR8 FPR8_BANKO XF8  XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FVi2 DRi2 ERi2 FPR12_BANKO XF12  XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FVO
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 FV4
XF5 FPR5_BANK1 FR5
XD6 XF6 FPR6_BANK1 FR6 DR6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 FV8
XF9 FPR9_BANK1 FR9
XD10 XF10 FPR10_BANK1 FR10 DR10
XF11 FPR11_BANK1 FR11
XD12 XF12 FPR12_BANK1 FR12 DRi2 FVi2
XF13 FPR13_BANK1 FR13
XD14 XF14 FPR14_BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure 6.4 Floating-Point Registers
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6.3.2 Floating-Point Status/Control Register (FPSCR)

Floating-point status/control register, FPSCR (32 bits, initial value = H'0004 0001)

31 22 21 20 19 18 17 12 11 7 6 2 1 0
— |FR |SZ |PR |DN | Cause Enable | Flag | RM |
Note: —: Reserved. These bits are always read as 0, and should only be written with 0.

¢ FR: Floating-point register bank

FR = 0: FPRO_BANKO-FPR15_BANKO are assigned to FRO-FR15; FPRO_BANKI1-
FPR15_BANKI1 are assigned to XFO-XF15.

FR = 1: FPRO_BANKO-FPR15_BANKO are assigned to XFO-XF15; FPRO_BANKI1-
FPR15_BANKI1 are assigned to FRO-FR15.

e SZ: Transfer size mode
SZ = 0: The data size of the FMOV instruction is 32 bits.
SZ = 1: The data size of the FMOV instruction is a 32-bit register pair (64 bits).

e PR: Precision mode
PR = 0: Floating-point instructions are executed as single-precision operations.

PR = 1: Floating-point instructions are executed as double-precision operations (graphics
support instructions are undefined).

Do not set SZ and PR to 1 simultaneously; this setting is reserved.
[SZ, PR = 11]: Reserved (FPU operation instruction is undefined.)

e DN: Denormalization mode
DN = 0: A denormalized number is treated as such.

DN = 1: A denormalized number is treated as zero.

e Cause: FPU exception cause field

e Enable: FPU exception enable field
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Flag: FPU exception flag field

FPU Invalid Division Overflow Underflow Inexact
Error (E) Operation (V) by Zero (Z) (O) (V) ()
Cause  FPU exception Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field
Enable FPU exception None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
enable field
Flag FPU exception  None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
flag field

When an FPU operation instruction is executed, the FPU exception cause field is cleared to
zero first. When the next FPU exception is occurred, the corresponding bits in the FPU
exception cause field and FPU exception flag field are set to 1. The FPU exception flag field
holds the status of the exception generated after the field was last cleared.

RM: Rounding mode

RM = 00: Round to Nearest
RM = 01: Round to Zero
RM = 10: Reserved

RM = 11: Reserved

Bits 22 to 31: Reserved
These bits are always read as 0, and should only be written with 0.

6.3.3 Floating-Point Communication Register (FPUL)

Information is transferred between the FPU and CPU via the FPUL register. The 32-bit FPUL
register is a system register, and is accessed from the CPU side by means of LDS and STS
instructions. For example, to convert the integer stored in general register R1 to a single-precision
floating-point number, the processing flow is as follows:

R1 — (LDS instruction) - FPUL — (single-precision FLOAT instruction) — FR1
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6.4 Rounding

In a floating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC,
FTRYV, and FIPR will differ from the result when using a basic instruction such as FADD, FSUB,
or FMUL. Rounding is performed once in FMAC, but twice in FADD, FSUB, and FMUL.

There are two rounding methods, the method to be used being determined by the RM field in
FPSCR.

e RM = 00: Round to Nearest
e RM =01: Round to Zero

Round to Nearest: The operation result is rounded to the nearest expressible value. If there are
two nearest expressible values, the one with an LSB of 0 is selected.

Emax

If the unrounded value is 2°™ (2 —2°") or more, the result will be infinity with the same sign as the
unrounded value. The values of Emax and P, respectively, are 127 and 24 for single-precision, and
1023 and 53 for double-precision.

Round to Zero: The digits below the round bit of the unrounded value are discarded.

If the unrounded value is larger than the maximum expressible absolute value, the value will be
the maximum expressible absolute value.

6.5 Floating-Point Exceptions
FPU-related exceptions are as follows:

e General illegal instruction/slot illegal instruction exception

The exception occurs if an FPU instruction is executed when SR.FD = 1.

e FPU exceptions
The exception sources are as follows:
— FPU error (E): When FPSCR.DN = 0 and a denormalized number is input
— Invalid operation (V): In case of an invalid operation, such as NaN input
— Division by zero (Z): Division with a zero divisor
— Overflow (O): When the operation result overflows
— Underflow (U): When the operation result underflows

— Inexact exception (I): When overflow, underflow, or rounding occurs
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The FPSCR FPU exception cause field contains bits corresponding to all of above E, V, Z, O,
U, and I, and the FPSCR flag and enable fields contain bits corresponding to V, Z, O, U, and I,
but not E. Thus, FPU errors cannot be disabled.

When an FPU exception occurs, the corresponding bit in the FPU exception cause field is set
to 1, and 1 is added to the corresponding bit in the FPU exception flag field. When an FPU
exception does not occur, the corresponding bit in the FPU exception cause field is cleared to
0, but the corresponding bit in the FPU exception flag field remains unchanged.

e Enable/disable exception handling
The FPU supports enable exception handling and disable exception handling.
Enable exception handling is initiated in the following cases:
— FPU error (E): FPSCR.DN = 0 and a denormalized number is input
— Invalid operation (V): FPSCR.EN.V =1 and (instruction = FTRV or invalid operation)
— Division by zero (Z): FPSCR.EN.Z = 1 and division with a zero divisor
— Overflow (O): FPSCR.EN.O =1 and instruction with possibility of operation result

overflow

— Underflow (U): FPSCR.EN.U = 1 and instruction with possibility of operation result
underflow

— Inexact exception (I): FPSCR.EN.I = 1 and instruction with possibility of inexact operation
result

For information on possibilities (which differ depending on the individual instruction), see
section 9, Instruction Descriptions, in the SH-4 Software Manual. All exception events that
originate in the FPU are assigned as the same exception event. The meaning of an exception is
determined by software by reading system register FPSCR and interpreting the information it
contains. If no bits are set in the FPU exception cause field of FPSCR when one or more of bits
0, U, I, and V (in case of FTRV only) are set in the FPU exception enable field, this indicates
that an actual FPU exception is not generated. Also, the destination register is not changed by
any FPU exception handling operation.
Except for the above, the bit corresponding to V, Z, O, U, or L is set to 1 in all processing, and
the default value is generated as the result of the operation.
— Invalid operation (V): gNAN is generated as the result.
— Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
— Opverflow (0O):
In round to zero mode, the maximum normalized number, with the same sign as the
unrounded value, is generated.

In round to nearest mode, infinity with the same sign as the unrounded value is generated.
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— Underflow (U):
When FPSCR.DN = 0, a denormalized number with the same sign as the unrounded value,
or zero with the same sign as the unrounded value, is generated.

When FPSCR.DN = 1, zero with the same sign as the unrounded value, is generated.

— Inexact exception (I): An inexact result is generated.

6.6 Graphics Support Functions

The FPU supports two kinds of graphics functions: new instructions for geometric operations, and
pair single-precision transfer instructions that enable high-speed data transfer.

6.6.1 Geometric Operation Instructions

Geometric operation instructions perform approximate-value computations. To enable high-speed
computation with a minimum of hardware, the FPU ignores comparatively small values in the
partial computation results of four multiplications. Consequently, the error shown below is
produced in the result of the computation:

Maximum error = MAX (individual multiplication result x
27MIN (number of multiplier significant digits—1, number of multiplicand significant dig\ls—1)) + MAX (I’eSU|t Va|Ue x 2—23’ 2—149)

The number of significant digits is 24 for a normalized number and 23 for a denormalized number
(number of leading zeros in the fractional part).

In future version of SuperH RISC engine Family, the above error is guaranteed, but the same
result as SH7751 Group is not guaranteed.

FIPR FVm, FVn (m, n: 0, 4, 8, 12): Examples of the use of this instruction are given below.

e Inner product (m # n):
This operation is generally used for surface/rear surface determination for polygon surfaces.
e Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since approximate-value computations are performed to enable high-speed computation, the
inexact exception (I) bit in the FPU exception cause field and FPU exception flag field is always
set to 1 when an FIPR instruction is executed. Therefore, if the corresponding bit is set in the FPU
exception enable field, FPU exception handling will be executed.
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FTRV XMTRX, FVn (n: 0, 4, 8, 12): Examples of the use of this instruction are given below.

e Matrix (4 x 4) - vector (4):
This operation is generally used for viewpoint changes, angle changes, or movements called
vector transformations (4-dimensional). Since affine transformation processing for angle +
parallel movement basically requires a 4 x 4 matrix, the FPU supports 4-dimensional
operations.

e Matrix (4 x 4) x matrix (4 x 4):

This operation requires the execution of four FTRV instructions.

Since approximate-value computations are performed to enable high-speed computation, the
inexact exception (I) bit in the FPU exception cause field and FPU exception flag field is always
set to 1 when an FTRYV instruction is executed. Therefore, if the corresponding bit is set in the
FPU exception enable field, FPU exception handling will be executed. For the same reason, it is
not possible to check all data types in the registers beforehand when executing an FTRV
instruction. If the V bit is set in the FPU exception enable field, FPU exception handling will be
executed.

FRCHG: This instruction modifies banked registers. For example, when the FTRV instruction is
executed, matrix elements must be set in an array in the background bank. However, to create the
actual elements of a translation matrix, it is easier to use registers in the foreground bank. When
the LDC instruction is used on FPSCR, this instruction expends 4 to 5 cycles in order to maintain
the FPU state. With the FRCHG instruction, an FPSCR.FR bit modification can be performed in
one cycle.

6.6.2 Pair Single-Precision Data Transfer

The powerful geometric operation instructions, FPU also supports high-speed data transfer
instructions.

When FPSCR.SZ = 1, FPU can perform data transfer by means of pair single-precision data
transfer instructions.

¢ FMOV DRm/XDm, DRn/XDRn (m, n: 0, 2, 4, 6, 8, 10, 12, 14)
¢ FMOV DRm/XDm, @Rn (m: 0, 2,4, 6, 8, 10, 12, 14; n: 0 to 15)

These instructions enable two single-precision (2 x 32-bit) data items to be transferred; that is, the
transfer performance of these instructions is doubled.
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e FSCHG

This instruction changes the value of the SZ bit in FPSCR, enabling fast switching between use
and non-use of pair single-precision data transfer.

Programming Note:

When FPSCR.SZ =1 and big-endian mode is used, FMOV can be used for a double-precision
floating-point load or store. In little-endian mode, a double-precision floating-point load or store
requires execution of two 32-bit data size operations with FPSCR.SZ = 0.

6.7 Usage Notes

6.7.1 Rounding Mode and Underflow Flag

When using the Round to Nearest rounding mode, the underflow flag may not be set in cases
defined as underflow by the IEEE754 standard.

Under the IEEE754 standard, when the Round to Nearest rounding mode is used and infinite-
precision operation result x is (i) or (ii) (single-precision) or (iii) or (iv) (double-precision), there
are cases where “the result after rounding is a normalized number, but an underflow results.”

In such cases where “the result after rounding is a normalized number, but an underflow results,”
the FPU does not set the underflow flag to 1. In these cases the operation result, the value written
to FRn, is correct. Also, if an FPU exception occurs, the underflow flag is not set to 1 but the
inexact flag is set to 1 in such cases. Generation of FPU exceptions can be enabled by setting the
enable field to 1.

(i) H'007FFFFF < x < H'00800000
(i) H'807FFFFF > x > H'80800000
(iii) H'000FFFFF FFFFFFFF < x < H'00100000 00000000
(iv) H'800FFFFF FFFFFFFF > x > H'80100000 00000000

Examples

e Single-precision
When FPSCR.RM = 00 (Round to Nearest) and FPSCR.PR = 0 (single-precision), and the
FMUL instruction (H'O0FFF000 * H'3F000800) is executed.
a. According to IEEE754 standard
Operation result: H'00800000
FPSCR: H'0004300C
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b. FPU
Operation result: H'00800000
FPSCR: H'00041004
e Double-precision

When FPSCR.RM = 00 (Round to Nearest) and FPSCR.PR = 1 (double-precision), and the
FDIV instruction (H'001FFFFF FFFFFFFF / H'40000000 00000000) is executed.

a. According to IEEE754 standard
Operation result: H'00100000 00000000
FPSCR: H'000C300C

b. FPU
Operation result: H'00100000 00000000
FPSCR: H'000C1004

Workarounds

1. Use FPSCR.RM =01, that is to say Round to Zero rather than Round to Nearest mode.

2. Use FPSCR.RM = 00, that is to say Round to Nearest mode, and set the enable field to 1 to
enable generation of inexact exceptions so that the exception handling routine can be used to
check whether or not an underflow has occurred.

6.7.2 Setting of Overflow Flag by FIPR or FTRYV Instruction

When the maximum error produced by the FIPR or FTRV instruction exceeds the maximum value
expressible as a normalized number (H'7F7FFFFF), the overflow flag may be set, even through
the operation result is a positive or negative zero (H'00000000 or H'80000000).

Example: The operation result (FR7) after executing the instruction FIPR FV4, FVO0 is
H'00000000 (positive zero), but the overflow flag may be set nevertheless.

FPSCR = H'00040001
FRO = HFF7EF631 , FR1 = H80000000 , FR2 = H'8087F451 , FR3 = H'7F7EF631
FR4 = H'7F7EF631 , FRS = H'0087F451 , FR6 = H'7F7EF631 , FR7 = H'7F7EF631

Workaround: Avoid using the FIPR and FTRYV instructions, and use the FADD, FMUL, and
FMAC instructions instead.
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6.7.3 Sign of Operation Result when Using FIPR or FTRYV Instruction

When two or more data items used in an operation by the FIPR or FTRYV instruction are infinity,
and all of the infinity items in the multiplication results have the same sign, the sign of the
operation result may be incorrect.

Workarounds

1. Do not use infinity. If conditions (a) to (c) below are satisfied, infinity is never used in
operations.
a. Use Round to Zero (FPSCR.RM = 01) as the rounding mode.
b. Do not divide by zero.
c. Do not transfer a value of positive or negative infinity to FRO to FR15 or to XFO to XF15.

2. Avoid using the FIPR and FTRYV instructions, and use the FADD, FMUL, and FMAC
instructions instead.

6.7.4 Notes on Double-Precision FADD and FSUB Instructions

Description: If the input data for a double-precision FADD instruction or a double-precision
FSUB instruction satisfies all of the conditions listed below, the inexact bits (FPSCR.Flag.I and
FPSCR.Cause.l) may not be set even through the operation result is inexact.

Condition 1: The operation instruction is a double-precision FADD instruction or a double-
precision FSUB instruction.

Condition 2: The difference between the DRn and DRm exponents is between 43 and 50.

Condition 3: At least one of bits 31 to 24 of the mantissa portion of whichever of DRn and DRm
has the smaller absolute value is 1.

Condition 4: Bits 23 to 0 of the mantissa portion of whichever of DRn and DRm has the smaller
absolute value are all 0.

Condition 5: Bits 40 to 32 of the mantissa portion of whichever of DRn and DRm has the smaller
absolute value are all 0.

In addition, the result of an operation meeting the above conditions may have a rounding error.

Specifically, in a case where the closest expressible value less than the unrounded value should be

selected, the closest expressible value greater than the unrounded value is selected instead.

Conversely, in a case where the closest expressible value greater than the unrounded value should

be selected, the closest expressible value less than the unrounded value is selected instead.
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Example: If the double-precision FSUB instruction (FSUB DRO, DR2) is executed with input
data DRO = H'C1F00000 80000000, DR2 = H'C4B250D2 0CC1FB74, and FPSCR = H'000C0001,
the correct operation result is DR2 = H'C4B250D2 0CC1F973, and FPSCR.Flag.I and
FPSCR.Cause.I should be set to 1. However, the result actually produced by the FPU is DR2 =
H'C4B250D2 0CC1F974, and FPSCR.Flag.I and FPSCR.Cause.I are not set to 1.

Effects: In addition to the problem described above, the numerical size of the result of the
operation may contain a minute operation error equivalent to 1/256 of the LSB of the mantissa of
the unrounded value. This is can be described as within the scope of the subsequent rounding
mechanism. Strictly speaking, it consists of the following.

The infinite-precision operation result

a:
b: The closest expressible value less than a

Q

The closest expressible value greater than a

&

The operation result when a is rounded correctly

e: The operation result when a is rounded by the FPU

e The rounding error when rounding is performed correctly in Round to Nearest mode is:
0<|d-a|<(1/2) x(c—Db)

And the rounding error when rounding is performed by the FPU is:
0<|e—al|<(129/256) x (c —b)

If ¢ — b is considered the LSB of the mantissa, the range of rounding error is equivalent to
1/256 of the LSB of the mantissa of the correctly rounded value.

e The rounding error when rounding is performed correctly in Round to Zero mode is:
- x(c-b)y<|d|-]a|<0

And the rounding error when rounding is performed by the FPU is:
(-1)x(c—-b)<|e|-a|<(1/256) x (c —b)

If ¢ — b is considered the LSB of the mantissa, the range of rounding error is equivalent to
1/256 of the LSB of the mantissa of the correctly rounded value.
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Section 7 Instruction Set

7.1 Execution Environment
PC: PC indicates the address of the instruction itself.

Data sizes and data types: The SH-4 instruction set is implemented with 16-bit fixed-length
instructions. The SH-4 can use byte (8-bit), word (16-bit), longword (32-bit), and quadword (64-
bit) data sizes for memory access. Single-precision floating-point data (32 bits) can be moved to
and from memory using longword or quadword size. Double-precision floating-point data (64 bits)
can be moved to and from memory using longword size. When a double-precision floating-point
operation is specified (FPSCR.PR = 1), the result of an operation using quadword access will be
undefined. When the SH-4 moves byte-size or word-size data from memory to a register, the data
is sign-extended.

Load-Store Architecture: The SH-4 features a load-store architecture in which operations are
basically executed using registers. Except for bit-manipulation operations such as logical AND
that are executed directly in memory, operands in an operation that requires memory access are
loaded into registers and the operation is executed between the registers.

Delayed Branches: Except for the two branch instructions BF and BT, the SH-4 branch
instructions and RTE are delayed branches. In a delayed branch, the instruction following the
branch is executed before the branch destination instruction. This execution slot following a
delayed branch is called a delay slot. For example, the BRA execution sequence is as follows:

Static Sequence Dynamic Sequence

BRA TARGET BRA TARGET

ADD R1, RO ADD R1, RO ADD in delay slot is executed before
next_2 target_instr branching to TARGET

Delay Slot: A slot illegal instruction exception may occur when a specific instruction is executed
in a delay slot. See section 5, Exceptions. The instruction following BF/S or BT/S for which the
branch is not taken is also a delay slot instruction.
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T Bit: The T bit in the status register (SR) is used to show the result of a compare operation, and
is referenced by a conditional branch instruction. An example of the use of a conditional branch
instruction is shown below.

ADD #1, RO ; T bit is not changed by ADD operation
CMP/EQR1,R0 ; If RO=R1, Thitissetto 1
BT TARGET ; Branches to TARGET if T bit = 1 (RO = R1)

In an RTE delay slot, status register (SR) bits are referenced as follows. In instruction access, the
MD bit is used before modification, and in data access, the MD bit is accessed after modification.
The other bits—S, T, M, Q, FD, BL, and RB—after modification are used for delay slot
instruction execution. The STC and STC.L SR instructions access all SR bits after modification.

Constant Values: An 8-bit constant value can be specified by the instruction code and an
immediate value. 16-bit and 32-bit constant values can be defined as literal constant values in
memory, and can be referenced by a PC-relative load instruction.

MOV.W  @(disp, PC), Rn
MOV.L @(disp, PC), Rn

There are no PC-relative load instructions for floating-point operations. However, it is possible to
set 0.0 or 1.0 by using the FLDIO or FLDI1 instruction on a single-precision floating-point
register.
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7.2 Addressing Modes

Addressing modes and effective address calculation methods are shown in table 7.1. When a
location in virtual memory space is accessed (MMUCR.AT = 1), the effective address is translated
into a physical address. If multiple virtual memory space systems are selected (MMUCR.SV = 0),
the least significant bit of PTEH is also referenced as the access ASID. See section 3, Memory

Management Unit (MMU).
Table 7.1 Addressing Modes and Effective Addresses
Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn — EA
e adross)
An | A0
address)
Register @Rn+ Effective address is register Rn contents. Rn —» EA
indirect A constant is added to Rn after instruction After
with post- execution: 1 for a byte operand, 2 for a word instruction
increment operand, 4 for a longword operand, 8 for a execution
quadword operand. Byte:
-
Word:
Rn + 1/2/4/8 Rn +2 — Rn
Longword:
1/2/4/8 Rn+4 — Rn
Quadword:
Rn +8 — Rn
Register @-Rn Effective address is register Rn contents, Byte:
indirect decremented by a constant beforehand: Rn—-1—>Rn
with pre- 1 for a byte operand, 2 for a word operand, Word:
decrement 4 for a longword operand, 8 for a quadword Rn—-2 — Rn
operand.
Longword:
Rn Rn—-4 — Rn
— Quadword:
Rn - 1/2/4/8 Rn — 1/2/4/8 An—8 - An
Rn — EA
1/2/4/8 (Instruction
executed
with Rn after
calculation)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @(disp:4, Rn) Effective address is register Rn contents with Byte: Rn +
indirect with 4-bit displacement disp added. After disp is disp > EA
displacement zero-extended, it is multiplied by 1 (byte), 2 (word),  \Word: Rn +
or 4 (longword), according to the operand size. disp x 2 — EA
Longword:
. Rn + disp x 4
disp Rn + disp x 1/2/4 - EA
(zero-extended)
Indexed @(R0, Rn) Effective address is sum of register Rn and RO Rn + RO - EA
register contents.
indirect
GBR indirect @ (disp:8, Effective address is register GBR contents with Byte: GBR +
with GBR) 8-bit displacement disp added. After disp is disp —> EA
displacement zero-extended, it is multiplied by 1 (byte), 2 (word), \word: GBR +
or 4 (longword), according to the operand size. disp x 2 — EA
Longword:
5 GBR GBR + disp x
Isp . 4 > EA
(zero-extended) + disp x 1/2/4
Indexed @ (RO, GBR) Effective address is sum of register GBR and RO GBR + R0 —»
GBR indirect contents. EA
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative @(disp:8, PC) Effective address is PC+4 with 8-bit displacement ~ Word: PC + 4
with disp added. After disp is zero-extended, it is +dispx2 >
displacement multiplied by 2 (word), or 4 (longword), according EA
to the operand size. With a longword operand, Longword:
the lower 2 bits of PC are masked. PC &
AR
+ 4 + disp x 4
— EA
H'FFFFFFFC
PC + 4 + disp
X2
or PC &
H'FFFFFFFC
(zero-extended) +4+dispx4
* With longword operand
PC-relative  disp:8 Effective address is PC+4 with 8-bit displacement  PC + 4 + disp

disp added after being sign-extended and
multiplied by 2.

PC + 4 + dispx 2

(sign-extended)

x 2 — Branch-
Target
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Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula

PC-relative  disp:12 Effective address is PC+4 with 12-bit displacement PC + 4 + disp
disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target

PC + 4 + disp x 2

(sign-extended)

Rn Effective address is sum of PC+4 and Rn. PC+4+Rn
— Branch-
Target

PC +4 +Rn

Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, or —
XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —

CMP/EQ instruction is sign-extended.

#imm:8 8-bit immediate data imm of TRAPA instruction is —
zero-extended and multiplied by 4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the chip. Refer to the relevant
assembler notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, GBR) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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7.3 Instruction Set

Table 7.2 shows the notation used in the following SH instruction list.

Table 7.2  Notation Used in Instruction List

Item Format Description
Instruction OP.Sz SRC, DEST OFP: Operation code
mnemonic Sz: Size
SRC: Source
DEST: Source and/or destination operand
Summary of —, «:  Transfer direction
operation (xx): Memory operand
M/Q/T: SR flag bits
&: Logical AND of individual bits
|: Logical OR of individual bits
Al Logical exclusive-OR of individual bits
~: Logical NOT of individual bits
<<n, >>n: n-bit shift
Instruction code MSB «> LSB mmmm: Register number (Rm, FRm)
nnnn: Register number (Rn, FRn)
0000: RO, FRO
0001: R1, FR1
1111: R15, FR15
mmm: Register number (DRm, XDm, Rm_BANK)
nnn: Register number (DRm, XDm, Rn_BANK)
000: DRO, XD0, RO_BANK
001: DR2, XD2, R1_BANK
111: DR14, XD14, R7_BANK
mm: Register number (FVm)
nn: Register number (FVn)
00: FVO
01: FV4
10: FV8
11: FV12
jiii: Immediate data
dddd: Displacement

Privileged mode

“Privileged” means the instruction can only be executed
in privileged mode.

T bit

Value of T bit after =~ —: No change

instruction execution

Note: Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand(s).
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Table 7.3  Fixed-Point Transfer Instructions

Instruction Operation Instruction Code Privileged T Bit

MOV #imm,Rn imm — sign extension — Rn 1110nnnniiiiiiii — —

MOV.W @(disp,PC),Rn (disp x 2 + PC + 4) — sign 1001nnnndddddddd — —
extension - Rn

MOV.L @(disp,PC),Rn (disp x 4 + PC & H'FFFFFFFC 1101nnnndddddddd — —
+4) - Rn

MOV Rm,Rn Rm — Rn 0110nnnnmmmm001l — —

MOV.B Rm,@Rn Rm — (Rn) 0010nnnnmmmm0000 — —

MOV.W  Rm,@Rn Rm — (Rn) 0010nnnnmmmm0001l — —

MOV.L Rm,@Rn Rm — (Rn) 0010nnnnmmmm0010 — —

MOV.B @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmm0000 — —

MOV.W @Rm,Rn (Rm) — sign extension — Rn 0110nnnnmmmm0001 — —

MOV.L @Rm,Rn (Rm) - Rn 0110nnnnmmmm0010 — —

MOV.B Rm,@-Rn Rn-1 - Rn, Rm — (Rn) 0010nnnnmmmm0100 — —

MOV.W Rm,@-Rn Rn-2 — Rn, Rm — (Rn) 0010nnnnmmmm0101l — —

MOV.L Rm,@-Rn Rn-4 - Rn, Rm — (Rn) 0010nnnnmmmm0110 — —

MOV.B @Rm+,Rn (Rm)— sign extension — Rn, 0110nnnnmmmm0100 — —
Rm+ 1 - Rm

MOV.W @Rm+,Rn (Rm) — sign extension - Rn, 0110nnnnmmmm0101 — —
Rm +2 > Rm

MOV.L @Rm+,Rn (Rm) -» Rn, Rm + 4 - Rm 0110nnnnmmmm0110 — —

MOV.B RO, @ (disp,Rn) RO — (disp + Rn) 10000000nnnndddd — —

MOV.W RO, @(disp,Rn) RO — (disp x 2 + Rn) 10000001nnnndddd — —

MOV.L Rm, @ (disp,Rn) Rm — (disp x 4 + Rn) 0001lnnnnmmmmdddd — —

MOV.B @ (disp,Rm),R0 (disp + Rm) — sign extension  10000100mmmmdddd — —
— RO

MOV.W @ (disp,Rm),R0 (disp x 2 + Rm) — sign 10000101lmmmmdddd — —
extension — RO

MOV.L @ (disp,Rm),Rn (disp x 4 + Rm) — Rn 010lnnnnmmmmdddd — —_

MOV.B Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 — —

MOV.W  Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0101l — —

MOV.L Rm, @ (RO0,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 — —

MOV.B @(R0,Rm),Rn (RO + Rm) — sign extension 0000nnnnmmmm1100 — —
— Rn

MOV.W @(R0O,Rm),Rn (RO + Rm) — sign extension 0000nnnnmmmm1101 — —
— Rn

MOV.L @(R0,Rm),Rn (RO + Rm) —» Rn 0000nnnnmmmmlll0 — —
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Instruction Operation Instruction Code Privileged T Bit

MOV.B RO, @(disp,GBR) RO — (disp + GBR) 11000000dddddddd — —

MOV.W  RO,@(disp,GBR) RO — (disp x 2 + GBR) 11000001dddddddd — —

MOV.L RO, @ (disp,GBR) RO — (disp x 4 + GBR) 11000010dddddddd — —

MOV.B @(disp,GBR),R0  (disp + GBR) — 11000100dddddddd — —
sign extension —» RO

MOV.W  @(disp,GBR),R0 (disp x 2 + GBR) —> 11000101dddddddd — —
sign extension — RO

MOV.L @(disp,GBR),R0  (disp x 4 + GBR) —» RO 11000110dddddddd — —

MOVA @ (disp,PC),R0 disp x 4 + PC & H'FFFFFFFC  11000111dddddddd — —
+4 — RO

MOVT Rn T—-Rn 0000nnnn00101001 — —

SWAP.B Rm,Rn Rm — swap lower 2 bytes 0110nnnnmmmml000 — —_
— Rn

SWAP.W Rm,Rn Rm — swap upper/lower 0110nnnnmmmml00l — —
words — Rn

XTRCT Rm,Rn Rm:Rn middle 32 bits - Rn 0010nnnnmmmml1l101l — —
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Table 7.4  Arithmetic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit

ADD Rm,Rn Rn + Rm — Rn 001llnnnnmmmmll100 — —

ADD #imm,Rn Rn + imm — Rn 0lllnnnniiiiiiii — —

ADDC Rm,Rn Rn+Rm+T—>Rn,carry > T 00llnnnnmmmmll10 — Carry

ADDV Rm,Rn Rn + Bm — Rn, overflow - T 00llnnnnmmmml111ll — Overflow

CMP/EQ  #imm,RO When RO=imm,1 > T 10001000iiiiiiii — Comparison
Otherwise, 0 > T result

CMP/EQ Rm,Rn WhenRn=Rm, 1> T 0011lnnnnmmmm0000 — Comparison
Otherwise, 0 > T result

CMP/HS Rm,Rn When Rn > Rm (unsigned), 0011lnnnnmmmm0010 — Comparison
1T result
Otherwise, 0 > T

CMP/GE  Rm,Rn When Rn > Rm (signed), 1 > T 00llnnnnmmmm00ll — Comparison
Otherwise, 0 > T result

CMP/HI Rm,Rn When Rn > Rm (unsigned), 001lnnnnmmmm0110 — Comparison
15T result
Otherwise, 0 > T

CMP/GT  Rm,Rn When Rn > Rm (signed), 1 > T 00llnnnnmmmmOlll — Comparison
Otherwise, 0 > T result

CMP/PZ Rn WhenRn>0,1—>T 0100nnnn00010001 — Comparison
Otherwise, 0 > T result

CMP/PL  Rn WhenRn>0,1->T 0100nnnn00010101 — Comparison
Otherwise, 0 > T result

CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmml100 — Comparison
15T result
Otherwise, 0 > T

DIV1 Rm,Rn 1-step division (Rn + Rm) 001llnnnnmmmm0100 — Calculation

result

DIVOS Rm,Rn MSB of Rn — Q, 0010nnnnmmmm0111 — Calculation
MSB of Rm - M, MA\Q —» T result

DIVoU 0 —> M/Q/T 0000000000011001 — 0

DMULS.L Rm,Rn Signed, Rn x Rm — MAC, 001llnnnnmmmmll101l — —
32 x 32 — 64 bits

DMULU.L Rm,Rn Unsigned, Rn x Rm — MAC, 0011lnnnnmmmm0101l — —
32 x 32 — 64 bits

DT Rn Rn—-1— Rn; when Rn =0, 0100nnnn00010000 — Comparison
15T result
WhenRn=0,0—>T

EXTS.B Rm,Rn Rm sign-extended from 011l0nnnnmmmmlll0 — —

byte - Rn
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Instruction Operation Instruction Code Privileged T Bit
EXTS.W Rm,Rn Rm sign-extended from 0110nnnnmmmmllll — —
word — Rn
EXTU.B Rm,Rn Rm zero-extended from 0110nnnnmmmml100 — —
byte - Rn
EXTUW Rm,Rn Rm zero-extended from 0110nnnnmmmmll10l — —
word — Rn
MAC.L @Rm+,@Rn+ Signed, (Rn) x (Rm) + MAC -» 0000nnnnmmmml1lll — —
MAC
Rn +4 — Rn, Rm + 4 - Rm
32 x 32 + 64 — 64 bits
MAC.W @Rm+,@Rn+ Signed, (Rn) x (Rm) + MAC » 0100nnnnmmmm11ll — —
MAC
Rn+2 — Rn,Rm +2 — Rm
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn Rn x Rm - MACL 0000nnnnmmmm0111l — —
32 x 32 — 32 bits
MULS.W Rm,Rn Signed, Rn x Rm - MACL 0010nnnnmmmmllll — —
16 x 16 — 32 bits
MULU.W Rm,Rn Unsigned, Rn x Rm —- MACL 0010nnnnmmmml1110 — —
16 x 16 — 32 bits
NEG Rm,Rn 0-Rm —> Rn 0110nnnnmmmml0oll — —
NEGC Rm,Rn 0-Rm-T—Rn,borrow - T 0110nnnnmmmm1010 — Borrow
SUB Rm,Rn Rn-Rm — Rn 001lnnnnmmmml000 — —
SUBC Rm,Rn Rn—Rm—-T — Rn, borrow - T 0011lnnnnmmmm1010 — Borrow
SUBV Rm,Rn Rn - Rm — Rn, underflow - T 00llnnnnmmmm1011 — Underflow
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Table 7.5  Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit

AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmml1001l — —

AND #imm,R0O RO & imm — RO 11001001iiiiiiii — —

AND.B #imm,@(R0,GBR) (RO + GBR) & imm — (RO + 11001101iiiiiiii — —
GBR)

NOT Rm,Rn ~Rm — Rn 0110nnnnmmmmO011l — —

OR Rm,Rn Rn | Rm — Rn 0010nnnnmmmml01l — —

OR #imm,RO RO | imm — RO 11001011iiiiiiii — —

OR.B  #imm,@(R0,GBR) (RO + GBR)|imm — (RO + GBR)11001111iiiiiiii —

TAS.B @Rn When (Rn)=0,1—>T 0100nnnn00011011 — Test result
Otherwise, 0 - T
In both cases, 1 — MSB of (Rn)

TST Rm,Rn Rn & Rm; when result = 0, 0010nnnnmmmml1000 — Test result
1->T
Otherwise, 0 > T

TST #imm,RO RO & imm; when result = 0, 11001000iiiiiiii — Test result
1->T
Otherwise, 0 - T

TST.B #imm,@(R0,GBR) (RO + GBR) & imm; whenresult 11001100iiiiiiii — Test result
=0,1->T
Otherwise, 0 > T

XOR Rm,Rn Rn A Rm — Rn 0010nnnnmmmml010 — —

XOR #imm,R0 RO A imm — RO 11001010iiiiiiii — —

XOR.B #imm,@(R0,GBR) (RO + GBR) Aimm — (RO + 11001110iiiiiiii — —

GBR)
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Table 7.6  Shift Instructions
Instruction Operation Instruction Code Privileged T Bit
ROTL Rn T« Rn « MSB 0100nnnn00000100 — MSB
ROTR Rn LSB—>Rn—>T 0100nnnn00000101 — LSB
ROTCL Rn T<Rne«T 0100nnnn00100100 — MSB
ROTCR Rn T->Rn->T 0100nnnn00100101 — LSB
SHAD Rm,Rn When Rn >0, Rn << Rm - Rn 0100nnnnmmmm1100 — —
When Rn <0, Rn >> Rm —
[MSB — Rn]
SHAL Rn T« Rn«0 0100nnnn00100000 — MSB
SHAR Rn MSB - Rn—>T 0100nnnn00100001 — LSB
SHLD Rm,Rn When Rn >0, Rn << Rm - Rn  0100nnnnmmmm1101 — —
When Rn < 0, Rn >> Rm —»
[0 - Rn]
SHLL Rn T« Rn«0 0100nnnn00000000 — MSB
SHLR Rn 0—->Rn->T 0100nnnn00000001 — LSB
SHLL2 Rn Rn <<2 - Rn 0100nnnn00001000 — —
SHLR2 Rn Rn>>2 — Rn 0100nnnn00001001 — —
SHLL8 Rn Rn << 8 —» Rn 0100nnnn00011000 — —
SHLR8 Rn Rn >>8 — Rn 0100nnnn00011001 — —
SHLL16 Rn Rn << 16 -> Rn 0100nnnn00101000 — —
SHLR16 Rn Rn >>16 — Rn 0100nnnn00101001 — —
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Table 7.7  Branch Instructions

Instruction Operation Instruction Code Privileged T Bit

BF label When T =0, disp x 2 + PC + 10001011dddddddad — —
4> PC
When T =1, nop

BF/S label Delayed branch; when T = 0, 10001111dddddddd — —
dispx2+PC+4—>PC
When T =1, nop

BT label When T =1, disp x 2 + PC + 10001001dddddddd — —
4> PC
When T = 0, nop

BT/S label Delayed branch; when T =1, 10001101dddddddd — —
dispx2+PC+4—PC
When T =0, nop

BRA label Delayed branch, disp x 2 + 1010dddddddddddd — —
PC+4 - PC

BRAF Rn Rn+PC +4 —» PC 0000nnnn00100011 — —

BSR label Delayed branch, PC + 4 - PR, 1011dddddddddddd — —
dispx2+PC+4—>PC

BSRF Rn Delayed branch, PC + 4 - PR, 0000nnnn00000011 — —
Rn+PC+4 - PC

JMP @Rn Delayed branch, Rn — PC 0100nnnn00101011 — —

JSR @Rn Delayed branch, PC + 4 - PR, 0100nnnn00001011 — —
Rn —» PC

RTS Delayed branch, PR — PC 0000000000001011 — —
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Table 7.8  System Control Instructions
Instruction Operation Instruction Code Privileged T Bit
CLRMAC 0 - MACH, MACL 0000000000101000 — —
CLRS 0->S 0000000001001000 — —
CLRT 0->T 0000000000001000 — 0
LDC Rm,SR Rm — SR 0100mmmm00001110 Privileged LSB
LDC Rm,GBR Rm — GBR 0100mmmm00011110 — —
LDC Rm,VBR Rm — VBR 0100mmmm00101110 Privleged —
LDC Rm,SSR Rm — SSR 0100mmmm00111110 Privileged —
LDC Rm,SPC Rm — SPC 0100mmmm01001110 Privileged —
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privleged —
LDC Rm,Rn_BANK Rm — Rn_BANK (n =010 7) 0100mmmmlnnnll10 Privileged —
LDC.L @Rm+,SR (Rm) > SR, Rm + 4 - Rm 0100mmmm00000111 Privieged LSB
LDC.L @Rm+,GBR (Rm) -» GBR, Rm + 4 - Rm 0100mmmm00010111 — —
LDC.L @Rm+,VBR (Rm) - VBR, Rm + 4 - Rm 0100mmmm00100111 Privileged —
LDC.L @Rm+,SSR (Rm) »> SSR, Rm + 4 -»> Rm 0100mmmm00110111 Privileged —
LDC.L @Rm+,SPC (Rm) - SPC, Rm + 4 - Rm 0100mmmm01000111 Privileged —
LDC.L @Rm+,DBR (Rm) -» DBR, Rm + 4 - Rm 0100mmmm11110110 Privileged —
LDC.L @Rm+,Rn_BANK  (Rm) —» Rn_BANK, 0100mmmmlnnn0111l Privileged —
Rm +4 - Rm
LDS Rm,MACH Rm — MACH 0100mmmm00001010 — —
LDS Rm,MACL Rm — MACL 0100mmmm00011010 — —
LDS Rm,PR Rm — PR 0100mmmm00101010 — —
LDS.L @Rm+,MACH (Rm) »> MACH, Rm +4 - Rm 0100mmmm00000110 — —
LDS.L @Rm+,MACL (Rm) > MACL, Rm+4 - Rm 0100mmmm00010110 — —
LDS.L @Rm+,PR (Rm) - PR, Rm + 4 - Rm 0100mmmm00100110 — —
LDTLB PTEH/PTEL — TLB 0000000000111000 Privileged —
MOVCA.L RO,@Rn RO — (Rn) (without fetching 0000nnnnl11000011 — —
cache block)
NOP No operation 0000000000001001 — —
ocCBlI @Rn Invalidates operand cache block 0000nnnn10010011 — —
OCBP @Rn Writes back and invalidates 0000nnnnl0100011 — —
operand cache block
OCBWB @Rn Writes back operand cache block0000nnnn10110011 — —
PREF @Rn (Rn) — operand cache 0000nnnnl0000011 — —
RTE Delayed branch, SSR/SPC —» 0000000000101011 Privileged —

SR/PC
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Instruction Operation Instruction Code Privileged T Bit
SETS 1-S 0000000001011000 — —
SETT 15T 0000000000011000 — 1
SLEEP Sleep or standby 0000000000011011 Privileged —
STC SR,Rn SR - Rn 0000nnnn00000010 Privileged —
STC GBR,Rn GBR — Rn 0000nNnNn00010010 — —
STC VBR,Rn VBR — Rn 0000nnnn00100010 Privileged —
STC SSR,Rn SSR - Rn 0000nnnn00110010 Privileged —
STC SPC,Rn SPC — Rn 0000nnnn01000010 Privileged —
STC SGR,Rn SGR — Rn 0000nnnn00111010 Privileged —
STC DBR,Rn DBR — Rn 0000nnnnl11111010 Privleged —
STC Rm_BANK,Rn Rm_BANK —>Rn(m=0t0o7) 0000nnnnlmmm0010 Privileged —
STC.L SR,@-Rn Rn -4 — Rn, SR — (Rn) 0100nnnn00000011 Privileged —
STC.L GBR,@-Rn Rn -4 — Rn, GBR — (Rn) 0100nnnn00010011 — —
STC.L VBR,@-Rn Rn -4 — Rn, VBR — (Rn) 0100nnnn00100011 Privileged —
STC.L SSR,@-Rn Rn -4 — Rn, SSR — (Rn) 0100nnnn00110011 Privileged —
STC.L SPC,@-Rn Rn -4 — Rn, SPC — (Rn) 0100nnnn01000011 Privileged —
STC.L SGR,@-Rn Rn -4 — Rn, SGR — (Rn) 0100nnnn00110010 Privileged —
STC.L DBR,@-Rn Rn -4 — Rn, DBR — (Rn) 0100nnnnl11110010 Privileged —
STC.L Rm_BANK,@-Rn  Rn-4 — Rn, 0100nnnnlmmm0011 Privileged —
Rm_BANK — (Rn) (m=0to 7)

STS MACH,Rn MACH — Rn 0000nnnn00001010 — —
STS MACL,Rn MACL — Rn 0000nnnn00011010 — —
STS PR,Rn PR - Rn 0000nnnn00101010 — —
STS.L MACH, @-Rn Rn -4 — Rn, MACH — (Rn) 0100nnnn00000010 — —
STS.L MACL,@-Rn Rn -4 — Rn, MACL — (Rn) 0100nnnn00010010 — —_
STS.L PR,@-Rn Rn -4 - Rn, PR — (Rn) 0100nnnn00100010 — —
TRAPA  #imm PC + 2 — SPC, SR — SSR, 11000011iiiiiiii — —

#imm << 2 - TRA,
H'160 — EXPEVT,
VBR + H'0100 — PC
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Table 7.9  Floating-Point Single-Precision Instructions
Instruction Operation Instruction Code Privileged T Bit
FLDIO FRn H'00000000 — FRn 1111nnnnl0001101 — —
FLDI1 FRn H'3F800000 — FRn 1111nnnnl10011101 — —
FMOV FRm,FRn FRm — FRn 111lnnnnmmmmll100 — —
FMOV.S @Rm,FRn (Rm) - FRn 11llnnnnmmmml000 — —
FMOV.S @(R0,Rm),FRn (RO + Rm) —» FRn 111lnnnnmmmm0110 — —
FMOV.S @Rm+,FRn (Rm) > FRn,Rm +4 - Rm 111lnnnnmmmml1001 — —
FMOV.S FRm,@Rn FRm — (Rn) 11llnnnnmmmml010 — —
FMOV.S FRm,@-Rn Rn-4 — Rn, FRm — (Rn) 1lllnnnnmmmml0ll — —
FMOV.S FRm,@(R0O,Rn) FRm — (RO + Rn) 1lllnnnnmmmm011ll — —
FMOV DRm,DRn DRm — DRn 1111nnnOmmm01100 — —
FMOV @Rm,DRn (Rm) - DRn 1111nnnOmmmm1000 — —
FMOV @(R0,Rm),DRn (RO + Rm) — DRn 1111nnnOmmmm0110 — —
FMOV @Rm+,DRn (Rm) »> DRn, Rm +8 - Rm 1111nnnOmmmm1001 — —
FMOV DRm,@Rn DRm — (Rn) 1111lnnnnmmm01010 — —
FMOV DRm,@-Rn Rn-8 — Rn, DRm — (Rn) 1111lnnnnmmm01011 — —
FMOV DRm,@(R0,Rn) DRm — (RO + Rn) 11lllnnnnmmm001ll — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101 — —
FABS FRn FRn & H'7FFF FFFF - FRn 1111nnnn01011101 — —
FADD FRm,FRn FRn + FRm — FRn 1111nnnnmmmm0000 — —
FCMP/EQ FRm,FRn When FRn=FRm,1 > T 11lllnnnnmmmm0100 — Comparison
Otherwise, 0 > T result
FCMP/GT FRm,FRn When FRn > FRm, 1 > T 11llnnnnmmmm0101l — Comparison
Otherwise, 0 > T result
FDIV FRm,FRn FRn/FRm — FRn 111l1lnnnnmmmm001ll — —
FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — —
FMAC FRO,FRm,FRn FRO*FRm + FRn — FRn 11llnnnnmmmmlll0 — —
FMUL FRm,FRn FRn*FRm — FRn 1111nnnnmmmm0010 — —
FNEG FRn FRn A H'80000000 - FRn  1111nnnn01001101 — —
FSQRT  FRn JYFRn — FRn 1111nnnn01101101 — —
FSUB FRm,FRn FRn - FRm — FRn 1111lnnnnmmmm0001 — —
FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — —
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Table 7.10 Floating-Point Double-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit
FABS DRn DRn & H'7FFF FFFF FFFF FFFF1111nnn001011101 — —

— DRn
FADD DRm,DRn DRn + DRm — DRn 1111nnn0mmm00000 — —
FCMP/EQ DRm,DRn When DRn=DRm, 1 > T 1111nnnOmmm00100 — Comparison

Otherwise, 0 > T result
FCMP/GT DRm,DRn When DRn>DRm, 1 > T 1111nnnOmmm00101 — Comparison

Otherwise, 0 > T result
FDIV DRm,DRn DRn /DRm — DRn 1111nnnOmmm00011 — —
FCNVDS DRm,FPUL  double_to_ floattDRm] - FPUL 1111mmm010111101 — —
FCNVSD FPUL,DRn float_to_ double [FPUL] -» DRn 1111nnn010101101 — —
FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — —
FMUL DRm,DRn DRn *DRm — DRn 1111nnnOmmm00010 — —
FNEG DRn DRn A H'8000 0000 0000 0000 1111nnn001001101 — —

— DRn
FSQRT DRn YDRn - DRn 1111nnn001101101 — —
FSUB DRm,DRn DRn — DRm — DRn 1111nnnOmmm00001 — —
FTRC DRm,FPUL (long) DRm — FPUL 1111mmm000111101 — —
Table 7.11 Floating-Point Control Instructions
Instruction Operation Instruction Code Privileged T Bit
LDS Rm,FPSCR Rm — FPSCR 0100mmmm01101010 — —
LDS Rm,FPUL Rm — FPUL 0100mmmm01011010 — —
LDS.L @Rm+,FPSCR (Rm)— FPSCR,Rm+4 > Rm 0100mmmm01100110 — —
LDS.L @Rm+,FPUL (Rm) - FPUL, Rm+4 — Rm 0100mmmm01010110 — —
STS FPSCR,Rn FPSCR — Rn 0000nnnn01101010 — —
STS FPUL,Rn FPUL — Rn 0000nnnn01011010 — —
STS.L FPSCR,@-Rn Rn-4 - Rn, FPSCR —» (Rn) 0100nnnn01100010 — —
STS.L FPUL,@-Rn Rn -4 — Rn, FPUL — (Rn) 0100nnnn01010010 — —
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Table 7.12 Floating-Point Graphics Acceleration Instructions
Instruction Operation Instruction Code Privileged T Bit
FMOV DRm,XDn DRm — XDn 1111nnnlmmm01100 — —
FMOV XDm,DRn XDm — DRn 1111nnnOmmm11100 — —
FMOV  XDm,XDn XDm — XDn 1111nnnlmmml11100 — —
FMOV @Rm,XDn (Rm) - XDn 111lnnnlmmmm1000 — —
FMOV @Rm+,XDn (Rm) —» XDn, Rm + 8 - Rm 1111lnnnlmmmml001 — —
FMOV @(R0O,Rm),XDn (RO + Rm) — XDn 111llnnnlmmmm0110 — —
FMOV XDm,@Rn XDm — (Rn) 111lnnnnmmml1010 — —
FMOV XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 11llnnnnmmml11011 — —
FMOV XDm,@(RO,Rn) XDm — (R0+Rn) 1lllnnnnmmmlO11l — —
FIPR FVm,FVn inner_product [FVm, FVn] — 1111nnmm11101101 — —
FR[N+3]
FTRV  XMTRX,FVn transform_vector [XMTRX, FVn] 1111nn0111111101 — —
— FVn
FRCHG ~FPSCR.FR — FPSCR.FR 1111101111111101 — —
FSCHG ~FPSCR.SZ —» FPSCR.SZ 1111001111111101 — —
74 Usage Notes
7.4.1 Notes on TRAPA Instruction, SLEEP Instruction, and Undefined Instruction

(H'FFFD)

e Incorrect data may be written to the cache when a TRAPA instruction or undefined instruction
code H'FFFD is executed.

e The ITLB hit judgment may be incorrect when a TRAPA instruction or undefined instruction
code H'FFFD is executed, causing a multi-hit exception to occur after re-registration.

e Incorrect data may be written to an FPU-related register or to the MACH or MACL register
when a TRAPA instruction, SLEEP instruction, or undefined instruction code H'FFFD is
executed.

Conditions Under which Problem Occurs

1. Incorrect data may be written to the instruction cache when the following three conditions
occur at the same time.

a. The instruction cache is enabled (CCR.ICE = 1).
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b. A TRAPA instruction or undefined instruction code HFFFD in a cache-enabled area (UO,
PO, P1, or P3 area) is executed.

c. The four words of data following the TRAPA instruction or undefined instruction code
H'FFFD mentioned in b. contain code that can be interpreted as an instruction to access
(read or write) an address (H'FO000000 to H'F7FFFFFF) mapped to the internal cache or
internal TLB.

2. Incorrect data may be written to the operand cache when the following three conditions occur
at the same time.

a. The operand cache is enabled (CCR.OCE = 1).

b. Undefined instruction code HFFFD is executed.

c. The four words of data following the undefined instruction code H'FFFD mentioned in b.
contain code that can be interpreted as an OCBI, OCBP, OCBWB, or TAS.B instruction
accessing an address (H'E0000000 to H'E3FFFFFF) mapped to the internal store queue.

3. The ITLB hit judgment may be incorrect when the following three conditions occur at the
same time. If an ITLB hit is erroneously judged to be a miss, ITLB re-registration is
performed. This can cause an ITLB multi-hit exception to occur.

a. The MMU is enabled MMUCR.AT = 1).

b. A TRAPA instruction or undefined instruction code HFFFD in a TLB conversion area
(U0, PO, or P3 area) is executed.

c. The four words of data following the TRAPA instruction or undefined instruction code
H'FFFD mentioned in b. contain code that can be interpreted as an instruction to access
(read or write) an address (H'FO000000 to H'F7FFFFFF) mapped to the internal cache or
internal TLB.

4. Incorrect data may be written to an FPU-related register (FRO to FR15, XFO0 to XF15, FPSCR,
or FPUL) or to the MACH or MACL register when the following two conditions occur at the
same time.

a. A TRAPA instruction, SLEEP instruction, or undefined instruction code H'FFFD is
executed

b. The eight words of data following the TRAPA instruction, SLEEP instruction, or undefined
instruction code H'FFFD mentioned in a. contain H'Fxxx (an instruction with H'F as the
first four bits), excluding H'FFFD, and the code can be interpreted, in combination with
FPSCR.PR at that point, as an undefined instruction.

Example: Instruction H'FxxE (x: any hexadecimal digit) is defined here as undefined when
FPSCR.PRis setto 1.

Note: The number of instructions following the instructions mentioned above that may be
affected by the problem is as follows: in the case of 1. to 3., the number of instructions
that can be executed in 2xIck, and in the case of 4., the number of instructions that can be
executed in 4xIck. The maximum number of instructions that can be executed in 2xIck or
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4xIck is four or eight, respectively. Therefore, the affected codes are those occurring in
“the four words (or eight words) of data following the instruction.”

Workarounds

1. To prevent the problem, use either of workarounds a. or b. below.

a. Include a NOP instruction in the eight words of data following each TRAPA instruction,
SLEEP instruction, or undefined instruction code HFFFD.

b. Include an OR RO,RO instruction in the five words of data following each TRAPA
instruction, SLEEP instruction, or undefined instruction code H'FFFD. This workaround
also applies to cases where “the eight words of data following the ... instruction ... contain
H'Fxxx,” as mentioned in condition 4. b., because two OR instructions are never executed
simultaneously, so a minimum of 5xIck is required for execution.
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8. Pipelining

Section 8 Pipelining

This LSI is a 2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel. The execution
cycles depend on the implementation of a processor. Definitions in this section may not be
applicable to SH-4 Core models other than this LSI.

8.1 Pipelines

Figure 8.1 shows the basic pipelines. Normally, a pipeline consists of five or six stages: instruction
fetch (I), decode and register read (D), execution (EX/SX/F0/F1/F2/F3), data access (NA/MA),
and write-back (S/FS). An instruction is executed as a combination of basic pipelines. Figure 8.2
shows the instruction execution patterns.
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1. General Pipeline

* Issue
* Register read

. FDIV/FSQRT Pipeline

Computation: Takes several cycles

| D EX NA S
* Instruction fetch e Instruction * Operation * Non-memory * Write-back
decode data access
e [ssue
* Register read
» Destination address calculation
for PC-relative branch
. General Load/Store Pipeline
| D EX MA S
e Instruction fetch e Instruction * Address * Memory * Write-back
decode calculation data access
* Issue
* Register read
. Special Pipeline
| D SX NA S
¢ Instruction fetch e Instruction * Operation * Non-memory * Write-back
decode data access
* Issue
* Register read
. Special Load/Store Pipeline
| D SX MA S
« Instruction fetch e Instruction * Address * Memory * Write-back
decode calculation data access
* Issue
* Register read
. Floating-Point Pipeline
| D F1 F2 FS
e Instruction fetch e Instruction e Computation 1« Computation2 ¢ Computation 3
decode * Write-back
* Issue
* Register read
. Floating-Point Extended Pipeline
| D FO F1 F2 FS
« Instruction fetch ¢ Instruction e Computation 0 * Computation 1 e Computation 2« Computation 3
decode * Write-back

Figure 8.1 Basic Pipelines
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. 1-step operation: 1 issue cycle
EXT[SU].[BW], MOV, MOV#, MOVA, MOVT, SWAP,[BW], XTRCT, ADD*, CMP*,
DIV#, DT, NEG*, SUB*, AND, AND#, NOT, OR, OR#, TST, TST#, XOR, XOR#,
ROT*, SHA*, SHL*, BF*, BT*, BRA, NOP, CLRS, CLRT, SETS, SETT,
LDS to FPUL, STS from FPUL/FPSCR, FLDIO, FLDI1, FMQV, FLDS, FSTS,
single-/double-precision FABS/FNEG

[T T o T ex | Nna [ s ]

. Load/store: 1 issue cycle
MOV.[BWL], FMOV*@, LDS.L to FPUL, LDTLB, PREF, STS.L from FPUL/FPSCR

[ 1 | o [ ex | mA | s ]

. GBR-based load/store: 1 issue cycle
MOV.[BWL]@ (d,GBR)

[ 1 [ o [ sx [ maA [ s ]

. JMP, RTS, BRAF: 2 issue cycles

) EX NA S
D EX NA s |

. TST.B: 3 issue cycles

) SX MA S
D SX NA S
D SX NA s |
. AND.B, OR.B, XOR.B: 4 issue cycles
[ 7 [ o SX MA s
D SX NA S
D SX NA S
D || SX MA s ]

. TAS.B: 5 issue cycles

) EX MA S
D EX MA S
D EX NA S
D EX NA S
D | EX MA s |
. RTE: 5 issue cycles
) EX NA S
D EX NA S
D EX NA S
D EX NA S
D | EX NA s |
. SLEEP: 4 issue cycles
) EX NA S
D EX NA S
D EX NA S
D || EX NA s |

Figure 8.2 Instruction Execution Patterns
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10. OCBI: 1 issue cycle

[ 17 T b | Ex

MA s |

11. OCBP, OCBWB: 1 issue cycle

[T T b | Ex | ™A s |
L_mA
MA
MA
MA
12. MOVCA.L: 1 issue cycle
[T T o [ Ex | mA s ]
MA
MA
MA
MA
MA
MA
13. TRAPA: 7 issue cycles
[ 1 ] b EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA
14. LDC to DBR/Rp_BANK/SSR/SPC/VBR, BSR: 1 issue cycle
L [ o [ ex NA [ s ]
[ SX
|| SX
15. LDC to GBR: 3 issue cycles
17 T b EX NA [ s ]
D SX
D || SX
16. LDC to SR: 4 issue cycles
1 T b EX NA [ s ]
D SX
D SX
| D || sx
17. LDC.L to DBR/Rp_BANK/SSR/SPC/VBR: 1 issue cycle
L+ [ o [ Ex MA [ s |
SX
T Lsx
18. LDC.L to GBR: 3 issue cycles
[T T o EX MA | s |
D SX
D || SX

Figure 8.2 Instruction Execution Patterns (cont)
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19

20

21

22

23

24

25

26

27

28

29

30

. LDC.L to SR: 4 issue cycles
[T T o EX MA [ s |
D SX
D SX
LD | sx
. STC from DBR/GBR/Rp_BANK/SR/SSR/SPC/VBR: 2 issue cycles
) SX NA S
D SX NA s |
. STC.L from SGR: 3 issue cycles
[+ [ b SX NA s
D SX NA S
D SX NA s |
. STC.L from DBR/GBR/Rp_BANK/SR/SSR/SPC/VBR: 2 issue cycles
) SX NA S
D SX MA s |
. STC.L from SGR: 3 issue cycles
[ 1 ] b SX NA s
D SX NA S
D SX MA s |
. LDS to PR, JSR, BSRF: 2 issue cycles
[T | b EX NA | s ]
Lo SX
| SX
. LDS.L to PR: 2 issue cycles
[T T b EX MA [ s |
D SX
|| SX
. STS from PR: 2 issue cycles
[+ [ b SX NA s
D SX NA s |
. STS.L from PR: 2 issue cycles
[+ [ b SX NA s
D SX MA s |
. CLRMAC, LDS to MACH/L: 1 issue cycle
[+ [ b | Ex NA [ s ]
I F1
[FA [ F2 T F§ ]
. LDS.L to MACHY/L: 1 issue cycle
[ 17 T o T ex MA [ s ]
Fi
| F | F2 | FS |
. STS from MACH/L: 1 issue cycle
[T T o [ ex [ nNa | s ]

Figure 8.2 Instruction Execution Patterns (cont)
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31. STS.L from MACH/L: 1 issue cycle

[T T o [T ex | ma | s ]
32. LDS to FPSCR: 1 issue cycle
[ 1 [ b [ ex NA [ s ]
[L_F1
F1
F1
33. LDS.L to FPSCR: 1 issue cycle
[+ [ o [ Eex MA [ s |
[L_F1
F1
F1
34. Fixed-point multiplication: 2 issue cycles
DMULS.L, DMULU.L, MUL.L, MULS.W, MULU.W
[ 1+ ] D EX NA S (CPU)
D EX NA s |
(FPU)
1
1
1 [ F2 [ FS ]
35. MAC.W, MAC.L: 2 issue cycles
[ 1 [ b EX MA s (CPU)
D EX MA s |
1 (FPU)
1
1
[ 1 T F2 ] Fs ]

36. Single-precision floating-point computation: 1 issue cycle
FCMP/EQ,FCMP/GT, FADD,FLOAT,FMAC,FMUL,FSUB,FTRC,FRCHG,FSCHG

[ 7 T o T fm | r | Fs |

37. Single-precision FDIV/SQRT: 1 issue cycle

[+ [ o F1._ | Fr2 [ Fs |
F3

[ F1 F2 | Fs |

38. Double-precision floating-point computation 1: 1 issue cycle
FCNVDS, FCNVSD, FLOAT, FTRC
) F1 F2 FS

d F1 F2 FS |

39. Double-precision floating-point computation 2: 1 issue cycle
FADD, FMUL, FSUB

) F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
F1 F2 FS

Figure 8.2 Instruction Execution Patterns (cont)
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40. Double-precision FCMP: 2 issue cycles
FCMP/EQ,FCMP/GT

[+ [ b F1 F2 FS
D F1 F2 FS
41. Double-precision FDIV/SQRT: 1 issue cycle
FDIV, FSQRT
) F1 F2 FS
d F1 F2 |
F38
F1 F2 FS
F1 F2 FS
F1 F2 Fs_ |
42. FIPR: 1 issue cycle
L+ I b | Fo F1 F2 FS
43. FTRV: 1 issue cycle
L+ [ o Fo F1 F2 FS
d Fo F1 F2 FS
d FO F1 F2 FS
d FO F1 F2 Fs |
Notes: : Cannot overlap a stage of the same kind, except when two instructions are
executed in parallel.
: Locks D-stage
[ d__|: Register read only
(- : Locks, but no operation is executed.
: Can overlap another f1, but not another F1.

Figure 8.2 Instruction Execution Patterns (cont)
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8.2 Parallel-Executability

Instructions are categorized into six groups according to the internal function blocks used, as
shown in table 8.1. Table 8.2 shows the parallel-executability of pairs of instructions in terms of
groups. For example, ADD in the EX group and BRA in the BR group can be executed in parallel.

Table 8.1 Instruction Groups

1. MT Group

CLRT CMP/HI Rm,Rn MOV Rm,Rn
CMP/EQ #imm,R0O CMP/HS Rm,Rn NOP

CMP/EQ Rm,Rn CMP/PL Rn SETT

CMP/GE Rm,Rn CMP/PZ Rn TST #imm,RO
CMP/GT Rm,Rn CMP/STR Rm,Rn TST Rm,Rn
2. EX Group

ADD #imm,Rn MOVT Rn SHLL2 Rn
ADD Rm,Rn NEG Rm,Rn SHLL8 Rn
ADDC Rm,Rn NEGC Rm,Rn SHLR Rn
ADDV Rm,Rn NOT Rm,Rn SHLR16 Rn
AND #imm,RO OR #imm,R0 SHLR2 Rn
AND Rm,Rn OR Rm,Rn SHLR8 Rn
DIVOS Rm,Rn ROTCL Rn SuB Rm,Rn
DIVoU ROTCR Rn SUBC Rm,Rn
DIV1 Rm,Rn ROTL Rn SuUBvV Rm,Rn
DT Rn ROTR Rn SWAP.B Rm,Rn
EXTS.B Rm,Rn SHAD Rm,Rn SWAP.W Rm,Rn
EXTS.W Rm,Rn SHAL Rn XOR #imm,RO
EXTU.B Rm,Rn SHAR Rn XOR Rm,Rn
EXTU.W Rm,Rn SHLD Rm,Rn XTRCT Rm,Rn
MOV #imm,Rn SHLL Rn

MOVA @ (disp,PC),R0 |SHLL16 Rn
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3. BR Group

BF disp BRA disp BT disp

BF/S disp BSR disp BT/S disp

4. LS Group

FABS DRn FMOV.S @Rm+,FRn MOV.L RO, @ (disp,GBR)
FABS FRn FMOV.S FRm,@(R0,Rn) |[MOV.L Rm, @ (disp,Rn)
FLDIO FRn FMOV.S FRm,@-Rn MOV.L Rm, @ (R0,Rn)
FLDI1 FRn FMOV.S FRm,@Rn MOV.L Rm,@-Rn

FLDS FRm,FPUL FNEG DRn MOV.L Rm,@Rn

FMOV @(RO,Rm),DRn |FNEG FRn MOV.W @ (disp,GBR),R0
FMOV @(RO,Rm),XDn |FSTS FPUL,FRn MOV.W @ (disp,PC),Rn
FMOV @Rm,DRn LDS Rm,FPUL MOV.W @ (disp,Rm),R0
FMOV @Rm,XDn MOV.B @ (disp,GBR),R0 |[MOV.W @(R0O,Rm),Rn
FMOV @Rm+,DRn MOV.B @ (disp,Rm),R0 |MOV.W @Rm,Rn

FMOV @Rm+,XDn MOV.B @ (R0,Rm),Rn MOV.W @Rm+,Rn
FMOV DRm,@(R0O,Rn) [(MOV.B @Rm,Rn MOV.W RO, @ (disp,GBR)
FMOV DRm,@-Rn MOV.B @Rm+,Rn MOV.W RO, @ (disp,Rn)
FMOV DRm,@Rn MOV.B RO, @ (disp,GBR) [MOV.W Rm, @ (R0,Rn)
FMOV DRm,DRn MOV.B RO, @ (disp,Rn) |[MOV.W Rm,@-Rn
FMOV DRm,XDn MOV.B Rm, @ (R0,Rn) MOV.W Rm,@Rn

FMOV FRm,FRn MOV.B Rm,@-Rn MOVCA.L RO,@Rn

FMOV XDm,@(R0,Rn) |MOV.B Rm,@Rn OcCBI @Rn

FMOV XDm,@-Rn MOV.L @ (disp,GBR),R0 |OCBP @Rn

FMOV XDm,@Rn MOV.L @ (disp,PC),Rn  |OCBWB @Rn

FMOV XDm,DRn MOV.L @(disp,Rm),Rn |PREF @Rn

FMOV XDm,XDn MOV.L @ (R0,Rm),Rn STS FPUL,Rn
FMOV.S @(RO,Rm),FRn |MOV.L @Rm,Rn

FMOV.S @Rm,FRn MOV.L @Rm+,Rn
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5. FE Group

FADD DRm,DRn FIPR FVm,FVn FSQRT DRn

FADD FRm,FRn FLOAT FPUL,DRn FSQRT FRn
FCMP/EQ FRm,FRn FLOAT FPUL,FRn FSUB DRm,DRn
FCMP/GT FRm,FRn FMAC FRO,FRm,FRn |FSUB FRm,FRn
FCNVDS DRm,FPUL FMUL DRm,DRn FTRC DRm,FPUL
FCNVSD FPUL,DRn FMUL FRm,FRn FTRC FRm,FPUL
FDIV DRm,DRn FRCHG FTRV XMTRX,FVn
FDIV FRm,FRn FSCHG
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6. CO Group

AND.B #imm, @ (R0,GBR) |LDS Rm,FPSCR STC SR,Rn

BRAF Rm LDS Rm,MACH STC SSR,Rn

BSRF Rm LDS Rm,MACL STC VBR,Rn
CLRMAC LDS Rm,PR STC.L DBR,@-Rn
CLRS LDS.L @Rm+,FPSCR  |STC.L GBR,@-Rn
DMULS.L Rm,Rn LDS.L @Rm+,FPUL STC.L Rp_BANK,@-Rn
DMULU.L  Rm,Rn LDS.L @Rm+,MACH STC.L SGR,@-Rn
FCMP/EQ DRm,DRn LDS.L @Rm+,MACL STC.L SPC,@-Rn
FCMP/GT DRm,DRn LDS.L @Rm+,PR STC.L SR,@-Rn

JMP @Rn LDTLB STC.L SSR,@-Rn

JSR @Rn MAC.L @Rm+,@Rn+ STC.L VBR,@-Rn

LDC Rm,DBR MAC.W @Rm+,@Rn+ STS FPSCR,Rn

LDC Rm,GBR MUL.L Rm,Rn STS MACH,Rn

LDC Rm,Rp_BANK MULS.W Rm,Rn STS MACL,Rn

LDC Rm,SPC MULU.W Rm,Rn STS PR,Rn

LDC Rm,SR OR.B #imm, @ (R0,GBR) |STS.L FPSCR,@-Rn
LDC Rm,SSR RTE STS.L FPUL,@-Rn
LDC Rm,VBR RTS STS.L MACH, @-Rn
LDC.L @Rm+,DBR SETS STS.L MACL,@-Rn
LDC.L @Rm+,GBR SLEEP STS.L PR,@-Rn

LDC.L @Rm+,Rp_BANK |STC DBR,Rn TAS.B @Rn

LDC.L @Rm+,SPC STC GBR,Rn TRAPA #imm

LDC.L @Rm+,SR STC Rp_BANK,Rn TST.B #imm, @ (R0,GBR)
LDC.L @Rm+,SSR STC SGR,Rn XOR.B #imm, @ (R0,GBR)
LDC.L @Rm+,VBR STC SPC,Rn
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Table 8.2  Parallel-Executability

2nd Instruction
MT EX BR LS FE CcO

1st MT
Instruction EX

BR
LS
FE
CO

x| 0| 0|0|0|0

X|O|xX|0|0|0O

X|X|O|0O|O|0O

X|O|0O|0O|X|O
X| O|O0O|X|0O|O
X | X | X| X| X[ X

Legend:
O: Can be executed in parallel
X: Cannot be executed in parallel

8.3 Execution Cycles and Pipeline Stalling

There are three basic clocks in this processor: the I-clock, B-clock, and P-clock. Each hardware
unit operates on one of these clocks, as follows:

e I-clock: CPU, FPU, MMU, caches
e B-clock: External bus controller

e P-clock: Peripheral units

The frequency ratios of the three clocks are determined with the frequency control register
(FRQCR). In this section, machine cycles are based on the I-clock unless otherwise specified. For
details of FRQCR, see section 10, Clock Oscillation Circuits.

Instruction execution cycles are summarized in table 8.3. Penalty cycles due to a pipeline stall or
freeze are not considered in this table.

o Issue rate: Interval between the issue of an instruction and that of the next instruction

e Latency: Interval between the issue of an instruction and the generation of its result
(completion)

¢ Instruction execution pattern (see figure 8.2)

e Lock stage: Locked pipeline stages(see table 8.3)

o Lock start: Interval between the issue of an instruction and the start of locking (see table 8.3)

e Lock cycle: Lock time (see table 8.3)
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The instruction execution sequence is expressed as a combination of the execution patterns shown
in figure 8.2. One instruction is separated from the next by the number of machine cycles for its
issue rate. Normally, execution, data access, and write-back stages cannot be overlapped onto the
same stages of another instruction; the only exception is when two instructions are executed in
parallel under parallel-executability conditions. Refer to (a) through (d) in figure 8.3 for some
simple examples.

Latency is the interval between issue and completion of an instruction, and is also the interval
between the execution of two instructions with an interdependent relationship. When there is
interdependency between two instructions fetched simultaneously, the latter of the two is stalled
for the following number of cycles:

o (Latency) cycles when there is flow dependency (read-after-write)

e (Latency - 1) or (latency - 2) cycles when there is output dependency (write-after-write)
— Single/double-precision FDIV, FSQRT is the preceding instruction (latency — 1) cycles
— The other FE group except above is the preceding instruction (latency — 2) cycles

e 5or 2 cycles when there is anti-flow dependency (write-after-read), as in the following cases:
— FTRV is the preceding instruction (5 cycles)
— A double-precision FADD, FSUB, or FMUL is the preceding instruction (2 cycles)

In the case of flow dependency, latency may be exceptionally increased or decreased, depending
on the combination of sequential instructions (figure 8.3 (e)).

e When a floating-point computation is followed by a floating-point register store, the latency of
the floating-point computation may be decreased by 1 cycle.

e If there is a load of the shift amount immediately before an SHAD/SHLD instruction, the
latency of the load is increased by 1 cycle.

e If an instruction with a latency of less than 2 cycles, including write-back to a floating-point
register, is followed by a double-precision floating-point instruction, FIPR, or FTRV, the
latency of the first instruction is increased to 2 cycles.

The number of cycles in a pipeline stall due to flow dependency will vary depending on the
combination of interdependent instructions or the fetch timing (see figure 8.3. (e)).

Output dependency occurs when the destination operands are the same in a preceding FE group
instruction and a following LS group instruction.

For the stall cycles of an instruction with output dependency, the longest latency to the last write-
back among all the destination operands must be applied instead of “latency” (see figure 8.3 (f)).
A stall due to output dependency with respect to FPSCR, which reflects the result of a floating-
point operation, never occurs. For example, when FADD follows FDIV with no dependency
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between floating-point registers, FADD is not stalled even if both instructions update the cause
field of FPSCR.

Anti-flow dependency can occur only between a preceding double-precision FADD, FMUL,
FSUB, or FTRV and a following FMOV, FLDIO, FLDI1, FABS, FNEG, or FSTS. See figure 8.3

(9).

If an executing instruction locks any resource—i.e. a function block that performs a basic
operation—a following instruction that attempts to use the locked resource is stalled (figure 8.3
(h)). This kind of stall can be compensated by inserting one or more instructions independent of
the locked resource to separate the interfering instructions. For example, when a load instruction
and an ADD instruction that references the loaded value are consecutive, the 2-cycle stall of the
ADD is eliminated by inserting three instructions without dependency. Software performance can
be improved by such instruction scheduling.

Other causes of a stall are as follows.

e Instruction TLB miss
e Instruction access to external memory (instruction cache miss, etc.)
e Data access to external memory (operand cache miss, etc.)

e Data access to a memory-mapped control register

During the penalty cycles of an instruction TLB miss or external instruction access, no instruction
is issued, but execution of instructions that have already been issued continues. The penalty for a
data access is a pipeline freeze: that is, the execution of uncompleted instructions is interrupted
until the arrival of the requested data. The number of penalty cycles for instruction and data
accesses is largely dependent on the user's memory subsystems.
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(a) Serial execution: non-parallel-executable instructions

<+— 1 issue cycle

SHAD RO,R1 | D EX NA S EX-group SHAD and EX-group ADD
ADD R2,R3 | D EX NA s | cannot be executed in parallel. Therefore,
next «» 1stall cycle iggD is issuel;:! firzt, e'itrr:d”:he folltowing
is recombined with the nex
instruction.
(b) Parallel execution: parallel-executable and no dependency

<— 1 issue cycle
ADD R2,R1 | D EX NA S EX-group ADD and LS-group MOV.L can
MOV.L @R4,R5 | D EX MA S be executed in parallel. Overlapping of

stages in the 2nd instruction is possible.

(c) Issue rate: multi-step instruction

< » 4 issue cycles AND.B and MOV are fetched

AND.B#1,@(RO,GBR) [ | | D SX MA S simultaneously, but MOV is stalled due to
D SX NA ) resource locking. After the lock is released,
5) SX NA S MOV is refetched together with the next
= X VA 3 instruction.
MOV  R1,R2 n
’ A

] ol =

4 stall cycles —

(d) Branch
BT/S L_far | D EX NA S No stall occurs if the branch is not taken.
ADD RO,R1 | D EX NA S
SUB R2,R3 I D | EX[ NA[ s |
<«— > 2-cycle latency for I-stage of branch destination

BT/S L_far | D EX NA S If the branch is taken, the I-stage of the
ADD RO,R1 | D EX NA S branch destination is stalled for the period

« 1 stall cycle gf :atenIC)t/.lTl‘;is s:gll carr:' b: .covetred wlilthI a
L_far _ elay slot instruction which is not parallel-

-“ executable with the branch instruction.

BT L_skip [ 1 D | EX] NA] s | Even if the BT/BF branch is taken, the I-
ADD #1,R0 L D — — — stage of the branch destination is not
L_skip: | D | stalled if the displacement is zero.

No stall

Figure 8.3 Examples of Pipelined Execution
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(e) Flow dependency

Zero-cycle latency

The following instruction, ADD, is not

MOV RO,R1 [ ] D\l\ EX| Na| s | stalled when executed after an instruction
ADD  R2.R1 1 [ o Xex| na| s | with zero-cycle latency, even if there is
dependency.
<+—> 1-cycle latency
ADD  R2R1 [ D | EXJ NA] s ] ADD and MOV 'L are not executed in
MOV.L @FYH R1 [ i D MEx [ ma] s ] parallel, since MOV.L references the result
next- ' - of ADD as its destination address.
1 stall cycle
<+—— 2-cycle latency
MOV.L @R1,R1 [ D EX | MA] s | Because MOV.L and ADD are not fetched
ADD RO,RH | D [*«—AEx[ Nna] s ] simultaneously in this example, ADD is
next | 1 stall cycle stalled for only 1 cycle even though the
Y latency of MOV.L is 2 cycles.
2-cycle latency
<«—> 1-cycle increase
MOV.L @R1,R1 [ D EX [ mA] s | Due to the flow dependency between the
SHAD R1,R2 | D | Xd | EX] NA[ s ] loadand the SHAD/SHLD shift amount,
next | the latency of the load is increased to 3
2 stall cycles cycles.
4-cycle latency for FPSCR
FADD FRIFR2 [ I | D [ F1 [ F2 | Fs
STS  FPULRT [ D [ EX[ NnAY s |
STS  FPSCR,R2 | D | EX[ Na] s |
2 stall cycles
» 7-cycle latency for lower FR
< » 8-cycle latency for upper FR
FADD DRODR2 | | | D [ F1 [ F2 [ FS
[Cd [T F]Fs
d F1 F2 ES
d F1 F2 FS
d F1 F2 Fs, | FR3 write
F1 F2 N\, FS \|FR2 write
FMOV FR3,FR5 D | EX\. NA[ s |
FMOV FR2,FR4 D 'Ex[ Na[ s ]
<+— - 3-cycle latency for upper/lower FR
FLOAT FPULDRO [ I [ D [ F1 [ F2 [ Fs | FR1 write
d [ F1 | F2 Fs || FRO write
FMOV.S FRO,@-R15 | D EXY MA S
Zero-cycle latency
<«— > 3-cycle increase
FLDH FR3 [+ [ b [Eex][nNa[ s |
FIPR  FVO,FV4 I D L d [Fo[ F [ Fr[ Fs]
<«————» 3stallcycles
<«———» 2-cycle latency
<«—> 1-cycle increase
FMOV @RixD14 [ I | D [ EX[ mA[ s
FTRV  XMTRX,FVO | D d FO | F1 F2 FS
3 stall cycles d Fo F1 F2 Fs
v d | Fo | F1 | F2 | Fs |
d | Fo| F1 | F2 | Fs ]

Figure 8.3 Examples of Pipelined Execution (cont)
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(e) Flow dependency (cont)

-<— Effectively 1-cycle latency for consecutive LDS/FLOAT instructions

ibs RmofpuL L1 | D [EX{ NA] &
FLOAT FPUL,FRO I D [MF1 | F2 | FS
LDS R1,FPUL | D EX NA S
FLOAT FPUL,FR1 | D F1 F2 FS |
| | D F1 F2 FS |<«— Effectively 1-cycle latency for consecutive
g:o EEB’EE%L | D EX NA s | FTRC/STS instructions
FTRC FR1,FPUL | D F1 F2 ES
STS FPUL,R1 | D EX NA S |
(f) Output dependency
< » 11-cycle latency
FSQRT FR4 [+ [ o] rm]rR[F]
F3 .
LF 1 F] Fs
FMOV FROFR4 [ 1 | D Je— —[ F1 [ F2 [ Fs |
10 stall cycles = latency (1) - 1 The registers are written-back
in program order.
< » 7-cycle latency for lower FR
FADD DRO0,DR2 < > 8-cycle latency for upper FR
I [ b ] A F2] Fs
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS | FR3 write
F1 F2 | Fs | FR2write
FMOV FROFR3 || | D |« > EX | NA| S |
6 stall cycles = longest latency (8) - 2
(9) Anti-flow dependency
FTRV XMTRXFvo L | | D [ FO] F1 [ F2 [ Fs
d FO F1 F2 FS
d Fo| F1 | F2 | Fs
d FO F1 F2 FS
FMOV @RixD0 [ I | D le [ Ex|[ma] s |
5 stall cycles
FADD DRoDR2 LI | D [ FI | F2] Fs
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
Fi | Fre | Fs]|
FMOV FR4FR1 |1 | D | EX] NAT s
2 stall cycles

Figure 8.3 Examples of Pipelined Execution (cont)
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Resource conflict

#1 #2 #3

#8 #9 #10 #11

<«—» 1 cyclefissue

Latency

FDIV  FR6,FR7 [T o[ F T F]F] <—>I F1 stage locked for 1 cycle
F3
F1 F2 FS
FMAC FRO,FR8,FR9 LT o[ R FrJFPF]
FMAC FRO,FR10,FR11 [T [ o] F ] 2] Fs]
FMAC FRO,FR12,FR13 [T T o Je—[F [ F]Fs]
1 stall cycle (F1 stage resource conflict)
FIPR  FV8,FVO [t [ p]r[F]F]Fs]|
FADD FR15FR4 [ D J«—[ Ft [ F2 [ Fs ]
1 stall cycle
LDSL @R15+PR [T T o] ex][ma]Frs |
D [ sX
SX
STC  GBR,R2 ] [ ] [ sx[ Na[ s |
[ D[ sx| Nna| s |
3 stall cycles
FADD DRO,DR2 [T op[F [Fr]Fs
[ d F1 [ F2 | FS
d F1 [ F2 | Fs
d F1 | F2 | Fs
d F1 | F2 | FS
Fi [ F2 | Fs |
MAC.W @R1+ @R2+ [T Dl > EX | MA| S |
5 stall cycles 1
D | EX[ mA[ s |
f1
| F2 | Fs |
1 F2 | Fs
MACW @R1+,@R2+[ | | D EX MA| s | 1 stage can overlap preceding f1,
fl but F1 cannot overlap f1.
D || EX ][ mMA] s ]
f1
1 F2 [ Fs
f1 F2 | Fs |
MACW @R1+,@R2+ [ | |« D | EX| MA[ s
1 stall 1
cycle D || EX] MA] s |
1
f1 [ F2 | Fs
[ f F2 | FS
FADD DR4,DR6 I D 1 ST F [ F2 | rs
3 stall cycles 2stallcycles [ g F1 F2 FS
d F1 [ F2 | Fs
d F1 [ F2 | Fs
d | F1 [ F2 | Fs |
F1

Figure 8.3 Examples of Pipelined Execution (cont)
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Table 8.3 Execution Cycles
Instruc- Execu- Lock

Functional tion Issue tion

Category No. Instruction Group Rate Latency Pattern Stage Start Cycles

Data transfer 1 EXTS.B Rm,Rn EX 1 1 #1 — — —

instructions 5™""EXTSW  Rm,Rn EX 1 1 # - - -
3 EXTU.B Rm,Rn EX 1 1 #1 — — —
4 EXTUW Rm,Rn EX 1 1 #1 — — —
5 MOV Rm,Rn MT 1 0 #1 — — —
6 MOV #imm,Rn EX 1 1 #1 — — —
7  MOVA @(disp,PC),R0 EX 1 1 #1 — S —
8 MOV.W  @(disp,PC),Rn LS 1 2 #2 — N —
9  MOV.L @(disp,PC),Rn LS 1 2 #2 — - =
10 MOV.B @Rm,Rn LS 1 2 #2 — — —
11 MOV.W @Rm,Rn LS 1 2 #2 — — —
12 MOV.L @Rm,Rn LS 1 2 #2 — — —
13 MOV.B @Rm+,Rn LS 1 1/2 #2 — — —
14 MOV.W @Rm+,Rn LS 1 1/2 #2 — —_ —
15 MOV.L @Rm+,Rn LS 1 1/2 #2 — — —
16 MOV.B  @(disp,Rm),R0 LS 1 2 #2 — S —
17 MOV.W  @(disp,Rm),R0 LS 1 2 #2 — S —
18 MOV.L @(disp,Rm),Rn LS 1 2 #2 — S —
19 MOV.B @(Ro,Rm),R LS 1 2 #2 — S —
20 MOV.W  @(RO,Rm),Rn LS 1 2 #2 — S —
21 MOV.L @(Ro,Rm),R LS 1 2 #2 — S —
22 MOV.B  @(disp,GBR),RO LS 1 2 #3 — [ —
23 MOV.W  @(disp,GBR),RO LS 1 2 #3 — N —
24 MOV.L @(disp,GBR),R0 LS 1 2 #3 — N —
25 MOV.B Rm,@Rn LS 1 1 #2 — — —
26 MOV.W Rm,@Rn LS 1 1 #2 — — —
27 MOV.L Rm,@Rn LS 1 1 #2 — — —
28 MOV.B Rm,@-Rn LS 1 1 #2 — — —
29 MOvV.W Rm,@-Rn LS 1 1 #2 — — —
30 MOV.L Rm,@-Rn LS 1 1 #2 — — —
31 MOV.B  RO,@(disp,Rn) LS 1 1 #2 — S —
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Data transfer32  MOV.W RO, @ (disp,Rn) LS 1 1 #2 — — —
instructions 33" "Viov.L  Rm,@(disp,Rn) LS 1 1 #2 — - =
34 MOV.B Rm, @ (RO,Rn) LS 1 1 #2 — — —
35 MOV.W Rm, @ (RO,Rn) LS 1 1 #2 — — —
36 MOV.L Rm, @ (RO,Rn) LS 1 1 #2 — — —
37 MOV.B  RO,@(disp,GBR) LS 1 1 #3 — N —
38 MOV.W RO,@(disp,GBR) LS 1 1 #3 — S —
39 MOV.L RO,@(disp,GBR) LS 1 1 #3 — - =
40 MOVCA.L RO,@Rn LS 1 37 #12 MA 4 37
41 MOVT Rn EX 1 1 #1 — — —
42  OCBI @Rn LS 1 1-2 #10 MA 4 1-2
43 OCBP @Rn LS 1 1-5 #11 MA 4 1-5
44 OCBWB @Rn LS 1 1-5 #11 MA 4 1-5
45  PREF @Rn LS 1 1 #2 — — —
46 SWAP.B Rm,Rn EX 1 1 #1 — — —
47 SWAP.W Rm,Rn EX 1 1 #1 — — —
48 XTRCT Rm,Rn EX 1 1 #1 — — —
Fixed-point 49  ADD Rm,Rn EX 1 1 #1 — — —
arithmetic —5,™"App #imm,Rn EX 1 1 #1 - - =
instructions
51 ADDC Rm,Rn EX 1 1 #1 — —_ —
52 ADDV Rm,Rn EX 1 1 #1 — — —
53 CMP/EQ #imm,RO MT 1 1 #1 — — —
54 CMP/EQ Rm,Rn MT 1 1 #1 — — —
55 CMP/GE Rm,Rn MT 1 1 #1 — — —
56 CMP/GT Rm,Rn MT 1 1 #1 — — —
57 CMP/HI Rm,Rn MT 1 1 #1 — — —
58 CMP/HS Rm,Rn MT 1 1 #1 — — —
59 CMP/PL Rn MT 1 1 #1 — — —
60 CMP/PZ Rn MT 1 1 #1 — — —
61 CMP/STR Rm,Rn MT 1 1 #1 — — —
62 DIVOS Rm,Rn EX 1 1 #1 — —_ —
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Fixed-point 63  DIVOU EX 1 1 #1 — — —
ﬁg;xféis 64 DIV Rm,Rn EX 1 1 #1 - - =
65 DMULS.L Rm,Rn CcO 2 4/4 #34 F1 4 2
66 DMULU.L Rm,Rn CcO 2 4/4 #34 F1 4 2
67 DT Rn EX 1 1 #1 — — —
68 MAC.L @Rm+,@Rn+ CO 2 2/2/4/4  #35 F1 4 2
69 MAC.W @Rm+,@Rn+ CO 2 2/2/4/4  #35 F1 4 2
70 MUL.L Rm,Rn CO 2 4/4 #34 F1 4 2
71 MULS.W  Rm,Rn CO 2 4/4 #34 F1 4 2
72 MULU.W  Rm,Rn CO 2 4/4 #34 F1 4 2
73 NEG Rm,Rn EX 1 1 #1 — — —
74 NEGC Rm,Rn EX 1 1 #1 — — —
75 SUB Rm,Rn EX 1 1 #1 — — —
76 SUBC Rm,Rn EX 1 1 #1 — — —
77 SUBV Rm,Rn EX 1 1 #1 — — —
Logical 78 AND Rm,Rn EX 1 1 #1 — — —
instructions 79" AND #imm,R0 EX 1 1 #1 - - =
80 AND.B #imm,@(R0,GBR) CO 4 4 #6 — — —
81 NOT Rm,Rn EX 1 1 #1 — — —
82 OR Rm,Rn EX 1 1 #1 — — —
83 OR #imm,R0 EX 1 1 #1 — — —
84 ORB #imm,@(R0,GBR) CO 4 4 #6 — S —
85 TASB @Rn CcO 5 5 #7 — — —
86 TST Rm,Rn MT 1 1 #1 — — —
87 TST #imm,R0 MT 1 1 #1 — — —
88 TST.B #imm,@(R0,GBR) CO 3 3 #5 — — —
89 XOR Rm,Rn EX 1 1 #1 — — —
90 XOR #imm,R0 EX 1 1 #1 — — —
91 XOR.B #imm,@(R0,GBR) CO 4 4 #6 — — —
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Shift 92 ROTL Rn EX 1 1 #1 — — —
nstructions 93" "ROTR  Rn EX 1 1 #1 - - =
94 ROTCL Rn EX 1 1 #1 — — —
95 ROTCR Rn EX 1 1 #1 — — —
96 SHAD Rm,Rn EX 1 1 #1 — — —
97 SHAL Rn EX 1 1 #1 — — —
98 SHAR Rn EX 1 1 #1 — —_ —
99 SHLD Rm,Rn EX 1 1 #1 — — —
100 SHLL Rn EX 1 1 #1 — —_ —
101 SHLL2 Rn EX 1 1 #1 — — —
102 SHLL8 Rn EX 1 1 #1 — —_ —
103 SHLL16 Rn EX 1 1 #1 — — —
104 SHLR Rn EX 1 1 #1 — — —
105 SHLR2 Rn EX 1 1 #1 — — —
106 SHLR8 Rn EX 1 1 #1 — — —
107 SHLR16 Rn EX 1 1 #1 — — —
Branch 108 BF disp BR 1 2(ort) #1 — — —
instructions 9™ gF/s disp BR 1 2(or1) #1 - - -
110 BT disp BR 1 2(ort) #1 — — —
111 BT/S disp BR 1 2(r1) #1 — S —
112 BRA disp BR 1 2 #1 — — —
113 BRAF Rn CO 2 3 #4 — —_ —
114 BSR disp BR 1 2 #14 SX 3 2
115 BSRF Rn CO 2 3 #24 SX 3 2
116 JMP @Rn CO 2 3 #4 — — —
117 JSR @Rn CcO 2 3 #24 SX 3 2
118 RTS CcO 2 3 #4 — — —
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
System 119 NOP MT 1 0 #1 — — —
control 450" GLRMAC co 1 3 #28 F 3 2
instructions
121 CLRS CO 1 1 #1 — —_ —
122 CLRT MT 1 1 #1 — — —
123 SETS CO 1 1 #1 — — —
124 SETT MT 1 1 #1 — — —
125 TRAPA #imm CO 7 7 #13 — — —
126 RTE CO 5 5 #8 — — —
127 SLEEP CcO 4 4 #9 — — —
128 LDTLB CcO 1 1 #2 — — —
129 LDC Rm,DBR CO 1 3 #14 SX 3 2
130 LDC Rm,GBR CcO 3 3 #15 SX 3 2
131 LDC Rm,Rp_BANK CO 1 3 #14 SX 3 2
132 LDC Rm,SR CO 4 4 #16 SX 3 2
133 LDC Rm,SSR CO 1 3 #14 SX 3 2
134 LDC Rm,SPC CO 1 3 #14 SX 3 2
135 LDC Rm,VBR CO 1 3 #14 SX 3 2
136 LDC.L @Rm+,DBR CO 1 1/3 #17 SX 3 2
137 LDC.L @Rm+,GBR CcO 3 3/3 #18 SX 3 2
138 LDC.L @Rm+,Rp_BANK CO 1 1/3 #17 SX 3 2
139 LDC.L @Rm+,SR CO 4 4/4 #19 SX 3 2
140 LDC.L @Rm+,SSR CO 1 1/3 #17 SX 3 2
141 LDC.L @Rm+,SPC CcO 1 1/3 #17 SX 3 2
142 LDC.L @Rm+,VBR CcO 1 1/3 #17 SX 3 2
143 LDS Rm,MACH CO 1 3 #28 F1 3 2
144 LDS Rm,MACL CO 1 3 #28 F1 3 2
145 LDS Rm,PR CO 2 3 #24 SX 3 2
146 LDS.L @Rm+,MACH CcO 1 1/3 #29 F1 3 2
147 LDS.L @Rm+,MACL CO 1 1/3 #29 F1 3 2
148 LDS.L @Rm+,PR CcO 2 2/3 #25 SX 3 2
149 STC DBR,Rn CO 2 2 #20 — — —
150 STC SGR,Rn CO 3 3 #21 — — —
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
System 151 STC GBR,Rn CO 2 2 #20 — — —
control 55T sTC Rp_BANK,Rn co 2 2 420 - -  —
instructions
153 STC SR,Rn CO 2 2 #20 — — —
154 STC SSR,Rn CO 2 2 #20 — — —
155 STC SPC,Rn CcO 2 2 #20 — — —
156 STC VBR,Rn CcO 2 2 #20 — — —
157 STC.L DBR,@-Rn CO 2 2/2 #22 — — —
1568 STC.L SGR,@-Rn CcO 3 3/3 #23 — — —
159 STC.L GBR,@-Rn CO 2 2/2 #22 — —_ —
160 STC.L Rp_BANK,@-Rn  CO 2 2/2 #22 — — —
161 STC.L SR,@-Rn CO 2 2/2 #22 — — —
162 STC.L SSR,@-Rn CcoO 2 2/2 #22 — — —
163 STC.L SPC,@-Rn CcO 2 2/2 #22 — — —
164 STC.L VBR,@-Rn CO 2 2/2 #22 — — —
165 STS MACH,Rn CO 1 3 #30 — — —
166 STS MACL,Rn CcO 1 3 #30 — — —
167 STS PR,Rn CcO 2 2 #26 — — —
168 STS.L MACH, @-Rn CcO 1 1 #31 — — —
169 STS.L MACL,@-Rn CO 1 11 #31 — — —
170 STS.L PR,@-Rn CO 2 2/2 #27 — — —
Single- 171 FLDIO FRn LS 1 0 #1 — — —
ﬁ;i‘t’:iggoim 172 FLDH FRn LS 1 0 #1 - - -
instructions 173 FMOV FRm,FRn LS 1 0 #1 — — —
174 FMOV.S @Rm,FRn LS 1 #2 — — —
175 FMOV.S @Rm+,FRn LS 1 1/2 #2 — — —
176 FMOV.S @(R0O,Rm),FRn LS 1 2 #2 — — —
177 FMOV.S FRm,@Rn LS 1 1 #2 — — —
178 FMOV.S FRm,@-Rn LS 1 1 #2 — — —
179 FMOV.S FRm,@(RO,Rn) LS 1 1 #2 — — —
180 FLDS FRm,FPUL LS 1 0 #1 — — —
181 FSTS FPUL,FRn LS 1 0 #1 — —_ —
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Single- 182 FABS FRn LS 1 0 #1 — — —
ﬁcr):l(t;iiiig;)-goint 183 FADD  FRm,FRn FE 1 3/4 #36 - -  —
instructions 184 FCMP/EQ FRm,FRn FE 1 2/4 #36 — — —
185 FCMP/GT FRm,FRn FE 1 2/4 #36 — — —
186 FDIV FRm,FRn FE 1 12/13 #37 F3 2 10
F1 11 1
187 FLOAT FPUL,FRn FE 1 3/4 #36 — — —
188 FMAC FRO,FRm,FRn FE 1 3/4 #36 — — —
189 FMUL FRm,FRn FE 1 3/4 #36 — —_ —
190 FNEG FRn LS 1 0 #1 — — —
191 FSQRT FRn FE 1 1112 #37 F3 2 9
F1 10 1
192 FSUB FRm,FRn FE 1 3/4 #36 — — —
193 FTRC FRm,FPUL FE 1 3/4 #36 — — —
194 FMOV DRm,DRn LS 1 0 #1 — — —
195 FMOV @Rm,DRn LS 1 2 #2 — — —
196 FMOV @Rm+,DRn LS 1 1/2 #2 — — —
197 FMOV @(R0,Rm),DRn LS 1 2 #2 — — —
198 FMOV DRm,@Rn LS 1 1 #2 — — —
199 FMOV DRm,@-Rn LS 1 1 #2 — —_ —
200 FMOV DRm,@(RO,Rn) LS 1 1 #2 — N —
Double- 201 FABS DRn LS 1 0 #1 — — —
ﬁggi;gomt 202 FADD DRm,DRn FE 1 (7,8/9 #39 F1 2 6
instructions 203 FCMP/EQ DRm,DRn CO 2 3/5 #40 F1 2 2
204 FCMP/GT DRm,DRn CO 2 3/5 #40 F1 2 2
205 FCNVDS DRm,FPUL FE 1 4/5 #38 F1 2 2
206 FCNVSD FPUL,DRn FE 1 (3,4)/5 #38 F1 2 2
207 FDIV DRm,DRn FE 1 (24, 25)/ #41 F3 2 23
26 F1 22 3
F1 2 2
208 FLOAT FPUL,DRn FE 1 (3,4)/5 #38 F1 2 2
209 FMUL DRm,DRn FE 1 (7,8)/9 #39 F1 2 6
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Instruc- Execu- Lock
Functional tion Issue tion
Category No. Instruction Group Rate Latency Pattern Stage Start Cycles
Double- 210 FNEG DRn LS 1 0 #1 — — —
precision FSQRT  DRn FE 1 (23, 24)/ #41 F3 2 22
floating-point o5
instructions F1 21 3
F1 2
212 FSUB DRm,DRn FE 1 (7,8)/9 #39 F1 6
213 FTRC DRm,FPUL FE 1 4/5 #38 F1 2 2
FPU system 214 LDS Rm,FPUL LS 1 1 #1 — — —
control 515 DS Rm,FPSCR co 1 4 #32 F1 3 3
instructions
216 LDS.L @Rm+,FPUL CcO 1 1/2 #2 — — —
217 LDS.L @Rm+,FPSCR CO 1 1/4 #33 F1 3 3
218 STS FPUL,Rn LS 1 3 #1 — — —
219 STS FPSCR,Rn CO 1 3 #1 — — —
220 STS.L FPUL,@-Rn CcO 1 11 #2 — — —
221 STS.L FPSCR,@-Rn CO 1 11 #2 — — —
Graphics 222 FMOV DRm,XDn LS 1 0 #1 — — —
acceleration 3™ Eyi5y T XDm,DRn LS 1 # - - =
instructions
224 FMOV XDm,XDn LS 1 #1 — — —
225 FMOV @Rm,XDn LS 1 2 #2 — — —
226 FMOQV @RBm+,XDn LS 1 1/2 #2 — — —
227 FMOV @(R0,Rm),XDn LS 1 2 #2 — — —
228 FMOV XDm,@Rn LS 1 1 #2 — — —
229 FMOV XDm,@-Rm LS 1 11 #2 — — —
230 FMOV XDm, @ (R0,Rn) LS 1 1 #2 — — —
231 FIPR FVm,FVn FE 1 4/5 #42 F1 3 1
232 FRCHG FE 1 1/4 #36 — — —
233 FSCHG FE 1 1/4 #36 — — —
234 FTRV XMTRX,FVn FE 1 (5,56, #43 FO
7)/8 F1 3

Notes: 1. See table 8.1 for the instruction groups.

2. Latency “L1/L2..."”: Latency corresponding to a write to each register, including
MACH/MACL/FPSCR

Example: MOV.B @Rm+, Rn “1/2”: The latency for Rm is 1 cycle, and the latency for
Rn is 2 cycles.

3. Branch latency: Interval until the branch destination instruction is fetched
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9.

Conditional branch latency “2 (or 1)”: The latency is 2 for a nonzero displacement, and
1 for a zero displacement.

Double-precision floating-point instruction latency “(L1, L2)/L3”: L1 is the latency for FR
[n+1], L2 that for FR [n], and L3 that for FPSCR.

FTRYV latency “(L1, L2, L3, L4)/L5": L1 is the latency for FR [n], L2 that for FR [n+1], L3
that for FR [n+2], L4 that for FR [n+3], and L5 that for FPSCR.

Latency “L1/L2/L3/L4” of MAC.L and MAC.W instructions: L1 is the latency for Rm, L2
that for Rn, L3 that for MACH, and L4 that for MACL.

Latency “L1/L2” of MUL.L, MULS.W, MULU.W, DMULS.L, and DMULU.L instructions:
L1 is the latency for MACH, and L2 that for MACL.

Execution pattern: The instruction execution pattern number (see figure 8.2)

10. Lock/stage: Stage locked by the instruction
11. Lock/start: Locking start cycle; 1 is the first D-stage of the instruction.
12. Lock/cycles: Number of cycles locked

Exceptions:
1.

When a floating-point computation instruction is followed by an FMOV store, an STS
FPUL, Rn instruction, or an STS.L FPUL, @-Rn instruction, the latency of the floating-
point computation is decreased by 1 cycle.

When the preceding instruction loads the shift amount of the following SHAD/SHLD, the
latency of the load is increased by 1 cycle.

When an LS group instruction with a latency of less than 3 cycles is followed by a
double-precision floating-point instruction, FIPR, or FTRV, the latency of the first
instruction is increased to 3 cycles.

Example: In the case of FMOV FR4,FRO and FIPR FVO0,FV4, FIPR is stalled for 2
cycles.

When MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/DMULS.L/DMULU.L is followed by an
STS.L MACH/MACL, @-Rn instruction, the latency of
MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/DMULS.L/DMULU.L is 5 cycles.

In the case of consecutive executions of
MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/DMULS.L/DMULU.L, the latency is
decreased to 2 cycles.

When an LDS to MACH/MACL is followed by an STS.L MACH/MACL, @-Rn
instruction, the latency of the LDS to MACH/MACL is 4 cycles.

When an LDS to MACH/MACL is followed by
MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/DMULS.L/DMULU.L, the latency of the LDS
to MACH/MACL is 1 cycle.

When an FSCHG or FRCHG instruction is followed by an LS group instruction that
reads or writes to a floating-point register, the preceding LS group instruction[s] cannot
be executed in parallel.

When a single-precision FTRC instruction is followed by an STS FPUL, Rn instruction,
the latency of the single-precision FTRC instruction is 1 cycle.
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84 Usage Notes

The following are additional notes on pipeline operation and the method of calculating the number
of clock cycles.

The number of states (I clock cycles) required for stages where an external bus access, etc., occurs
may include an increased number of cycles, in addition to the number of memory access cycles set
by the bus state controller (BSC), etc.

For example, the occurrence of the following may result in idle cycles as observed from the
external bus.

1. Transfer of data from the logical address bus to the physical address bus

2. Transfer of data between buses using different operation clocks

The stages where external memory access occurs include some instruction fetch (I) and some
memory access (MA) stages.
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Section 9 Power-Down Modes

9.1 Overview

In the power-down modes, some of the on-chip peripheral modules and the CPU functions are
halted, enabling power consumption to be reduced.

9.1.1 Types of Power-Down Modes

The following power-down modes and functions are provided:

Sleep mode

Deep sleep mode

Standby mode

Hardware standby mode

Module standby function (TMU, RTC, SCI/SCIF, DMAC, SQ, and UBC)

Table 9.1 shows the conditions for entering these modes from the program execution state, the
status of the CPU and peripheral modules in each mode, and the method of exiting each mode.
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Table 9.1 Status of CPU and Peripheral Modules in Power-Down Modes

Status

Power- On-chip
Down Entering On-Chip Peripheral External Exiting
Mode Conditions CPG CPU Memory Modules Pins Memory Method
Sleep SLEEP Operating Halted Held Operating Held Refresh- e Interrupt

instruction (registers ing Reset

executed held) *rese

while STBY

bitis 0 in

STBCR
Deep SLEEP Operating Halted Held Operating Held Self- e Interrupt
sleep instruction (registers (DMA refresh- « Reset

executed held) halted) ing

while STBY

bitis 0 in

STBCR,

and DSLP

bitis 1 in

STBCR2
Standby SLEEP Halted Halted Held Halted* Held Self- e Interrupt

instruction (registers refresh- « Reset

executed held) ing

while STBY

bitis 1 in

STBCR
Hard- Setting CA Halted Halted Unde- Halted* High- Unde- e Power-on
ware pin to low fined imped-  fined reset
standby level ance

state

Module Setting Operating Operating Held Specified Held Refresh- e Clearing
standby MSTP bit to modules ing MSTP bit

1in STBCR halted* t

00
¢ Reset

Note: * The RTC operates when the START bit in RCR2 is 1 (see section 11, Realtime Clock
(RTC)).
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9.1.2 Register Configuration

Table 9.2 shows the registers used for power-down mode control.

Table 9.2 Power-Down Mode Registers
Area7 Access

Name Abbreviation R/W Initial Value P4 Address Address Size
Standby control STBCR R/W  H00 H'FFC00004 H'1FC00004 8
register
Standby control STBCR2 R/W  H00 H'FFC00010 H'1FC00010 8
register 2
Clock stop register CLKSTP0O R/W  H'00000000 H'FEOA0000 H'1EO0A0000 32
Clock stop clear CLKSTPCLROO W H'00000000 H'FEOA0008 H'1EOA0008 32
register
9.1.3 Pin Configuration
Table 9.3 shows the pins used for power-down mode control.
Table 9.3 Power-Down Mode Pins
Pin Name Abbreviation 1/0 Function
Processor status 1 STATUSH1 Output Indicate the processor's operating status
Processor status 0 STATUSO (STATUS1, STATUSO0).

HH: Reset

HL: Sleep mode

LH: Standby mode

LL: Normal operation
Sleep request SLEEP Input A transition to sleep mode is effected by

inputting a low-level to the pin.
Hardware standby CA Input A transition to hardware standby mode is

request

effected by inputting a low-level to the
pin.

Legend:
H: High level
L: Low level
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9.2 Register Descriptions
9.2.1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit readable/writable register that specifies the
power-down mode status. It is initialized to H'00 by a power-on reset via the RESET pin or due to
watchdog timer overflow.

Bit: 7 6 5 4 3 2 1 0
\ STBY \ PHZ \ PPU \ MSTP4 \ MSTP3 \ MSTP2 \ MSTP1 \ MSTPO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Standby (STBY): Specifies a transition to standby mode.

Bit 7: STBY Description
0 Transition to sleep mode on execution of SLEEP instruction  (Initial value)
1 Transition to standby mode on execution of SLEEP instruction

Bit 6—Peripheral Module Pin High Impedance Control (PHZ): Controls the state of
peripheral module related pins in standby mode. When the PHZ bit is set to 1, peripheral module
related pins go to the high-impedance state in standby mode.

For the relevant pins, see section 9.2.2, Peripheral Module Pin High Impedance Control.

Bit 6: PHZ Description
0 Peripheral module related pins are in normal state (Initial value)
1 Peripheral module related pins go to high-impedance state

Bit 5—Peripheral Module Pin Pull-Up Control (PPU): Controls the state of peripheral module
related pins. When the PPU bit is cleared to 0, the pull-up resistor is turned on for peripheral
module related pins in the input or high-impedance state.

For the relevant pins, see section 9.2.3, Peripheral Module Pin Pull-Up Control.

Bit 5: PPU Description
0 Peripheral module related pin pull-up resistors are on (Initial value)
1 Peripheral module related pin pull-up resistors are off
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Bit 4—Module Stop 4 (MSTP4): Specifies stopping of the clock supply to the DMAC among the
on-chip peripheral modules. The clock supply to the DMAC is stopped when the MSTP4 bit is set
to 1. When DMA transfer is used, stop the transfer before setting the MSTP4 bit to 1. When DMA
transfer is performed after clearing the MSTP4 bit to 0, DMAC settings must be made again.

Bit 4: MSTP4 Description
0 DMAC operates (Initial value)
1 DMAC clock supply is stopped

Bit 3—Module Stop 3 (MSTP3): Specifies stopping of the clock supply to serial communication
interface channel 2 (SCIF) among the on-chip peripheral modules. The clock supply to the SCIF is
stopped when the MSTP3 bit is set to 1.

Bit 3: MSTP3 Description
0 SCIF operates (Initial value)
1 SCIF clock supply is stopped

Bit 2—Module Stop 2 (MSTP2): Specifies stopping of the clock supply to the timer unit channel
0 to 2 (TMU) among the on-chip peripheral modules. The clock supply to the TMU is stopped
when the MSTP2 bit is set to 1.

Bit 2: MSTP2 Description
y TMU channel 0 to 2 operates (Initial value)
1 TMU channel 0 to 2 clock supply is stopped

Bit 1—Module Stop 1 (MSTP1): Specifies stopping of the clock supply to the realtime clock
(RTC) among the on-chip peripheral modules. The clock supply to the RTC is stopped when the
MSTPI bit is set to 1. When the clock supply is stopped, RTC registers cannot be accessed but the
counters continue to operate.

Bit 1: MSTP1 Description
0 RTC operates (Initial value)
1 RTC clock supply is stopped
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Bit 0—Module Stop 0 (MSTPO): Specifies stopping of the clock supply to serial communication
interface channel 1 (SCI) among the on-chip peripheral modules. The clock supply to the SCI is
stopped when the MSTPO bit is set to 1.

Bit 0: MSTPO Description
0 SCI operates (Initial value)
1 SCI clock supply is stopped

9.2.2 Peripheral Module Pin High Impedance Control

When bit 6 in the standby control register (STBCR) is set to 1, peripheral module related pins go
to the high-impedance state in standby mode.

e Relevant Pins

SCl related pins SCK MDO0/SCK2
TXD MD1/TXD2
MD7/CTS2 MD8/RTS2

DMA related pins DACKO DRAKO
DACK1 DRAK1

e Other Information
The setting in this register is invalid when the above pins are used as port output pins.

For details of pin states, see Appendix D, Pin Functions.

9.2.3 Peripheral Module Pin Pull-Up Control

When bit 5 in the standby control register (STBCR) is cleared to 0, peripheral module related pins
are pulled up when in the input or high-impedance state.

e Relevant Pins

SCl related pins MDO/SCK2 MD1/TXD2 MD2/RXD2
MD7/CTS2 MD8/RTS2 SCK
RXD TXD

DMA related pins DREQO DACKO DRAKO
DREQ1 DACK1 DRAKT

TMU related pin TCLK
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9.2.4 Standby Control Register 2 (STBCR2)

Standby control register 2 (STBCR?2) is an 8-bit readable/writable register that specifies the sleep
mode and deep sleep mode transition conditions. It is initialized to H'00 by a power-on reset via
the RESET pin or due to watchdog timer overflow.

Bit; 7 6 5 4 3 2 1 0
\ DSLP \ STHZ \ — \ — \ — \ — \ MSTP6 \ MSTP5 \

Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Deep Sleep (DSLP): Specifies a transition to deep sleep mode

Bit 7: DSLP Description

0 Transition to sleep mode or standby mode on execution of SLEEP
instruction, according to setting of STBY bit in STBCR register (Initial value)

1 Transition to deep sleep mode on execution of SLEEP instruction*
Note: * When the STBY bit in the STBCR register is 0

Bit 6—STATUS Pin High-Impedance Control (STHZ): This bit selects whether the STATUSO
and 1 pins are set to high-impedance when in hardware standby mode.

Bit 6: STHZ Description

0 Sets STATUSO, 1 pins to high-impedance when in hardware standby mode
(Initial value)

1 Drives STATUSO, 1 pins to LH when in hardware standby mode

Bits 5 to 2—Reserved: Only 0 should only be written to these bits; operation cannot be
guaranteed if 1 is written. These bits are always read as 0.

Bit 1—Module Stop 6 (MSTP6): Specifies that the clock supply to the store queue (SQ) in the
cache controller (CCN) is stopped. Setting the MSTP6 bit to 1 stops the clock supply to the SQ,
and the SQ functions are therefore unavailable. For details regarding the SH7751, see section 4.7,
Store Queues.

Bit 1: MSTP6 Description
0 SQ operating (Initial value)
1 Clock supply to SQ stopped
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Bit 0—Module Stop 5 (MSTPS): Specifies stopping of the clock supply to the user break
controller (UBC) among the on-chip peripheral modules. See section 20.6, User Break Controller
Stop Function for how to set the clock supply.

Bit 0: MSTP5 Description
0 UBC operating (Initial value)
1 Clock supply to UBC stopped

9.2.5 Clock Stop Register 00 (CLKSTP00)

Clock stop register 00 (CLKSTPOO) is a 32-bit readable/writable register that controls the
operating clock for peripheral modules.

The clock supply is restarted by writing 1 to the corresponding bit in the CLKSTPCLROO register.
Writing 0 to CLKSTPOO will not change the bit value.

CLKSTPOO is initialized to H'00000000 by a reset. It is not initialized in standby mode.

Bit: 31 30 29 11 10 9 8
=11 -1 -1 =-1-=-17-=1
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R
Bit: 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ CSTP2 \ CSTP1 \ CSTPO \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W

Bits 31 to 3—Reserved: These bits are always read as 0, and should only be written with 0.

Bit 2—Clock Stop 2 (CSTP2): Specifies stopping of the peripheral clock supply to the PCI bus
controller (PCIC). For details see section 22, PCI Controller (PCIC).

Bit 2: CSTP2 Description
0 Peripheral clock is supplied to PCIC (Initial value)
1 Peripheral clock supply to PCIC is stopped
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Bit 1—Clock Stop 1 (CSTP1): Specifies stopping of the peripheral clock supply to timer unit
(TMU) channels 3 and 4.

Bit 1: CSTP1 Description
0 Peripheral clock is supplied to TMU channels 3 and 4 (Initial value)
1 Peripheral clock supply to TMU channels 3 and 4 is stopped

Bit 0—Clock Stop 0 (CSTPO): Specifies stopping of the peripheral clock supply to the interrupt
controller (INTC). When this bit is set, PCIC and TMU channel 3 and 4 interrupts are not
detected.

Bit 0: CSTPO Description
0 INTC detects PCIC and TMU channel 3 and 4 interrupts (Initial value)
1 INTC does not detect PCIC and TMU channel 3 and 4 interrupts

9.2.6 Clock Stop Clear Register 00 (CLKSTPCLRO00)

Clock stop clear register 00 (CLKSTPCLROO) is a 32-bit write-only register that is used to clear
corresponding bits in the CLKSTPOO register.

Bit: 31 30 29 11 10 9 8
— 1 T 1~ T T T ]
Initial value: 0 0 0 0 0 0 0
R/W: w w w w w w
Bit: 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W: w w w w w w w

Bits 31 to 0—Clock Stop Clear: The value of a Clock Stop Clear bit indicates whether the
corresponding Clock Stop bit is to be cleared. See section 9.2.5, Clock Stop Register 00
(CLKSTPO00), for the correspondence between bits and the clocks stopped.

Bits 31to 0 Description
0 Corresponding Clock Stop bit is not changed (Initial value)
1 Corresponding Clock Stop bit is cleared
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9.3 Sleep Mode

9.3.1 Transition to Sleep Mode

If a SLEEP instruction is executed when the STBY bit in STBCR is cleared to 0, the chip switches
from the program execution state to sleep mode. After execution of the SLEEP instruction, the
CPU halts but its register contents are retained. The on-chip peripheral modules continue to
operate, and the clock continues to be output from the CKIO pin.

In sleep mode, a high-level signal is output at the STATUSI pin, and a low-level signal at the
STATUSO pin.

9.3.2 Exit from Sleep Mode

Sleep mode is exited by means of an interrupt (NMI, IRL, or on-chip peripheral module) or a
reset. In sleep mode, interrupts are accepted even if the BL bit in the SR register is 1. If necessary,
SPC and SSR should be saved to the stack before executing the SLEEP instruction.

Exit by Interrupt: When an NMI, IRL, or on-chip peripheral module interrupt is generated, sleep
mode is exited and interrupt exception handling is executed. The code corresponding to the
interrupt source is set in the INTEVT register.

Exit by Reset: Sleep mode is exited by means of a power-on or manual reset via the RESET pin,
or a power-on or manual reset executed when the watchdog timer overflows.

94 Deep Sleep Mode

94.1 Transition to Deep Sleep Mode

If a SLEEP instruction is executed when the STBY bit in STBCR is cleared to 0 and the DSLP bit
in STBCR2 is set to 1, the chip switches from the program execution state to deep sleep mode.
After execution of the SLEEP instruction, the CPU halts but its register contents are retained.
Except for the DMAC*, on-chip peripheral modules continue to operate. The clock continues to be
output to the CKIO pin, but all bus access (including auto refresh) stops. When using memory that
requires refreshing, set the self-refresh function prior to making the transition to deep sleep mode.

In deep sleep mode, a high-level signal is output at the STATUSI pin, and a low-level signal at
the STATUSO pin.
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Note: * Terminate DMA transfers prior to making the transition to deep sleep mode. If you
make a transition to deep sleep mode while DMA transfers are in progress, the results
of those transfers cannot be guaranteed.

94.2 Exit from Deep Sleep Mode

As with sleep mode, deep sleep mode is exited by means of an interrupt (NMI, IRL, or on-chip
peripheral module) or a reset.

9.5 Pin Sleep Mode

9.5.1 Transition to Pin Sleep Mode
Changing the SLEEP pin to the low level causes this LSI to make a transition to sleep mode.

To ensure that memory is correctly refreshed, use this function when the DSLP bit of STBCR2 is
set to 0.

9.5.2 Exit from Pin Sleep Mode

Setting the SLEEP pin level high causes this LSI to return to the normal state. The pin sleep mode
is also canceled when the conditions specified in section 9.3.2, “Exit From Sleep Mode” are
satisfied.

In a power-on reset, the SLEEP pin should be fixed high.
9.6 Standby Mode

9.6.1 Transition to Standby Mode

If a SLEEP instruction is executed when the STBY bit in STBCR is set to 1, the chip switches
from the program execution state to standby mode. In standby mode, the on-chip peripheral
modules halt as well as the CPU. Clock output from the CKIO pin is also stopped.

The CPU and cache register contents are retained. Some on-chip peripheral module registers are
initialized. The state of the peripheral module registers in standby mode is shown in table 9.4.
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Table 9.4  State of Registers in Standby Mode

Registers That Retain

Module Initialized Registers Their Contents

Interrupt controller — All registers

User break controller — All registers

Bus state controller — All registers

On-chip oscillation circuits — All registers

Timer unit TSTR register* All registers except TSTR
Realtime clock — All registers

Direct memory access controller — All registers

Serial communication interface See Appendix A, Address List See Appendix A, Address List

Notes: DMA transfer should be terminated before making a transition to standby mode. Transfer
results are not guaranteed if standby mode is entered during transfer.

* Not initialized when the realtime clock (RTC) is in use (see section 12, Timer Unit
(TMU)).

The procedure for a transition to standby mode is shown below.

1. Clear the TME bit in the WDT timer control register (WTCSR) to 0, and stop the WDT.

Set the initial value for the up-count in the WDT timer counter (WTCNT), and set the clock to
be used for the up-count in bits CKS2—-CKSO0 in the WTCSR register.

2. Set the STBY bit in the STBCR register to 1, then execute a SLEEP instruction.

3. When standby mode is entered and the chip's internal clock stops, a low-level signal is output
at the STATUSI pin, and a high-level signal at the STATUSO pin.

9.6.2 Exit from Standby Mode

Standby mode is exited by means of an interrupt (NMI, IRL, or on-chip peripheral module) or a
reset via the RESET and MRESET pins.

Exit by Interrupt: A hot start can be performed by means of the on-chip WDT. When an NMI,
IRL™', RTC, or GPIO™*” interrupt is detected, the WDT starts counting. After the count overflows,
clocks are supplied to the entire chip, standby mode is exited, and the STATUS1 and STATUSO
pins both go low. Interrupt exception handling is then executed, and the code corresponding to the
interrupt source is set in the INTEVT register. In standby mode, interrupts are accepted even if the
BL bit in the SR register is 1, and so, if necessary, SPC and SSR should be saved to the stack
before executing the SLEEP instruction.
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The phase of the CKIO pin clock output may be unstable immediately after an interrupt is
detected, until standby mode is exited.

Notes: 1. Only when the RTC clock (32.768 kHz) is operating (see section 19.2.2, IRL
Interrupts), standby mode can be exited by means of IRL3-IRLO (when the IRL3-
IRLO level is higher than the SR register IMASK mask level).
2. GPIC can be used to cancel standby mode when the RTC clock (32.768 kHz) is
operating (when the GPIC level is higher than the SR register IMASK mask level).

Exit by Reset: Standby mode is exited by means of a reset (power-on or manual) via the RESET
pin. The RESET pin should be held low until clock oscillation stabilizes. The internal clock
continues to be output at the CKIO pin.

9.6.3 Clock Pause Function

In standby mode, it is possible to stop or change the frequency of the clock input from the EXTAL
pin. This function is used as follows.

1. Enter standby mode following the transition procedure described above.

2. When standby mode is entered and the chip's internal clock stops, a low-level signal is output
at the STATUSI pin, and a high-level signal at the STATUSO pin.

3. The input clock is stopped, or its frequency changed, after the STATUSI pin goes low and the
STATUSO pin high.

4. When the frequency is changed, input an NMI or IRL interrupt after the change. When the
clock is stopped, input an NMI or IRL interrupt after applying the clock.

5. After the time set in the WDT, clock supply begins inside the chip, the STATUSI and
STATUSO pins both go low, and operation is resumed from interrupt exception handling.

9.7 Module Standby Function

9.7.1 Transition to Module Standby Function

Setting the MSTP6-MSTPO and CSTP2—CSTPO bits in the standby control register, standby
control register 2, and clock stop clear register 00 to 1 enables the clock supply to the
corresponding on-chip peripheral modules to be halted. Use of this function allows power
consumption in sleep mode to be further reduced.

In the module standby state, the on-chip peripheral module external pins retain their states prior to
halting of the modules, and most registers retain their states prior to halting of the modules.
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Bit Description
CSTP2 0 Peripheral clock is supplied to PCIC
1 Peripheral clock supply to PCIC is stopped
CSTP1 0 Peripheral clock is supplied to TMU channels 3 and 4
1 Peripheral clock supply to TMU channels 3 and 4 is stopped
CSTPO 0 INTC detects PCIC and TMU channel 3 and 4 interrupts
1 INTC does not detect PCIC and TMU channel 3 and 4 interrupts
MSTP6 0 SQ operates
1 Clock supplied to SQ is stopped
MSTP5 0 UBC operates
1 Clock supplied to UBC is stopped*®
MSTP4 0 DMAC operates
1 Clock supplied to DMAC is stopped**
MSTP3 0 SCIF operates
1 Clock supplied to SCIF is stopped
MSTP2 0 TMU operates
1 Clock supplied to TMU is stopped, and register is initialized*’
MSTP1 0 RTC operates
1 Clock supplied to RTC is stopped**
MSTPO 0 SCI operates
1 Clock supplied to SCl is stopped

Notes: 1. The register initialized is the same as in standby mode, but initialization is not
performed if the RTC clock is not in use (see section 12, Timer Unit (TMU)).

2. The counter operates when the START bit in RCR2 is 1 (see section 11, Realtime
Clock (RTC)).

3. For details, see section 20.6, User Break Controller Stop Function.

4. Terminate DMA transfers prior to making the transition to module standby mode. If you
make a transition to module standby mode while DMA transfers are in progress, the
results of those transfers cannot be guaranteed.

9.7.2 Exit from Module Standby Function

In the case of the standby control register and standby control register 2, the module standby
function is exited by writing 0 to the MSTP6-MSTPO bits. In the case of clock stop register 00,
the module standby function is exited by writing 1 to the corresponding bit in clock stop clear
register 00.
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The module standby function is not exited by means of a power-on reset via the RESET pin or a
power-on reset caused by watchdog timer overflow.

9.8 Hardware Standby Mode

9.8.1 Transition to Hardware Standby Mode

Setting the CA pin level low effects a transition to hardware standby mode. In this mode, all
modules other than the RTC stop, as in the standby mode selected using the SLEEP command.

Hardware standby mode differs from standby mode as follows:

1. Interrupts and manual resets are not available;

2. All output pins other than the STATUS pin are in the high-impedance state and the pull-up
resistance is off.

3. On the SH7751, the RTC continues to operate even when no power is supplied to power pins
other than the RTC power supply pin.

The status of the STATUS pin is determined by the STHZ bit of STBCR2. See section D, Pin
Functions, for details of output pin states.

Operation when a low-level is input to the CA pin when in the standby mode depends on the CPG
status, as follows:

1. In standby mode
The clock remains stopped and a transition is made to the hardware standby state.
Interrupts and manual resets are disabled, but the output pins remain in the same state as in
standby mode.

2. When WDT is operating when standby mode is exited by interrupt

Standby mode is momentarily exited, the CPU restarts, and then a transition is made to
hardware standby mode.

Note that the level of the CA pin must be kept low while in hardware standby mode.
9.8.2 Exit from Hardware Standby Mode

Hardware standby mode can only be cancelled by a power-on reset. Driving the CA pin high when
the RESET pin is being driven low causes clock oscillation to start. At this point, maintain the
RESET pin at low level until clock oscillation stabilizes. The CPU will start power-on reset
processing if the RESET pin is driven high. Hardware standby mode cannot be cancelled by an
interrupt or a manual reset.
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9.8.3 Usage Notes

1. The CA pin level must be kept high when the RTC power supply is started (figure 9.15).

2. On the SH7751R, supply power to the V., Voo, Vo coss Ve and Vi o, power supply
pins in addition to the RTC power supply pin in hardware standby mode.

9.9 STATUS Pin Change Timing
The STATUSI1 and STATUSO pin change timing is shown below.
The meaning of the STATUS pin settings is as follows:

Reset: HH (STATUSI high, STATUSO high)
Sleep: HL (STATUSI high, STATUSO low)
Standby: LH (STATUSI low, STATUSO high)
Normal: LL (STATUSI low, STATUSO low)

The meaning of the clock units is as follows:

Bcyc: Bus clock cycle
Pcyc: Peripheral clock cycle
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9.9.1 In Reset

Power-On Reset
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Figure 9.1 STATUS Output in Power-On Reset
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Note: * In a manual reset, STATUS = HH (reset) is set and an internal reset started after waiting
until the end of the currently executing bus cycle.

Figure 9.2 STATUS Output in Manual Reset
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9.9.2 In Exit from Standby Mode

Standby — Interrupt

Oscillation stops Interrupt request  WDT overflow

ckio [T l lﬂTrrrP@]j—J—er

WDT count

|
|
|
|
|
|
|
; Normal

><

STATUS  Normal X Standby

Figure 9.3 STATUS Output in Standby — Interrupt Sequence

Standby — Power-On Reset

Oscillation stops Reset

P
ckio _[ L[ LI1 WMW

RESET*1

STATUS Normal Standby Reset Normal

><

_____><_____ L]

|
|
——
|
|

: ' 0-30 Beyc

I
0-10 Beyc

Notes: 1. When standby mode is exited by means of a power-on reset, a WDT count is not
performed. Hold RESET low for the PLL oscillation stabilization time.
2. Undefined

Figure 9.4 STATUS Output in Standby — Power-On Reset Sequence
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Standby — Manual Reset

Oscillation stops

|

CKIO

Reset

|
IR L LY

RESET  (High)

MRESET*

STATUS Normal >< Standby

T
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
XUndefined Reset >< Normal

|
|
|
1
|
|
|
|
|
|
|
|
|
|
i
! 0-20 Beyc

0-30 Beyc .

Note: * When standby mode is exited by means of a manual reset, a WDT count is not performed.
Hold MRESET low for the PLL oscillation stabilization time.

Figure 9.5 STATUS Output in Standby — Manual Reset Sequence

9.9.3 In Exit from Sleep Mode

Sleep — Interrupt

Interrupt request

STATUS Normal

Sleep

Figure 9.6 STATUS Output in Sleep — Interrupt Sequence
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Sleep — Power-On Reset

Reset

>< Normal

|
|
|
STATUS Normal | Sleep >@}< Reset:
|
|
|

0-10 Beyc

Notes: 1. When sleep mode is exited by means of a power-on reset, hold RESET low for the
oscillation stabilization time.
2. Undefined

Figure 9.7 STATUS Output in Sleep — Power-On Reset Sequence
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Sleep —» Manual Reset

Reset

RESET (High)

|
|
1
|
|
|
|
|
T
|
|
|
Reset Normal
>i<
|

MRESET*
STATUS Normal Sleep
: :
| |
: I I I I
0-30 Beyc 0-30 Bcyc

Note: * Hold MRESET low until STATUS = reset.

Figure 9.8 STATUS Output in Sleep — Manual Reset Sequence
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92.9.4 In Exit from Deep Sleep Mode

Deep Sleep — Interrupt

Interrupt request

STATUS Normal Sleep

Figure 9.9 STATUS Output in Deep Sleep — Interrupt Sequence

Deep Sleep — Power-On Reset

Reset

l

T
|
|
STATUS Normal >< Sleep >@< Reset
|
|
[
|

RESET™

Normal

_><_________

|

|
-

' ' 0-30 Beyc
0-10 Beyc

Notes: 1. When deep sleep mode is exited by means of a power-on reset, hold RESET low for the
oscillation stabilization time.
2. Undefined

Figure 9.10 STATUS Output in Deep Sleep — Power-On Reset Sequence
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Deep Sleep — Manual Reset

Reset

MRESET*
STATUS Normal X Sleep Reset Normal
. l )i<
| | |
: I I I I
0-30 Beyc 0-30 Beyc

Note: * Hold MRESET low until STATUS = reset.

Figure 9.11 STATUS Output in Deep Sleep —» Manual Reset Sequence
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9.9.5 Hardware Standby Mode Timing
Figure 9.12 shows the timing of the signals of the respective pins in hardware standby mode.
The CA pin level must be kept low while in hardware standby mode.

After setting the RESET pin level low, the clock starts when the CA pin level is switched to high.

ckio [[]]1]]1]]

cA |

N

|
|
|
LT

I
|
RESET !
I
I

|

|

|

|

|

|

|

Il
. |
STATUS Normal*1 Standby™*2 Xundefined Reset

>I< | ><

T

| | | |
[—— {——| |
|

| | | |
/ 0-10 Beyc 0-10 Beyc

Waiting for end of bus cycle

Notes: 1. Same at sleep and reset
2. High impedance when STBCR2. STHZ =0

Figure 9.12 Hardware Standby Mode Timing
(When CA = Low in Normal Operation)
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Interrupt request ~ WDT overflow

CKIO

[T

CA

|
|
|
|

STATUS Standby! >:< Normal X Standby*

| |
| —————>

'/ ' 0-10 Beyc

WDT count

Note: * High impedance when STBCR2. STHZ =0

Figure 9.13 Hardware Standby Mode Timing
(When CA = Low in WDT Operation)

Vbpa* 88

|
|
T
l
|
| | |
| | |
I | I —
Vbp : ) : T Vpp min
T K | |
| | | |
: N
CA D) N B
I \ I I I I
: o
RESET L L
T I I I
i —ni t<—Min Os
| | I |
Min Os| |
r—
Max 50 us

Note: * Vppq, Vbop-cra

Figure 9.14 Timing When Power Other than VDD-RTC Is Off
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|
|
Vop-RTC /i o .
I Power-on oscillation

| settling time
! ™
CA : L
| | |
A
| |
Vop, Vbpa”* AT
j«<—>! Min Os|
t |
RESET | :
T I
I I

Note: * Vpp, Vpp-pLL1/2, VDDQ: VDD-CPG

Figure 9.15 Timing When VDD-RTC Power Is Off - On

9.10  Usage Notes

9.10.1  Note on Current Consumption

After a power-on reset, the current consumption may exceed the maximum value for sleep mode
or standby mode during the period until one or more of the arithmetic operation or floating-point
operation instructions listed below is executed.

1. Arithmetic operation instructions
MAC.W, MAC.L
2. Floating-point operation instructions
— When FPSCR.PR =0
FADD, FSUB, FMUL, FMAC, FLOAT, FTRC, FDIV, FSQRT, FIPR, FTRV
— When FPSCR.PR = 1
FADD, FSUB, FMUL, FLOAT, FTRC, FDIV, FSQRT, FCNVSD, FCNVDS

Workaround: After a power-on reset, execute one or more of the above instructions before
transitioning to sleep mode or standby mode.
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Example: To reduce the effect on FPSCR, arrange the following two instructions starting at
H'A0000000.

Address Instruction String
H'A0000000 FLDI1 FRO
H'A0000002 FADD FRO, FRO ; FLDI1 FRO loads 1 into FRO,
; so the cause and flag bits of FPSCR are not set to 1.
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10. Clock Oscillation Circuits

Section 10 Clock Oscillation Circuits

10.1 Overview

The on-chip oscillation circuits comprise a clock pulse generator (CPG) and a watchdog timer
(WDT).

The CPG generates the clocks supplied inside the processor and performs power-down mode
control.

The WDT is a single-channel timer used to count the clock stabilization time when exiting standby
mode or the frequency is changed. It can be used as a normal watchdog timer or an interval timer.

10.1.1  Features
The CPG has the following features:

e Three clocks

The CPG can generate the CPU clock (Ick) used by the CPU, FPU, caches, and TLB, the
peripheral module clock (Pck) used by the peripheral modules, and the bus clock (Bck) used
by the external bus interface.

e Six clock modes
Any of six clock operating modes can be selected, with different combinations of CPU clock,
bus clock, and peripheral module clock division ratios after a power-on reset.

e Frequency change function
PLL (phase-locked loop) circuits and a frequency divider in the CPG enable the CPU clock,
bus clock, and peripheral module clock frequencies to be changed. Frequency changes are
performed by software in accordance with the settings in the frequency control register
(FRQCR).

e PLL on/off control
Power consumption can be reduced by stopping the PLL circuits during low-frequency
operation.

e Power-down mode control
It is possible to stop the clock in sleep mode and standby mode, and to stop specific modules
with the module standby function.
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10. Clock Oscillation Circuits

The WDT has the following features

Can be used to secure clock stabilization time

Used when exiting standby mode or a temporary standby state when the clock frequency is
changed.

Can be switched between watchdog timer mode and interval timer mode

Internal reset generation in watchdog timer mode

An internal reset is executed on counter overflow.

Power-on reset or manual reset can be selected.

Interrupt generation in interval timer mode

An interval timer interrupt is generated on counter overflow.

Selection of eight counter input clocks

Any of eight clocks can be selected, scaled from the x1 clock of frequency divider 2 shown in
figure 10.1.

The CPG is described in sections 10.2 to 10.6, and the WDT in sections 10.7 to 10.9.
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10.2  Overview of CPG
10.2.1  Block Diagram of CPG

Figures 10.1(1) and 10.1(2) show a block diagram of the CPG in the SH7751 and SH7751R.

Oscillator circuit

Frequency
divider 2
PLL circuit 1 x1 >
s ;
x1/3 CPU clock (Ick)
H x1/4 S T cycle leyc
x1/6 >
x1/8
Crvstal Frequency
XTAL XJ— oscillation divider 1 T Peripheral module
N clock (Pck) cycle
EXTAL [X] > . Pcyc
A
MD8 [X]
L—»
> —c[)" Bus clock (Bck)
> cycle Beyc
PLL circuit 2 .
x1 -
CKIO [X]«
e ]
CPG control unit
MD2
MDA1 % _| Clock frequency Standby control
~ ircui circuit
MDO X . control circuit T
[ FracR | | sTBCR
1 I STBCR2
( Bus interface )
A
Y
Legend:

FRQCR: Frequency control register
STBCR: Standby control register
STBCR2: Standby control register 2

Figure 10.1 (1) Block Diagram of CPG (SH7751)
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Oscillator circuit

Crystal

A 4

XTAL [X

EXTAL X

circuit

oscillation [—*

mD8 [X]

PLL circuit 1

x6
. x12 I

PLL circuit 2

L]

CKIO [X]«

|

-

Frequency
divider 2

x1

x1/2

x1/3

x1/4

x1/6

x1/8

VVVVVL

CPG control unit

mp2 [X]
MD1 [X]

MDO [X]

Legend:

Clock frequency
control circuit

FRQCR

Standby control

circuit

STBCR

Bus interface )

Y

STBCR2

v

Internal bus

FRQCR: Frequency control register
STBCR: Standby control register
STBCR2: Standby control register 2

N CPU clock (Ick)

cycle lcyc

Peripheral module
clock (Pck) cycle
Pcyc

. Bus clock (Bck)

cycle Becyc

Figure 10.1 (2) Block Diagram of CPG (SH7751R)
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The function of each of the CPG blocks is described below.

PLL Circuit 1: PLL circuit 1 has a function for multiplying the clock frequency from the EXTAL
pin or crystal oscillation circuit by 6 (SH7751 and SH7751R) or 12 (SH7751R). Starting and
stopping is controlled by a frequency control register setting. Control is performed so that the
internal clock rising edge phase matches the input clock rising edge phase.

PLL Circuit 2: PLL circuit 2, according to the output clock feedback from the CKIO pin,
coordinates the phases of the bus clock and the CKIO pin output clock. Starting and stopping is
controlled by a frequency control register setting.

Crystal Oscillation Circuit: This is the oscillator circuit used when a crystal resonator is
connected to the XTAL and EXTAL pins. Use of the crystal oscillation circuit can be selected
with the MD8 pin.

Frequency Divider 1 (SH7751R only): Frequency divider 1 has a function for adjusting the clock
waveform duty to 50% by halving the input clock frequency when clock input from the EXTAL
pin is supplied internally without using PLL circuit 1.

Frequency Divider 2: Frequency divider 2 generates the CPU clock (Ick), bus clock (Bck), and
peripheral module clock (Pck). The division ratio is set in the frequency control register.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency by means of the MD pins and frequency control register.

Standby Control Circuit: The standby control circuit controls the state of the on-chip oscillation
circuits and other modules when the clock is switched and in sleep and standby modes.

Frequency Control Register (FRQCR): The frequency control register contains control bits for
clock output from the CKIO pin, PLL circuit 1 and 2 on/off control, and the CPU clock, bus clock,
and peripheral module clock frequency division ratios.

Standby Control Register (STBCR): The standby control register contains power save mode
control bits. For further information on the standby control register, see section 9, Power-Down
Modes.

Standby Control Register 2 (STBCR2): Standby control register 2 contains a power save mode
control bit. For further information on standby control register 2, see section 9, Power-Down
Modes.
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10.2.2  CPG Pin Configuration
Table 10.1 shows the CPG pins and their functions.

Table 10.1 CPG Pins

Pin Name Abbreviation /0 Function
Mode control pins MDO Input Set clock operating mode
MD1
MD2
Crystal I/O pins XTAL Output Connects crystal resonator
(clock input pins) EXTAL Input Connects crystal resonator, or used as
external clock input pin
MD8 Input Selects use/non-use of crystal resonator
When MD8 = 0, external clock is input from
EXTAL

When MD8 = 1, crystal resonator is
connected directly to EXTAL and XTAL

Clock output pin CKIO Output Used as external clock output pin
Level can also be fixed

CKIO enable pin CKE Output 0 when CKIO output clock is unstable and in
case of synchronous DRAM self-refreshing*

Note: * Setto 1in a power-on reset.

For details of synchronous DRAM self-refreshing, see section 13.3.5, Synchronous
DRAM Interface.

10.2.3  CPG Register Configuration
Table 10.2 shows the CPG register configuration.

Table 10.2 CPG Register

Area 7 Access
Name Abbreviation R/W Initial Value P4 Address Address Size
Frequency control  FRQCR R/W  Undefined HFFC00000 H’1FC00000 16

register
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10.3  Clock Operating Modes

Tables 10.3 (1) and 10.3 (2) show the clock operating modes corresponding to various
combinations of mode control pin (MD2-MDO) settings (initial settings such as the frequency
division ratio).

Table 10.4 shows FRQCR settings and internal clock frequencies.

Table 10.3 (1) Clock Operating Modes (SH7751)

External Frequency

Pin Combination (vs. Input Clock)
Clock 1/2 Peripheral
Operating Frequency CPU Bus Module FRQCR
Mode MD2 MD1 MDO Divider PLL1 PLL2 Clock Clock Clock Initial Value
0 0 0 0 Off On On 6 3/2 3/2 H'OE1A
1 1 Off On On 6 1 1 H'0E23
2 1 0 On On On 3 1 1/2 H'OE13
3 1 Off On On 6 2 1 H'OE13
4 1 0 0 On On On 3 3/2 3/4 H'OEOA
5 1 Off On On 6 3 3/2 H'OEOA
6 1 0 Off Off Off 1 1/2 1/2 H'0808

Notes: 1. The clock operating mode is the only factor to determine whether to turn the 1/2
frequency divider on or off.

2. For the frequency range of the input clock, see the EXTAL clock input frequency (f.,)
and CKIO clock output (f,,) in section 23.3.1, Clock and Control Signal Timing.

Table 10.3 (2) Clock Operating Modes (SH7751R)

External Frequency

Clock Pin Combination (vs. Input Clock)

Operating CPU Bus Peripheral FRQCR
Mode MD2 MD1 MDO PLL1 PLL2 Clock Clock Module Clock Initial Value
0 0 0 0 On (x12) On 12 3 3 H'OE1A
1 1 On(x12) On 12 3/2 3/2 H'0E2C
2 1 0 On (x6) On 6 2 1 H'OE13
3 1 On (x12) On 12 4 2 H'OE13
4 1 0 0 On (x6) On 6 3 3/2 H'OEOA
5 1 On (x12) On 12 6 3 H'OEOA
6 1 0 OFF (x6) OFF 1 1/2 1/2 H'0808

Notes: 1. The multiplication factor of PLL1 is solely determined by the clock operating mode.
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2. For the ranges input clock frequency, see the description of the EXTAL clock input
frequency (f,) and the CKIO clock output (f ) in section 23.3.1, Clock and Control
Signal Timing.
Table 10.4 FRQCR Settings and Internal Clock Frequencies

Frequency Division Ratio of Frequency Divider 2

FRQCR

(Lower 9 Bits) CPU Clock Bus Clock Peripheral Module Clock
H'000 1 1 1/2
H'002 1/4
H'004 1/8
H'008 1/2 1/2
H'00A 1/4
H'00C 1/8
H'011 1/3 1/3
H'013 1/6
H'O1A 1/4 1/4
H'01C 1/8
H'023 1/6 1/6
H'02C 1/8 1/8
H'048 1/2 1/2 1/2
H'04A 1/4
H'04C 1/8
H'05A 1/4 1/4
H'05C 1/8
H'063 1/6 1/6
H'06C 1/8 1/8
H'091 1/3 1/3 1/3
H'093 1/6
H'0A3 1/6 1/6
H'ODA 1/4 1/4 1/4
H'0DC 1/8
H'OEC 1/8

H'123 1/6 1/6 1/6
H'16C 1/8 1/8 1/8

Note: Do not set values other than those shown in the table for the lower 9 bits of FRQCR.
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104  CPG Register Description

10.4.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit readable/writable register that specifies
use/non-use of clock output from the CKIO pin, PLL circuit 1 and 2 on/off control, and the CPU
clock, bus clock, and peripheral module clock frequency division ratios. Only word access can be
used on FRQCR.

FRQCR is initialized only by a power-on reset via the RESET pin. The initial value of each bit is
determined by the clock operating mode.

Bit: 15 14 13 12 11 10 9 8
. — | — | — | — |CKOEN|PLLIEN|PLL2EN| IFC2 |
Initial value: 0 0 0 0 1 1 1 —
RW: RW RW RW R RW R/W R/W R/W
Bit; 7 6 5 4 3 2 1 0
\ IFC1 \ IFCO \ BFC2 \ BFC1 \ BFCO \ PFC2 \ PFC1 \ PFCO \
Initial value: — — — — — — _ _

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

Bits 15 to 12—Reserved: These bits are always read as 0, and should only be written with 0.

Bit 11—Clock Output Enable (CKOEN): Specifies whether a clock is output from the CKIO
pin or the CKIO pin is placed in the high-impedance state. When the CKIO pin goes to the high-
impedance state, operation continues at the operating frequency before this state was entered.
When the CKIO pin becomes high-impedance, it is pulled up.

Bit 11: CKOEN Description
0 CKIO pin goes to high-impedance state (pulled up*)
1 Clock is output from CKIO pin (Initial value)

Note: * Itis not pulled up in hardware standby mode.
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Bit 10—PLL Circuit 1 Enable (PLL1EN): Specifies whether PLL circuit 1 is on or off.

Bit 10: PLL1EN Description
0 PLL circuit 1 is not used
1 PLL circuit 1 is used (Initial value)

Bit 9—PLL Circuit 2 Enable (PLL2EN): Specifies whether PLL circuit 2 is on or off.

Bit 9: PLL2EN Description
0 PLL circuit 2 is not used
1 PLL circuit 2 is used (Initial value)

Bits 8 to 6—CPU Clock Frequency Division Ratio (IFC): These bits specify the CPU clock
frequency division ratio with respect to the input clock, 1/2 frequency divider, or PLL circuit 1
output frequency.

Bit 8: IFC2 Bit 7: IFC1 Bit 6: IFCO Description
0 0 0 x1

1 x1/2

1 0 x1/3

1 x1/4
1 0 0 x1/6

1 x1/8
Other than the above Setting prohibited (Do not set)
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Bits 5 to 3—Bus Clock Frequency Division Ratio (BFC): These bits specify the bus clock
frequency division ratio with respect to the input clock, 1/2 frequency divider, or PLL circuit 1
output frequency.

Bit 5: BFC2 Bit 4: BFC1 Bit 3: BFCO Description

0 0 x1

x1/2

x1/3

x1/4

x1/6

x1/8

Other than the above Setting prohibited (Do not set)

—
| OoO|=|O| =] O

Bits 2 to 0—Peripheral Module Clock Frequency Division Ratio (PFC): These bits specify the
peripheral module clock frequency division ratio with respect to the input clock, 1/2 frequency
divider, or PLL circuit 1 output frequency.

Bit 2: PFC2 Bit 1: PFC1 Bit 0: PFCO Description

0 0 0 x1/2

1 x1/3

1 0 x1/4

1 x1/6

1 0 0 x1/8
Other than the above Setting prohibited (Do not set)

Rev.4.00 Oct. 10, 2008 Page 277 of 1122
REJ09B0370-0400

RENESAS



10. Clock Oscillation Circuits

10.5 Changing the Frequency

There are two methods of changing the internal clock frequency: by changing stopping and
starting of PLL circuit 1, and by changing the frequency division ratio of each clock. In both cases,
control is performed by software by means of the frequency control register. These methods are
described below.

10.5.1 Changing PLL Circuit 1 Starting/Stopping (When PLL Circuit 2 Is Off)

When PLL circuit 1 is changed from the stopped to started state, a PLL circuit 1 oscillation
stabilization time is required. The oscillation stabilization time count is performed by the on-chip
WDT.

1. Set a value in WDT to provide the specified oscillation stabilization time, and stop the WDT.
The following settings are necessary:

WTCSR register TME bit = 0: WDT stopped
WTCSR register CKS2-CKSO0 bits: WDT count clock division ratio
WTCNT counter: Initial counter value

2. Set the PLLIEN bit to 1.

3. Internal processor operation stops temporarily, and the WDT starts counting up. The internal
clock stops and an unstable clock is output to the CKIO pin.

4. After the WDT count overflows, clock supply begins within the chip and the processor
resumes operation. The WDT stops after overflowing.

10.5.2  Changing PLL Circuit 1 Starting/Stopping (When PLL Circuit 2 Is On)

When PLL circuit 2 is on, a PLL circuit 1 and PLL circuit 2 oscillation stabilization time is
required.

1. Make WDT settings as in section 10.5.1.

2. Set the PLLIEN bit to 1.

3. Internal processor operation stops temporarily, PLL circuit 1 oscillates, and the WDT starts
counting up. The internal clock stops and an unstable clock is output to the CKIO pin.

4. After the WDT count overflows, PLL circuit 2 starts oscillating. The WDT resumes its up-
count from the value set in step 1 above. During this time, also, the internal clock is stopped
and an unstable clock is output to the CKIO pin.

5. After the WDT count overflows, clock supply begins within the chip and the processor
resumes operation. The WDT stops after overflowing.
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10.5.3 Changing Bus Clock Division Ratio (When PLL Circuit 2 Is On)

If PLL circuit 2 is on when the bus clock frequency division ratio is changed, a PLL circuit 2
oscillation stabilization time is required.

1. Make WDT settings as in section 10.5.1.
2. Set the BFC2-BFCO bits to the desired value.

3. Internal processor operation stops temporarily, and the WDT starts counting up. The internal
clock stops and an unstable clock is output to the CKIO pin.

4. After the WDT count overflows, clock supply begins within the chip and the processor
resumes operation. The WDT stops after overflowing.

10.5.4 Changing Bus Clock Division Ratio (When PLL Circuit 2 Is Off)

If PLL circuit 2 is off when the bus clock frequency division ratio is changed, a WDT count is not
performed.

1. Set the BFC2-BFCO bits to the desired value.

2. The set clock is switched to immediately.

10.5.5 Changing CPU or Peripheral Module Clock Division Ratio

When the CPU or peripheral module clock frequency division ratio is changed, a WDT count is
not performed.

1. Set the IFC2-IFCO or PFC2-PFCO bits to the desired value.

2. The set clock is switched to immediately.
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10.6  Output Clock Control

The CKIO pin can be switched between clock output and a high-impedance state by means of the
CKOEN bit in the FRQCR register. When the CKIO pin goes to the high-impedance state, it is
pulled up.

10.7  Overview of Watchdog Timer

10.7.1  Block Diagram

Figure 10.2 shows a block diagram of the WDT.

WDT

Standby Standby | itggsby
release control <

1 __ Frequency

vy ; divider 2 x1
Internal reset Reset < | Frequency divider | clock
request control < llllllll

/Y

Clock selection
v —>| Clock selector
Interrupt Interrupt Q
Overflow

request control Clock

A A

A 4

WTCSR WTCNT

( Bus interface )

A

< . >
Legend:

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure 10.2 Block Diagram of WDT
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10.7.2  Register Configuration

The WDT has the two registers summarized in table 10.5. These registers control clock selection
and timer mode switching.

Table 10.5 WDT Registers

Initial Area 7
Name Abbreviation R/W  Value P4 Address Address Access Size
Watchdog timer WTCNT R/W#*  H'00 H'FFC00008 H'1FC00008 R: 8, W: 16*
counter
Watchdog timer WTCSR R/W#*  H'00 H'FFC0000C H'1FC0000C R:8, W: 16*
control/status
register

Note: * Use word-size access when writing. Perform the write with the upper byte set to H'5A or
H'A5, respectively. Byte- and longword-size writes cannot be used.

Use byte access when reading.

10.8  WDT Register Descriptions

10.8.1 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-bit readable/writable counter that counts up on the
selected clock. When WTCNT overflows, a reset is generated in watchdog timer mode, or an
interrupt in interval timer mode. WTCNT is initialized to H'00 only by a power-on reset via the
RESET pin.

To write to the WTCNT counter, use a word-size access with the upper byte set to H'5SA. To read
WTCNT, use a byte-size access.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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10.8.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit readable/writable register
containing bits for selecting the count clock and timer mode, and overflow flags.

WTCSR is initialized to H'0O0 only by a power-on reset via the RESET pin. It retains its value in
an internal reset due to WDT overflow. When used to count the clock stabilization time when
exiting standby mode, WTCSR retains its value after the counter overflows.

To write to the WTCSR register, use a word-size access with the upper byte set to H'AS. To read
WTCSR, use a byte-size access.

Bit: 7 6 5 4 3 2 1 0
\ TME \ WT/IT \ RSTS \ WOVF \ IOVF \ CKS2 \ CKST \ CKS0 \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Timer Enable (TME): Specifies starting and stopping of timer operation. Clear this bit to
0 when using the WDT in standby mode or to change a clock frequency.

Bit 7: TME Description
0 Up-count stopped, WTCNT value retained (Initial value)
1 Up-count started

Bit 6—Timer Mode Select (WT/IT): Specifies whether the WDT is used as a watchdog timer or
interval timer.

Bit 6: WTAT Description
0 Interval timer mode (Initial value)
1 Watchdog timer mode

Note: The up-count may not be performed correctly if WT/IT is modified while the WDT is running.

Bit 5—Reset Select (RSTS): Specifies the kind of reset to be performed when WTCNT overflows
in watchdog timer mode. This setting is ignored in interval timer mode.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset
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Bit 4—Watchdog Timer Overflow Flag (WOVF): Indicates that WTCNT has overflowed in
watchdog timer mode. This flag is not set in interval timer mode.

Bit 4: WOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in watchdog timer mode

Bit 3—Interval Timer Overflow Flag (IOVF): Indicates that WTCNT has overflowed in
interval timer mode. This flag is not set in watchdog timer mode.

Bit 3: IOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in interval timer mode

Bits 2 to 0—Clock Select 2 to 0 (CKS2—-CKS0): These bits select the clock used for the WTCNT
count from eight clocks obtained by dividing the frequency divider 2 input clock*. The overflow
periods shown in the following table are for use of a 33 MHz input clock, with frequency divider 1
off, and PLL circuit 1 on (x6).

Note: * When PLL1 is switched on or off, the clock following the switch is used.

Description
Bit 2: CKS2 Bit1: CKS1 Bit0: CKS0 Clock Division Ratio Overflow Period
0 0 0 1/32 (Initial value) 41 ps
1 1/64 82 us
1 0 1/128 164 ps
1 1/256 328 us
1 0 0 1/512 656 us
1 1/1024 1.31 ms
1 0 1/2048 2.62 ms
1 1/4096 5.25 ms

Note: The up-count may not be performed correctly if bits CKS2-CKSO0 are modified while the
WDT is running. Always stop the WDT before modifying these bits.
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10.8.3  Notes on Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR)
differ from other registers in being more difficult to write to. The procedure for writing to these

registers is given below.

Writing to WTCNT and WTCSR: These registers must be written to with a word transfer
instruction. They cannot be written to with a byte or longword transfer instruction. When writing
to WTCNT, perform the transfer with the upper byte set to H'SA and the lower byte containing the
write data. When writing to WTCSR, perform the transfer with the upper byte set to H'A5 and the
lower byte containing the write data. This transfer procedure writes the lower byte data to

WTCNT or WTCSR. The write formats are shown in figure 10.3.

WTCNT write
15 8 7
Address: H'FFC00008 H'SA Write data
(H'1FCO00008)
WTCSR write
15 8 7
Address: H'FFC0000C H'AB Write data
(H'1FC0000C)
Figure 10.3 Writing to WTCNT and WTCSR
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10.9  Using the WDT

10.9.1 Standby Clearing Procedure

The WDT is used when clearing standby mode by means of an NMI or other interrupt. The
procedure is shown below. (As the WDT does not operate when standby mode is cleared with a
reset, the RESET pin should be held low until the clock stabilizes.)

1. Be sure to clear the TME bit in the WTCSR register to 0 before making a transition to standby
mode. If the TME bit is set to 1, an inadvertent reset or interval timer interrupt may be caused
when the count overflows.

2. Select the count clock to be used with bits CKS2-CKSO0 in the WTCSR register, and set the
initial value in the WTCNT counter. Make these settings so that the time until the count
overflows is at least as long as the clock oscillation stabilization time.

3. Make a transition to standby mode, and stop the clock, by executing a SLEEP instruction.

4. The WDT starts counting on detection of an NMI signal transition edge or an interrupt.

5. When the WDT count overflows, the CPG starts clock supply and the processor resumes
operation. The WOVF flag in the WTCSR register is not set at this time.

6. The counter stops at a value of H'00-H'01. The value at which the counter stops depends on
the clock ratio.

10.9.2  Frequency Changing Procedure

The WDT is used in a frequency change using the PLL. It is not used when the frequency is
changed simply by making a frequency divider switch.

1. Be sure to clear the TME bit in the WTCSR register to 0 before making a frequency change. If
the TME bit is set to 1, an inadvertent reset or interval timer interrupt may be caused when the
count overflows.

2. Select the count clock to be used with bits CKS2—-CKSO0 in the WTCSR register, and set the
initial value in the WTCNT counter. Make these settings so that the time until the count
overflows is at least as long as the clock oscillation stabilization time.

3. When the frequency control register (FRQCR) is modified, the clock stops. The WDT starts
counting.

4. When the WDT count overflows, the CPG starts clock supply and the processor resumes
operation. The WOVF flag in the WTCSR register is not set at this time.

5. The counter stops at a value of H'00-H'O1. The value at which the counter stops depends on

the clock ratio.
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6. When re-setting WTCNT immediately after modifying the frequency control register
(FRQCR), first read the counter and confirm that its value is as described in step 5 above.

10.9.3 Using Watchdog Timer Mode

1. Set the WT/IT bit in the WTCSR register to 1, select the type of reset with the RSTS bit, and
the count clock with bits CKS2—CKSO0, and set the initial value in the WTCNT counter.

2. When the TME bit in the WTCSR register is set to 1, the count starts in watchdog timer mode.

3. During operation in watchdog timer mode, write H'00 to the counter periodically so that it does
not overflow.

4. When the counter overflows, the WDT sets the WOVF flag in the WTCSR register to 1, and
generates a reset of the type specified by the RSTS bit. The counter then continues counting.

10.9.4  Using Interval Timer Mode

When the WDT is operating in interval timer mode, an interval timer interrupt is generated each
time the counter overflows. This enables interrupts to be generated at fixed intervals.

1. Clear the WT/T bit in the WTCSR register to 0, select the count clock with bits CKS2—-CKSO0,
and set the initial value in the WTCNT counter.

2. When the TME bit in the WTCSR register is set to 1, the count starts in interval timer mode.

3. When the counter overflows, the WDT sets the IOVF flag in the WTCSR register to 1, and
sends an interval timer interrupt request to INTC. The counter continues counting.
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10.10 Notes on Board Design

When Using a Crystal Resonator: Place the crystal resonator and capacitors close to the EXTAL
and XTAL pins. To prevent induction from interfering with correct oscillation, ensure that no
other signal lines cross the signal lines for these pins.

CL1 CL2
f I 77
,,,,,,,,,,,,, R Recommended values
Avoid crossing signal lines R CL1=CL2 =0-33 pF
7777777777777 -—=- R=0Q

EXTAL XTAL

SH7751
SH7751R

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal resonator manufacturer.

Figure 10.4 Points for Attention when Using Crystal Resonator

When Inputting External Clock from EXTAL Pin: Make no connection to the XTAL pin.
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When Using a PLL Oscillator Circuit: Separate VDD—CPG and VSS—CPG from the other VDD
and VSS lines at the board power supply source, and insert resistors RCB and RB, and decoupling
capacitors CPB and CB, close to the pins.

RCB1
VDD-PLL1 Recommended values
CPB1 RCB1=RCB2=10Q
-1 CPB1 = CPB2 = 10 uF
VSS-PLL1 RB=100Q
RCB2
VDD-PLL2 U
J‘ Power Supply
SH7751 —__CPB2 (vDD)
SH7751R T
VSS-PLL2 F%
RB
VDD-CPG {
— _—CB Power Supply
(VDDQ)
VSS-CPG 77‘7

Figure 10.5 Points for Attention when Using PLL Oscillator Circuit
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10.11 Usage Notes
10.11.1 Invalid Manual Reset Triggered by Watchdog Timer (SH7751 Only)
Under certain conditions the on-chip watchdog timer (WDT) may trigger an invalid manual reset.

Conditions Under which Problem Occurs: The on-chip WDT triggers an invalid manual reset
when all of the following four conditions are satisfied.

After the WDT overflows, regardless of the values of the WT/IT and RSTS bits in WTCSR.
Before the counter (WTCNT) is incremented by the clock specified by the WTCSR.CKS bit.
The value of at least one of the TME, WT/IT, and RSTS bits in WTCSR is 0.

A value of 1 is written to the TME, WT/IT, and RSTS bits in WTCSR.

sl S

Workaround: A workaround for this problem is to use software to increment WTCNT before
writing 1 to the TME, WT/IT, and RSTS bits in WTCSR. Specific lines of code for this purpose
are listed below.

Example: Add the following lines of code before the instructions for writing 1 to the TME,
WT/IT, and RSTS bits in WTCSR.

MOV.L #WTCNT,R7
MOV.W #H'5A00,R8
MOV.W R8,@R7

MOV.L #WTCSR,R9

MOV.W #H'A580,R10

MOV.W R10,@R9
L.OOP_WDT:

MOV.B @R7,R0

CMP/EQ #H'00, RO

BT L.OOP_WDT
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Section 11 Realtime Clock (RTC)

11.1 Overview

This LSI includes an on-chip realtime clock (RTC) and a 32.768 kHz crystal oscillation circuit for
use by the RTC.

11.1.1  Features

The RTC has the following features.

Clock and calendar functions (BCD display)

Counts seconds, minutes, hours, day-of-week, days, months, and years.

1 to 64 Hz timer (binary display)

The 64 Hz counter register indicates a state of 64 Hz to 1 Hz within the RTC frequency divider
Start/stop function

30-second adjustment function

Alarm interrupts

Comparison with second, minute, hour, day-of-week, day, month, or year (SH7751R only) can
be selected as the alarm interrupt condition

Periodic interrupts

An interrupt period of 1/256 second, 1/64 second, 1/16 second, 1/4 second, 1/2 second, 1
second, or 2 seconds can be selected

Carry interrupt

Carry interrupt function indicating a second counter carry, or a 64 Hz counter carry when the
64 Hz counter is read

Automatic leap year adjustment
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the RTC.

xr =z
gn% ATI
RTCCLK i, RESET,STBY,etc
16.384 kHz A
e v v Y I
Prescaler " 2768 KH: oscﬁ{i-lll-e(lgtig:]ygitra:,!uit Rzgn(t)r‘c))?fr:ii?n
b lizshe i | 4
v
Counter unit £
y aeren Interrupt
R64CE| control unit
L Y
[RSECCNT]-{ RMINCNT |-» RHRCNT | [RDAYCNT| [ RWKCNT | |[RMONCNT}-» RYRCNT |
Y 3 v Y 3 Y v«
| RSECAR | | RMINAR | | RHRAR | | RDAYAR | | RWKAR | [RMONAR| [ RYRAR |
To registers
‘ Bus interface ‘
- t J
< Internal peripheral MOAUIE DUS  —

Note: * SH7751R only

Figure 11.1 Block Diagram of RTC
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11.1.3

Pin Configuration

Table 11.1 shows the RTC pins.

Table 11.1 RTC Pins

Pin Name Abbreviation 1/0 Function

RTC oscillation circuit EXTAL2 Input  Connects crystal to RTC oscillation circuit

crystal pin

RTC oscillation circuit XTAL2 Output Connects crystal to RTC oscillation circuit

crystal pin

Clock input/clock output TCLK 110 External clock input pin/input capture control
input pin/RTC output pin (shared with TMU)

Dedicated RTC power Vooare — RTC oscillation circuit power supply pin*

supply

Dedicated RTC GND pin V. — RTC oscillation circuit GND pin*

Note: Power must be supplied to the RTC power supply pins even when the RTC is not used.

11.1.4  Register Configuration

Table 11.2 summarizes the RTC registers.

Table 11.2 RTC Registers

Initialization
Power-
Abbrevia- On Manual Standby Initial Area 7 Access

Name tion R/W Reset Reset Mode Value P4 Address Address Size
64 Hz R64CNT R Counts Counts Counts Undefined H'FFC80000 H'{1FC80000 8
counter

Second RSECCNT R/W Counts Counts Counts Undefined HFFC80004 H'1FC80004 8
counter

Minute RMINCNT R/W Counts Counts Counts Undefined HFFC80008 H'1FC80008 8
counter

Hour RHRCNT R/W Counts Counts Counts Undefined HFFC8000C H'1FC8000C 8
counter

Day-of- RWKCNT R/W Counts Counts Counts Undefined HFFC80010 H1FC80010 8
week

counter

Day RDAYCNT R/W Counts Counts Counts Undefined HFFC80014 H1FC80014 8
counter
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Initialization
Abbrevia- Power-On Manual Standby Initial Area 7 Access
Name tion R/W Reset Reset Mode Value P4 Address Address Size

Month RMONCNT R/W Counts Counts Counts Undefined H'FFC80018 H'1FC80018 8
counter

Year RYRCNT R/W Counts Counts Counts Undefined H'FFC8001C H'1FC8001C 16
counter

Second RSECAR R/W Initialized*' Held Held Undefined*' H'FFC80020 H'1FC80020 8
alarm
register

Minute RMINAR  R/W Initialized*' Held Held Undefined*' H'FFC80024 H'1FC80024 8
alarm
register

Hour RHRAR R/W Initialized*' Held Held Undefined*' H'FFC80028 H'1FC80028 8
alarm
register

Day-of- RWKAR R/W Initialized*' Held Held Undefined*' H'FFC8002C H'1FC8002C 8
week

alarm

register

Day RDAYAR R/W Initialized*' Held Held Undefined*' H'FFC80030 H'1FC80030 8
alarm
register

Month  RMONAR R/W Initialized*' Held Held Undefined*' H'FFC80034 H'1FC80034 8
alarm
register

RTC RCRH1 R/W Initialized Initialized Held H'00*° H'FFC80038 H'1FC80038 8
control
register 1

RTC RCR2 R/W Initialized Initialized** Held H'09** H'FFC8003C H'1FC8003C 8
control
register 2

RTC RCR3 R/W Initialized Held Held H'00 H'FFC80050 H'1FC80050 8
control

register

3%

Year RYRAR R/W Held Held Held Undefined H'FFC80054 H'1FC80054 16
alarm
registers®

Notes: 1. The ENB bit in each register is initialized.

Bits other than the RTCEN bit and START bit are initialized.
The value of the CF bit and AF bit is undefined.

The value of the PEF bit is undefined.

SH7751R only

ok, 0D
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11.2  Register Descriptions

11.2.1 64 Hz Counter (R64CNT)

R64CNT is an 8-bit read-only register that indicates a state of 64 Hz to 1 Hz within the RTC
frequency divider.

If this register is read when a carry is generated from the 128 kHz frequency division stage, bit 7
(CF) in RTC control register 1 (RCR1) is set to 1, indicating the simultaneous occurrence of the
carry and the 64 Hz counter read. In this case, the read value is not valid, and so R64CNT must be
read again after first writing O to the CF bit in RCR1 to clear it.

When the RESET bit or ADJ bit in RTC control register 2 (RCR2) is set to 1, the RTC frequency
divider is initialized and R64CNT is initialized to H'00.

R64CNT is not initialized by a power-on or manual reset, or in standby mode.

Bit 7 is always read as 0 and cannot be modified.

Bit: 7 6 5 4 3 2 1 0

— | 1Hz | 2Hz | 4Hz | 8Hz | 16Hz | 32Hz | 64Hz

Initial value: 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R R R R R R R
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11.2.2  Second Counter (RSECCNT)

RSECCNT is an 8-bit readable/writable register used as a counter for setting and counting the
BCD-coded second value in the RTC. It counts on the carry (transition of the R6OCNT.1Hz bit
from O to 1) generated once per second by the 64 Hz counter.

The setting range is decimal 00 to 59. The RTC will not operate normally if any other value is set.
Write processing should be performed after stopping the count with the START bit in RCR2, or
by using the carry flag.

RSECCNT is not initialized by a power-on or manual reset, or in standby mode.

Bit 7 is always read as 0. A write to this bit is invalid, but the write value should always be 0.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10-second units 1-second units
Initial value: 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R/W R/W R/W R/W R/W R/W R/W

11.2.3  Minute Counter (RMINCNT)

RMINCNT is an 8-bit readable/writable register used as a counter for setting and counting the
BCD-coded minute value in the RTC. It counts on the carry generated once per minute by the
second counter.

The setting range is decimal 00 to 59. The RTC will not operate normally if any other value is set.
Write processing should be performed after stopping the count with the START bit in RCR2, or
by using the carry flag.

RMINCNT is not initialized by a power-on or manual reset, or in standby mode.

Bit 7 is always read as 0. A write to this bit is invalid, but the write value should always be 0.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10-minute units 1-minute units
Initial value: 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R/W R/W R/W R/W R/W R/W R/W
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11.2.4 Hour Counter (RHRCNT)

RHRCNT is an 8-bit readable/writable register used as a counter for setting and counting the
BCD-coded hour value in the RTC. It counts on the carry generated once per hour by the minute
counter.

The setting range is decimal 00 to 23. The RTC will not operate normally if any other value is set.
Write processing should be performed after stopping the count with the START bit in RCR2, or
by using the carry flag.

RHRCNT is not initialized by a power-on or manual reset, or in standby mode.

Bits 7 and 6 are always read as 0. A write to these bits is invalid, but the write value should always
be 0.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10-hour units 1-hour units
Initial value: 0 0 Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R R/W R/W R/W R/W R/W R/W

11.2.5 Day-of-Week Counter (RWKCNT)

RWKCNT is an 8-bit readable/writable register used as a counter for setting and counting the
BCD-coded day-of-week value in the RTC. It counts on the carry generated once per day by the
hour counter.

The setting range is decimal O to 6. The RTC will not operate normally if any other value is set.
Write processing should be performed after stopping the count with the START bit in RCR2, or
by using the carry flag.

RWKCNT is not initialized by a power-on or manual reset, or in standby mode.

Bits 7 to 3 are always read as 0. A write to these bits is invalid, but the write value should always
be 0.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ Day-of-week code
Initial value: 0 0 0 0 0 Undefined Undefined Undefined
R/W: R R R R R R/W R/W R/W
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Day-of-week code 0 1 2 3 4 5 6

Day of week Sun Mon Tue Wed Thu Fri Sat

11.2.6 Day Counter (RDAYCNT)

RDAYCNT is an 8-bit readable/writable register used as a counter for setting and counting the
BCD-coded day value in the RTC. It counts on the carry generated once per day by the hour
counter.

The setting range is decimal 01 to 31. The RTC will not operate normally if any other value is set.
Write processing should be performed after stopping the count with the START bit in RCR2, or
by using the carry flag.

RDAYCNT is not initialized by a power-on or manual reset, or in standby mode.

The setting range for RDAYCNT depends on the month and whether the year is a leap year, so
care is required when making the setting. Taking the year counter (RYRCNT) value as the year,
leap year calculation is performed according to whether or not the value is divisible by 400, 100,
and 4.

Bits 7 and 6 are always read as 0. A write to these bits is invalid, but the write value should always
be 0.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10-day units 1-day units
Initial value: 0 0 Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R R/W R/W R/W R/W R/W R/W

11.2.7 Month Counter (RMONCNT)

RMONCNT is an 8-bit readable/writable register used as a counter for setting and counting the
BCD-coded month value in the RTC. It counts on the carry generated once per month by the day
counter.

The setting range is decimal 01 to 12. The RTC will not operate normally if any other value is set.
Write processing should be performed after stopping the count with the START bit in RCR2, or
by using the carry flag.

RMONCNT is not initialized by a power-on or manual reset, or in standby mode.
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Bits 7 to 5 are always read as 0. A write to these bits is invalid, but the write value should always
be 0.

Bit: 7 6 5 4 3 2 1 0
— — — 10-month 1-month units
unit
Initial value: 0 0 0 Undefined Undefined Undefined Undefined Undefined
R/W: R R R R/W R/W R/W R/W R/W

11.2.8  Year Counter (RYRCNT)

RYRCNT is a 16-bit readable/writable register used as a counter for setting and counting the
BCD-coded year value in the RTC. It counts on the carry generated once per year by the month
counter.

The setting range is decimal 0000 to 9999. The RTC will not operate normally if any other value
is set. Write processing should be performed after stopping the count with the START bit in
RCR2, or by using the carry flag.

RYRCNT is not initialized by a power-on or manual reset, or in standby mode.

Bit: 15 14 13 12 11 10 9 8
1000-year units 100-year units

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

10-year units 1-year units

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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11.2.9  Second Alarm Register (RSECAR)

RSECAR is an 8-bit readable/writable register used as an alarm register for the RTC's BCD-coded
second value counter, RSECCNT. When the ENB bit is set to 1, the RSECAR value is compared
with the RSECCNT value. Comparison between the counter and the alarm register is performed
for those registers among RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, and RMONAR in
which the ENB bit is set to 1, and the RCR1 alarm flag is set when the respective values all match.

The setting range is decimal 00 to 59 + ENB bit. The RTC will not operate normally if any other
value is set.

The ENB bit in RSECAR is initialized to 0 by a power-on reset. The other fields in RSECAR are
not initialized by a power-on or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10-second units 1-second units
Initial value: 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined

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

11.2.10 Minute Alarm Register (RMINAR)

RMINAR is an 8-bit readable/writable register used as an alarm register for the RTC's BCD-coded
minute value counter, RMINCNT. When the ENB bit is set to 1, the RMINAR value is compared
with the RMINCNT value. Comparison between the counter and the alarm register is performed
for those registers among RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, and RMONAR in
which the ENB bit is set to 1, and the RCR1 alarm flag is set when the respective values all match.

The setting range is decimal 00 to 59 + ENB bit. The RTC will not operate normally if any other
value is set.

The ENB bit in RMINAR is initialized by a power-on reset. The other fields in RMINAR are not
initialized by a power-on or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10-minute units 1-minute units
Initial value: 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined

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

Rev.4.00 Oct. 10, 2008 Page 300 of 1122
REJ09B0370-0400
RENESAS



11. Realtime Clock (RTC)

11.2.11 Hour Alarm Register (RHRAR)

RHRAR is an 8-bit readable/writable register used as an alarm register for the RTC's BCD-coded
hour value counter, RHRCNT. When the ENB bit is set to 1, the RHRAR value is compared with
the RHRCNT value. Comparison between the counter and the alarm register is performed for
those registers among RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, and RMONAR in
which the ENB bit is set to 1, and the RCR1 alarm flag is set when the respective values all match.

The setting range is decimal 00 to 23 + ENB bit. The RTC will not operate normally if any other
value is set.

The ENB bit in RHRAR is initialized by a power-on reset. The other fields in RHRAR are not
initialized by a power-on or manual reset, or in standby mode.

Bit 6 is always read as 0. A write to this bit is invalid, but the write value should always be 0.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ 10-hour units 1-hour units
Initial value: 0 0 Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R/W R R/W R/W R/W R/W R/W R/W

11.2.12 Day-of-Week Alarm Register (RWKAR)

RWKAR is an 8-bit readable/writable register used as an alarm register for the RTC's BCD-coded
day-of-week value counter, RWKCNT. When the ENB bit is set to 1, the RWKAR value is
compared with the RWKCNT value. Comparison between the counter and the alarm register is
performed for those registers among RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, and
RMONAR in which the ENB bit is set to 1, and the RCR1 alarm flag is set when the respective
values all match.

The setting range is decimal O to 6 + ENB bit. The RTC will not operate normally if any other
value is set.

The ENB bit in RWKAR is initialized by a power-on reset. The other fields in RWKAR are not
initialized by a power-on or manual reset, or in standby mode.
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Bits 6 to 3 are always read as 0. A write to these bits is invalid, but the write value should always
be 0.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ — ‘ — ‘ — ‘ Day-of-week code
Initial value: 0 0 0 0 0 Undefined Undefined Undefined
R/W: R/W R R R R R/W R/W R/W
Day-of-week code 0 1 2 3 4 5 6
Day of week Sun Mon Tue Wed Thu Fri Sat

11.2.13 Day Alarm Register (RDAYAR)

RDAYAR is an 8-bit readable/writable register used as an alarm register for the RTC's BCD-
coded day value counter, RDAYCNT. When the ENB bit is set to 1, the RDAYAR value is
compared with the RDAYCNT value. Comparison between the counter and the alarm register is
performed for those registers among RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, and
RMONAR in which the ENB bit is set to 1, and the RCR1 alarm flag is set when the respective
values all match.

The setting range is decimal 01 to 31 + ENB bit. The RTC will not operate normally if any other
value is set. The setting range for RDAY AR depends on the month and whether the year is a leap
year, so care is required when making the setting.

The ENB bit in RDAYAR is initialized by a power-on reset. The other fields in RDAYAR are not
initialized by a power-on or manual reset, or in standby mode.

Bit 6 is always read as 0. A write to this bit is invalid, but the write value should always be 0.

Bit: 7 6 5 4 3 2 1 0
\ ENB \ — \ 10-day units 1-day units
Initial value: 0 0 Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R/W R R/W R/W R/W R/W R/W R/W
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11.2.14 Month Alarm Register (RMONAR)

RMONAR is an 8-bit readable/writable register used as an alarm register for the RTC's BCD-
coded month value counter, RMONCNT. When the ENB bit is set to 1, the RMONAR value is
compared with the RMONCNT value. Comparison between the counter and the alarm register is
performed for those registers among RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, and
RMONAR in which the ENB bit is set to 1, and the RCR1 alarm flag is set when the respective
values all match.

The setting range is decimal 01 to 12 + ENB bit. The RTC will not operate normally if any other
value is set.

The ENB bit in RMONAR is initialized by a power-on reset. The other fields in RMONAR are
not initialized by a power-on or manual reset, or in standby mode.

Bits 6 and 5 are always read as 0. A write to these bits is invalid, but the write value should always
be 0.

Bit: 7 6 5 4 3 2 1 0
ENB — — 10-month 1-month units
unit
Initial value: 0 0 0 Undefined Undefined Undefined Undefined Undefined
R/W: R/W R R R/W R/W R/W R/W R/W

11.2.15 RTC Control Register 1 (RCR1)

RCRI is an 8-bit readable/writable register containing a carry flag and alarm flag, plus flags to
enable or disable interrupts for these flags.

The CIE and AIE bits are initialized to 0 by a power-on or manual reset; the value of bits other
than CIE and AIE is undefined. In standby mode RCRI is not initialized, and retains its current
value.

Bit: 7 6 5 4 3 2 1 0

\ CF \ — \ — \ CIE \ AIE \ — \ — \ AF \

Initial value: Undefined Undefined Undefined 0 0 Undefined Undefined Undefined
R/W: R/W R R R/W R/W R R R/W
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Bit 7—Carry Flag (CF): This flag is set to 1 on generation of a second counter carry, or a 64 Hz
counter carry when the 64 Hz counter is read. The count register value read at this time is not
guaranteed, and so the count register must be read again.

Bit 7: CF Description
0 No second counter carry, or 64 Hz counter carry when 64 Hz counter is read

[Clearing condition]
When 0 is written to CF

1 Second counter carry, or 64 Hz counter carry when 64 Hz counter is read
[Setting conditions]

o Generation of a second counter carry, or a 64 Hz counter carry when the
64 Hz counter is read

e When 1 is written to CF

Bit 4—Carry Interrupt Enable Flag (CIE): Enables or disables interrupt generation when the
carry flag (CF) is set to 1.

Bit 4: CIE Description
0 Carry interrupt is not generated when CF flag is set to 1 (Initial value)
1 Carry interrupt is generated when CF flag is set to 1

Bit 3—Alarm Interrupt Enable Flag (AIE): Enables or disables interrupt generation when the
alarm flag (AF) is set to 1.

Bit 3: AIE Description
0 Alarm interrupt is not generated when AF flag is set to 1 (Initial value)
1 Alarm interrupt is generated when AF flag is set to 1
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Bit 0—Alarm Flag (AF): Set to 1 when the alarm time set in those registers among RSECAR,
RMINAR, RHRAR, RWKAR, RDAYAR, and RMONAR in which the ENB bit is set to 1
matches the respective counter values.

Bit 0: AF Description

0 Alarm registers and counter values do not match (Initial value)
[Clearing condition]
When 0 is written to AF

1 Alarm registers and counter values match*
[Setting condition]

When alarm registers in which the ENB bit is set to 1 and counter values
match*

Note: * Writing 1 does not change the value.

Bits 6, 5, 2, and 1—Reserved. The initial value of these bits is undefined. A write to these bits is
invalid, but the write value should always be 0.

11.2.16 RTC Control Register 2 (RCR2)

RCR2 is an 8-bit readable/writable register used for periodic interrupt control, 30-second
adjustment, and frequency divider RESET and RTC count control.

RCR2 is basically initialized to H'09 by a power-on reset, except that the value of the PEF bit is
undefined. In a manual reset, bits other than RTCEN and START are initialized, while the value
of the PEF bit is undefined. In standby mode RCR2 is not initialized, and retains its current value.

Bit: 7 6 5 4 3 2 1 0
\ PEF \ PES2 \ PES1 \ PESO \ RTCEN \ ADJ \ RESET \ START \
Initial value: Undefined 0 0 0 1 0 0 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Bit 7—Periodic Interrupt Flag (PEF): Indicates interrupt generation at the interval specified by
bits PES2-PES0. When this flag is set to 1, a periodic interrupt is generated.

Bit 7: PEF Description

0 Interrupt is not generated at interval specified by bits PES2-PESO
[Clearing condition]
When 0 is written to PEF

1 Interrupt is generated at interval specified by bits PES2-PESO
[Setting conditions]

o Generation of interrupt at interval specified by bits PES2-PES0
o When 1 is written to PEF

Bits 6 to 4—Periodic Interrupt Enable (PES2-PESO0): These bits specify the period for periodic
interrupts.

Bit 6: PES2 Bit5: PES1 Bit4: PESO Description

0 0 0 No periodic interrupt generation (Initial value)
1 Periodic interrupt generated at 1/256-second intervals
1 0 Periodic interrupt generated at 1/64-second intervals
1 Periodic interrupt generated at 1/16-second intervals
1 0 0 Periodic interrupt generated at 1/4-second intervals
1 Periodic interrupt generated at 1/2-second intervals
1 0 Periodic interrupt generated at 1-second intervals
1 Periodic interrupt generated at 2-second intervals

Bit 3—Oscillation Circuit Enable (RTCEN): Controls the operation of the RTC crystal
oscillation circuit.

Bit 3: RTCEN Description
0 RTC crystal oscillation circuit halted
1 RTC crystal oscillation circuit operating (Initial value)
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Bit 2—30-Second Adjustment (ADJ): Used for 30-second adjustment. When 1 is written to this
bit, a value up to 29 seconds is rounded down to 00 seconds, and a value of 30 seconds or more is
rounded up to 1 minute. The frequency divider circuits (RTC prescaler and R64CNT) are also
reset at this time. This bit always returns 0 if read.

Bit 2: ADJ Description
0 Normal clock operation (Initial value)
1 30-second adjustment performed

Bit 1—Reset (RESET): The frequency divider circuits are initialized by writing 1 to this bit.
When 1 is written to the RESET bit, the frequency divider circuits (RTC prescaler and R64CNT)
are reset and the RESET bit is automatically cleared to O (i.e. does not need to be written with 0).

Bit 1: RESET Description
0 Normal clock operation (Initial value)
1 Frequency divider circuits are reset

Bit 0—Start Bit (START): Stops and restarts counter (clock) operation.

Bit 0: START Description

0 Second, minute, hour, day, day-of-week, month, and year counters are
stopped*

1 Second, minute, hour, day, day-of-week, month, and year counters operate
normally* (Initial value)

Note: * The 64 Hz counter continues to operate unless stopped by means of the RTCEN bit.
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11.2.17 RTC Control Register (RCR3) and Year-Alarm Register (RYRAR)
(SH7751R Only)

RCR3 and RYRAR are readable/writable registers. RYRAR is the alarm register for the RTC's
BCD-coded year-value counter RYRCNT. When the YENB bit of RCR3 is set to 1, the RYRCNT
value is compared with the RYRAR value. Comparison between the counter and the alarm register
only takes place with the alarm registers in which the ENB and YENB bits are set to 1. The alarm
flag of RCR1 is only set to 1 when the respective values all match.

The setting range of RYRAR is decimal 0000 to 9999, and normal operation is not obtained if a
value beyond this range is set here.

RCR3 is initialized by a power-on reset, but RYRAR will not be initialized by a power-on or
manual reset, or by the device entering standby mode.

Bits 6 to 0 of RCR3 are always read as 0. A write to these bits is invalid. If a value is written to
these bits, it should always be 0.

RCR3
Bit: 7 6 5 4 3 2 1 0
vene | — | - [ =[] -1=-1]+=
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R R

RYRAR

Bit: 15 14 13 12 11 10 9 8
1000 years 100 years

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

10 years 1 year

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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11.3  Operation
Examples of the use of the RTC are shown below.

11.3.1 Time Setting Procedures

Figure 11.2 shows examples of the time setting procedures.

Stop clock Set RCR2.RESET to 1
Reset frequency divider Clear RCR2.START to 0

:

Set second/minute/hour/day/

In any order
day-of-week/month/year y
Start clock operation Set RCR2.START to 1

(a) Setting time after stopping clock

».
-

Clear RCR1.CF to 0
(Write 1 to RCR1.AF so that alarm flag
l is not cleared)

Clear carry flag

Write to counter register Set RYRCNT first and RSECCNT last

Carry flag = 1?

No

Read RCR1 register and check CF bit

(b) Setting time while clock is running

Figure 11.2 Examples of Time Setting Procedures

The procedure for setting the time after stopping the clock is shown in figure 11.2 (a). The
programming for this method is simple, and it is useful for setting all the counters, from second to
year.
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The procedure for setting the time while the clock is running is shown in figure 11.2 (b). This
method is useful for modifying only certain counter values (for example, only the second data or
hour data). If a carry occurs during the write operation, the write data is automatically updated and
there will be an error in the set data. The carry flag should therefore be used to check the write
status. If the carry flag (RCR1.CF) is set to 1, the write must be repeated.

The interrupt function can also be used to determine the carry flag status.
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11.3.2 Time Reading Procedures

Figure 11.3 shows examples of the time reading procedures.

Disable carry interrupts Clear RCR1.CIEto 0
»l
L Clear RCR1.CF to 0
Clear carry flag (Write 1 to RCR1.AF so that alarm flag
* is not cleared)
Read counter register

Carry flag=1? Read RCR1 register and check CF bit

No

(a) Reading time without using interrupts

Clear carry flag
v
Enable carry interrupts Set RCR1.CIE to 1
»l
Y Clear RCR1.CFto 0
Clear carry flag (Write 1 to RCR1.AF so that alarm flag
¢ is not cleared)
Read counter register

Interrupt generated?

No
Disable carry interrupts Clear RCR1.CIEto 0

(b) Reading time using interrupts

Figure 11.3 Examples of Time Reading Procedures

If a carry occurs while the time is being read, the correct time will not be obtained and the read
must be repeated. The procedure for reading the time without using interrupts is shown in figure
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11.3 (a), and the procedure using carry interrupts in figure 11.3 (b). The method without using
interrupts is normally used to keep the program simple.

11.3.3  Alarm Function

The use of the alarm function is illustrated in figure 11.4.

Clock running

’

Disable alarm interrupts Clear RCR1.AIE to prevent erroneous interrupts

:

Set alarm time

Y
Clear alarm flag

Be sure to reset the flag as it may have been
set during alarm time setting

A4
Enable alarm interrupts Set RCR1.AIE to 1

'

Monitor alarm time
(Wait for interrupt or check
alarm flag)

Figure 11.4 Example of Use of Alarm Function

An alarm can be generated by the second, minute, hour, day-of-week, day, month, or year
(SH7751R only) value, or a combination of these. Write 1 to the ENB bit in the alarm registers
involved in the alarm setting, and set the alarm time in the lower bits. Write O to the ENB bit in
registers not involved in the alarm setting.

When the counter and the alarm time match, RCR1.AF is set to 1. Alarm detection can be
confirmed by reading this bit, but normally an interrupt is used. If 1 has been written to
RCRI1.AIE, an alarm interrupt is generated in the event of alarm, enabling the alarm to be
detected.

The alarm flag remains set while the counter and alarm time match. If the alarm flag is cleared by
writing 0 during this period, it will therefore be set again immediately afterward. This needs to be
taken into consideration when writing the program.
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11.4  Interrupts
There are three kinds of RTC interrupt: alarm interrupts, periodic interrupts, and carry interrupts.

An alarm interrupt request (ATI) is generated when the alarm flag (AF) in RCR1 is set to 1 while
the alarm interrupt enable bit (AIE) is also set to 1.

A periodic interrupt request (PRI) is generated when the periodic interrupt enable bits (PES2—
PESO0) in RCR2 are set to a value other than 000 and the periodic interrupt flag (PEF) is set to 1.

A carry interrupt request (CUI) is generated when the carry flag (CF) in RCR1 is set to 1 while the
carry interrupt enable bit (CIE) is also set to 1.

11.5  Usage Notes

11.5.1 Register Initialization

After powering on and making the RCR1 register settings, reset the frequency divider (by setting
RCR2.RESET to 1) and make initial settings for all the other registers.

11.5.2  Carry Flag and Interrupt Flag in Standby Mode

When the carry flag or interrupt flag is set to 1 at the same time this LSI transits to normal mode
from standby mode by a reset or interrupt, the flag may not be set to 1. After exiting standby
mode, check the counters to judge the flag states if necessary.

11.5.3  Crystal Oscillation Circuit

Crystal oscillation circuit constants (recommended values) are shown in table 11.3, and the RTC
crystal oscillation circuit in figure 11.5.

Table 11.3 Crystal Oscillation Circuit Constants (Recommended Values)

f C, C

osc in out

32.768 kHz 10-22 pF 10-22 pF
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o>

This LS Wy
Rs
Rp
VDD-RTC VSS-RTC EXTAL2 XTAL2
- _____&_MWZ/M//ZZZZ// L
Noise filter I I ||:|| XTAL
c [L ]
RTC e —
Cin Cout
RF{TC ;
3.3V
Notes: 1.

N

Select either the Ci, or Co side for the frequency adjustment variable capacitor according to
requirements such as the adjustment range, degree of stability, etc.
Built-in resistance value R; (typ. value) = 10 MQ, Rp (typ. value) = 400 kQ

. Cinand C,, values include floating capacitance due to the wiring. Take care when using a solid-

earth board.

The crystal oscillation stabilization time depends on the mounted circuit constants, floating
capacitance, etc., and should be decided after consultation with the crystal resonator
manufacturer.

Place the crystal resonator and load capacitors Ci, and C, as close as possible to the chip.
(Correct oscillation may not be possible if there is externally induced noise in the EXTAL2 and
XTAL2 pins.)

Ensure that the crystal resonator connection pin (EXTAL2 and XTAL2) wiring is routed as far away
as possible from other power lines (except GND) and signal lines.

Insert a noise filter in the RTC power supply.

Figure 11.5 Example of Crystal Oscillation Circuit Connection
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Section 12 Timer Unit (TMU)

12.1 Overview

This LSI includes an on-chip 32-bit timer unit (TMU) comprising five 32-bit timer channels
(channels 0 to 4).

12.1.1 Features

The TMU has the following features.

Auto-reload type 32-bit down-counter provided for each channel
Input capture function provided in channel 2

Selection of rising edge or falling edge as external clock input edge when external clock is
selected or input capture function is used

32-bit timer constant register for auto-reload use, readable/writable at any time, and 32-bit
down-counter provided for each channel

Selection of seven counter input clocks for channels O to 2

External clock (TCLK), on-chip RTC output clock, five internal clocks (Pck/4, Pck/16, Pck/64,
Pck/256, Pck/1024) (Pck is the peripheral module clock)

Selection of five internal clocks for channels 3 and 4

Channels 0 to 2 can also operate in module standby mode when the on-chip RTC output clock

is selected as the counter input clock; that is, timer operation continues even when the clock
has been stopped for the TMU.

Timer count operations using an external or internal clock are only possible when a clock is
supplied to the timer unit.

Two interrupt sources
One underflow source (channels O to 4) and one input capture source (channel 2)
DMAC data transfer request capability

On channel 2, a data transfer request is sent to the DMAC when an input capture interrupt is
generated.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the TMU.

TICPI2
A
RESET, STBY, TUNIO,1 Pck/4, 16, 64* TUNI2 TCLK RTCCLK TUNI3, TUNI4
etc. A A A A
Ty . v B\
™U TCLK
operation Prescaler control unit
control unit To chan- To chan- Y
nels nels TOCR
Oto4 0to2 ¥
TSTR
TSTR2
Ch 0,1 ch2 Ch34 b
e I N\ N
v Interrupt A Interrupt v Interrupt
Counter unit | |control unit Counter unit| [control unit Counter unit | |control unit

A A A A A

A 4 A 4 y
| TcR | [TcOR P TCNT || || TCR2 | [TCOR2»{TCNT2[»TCPR2]| |[ TCR | [TCOR [#{ TONT |
\ y A y / \ A A A A / \ A A A /
A 4 A 4 A 4 y A 4 y y A 4 A 4 y y Vv
| Bus interface |
. 1 /
¢ L Internal peripheral module buS m————|-

Note: * Signals with 1/4, 1/16, and 1/64 the Pck frequency, supplied to the on-chip peripheral functions.

Figure 12.1 Block Diagram of TMU
12.1.3  Pin Configuration
Table 12.1 shows the TMU pins.

Table 12.1 TMU Pins

Pin Name Abbreviation 1/0 Function

Clock input/clock output TCLK I/0 External clock input pin/input capture
control input pin/RTC output pin
(shared with RTC)
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12.14

Register Configuration

Table 12.2 summarizes the TMU registers.

Table 12.2 TMU Registers

Initialization
Power- Stand-
Chan- Abbre- On Manual by Area7 Access
nel Name viation R/W Reset Reset Mode Initial Value P4 Address Address Size
Com- Timer TOCR R/W Ini- Ini- Held H'00 H'FFD80000 H'1FD80000 8
mon  output tialized tialized
control
register
Timer TSTR R/W Ini- Ini- Ini- H'00 H'FFD80004 H'1FD80004 8
start tialized tialized tialized*'
register
Timer TSTR2 R/W Ini- Held Held H'00 H'FE100004 H'1E100004 8
start tialized
register 2
0 Timer TCORO R/W Ini- Ini- Held H'FFFFFFFF H'FFD80008 H'1FD80008 32
constant tialized tialized
register 0
Timer TCNTO R/W Ini- Ini- Held** H'FFFFFFFF H'FFD8000C H'1FD8000C 32
counter 0 tialized tialized
Timer TCRO R/W Ini- Ini- Held H'0000 H'FFD80010 H'1FD80010 16
control tialized tialized
register 0
1 Timer TCOR1 R/W Ini- Ini- Held H'FFFFFFFF H'FFD80014 H'1FD80014 32
constant tialized tialized
register 1
Timer TCNT1 R/W Ini- Ini- Held** H'FFFFFFFF H'FFD80018 H'1FD80018 32
counter 1 tialized tialized
Timer TCR1 R/W Ini- Ini- Held H'0000 H'FFD8001C H'1FD8001C 16
control tialized tialized
register 1
2 Timer TCOR2 R/W Ini- Ini- Held H'FFFFFFFF H'FFD80020 H'1FD80020 32
constant tialized tialized
register 2
Timer TCNT2 R/W Ini- Ini- Held** H'FFFFFFFF H'FFD80024 H'1FD80024 32
counter 2 tialized tialized
Timer TCR2 R/W Ini- Ini- Held H'0000 H'FFD80028 H'1FD80028 16
control tialized tialized
register 2
Input TCPR2 R Held Held Held Undefined H'FFD8002C H'1FD8002C 32
capture
register
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Initialization
Power- Stand-
Chan- Abbre- On Manual by Area7 Access
nel Name viation R/W Reset Reset Mode Initial Value P4 Address Address Size
3 Timer TCOR3 R/W Ini- Held Held H'FFFFFFFF H'FE100008 H'1E100008 32
constant tialized
register 3
Timer TCNT3 R/W Ini- Held Held H'FFFFFFFF H'FE10000C H'1E10000C 32
counter 3 tialized
Timer TCR3 R/W Ini- Held Held H'0000 H'FE100010 H'1E100010 16
control tialized
register 3
4 Timer TCOR4 R/W Ini- Held Held H'FFFFFFFF H'FE100014 H'1E100014 32
constant tialized
register 4
Timer TCNT4 R/W Ini- Held Held H'FFFFFFFF H'FE100018 H'1E100018 32
counter 4 tialized
Timer TCR4 R/W Ini- Held Held H'0000 H'FE10001C H'1E10001C 16
control tialized
register 4

Notes: 1. Not initialized in module standby mode when the input clock is the on-chip RTC output
clock.

2. Counts in module standby mode when the input clock is the on-chip RTC output clock.

12.2  Register Descriptions

12.2.1 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that specifies whether external pin TCLK is used as
the external clock or input capture control input pin, or as the on-chip RTC output clock output
pin.

TOCR is initialized to H'00 by a power-on or manual reset, but is not initialized in standby mode.

Bit: 7 6 5 4 3 2 1 0
I = = = = = =

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

Bits 7 to 1—Reserved: These bits are always read as 0. A write to these bits is invalid, but the
write value should always be 0.
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Bit 0—Timer Clock Pin Control (TCOE): Specifies whether timer clock pin TCLK is used as
the external clock or input capture control input pin, or as the on-chip RTC output clock output
pin.

Bit 0: TCOE Description

0 Timer clock pin (TCLK) is used as external clock input or input capture
control input pin (Initial value)

1 Timer clock pin (TCLK) is used as on-chip RTC output clock output pin*

Note: * Low-level output in standby mode; high-impedance output in hardware standby mode.

12.2.2  Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that specifies whether the channel 0-2 timer counters
(TCNT) are operated or stopped.

TSTR is initialized to H'0O by a power-on or manual reset. In module standby mode, TSTR is not
initialized when the input clock selected by each channel is the on-chip RTC output clock
(RTCCLK), and is initialized only when the input clock is the external clock (TCLK) or internal
clock (Pck).

Bit: 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ STR2 \ STR1 \ STRO \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W

Bits 7 to 3—Reserved: These bits are always read as 0. A write to these bits is invalid, but the
write value should always be 0.

Bit 2—Counter Start 2 (STR2): Specifies whether timer counter 2 (TCNT2) is operated or
stopped.

Bit 2: STR2 Description
0 TCNT2 count operation is stopped (Initial value)
1 TCNT2 performs count operation
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Bit 1—Counter Start 1 (STR1): Specifies whether timer counter 1 (TCNT1) is operated or
stopped.

Bit 1: STR1 Description
0 TCNT1 count operation is stopped (Initial value)
1 TCNT1 performs count operation

Bit 0—Counter Start 0 (STRO0): Specifies whether timer counter 0 (TCNTO) is operated or
stopped.

Bit 0: STRO Description
0 TCNTO count operation is stopped (Initial value)
1 TCNTO performs count operation

12.2.3  Timer Start Register 2 (TSTR2)

TSTR?2 is an 8-bit readable/writable register that specifies whether the channel 3 and 4 timer
counters (TCNT) are operated or stopped.

TSTR2 is initialized to H'00 by a power-on reset. TSTR retain their contents in standby mode.
When standby mode is entered when the value of either STR3 or STR4 is 1, the count halts when
the peripheral module clock stops and restarts when the clock supply is resumed.

Bit: 7 6 5 4 3 2 1 0
- =1 =] = | = | — | s |sTR

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

Bits 7 to 2—Reserved: These bits are always read as 0. A write to these bits is invalid, but the
write value should always be 0.

Bit 1—Counter Start 4 (STR4): Specifies whether timer counter 4 (TCNT4) is operated or
stopped.

Bit 1: STR4 Description
0 TCNT4 count operation is stopped (Initial value)
1 TCNT4 performs count operation
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Bit 0—Counter Start 3 (STR3): Specifies whether timer counter 3 (TCNT3) is operated or
stopped.

Bit 0: STR3 Description
0 TCNT3 count operation is stopped (Initial value)
1 TCNTS3 performs count operation

12.2.4 Timer Constant Registers (TCOR)

The TCOR registers are 32-bit readable/writable registers. There are five TCOR registers, one for
each channel.

When a TCNT counter underflows while counting down, the TCOR value is set in that TCNT,
which continues counting down from the set value.

The TCOR registers in channels O to 2 are initialized to HFFFFFFFF by a power-on or manual
reset, but are not initialized and retain their contents in standby mode.

The TCOR registers in channels 3 and 4 are initialized to HFFFFFFFF by a power-on reset, but
are not initialized and retain their contents by a manual reset or in standby mode.

Bit: 31 30 29 2 1 0
‘ ‘ ‘ ‘ ............. ‘ ‘ ‘ ‘
Initial value: 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W

12.2.5 Timer Counters (TCNT)

The TCNT registers are 32-bit readable/writable registers. There are five TCNT registers, one for
each channel.

Each TCNT counts down on the input clock selected by TPSC2-TPSCO in the timer control
register (TCR).

When a TCNT counter underflows while counting down, the underflow flag (UNF) is set in the
corresponding timer control register (TCR). At the same time, the timer constant register (TCOR)
value is set in TCNT, and the count-down operation continues from the set value.

The TCNT registers in channels O to 2 are initialized to HFFFFFFFF by a power-on or manual
reset, but are not initialized and retain their contents in standby mode.
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The TCNT registers in channels 3 and 4 are initialized to H'FFFFFFFF by a power-on reset, but
are not initialized and retain their contents by a manual reset or in standby mode.

Bit: 31 30 29 2 1 0
‘ ‘ ‘ ‘ ............. ‘ ‘ ‘ ‘
Initial value: 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W

In channels O to 2, when the input clock is the on-chip RTC output clock (RTCCLK), TCNT
counts even in module standby mode (that is, when the clock for the TMU is stopped). When the
input clock is the external clock (TCLK) or internal clock (Pck), TCNT contents are retained in
standby mode.

12.2.6  Timer Control Registers (TCR)

The TCR registers are 16-bit readable/writable registers. There are five TCR registers, one for
each channel.

Each TCR selects the count clock, specifies the edge when an external clock is selected in
channels 0 to 2, and controls interrupt generation when the flag indicating timer counter (TCNT)
underflow is set to 1. TCR?2 is also used for channel 2 input capture control, and control of
interrupt generation in the event of input capture.

The TCR registers in channels 0 to 2 are initialized to H'0000 by a power-on or manual reset, but
are not initialized in standby mode.

The TCR registers in channels 3 and 4 are initialized to H'0000 by a power-on reset, but are not
initialized by a manual reset or in standby mode.
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1. Channel 0 and 1 TCR bit configuration

Bit: 15 14 13 12 11 10 9 8
— [~ ~T -1 -1~ T~ [ww]

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R RIW

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ UNIE ‘CKEG1 ‘CKEGO \ TPSC2 \ TPSC1 \TPSCO\

Initial value: 0 0 0 0 0 0 0 0
R/W: R R RIW RIW RIW RIW RIW RIW

2. Channel 2 TCR bit configuration

Bitt 15 14 13 12 11 10 9 8
- =1 =] = = | — [ IcPF | UNF |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/W R/W
Bit: 7 6 5 4 3 2 1 0
\ ICPE1 \ ICPEO \ UNIE \ CKEGH1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \
Initial value: 0 0 0 0 0 0 0 0

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

3. Channel 3 and 4 TCR bit configuration

Bit: 15 14 13 12 11 10 9 8
e e e e e e

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R RIW
Bit: 7 6 5 4 3 2 1 0
\ — \ — \ UNIE \ — \ — ‘TPSCZ \ TPSC1 \TPSCO\

Initial value: 0 0 0 0 0 0 0 0
R/W: R R RIW R R RIW RIW RIW
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Bits 15to 9, 7, and 6 (Channels 0 and 1); Bits 15 to 10 (Channel 2)—Reserved: These bits are
always read as 0. A write to these bits is invalid, but the write value should always be 0.

Bit 9—Input Capture Interrupt Flag (ICPF) (Channel 2 Only): Status flag, provided in
channel 2 only, that indicates the occurrence of input capture.

Bit 9: ICPF Description

0 Input capture has not occurred (Initial value)
[Clearing condition]
When 0 is written to ICPF
1 Input capture has occurred
[Setting condition]
When input capture occurs*

Note: * Writing 1 does not change the value.

Bit 8—Underflow Flag (UNF): Status flag that indicates the occurrence of underflow.

Bit 8: UNF Description
0 TCNT has not underflowed (Initial value)
[Clearing condition]
When 0 is written to UNF
1 TCNT has underflowed
[Setting condition]
When TCNT underflows*
Note: * Writing 1 does not change the value.

Bits 7 and 6—Input Capture Control (ICPE1, ICPE0O) (Channel 2 Only): These bits, provided
in channel 2 only, specify whether the input capture function is used, and control enabling or
disabling of interrupt generation when the function is used.

When the input capture function is used, a data transfer request is sent to the DMAC in the event
of input capture.

When using the input capture function, the TCLK pin must be designated as an input pin with the
TCOE bit in the TOCR register. The CKEG bits specify whether the rising edge or falling edge of
the TCLK signal is used to set the TCNT2 value in the input capture register (TCPR2).
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The TCNT?2 value is set in TCPR2 only when the TCR2.ICPF bit is 0. When the TCR2.ICPF bit is
1, TCPR2 is not set in the event of input capture. When input capture occurs, a DMAC transfer
request is generated regardless of the value of the TCR2.ICPF bit. However, a new DMAC
transfer request is not generated until processing of the previous request is finished.

Bit 7: ICPE1 Bit 6: ICPEO Description

0 0 Input capture function is not used (Initial value)
1 Reserved (Do not set)
1 0 Input capture function is used, but interrupt due to input capture

(TICPI2) is not enabled

Data transfer request is sent to DMAC in the event of input
capture

1 Input capture function is used, and interrupt due to input
capture (TICPI2) is enabled

Data transfer request is sent to DMAC in the event of input
capture

Bit 5—Underflow Interrupt Control (UNIE): Controls enabling or disabling of interrupt
generation when the UNF status flag is set to 1, indicating TCNT underflow.

Bit 5: UNIE Description
0 Interrupt due to underflow (TUNI) is not enabled (Initial value)
1 Interrupt due to underflow (TUNI) is enabled

Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): In channels 0 to 2, these bits select the
external clock input edge when an external clock is selected or the input capture function is used.

Bit4: CKEG1 Bit3: CKEGO Description

0 0 Count/input capture register set on rising edge  (Initial value)
1 Count/input capture register set on falling edge
1 X Count/input capture register set on both rising and falling edges

Note: X: 0 or 1 (don't care)
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Bits 2 to 0—Timer Prescaler 2 to 0 (TPSC2-TPSC0): In channels O to 2, these bits select the
TCNT count clock.

When the on-chip RTC output clock is selected as the count clock for a channel, that channel can
operate even in module standby mode. When another clock is selected, the channel does not
operate in standby mode.

Bit 2: TPSC2 Bit 1: TPSC1 Bit 0: TPSCO0  Description
0 0

Counts on Pck/4 (Initial value)
Counts on Pck/16

Counts on Pck/64

Counts on Pck/256

Counts on Pck/1024

Reserved (Do not set)

oO|=|O|=|O|—=|O

Counts on on-chip RTC output clock (Do not
set in channels 3 and 4)

1 Counts on external clock (Do not set in
channels 3 and 4)

12.2.7 Input Capture Register 2 (TCPR2)

TCPR2 is a 32-bit read-only register for use with the input capture function, provided only in
channel 2.

The input capture function is controlled by means of the input capture control bits (ICPE1, ICPEQ)
and clock edge bits (CKEG1, CKEGO) in TCR2. When input capture occurs, the TCNT2 value is
copied into TCPR2. The value is set in TCPR2 only when the ICPF bit in TCR2 is 0.

TCPR?2 is not initialized by a power-on or manual reset, or in standby mode.

Bit: 31 30 29 2 1 0
‘ ‘ ‘ ‘ ............. ‘ ‘ ‘
Initial value: Undefined
R/W: R R R R R R
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12.3  Operation

Each channel has a 32-bit timer counter (TCNT) that performs count-down operations, and a 32-
bit timer constant register (TCOR). The channels have an auto-reload function that allows cyclic
count operations, and can also perform external event counting. Channel 2 also has an input
capture function.

12.3.1 Counter Operation

When one of bits STRO-STR4 is set to 1 in the timer start register (TSTR, TSTR2), the timer
counter (TCNT) for the corresponding channel starts counting. When TCNT underflows, the UNF
flag is set in the corresponding timer control register (TCR). If the UNIE bit in TCR is set to 1 at
this time, an interrupt request is sent to the CPU. At the same time, the value is copied from
TCOR into TCNT, and the count-down continues (auto-reload function).

Example of Count Operation Setting Procedure: Figure 12.2 shows an example of the count
operation setting procedure.

1. Select the count clock with bits TPSC2-TPSCO in the timer control register (TCR). When an
external clock in channels O to 2 is selected, set the TCLK pin to input mode with the TCOE
bit in TOCR, and select the external clock edge with bits CKEG1 and CKEGO in TCR.

2. Specify whether an interrupt is to be generated on TCNT underflow with the UNIE bit in TCR.

3. When the input capture function is used, set the ICPE bits in TCR, including specification of
whether the interrupt function is to be used.

4. Set a value in the timer constant register (TCOR).
5. Set the initial value in the timer counter (TCNT).
6. Set the STR bit to 1 in the timer start register (TSTR, TSTR2) to start the count.
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(Operation selection>

:

Select count clock 1

:

Underflow interrupt
generation setting

When input capture
il . .
v function is used

Input capture interrupt 3
generation setting
T

v
Timer constant
register setting

:

Set initial timer
counter value

:

| Start count | 6

Note: When an interrupt is generated, clear the source flag in the interrupt handler. If the interrupt
enabled state is set without clearing the flag, another interrupt will be generated.

Figure 12.2 Example of Count Operation Setting Procedure
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Auto-Reload Count Operation: Figure 12.3 shows the TCNT auto-reload operation.

TCNT value TCOR value set in TCNT
/ on underflow

H'00000000

STRO-STR4

UNF
57

Figure 12.3 TCNT Auto-Reload Operation
TCNT Count Timing:

e Operating on internal clock

Any of five count clocks (Pck/4, Pck/16, Pck/64, Pck/256, or Pck/1024) scaled from the
peripheral module clock can be selected as the count clock by means of the TPSC2-TPSCO
bits in TCR.

Figure 12.4 shows the timing in this case.

(
TCNT N + 1 N 2{ N
)

e~ A~
e~
=2
|
—_

Figure 12.4 Count Timing when Operating on Internal Clock
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Operating on external clock

In channels O to 2, external clock pin (TCLK) input can be selected as the timer clock by
means of the TPSC2-TPSCO bits in TCR. The detected edge (rising, falling, or both edges) can
be selected with the CKEG1 and CKEGO bits in TCR.

Figure 12.5 shows the timing for both-edge detection.

P [T L LP TP

Exterriw:I uctlocl:rlj 55—|
R — i
57

TCNT N+ 1 X é N X N-1
)

~
N SN SN P

Figure 12.5 Count Timing when Operating on External Clock

Operating on on-chip RTC output clock

In channels O to 2, the on-chip RTC output clock can be selected as the timer clock by means
of the TPSC2-TPSCO bits in TCR. Figure 12.6 shows the timing in this case.

RTC output clock

TCNT N+1 X N X N-1 X

Figure 12.6 Count Timing when Operating on On-Chip RTC Output Clock

12.3.2  Input Capture Function

Channel 2 has an input capture function.

The procedure for using the input capture function is as follows:

1.

Use the TCOE bit in the timer output control register (TOCR) to set the TCLK pin to input
mode.

Use bits TPSC2-TPSCO in the timer control register (TCR) to set an internal clock or the on-
chip RTC output clock as the timer operating clock.

Use bits IPCE1 and IPCEO in TCR to specify use of the input capture function, and whether
interrupts are to generated when this function is used.
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4. Use bits CKEG1 and CKEGO in TCR to specify whether the rising or falling edge of the
TCLK signal is to be used to set the timer counter (TCNT) value in the input capture register
(TCPR2).

This function cannot be used in standby mode.

When input capture occurs, the TCNT?2 value is set in TCPR2 only when the ICPF bit in TCR2 is
0. Also, a new DMAC transfer request is not generated until processing of the previous request is
finished.

Figure 12.7 shows the operation timing when the input capture function is used (with TCLK rising
edge detection).

TCOR value setin TCNT

TCNT value on underflow
A
TCOR
H'00000000
TCLK |_|
TCPR2 >< TCNT value set

TICPI2 f

57

Figure 12.7 Operation Timing when Using Input Capture Function
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124  Interrupts

There are six TMU interrupt sources, comprising underflow interrupts and the input capture
interrupt (when the input capture function is used). Underflow interrupts are generated on channels
0 to 4, and input capture interrupts on channel 2 only.

An underflow interrupt request is generated (on an individual channel basis) when TCR.UNF = 1
and the channel's interrupt enable bit is 1.

When the input capture function is used and an input capture request is generated, an interrupt is
requested if the input capture input flag (ICPF) in TCR2 is 1 and the input capture control bits
(ICPE1, ICPEO) in TCR2 are 11.

The TMU interrupt sources are summarized in table 12.3.

Table 12.3 TMU Interrupt Sources

Channel Interrupt Source Description

0 TUNIO Underflow interrupt O

1 TUNHN Underflow interrupt 1

2 TUNI2 Underflow interrupt 2
TICPI2 Input capture interrupt 2
TUNI3 Underflow interrupt 3
TUNI4 Underflow interrupt 4

12.5  Usage Notes

12.5.1 Register Writes

When performing a TMU register write, timer count operation must be stopped by clearing the
start bit (STRO-STR4) for the relevant channel in the timer start register (TSTR, TSTR2).

Note that the timer start register (TSTR, TSTR2) can be written to, and the underflow flag (UNF)
and input capture flag (ICPF) of the timer control registers (TRCRO to TCR4) can be cleared while
the count is in progress. When the flags (UNF and ICPF) are cleared while the count is in
progress, make sure not to change the values of bits other than those being cleared.
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12.5.2 TCNT Register Reads

When performing a TCNT register read, processing for synchronization with the timer count
operation is performed. If a timer count operation and register read processing are performed
simultaneously, the TCNT counter value prior to the count-down operation is read by means of the
synchronization processing.

12.5.3  Resetting the RTC Frequency Divider

When the on-chip RTC output clock is selected as the count clock, the RTC frequency divider
should be reset.

12.5.4  External Clock Frequency

Ensure that the external clock frequency for any channel does not exceed Pck/8.
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13. Bus State Controller (BSC)

Section 13 Bus State Controller (BSC)

13.1 Overview

The functions of the bus state controller (BSC) include division of the external memory space, and
output of control signals in accordance with various types of memory and bus interface
specifications. The BSC functions allow DRAM, synchronous DRAM, SRAM, ROM, etc., to be
connected to this LSI and also support the PCMCIA interface protocol, enabling system design to
be simplified and data transfers to be carried out at high speed by a compact system.

13.1.1 Features
The BSC has the following features:

e External memory space is managed as 7 independent areas
— Maximum 64 Mbytes for each of areas 0 to 6
— Bus width of each area can be set in a register (except area 0, which uses an external pin
setting)
— Wait state insertion by RDY pin
— Wait state insertion can be controlled by program
— Specification of types of memory connectable to each area
— Output the control signals of memory to each area

— Automatic wait cycle insertion to prevent data bus collisions in case of consecutive
memory accesses to different areas, or a read access followed by a write access to the same
area

— Write strobe setup time and hold time periods can be inserted in a write cycle to enable
connection to low-speed memory

¢ SRAM interface
— Wait state insertion can be controlled by program
— Wait state insertion by RDY pin
Connectable areas: 0 to 6
Settable bus widths: 32, 16, 8
e DRAM interface
— Row address/column address multiplexing according to DRAM capacity
— Burst operation (fast page mode, EDO mode)
— CAS-before-RAS refresh and self-refresh

— 4-CAS byte control for power-down operation
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— DRAM control signal timing can be controlled by register settings
— Consecutive accesses to the same row address
Connectable area: 3
Settable bus widths: 32, 16
e Synchronous DRAM interface
— Row address/column address multiplexing according to synchronous DRAM capacity
— Burst operation
— Auto-refresh and self-refresh
— Synchronous DRAM control signal timing can be controlled by register settings
— Consecutive accesses to the same row address
Connectable areas: 2, 3
Settable bus widths: 32
e Burst ROM interface
— Wait state insertion can be controlled by program
— Burst operation, executing the number of transfers set in a register
Connectable areas: 0, 5, 6
Settable bus widths: 32, 16, 8
e MPX interface
— Address/data multiplexing
Connectable areas: 0 to 6
Settable bus widths: 32
e Byte control SRAM interface
— SRAM interface with byte control
Connectable areas: 1, 4
Settable bus widths: 32, 16
¢ PCMCIA interface
— Wait state insertion can be controlled by program
— Bus sizing function for I/O bus width
o Fine refreshing control

— Supports refresh operation immediately after self-refresh operation in low-power DRAM
by means of refresh counter overflow interrupt function

e Refresh counter can be used as interval timer
— Interrupt request generated by compare-match

— Interrupt request generated by refresh counter overflow
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the BSC.

| Wait
RDY ! > control unit
CS6CS0 < | Area
CE2A-CE2B control unit
BS 1
RD s
RD/WR !
WE3-WEOD 1
CASS, CASxx ! Memory
CKE | control unit
ICIORD, ICIOWR !
REG 1
10IS16 ;
o 4 4
-3 O,
©
[
Interrupt s Refresh
controller E) control unit P

t

Legend:

WCR:

BCR:

MCR:

PCR:

Note:

Wait control register
Bus control register
Memory control register
PCMCIA control register

* SH7751R only

RFCR:

RTCNT:
RTCOR:
RTCSR:

Refresh count register
Refresh timer count register
Refresh time constant register

Refresh timer control/status register

Internal bus

Bus
interface

S

Module bus

BSC

Figure 13.1 Block Diagram of BSC
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13. Bus State Controller (BSC)

13.1.3

Table 13.1 shows the BSC pin configuration.

Pin Configuration

Table 13.1 BSC Pins

Name Signals /0 Description

Address bus A25-A0 O Address output

Data bus D31-D0 I/O Data input/output

Bus cycle start BS 0 Signal that indicates the start of a bus cycle
When setting synchronous DRAM interface or MPX
interface: asserted once for a burst transfer
For other burst transfers: asserted each data cycle

Chip select 6-0 S6-CS0 o Chip select signals that indicate the area being
accessed
CS5 and CS6 are also used as PCMCIA CE1A and
CE1B

Read/write RD/WR (0] Data bus input/output direction designation signal
Also used as the DRAM/synchronous
DRAM/PCMCIA interface write designation signal

Row address RAS ¢ RAS signal when setting DRAM/synchronous DRAM

strobe interface

Read/column RD/CASS/ (0] Strobe signal that indicates a read cycle

address strobe/  FRAME When setting synchronous DRAM interface: CAS

cycle frame signal
When setting MPX interface: FRAME signal

Data enable 0 WEO/REG (0] When setting PCMCIA interface: REG signal
When setting SRAM interface: write strobe signal for
D7-D0

Data enable 1 WEH1 o When setting PCMCIA interface: write strobe signal
When setting SRAM interface: write strobe signal for
D15-D8

Data enable 2 WE2/ICIORD O When setting PCMCIA interface: ICIORD signal
When setting SRAM interface: write strobe signal for
D23-D16

Data enable 3 WES/ICIOWR O When setting PCMCIA interface: ICIOWR signal

When setting SRAM interface: write strobe signal for
D31-D24
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Name Signals /0 Description
Column address  CAS0/DQMO o When setting DRAM interface: CAS signal for
strobe 0 D7-DO
When setting synchronous DRAM interface:
selection signal for D7-DO0
Column address  CAS1/DQM1 O When setting DRAM interface: CAS signal for
strobe 1 D15-D8
When setting synchronous DRAM interface:
selection signal for D15-D8
Column address  CAS2/DQM2 o When setting DRAM interface: CAS signal for
strobe 2 D23-D16
When setting synchronous DRAM interface:
selection signal for D23-D16
Column address  CAS3/DQM3 O When setting DRAM interface: CAS signal for
strobe 3 D31-D24
When setting synchronous DRAM interface:
selection signal for D31-D24
Ready RDY | Wait state request signal
Area 0 MPX MD6/10IS16 | In power-on reset: Designates area 0 bus as MPX
interface interface (1: SRAM, 0: MPX)
specification/ When setting PCMCIA interface: 16-bit I/0O
16-bit 1/0 designation signal. Valid only in little-endian mode.
Clock enable CKE (0] Synchronous DRAM clock enable control signal
Bus release BREQ/ | Bus release request signal/bus acknowledge signal
request BSACK
Bus use BACK/ (0] Bus use permission signal/bus request
permission BSREQ
Area 0 bus MD3/CE2A*' I/0 In power-on reset: area 0 bus width specification
width/PCMCIA MD4/CE2B*> signal
card select When using PCMCIA: CE2A, CE2B
Endian switchover MD5 | Endian specification in a power-on reset
Master/slave MD7/CTS2 I/0 Indicates master/slave status in a power-on reset
switchover Serial interface CTS2
DMACO DACKO (0] DMAC channel 0 data acknowledge
acknowledge
signal
DMACH1 DACK1 0] DMAC channel 1 data acknowledge
acknowledge
signal

Rev.4.00 Oct. 10, 2008 Page 339 of 1122
REJ09B0370-0400

RENESAS



13. Bus State Controller (BSC)

Notes: 1. MD3/CE2A input/output switching is performed by BCR1.A56PCM. Output is selected

when BCR1.A56PCM = 1.

2. MDA4/CE2B input/output switching is performed by BCR1.A56PCM. Output is selected

when BCR1.A56PCM = 1.

13.14  Register Configuration

The BSC has the 11 registers shown in table 13.2. In addition, the synchronous DRAM mode
register incorporated in synchronous DRAM can also be accessed as this LSI register. The
functions of these registers include control of interfaces to various types of memory, wait states,

and refreshing.

Table 13.2 BSC Registers

Abbrevia- R/W Initial P4 Area 7 Access

Name tion Value Address Address Size
Bus control register 1 BCR1 R/W  H'0000 0000 H'FF80 0000 H'1F80 0000 32
Bus control register 2 BCR2 R/W  H'3FFC H'FF80 0004 H'1F80 0004 16
Bus control register 3*° BCR3 R/W  H'0001 H'FF80 0050 H'1F80 0050 16
Bus control register 4** BCR4 R/W  H'0000 0000 H'FEOA 00F0 H'1{EOA O0OF0 32
Wait state control WCR1 R/W  H7777 7777 H'FF80 0008 H'1F80 0008 32
register 1
Wait state control WCR2 R/W  HFFFE EFFF H'FF80 000C H'1F80 000C 32
register 2
Wait state control WCR3 R/W  H'0777 7777 HFF80 0010 H'1F80 0010 32
register 3
Memory control register MCR R/W  H'0000 0000 H'FF80 0014 H'1F80 0014 32
PCMCIA control register PCR R/W  H'0000 H'FF80 0018 H'1F80 0018 16
Refresh timer RTCSR R/W  H'0000 H'FF80 001C H'1F80 001C 16
control/status register
Refresh timer counter ~ RTCNT R/W  H'0000 H'FF80 0020 H'1F80 0020 16
Refresh time constant RTCOR R/W  H'0000 H'FF80 0024 H'1F80 0024 16
counter
Refresh count register RFCR R/W  H'0000 H'FF80 0028 H'1F80 0028 16
Synchronous  For SDMR2 w — H'FF90 xxxx*' H'1F90 xxxx 8
DRAM mode area?2
registers For  SDMR3 H'FF94 x00ct H'1F94 xxxx

area 3

Notes: 1. For details, see section 13.2.10, Synchronous DRAM Mode Register (SDMR).

2. SH7751R only
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13. Bus State Controller (BSC)

13.1.5  Overview of Areas

Space Divisions: The architecture of this LSI provides a 32-bit virtual address space. The virtual
address space is divided into five areas according to the upper address value. External memory
space comprises a 29-bit address space, divided into eight areas.

The virtual address can be allocated to any external address by means of the memory management
unit (MMU). Details are given in section 3, Memory Management Unit (MMU). This section
describes the areas into which the external address is divided.

With this LSI, various kinds of memory or PC cards can be connected to the seven areas of
external address as shown in table 13.3, and chip select signals (CSO—CS6, CE2A, CE2B) are
output for each of these areas. CSO is asserted when accessing area 0, and CS6 when accessing
area 6. When DRAM or synchronous DRAM is connected to area 2 or 3, signals such as RAS,
m, RD/WR, and DQM are also asserted. When the PCMCIA interface is selected for area 5 or
6, CE2A, CE2B is asserted in addition to CS5, CS6 for the byte to be accessed.

256
H'0000 0000 T ——— Area 0 (CS0) H'0000 0000
Area 1 (CST) H'0400 0000
PO and PO and Area 2 (CS2) H'0800 0000
U0 areas U0 areas Area3(CS3) | H0CO00 0000
Area 4 (CS4) H'1000 0000
A H'1400 0000
H'8000 0000 rea 5 (CS9)
P1 area P1 area Area 6 (CS6) H'1800 0000
H'1C00 0000
H'A Area 7 (reserved area)|
0000000 P2 area P2 area ) ( W HiFFF FRFF
HC000 0000 P3 area P3 area . ]
H'E000 0000 [St t
H'E400 6000 ,S,Qr,elstiu:ruez area L ,S,Qt(-:;,D iU:rii area_
H'FFFF FFFF
Physical address Virtual address External memory
space space space
(MMU off) (MMU on)

Notes: 1. When the MMU is off (MMUCR.AT = 0), the top 3 bits of the 32-bit address are ignored, and
memory is mapped onto a fixed 29-bit external address.
2. When the MMU is on (MMUCR.AT = 1), the PO, U0, P3, and store queue areas can be
mapped onto any external space using the TLB.
For details, see section 3, Memory Management Unit (MMU).

Figure 13.2 Correspondence between Virtual Address Space and External Memory Space
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Table 13.3 External Memory Space Map

External Connectable Settable Bus
Area Addresses Size Memory Widths Access Size
0 H'00000000— 64 Mbytes SRAM 8, 16, 32*' 8, 16, 32,
| 6 s
H'03FFFFFF Burst ROM 8, 16, 32+ 64*° bits,
32 bytes
MPX 32%!
1 H'04000000— 64 Mbytes SRAM 8, 16, 32** 8, 16, 32,
H'07FFFFFF MPX 302 64+° bits,
32 bytes
Byte control SRAM 16, 32+#*
2 H'08000000— 64 Mbytes SRAM 8, 16, 32** 8,16, 32,
1 6 ot
H'OBFFFFFF Synchronous DRAM 32+ 64*° bits,
32 bytes
MPX 32+
3 H'0C000000- 64 Mbytes SRAM 8, 16, 32** 8, 16, 32,
! 6 s
H'OFFFFFFF Synchronous DRAM 32+ 64*° bits,
32 bytes
DRAM 16, 32**%°
MPX 32+
4 H'10000000— 64 Mbytes SRAM 8, 16, 32** 8,16, 32,
H'13FFFFFF MPX 302 64*° bits,
32 bytes
Byte control RAM 16, 32+
5 H'14000000— 64 Mbytes SRAM 8, 16, 32** 8, 16, 32,
H17FFFFFF VPX 307 64+ bits,
32 bytes
Burst ROM 8, 16, 32**
PCMCIA 8, 16%>*"
6 H'18000000— 64 Mbytes SRAM 8, 16, 32** 8, 16, 32,
H1BFFFFFF MPX 307 64+° bits,
32 bytes
Burst ROM 8,16, 32+
PCMCIA 8,16+
7+ H'1C000000— 64 Mbytes — —
H'1FFFFFFF
Notes: 1. Memory bus width specified by external pins

2.
3.

Memory bus width specified by register
With synchronous DRAM interface, bus width is 32 bits only

With DRAM interface, bus width is 16 or 32 bits only
With PCMCIA interface, bus width is 8 or 16 bits only

Do not access a reserved area, as operation cannot be guaranteed in this case
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13. Bus State Controller (BSC)

6. A 64-bit access size applies only to transfer by the DMAC (CHCRN.TS = 000).

In the case of access to external memory by means of FMOV (FPSCR.SZ = 1), two
32-bit access size transfers are performed.

Area 0: H'00000000

Area 1: H'04000000

Area 2: H'08000000

Area 3: H'0C000000

Area 4: H'10000000

Area 5: H'14000000

Area 6: H'18000000

SRAM/burst ROM/MPX

SRAM/MPX/byte control SRAM

SRAM/synchronous DRAM/MPX

SRAM/synchronous DRAM/DRAM/
MPX

SRAM/MPX/byte control SRAM

SRAM/burst ROM/PCMCIA/MPX

SRAM/burst ROM/PCMCIA/MPX

The PCMCIA interface is
for memory and 1/O card use

Figure 13.3 External Memory Space Allocation

Memory Bus Width: In this LSI, the memory bus width can be set independently for each space.
For area 0, a bus size of 8, 16, or 32 bits can be selected in a power-on reset by means of the

RESET pin, using external pins. The relationship between the external pins (MD4 and MD3) and
the bus width in a power-on reset is shown below.

MD4 MD3 Bus Width
0 0 Reserved
1 8 bits
1 0 16 bits
1 32 bits

When SRAM interface or ROM is used in areas 1 to 6, a bus width of 8, 16, or 32 bits can be
selected with bus control register 2 (BCR2). When burst ROM is used, a bus width of 8, 16, or 32
bits can be selected. When byte control SRAM interface is used, a bus width of 16, or 32 bits can
be selected. When the MPX interface is used, a bus width of 32 bit can be set. When the DRAM
interface is used, a bus width of 16, or 32 bits can be selected with the memory control register
(MCR). For the synchronous DRAM interface, set a bus width of 32 bit in the MCR register.
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13. Bus State Controller (BSC)

When using the PCMCIA interface, set a bus width of 8 or 16 bits. For details, see section 13.3.7,
PCMCIA Interface.

For details, see section 13.2.2, Bus Control Register 2 (BCR2), and section 13.2.8, Memory
Control Register (MCR).

The area 7 address range, H'1C000000 to H'1 FFFFFFFF, is a reserved space and must not be used.
13.1.6 PCMCIA Support
This LSI supports PCMCIA interface specifications for external memory space areas 5 and 6.

The interfaces supported are the IC memory card interface and I/O card interface stipulated in
JEIDA specifications version 4.2 (PCMCIA2.1).

External memory space areas 5 and 6 support both the IC memory card interface and the I/O card
interface.

The PCMCIA interface is supported only in little-endian mode.

Table 13.4 PCMCIA Interface Features

Item Features

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM

Common memory capacity Max. 64 Mbytes

Attribute memory capacity =~ Max. 64 Mbytes

Others Dynamic bus sizing for I/O bus width, access to PCMCIA interface
from address translation areas
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Table 13.5 PCMCIA Support Interfaces

IC Memory Card Interface

I1/0 Card Interface

Signal Signal Corresponding
Pin Name /0  Function Name /0 Function LSI Pin
1 GND Ground GND Ground —
2 D3 I/O Data D3 I/O Data D3
3 D4 I/O Data D4 I/lO Data D4
4 D5 I/lO Data D5 I/lO Data D5
5 D6 I/O Data D6 I/O Data D6
6 D7 I/O Data D7 I/lO Data D7
7 CE1 | Card enable CE1 | Card enable CS5 or CS6
8 A10 | Address A10 I Address A10
9 OE | Output enable OE | Output enable RD
10 A1 | Address A11 I Address A1
11 A9 | Address A9 | Address A9
12 A8 | Address A8 | Address A8
13 A13 | Address A13 I Address A13
14  At14 | Address A14 I Address A14
15 WE/PGM |  Write enable WE/PGM |  Write enable WET
16 RDY/BSY O Ready/busy IREQ O Interruptrequest  Sensed on port
17 VCC Operating power VCC Operating power —
supply supply
18 VPP1 Programming VPP1 Programming/ —
power supply peripheral power
supply
19 A16 | Address A16 I Address A16
20 A15 | Address A15 I Address A15
21 A2 | Address A12 I Address A12
22 A7 | Address A7 | Address A7
23 A6 | Address A6 | Address A6
24 A5 | Address A5 | Address A5
25 A4 | Address A4 | Address A4
26 A3 | Address A3 I Address A3
27 A2 | Address A2 | Address A2
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13. Bus State Controller (BSC)

IC Memory Card Interface

I1/0 Card Interface

Signal Signal Corresponding
Pin Name 1/0 Function Name /0 Function LSI Pin
28 A1 | Address Al | Address A1
29 A0 | Address A0 | Address AO
30 DO I/O Data DO I/lO Data DO
31 D1 I/O Data D1 I/lO Data D1
32 D2 /O Data D2 I/O Data D2
33 WP+ O  Write protect 101S16 O 16-bit I/O port 101S16
34 GND Ground GND Ground —
35 GND Ground GND Ground —
3 CD1 O  Card detection CD1 O  Card detection Sensed on port
37 D11 /O Data D11 I/O Data D11
38 D12 I/O Data D12 I/lO Data D12
39 D13 I/O Data D13 I/O Data D13
40 D14 I/O Data D14 I/lO Data D14
41 D15 /O Data D15 I/O Data D15
42 CE2 | Card enable CE2 | Card enable CE2A or CE2B
43 RFSH | Refresh request RFSH I Refresh request Output from port
44 RFU Reserved IORD I I/O read ICIORD
45 RFU Reserved IOWR I /O write ICIOWR
46 A17 | Address A17 I Address A17
47 A18 | Address A18 I Address A18
48 A19 | Address A19 I Address A19
49 A20 | Address A20 I Address A20
50 A21 | Address A21 I Address A21
51 VCC Power supply VCC Power supply —
52 VPP2 Programming VPP2 Programming/ —
power supply peripheral power
supply
53 A22 | Address A22 I Address A22
54  A23 | Address A23 I Address A23
55 A24 | Address A24 I Address A24
56 A25 | Address A25 I Address A25
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IC Memory Card Interface

I1/0 Card Interface

Signal Signal Corresponding

Pin Name /0  Function Name /0 Function LSI Pin

57 RFU Reserved RFU Reserved —

58 RESET | Reset RESET | Reset Output from port

59 WAIT O  Wait request WAIT O  Wait request RDY**

60 RFU Reserved INPACK O Input acknowledge —

61 REG | Attribute memory REG | Attribute memory REG
space select space select

62 BVD2 O Battery voltage SPKR O Digital speech Sensed on port
detection signal

63 BVD1 O  Battery voltage STSCHG O Card status Sensed on port
detection change

64 D8 I/O Data D8 I/lO Data D8

65 D9 /0O Data D9 I/O Data D9

66 D10 /O Data D10 I/O Data D10

67 CD2 O Card detection CD2 O Card detection Sensed on port

68 GND Ground GND Ground —

Notes: 1. WP is not supported.

2. Input an external wait request with correct polarity.
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13. Bus State Controller (BSC)

13.2  Register Descriptions
13.2.1  Bus Control Register 1 (BCR1)

Bus control register 1 (BCR1) is a 32-bit readable/writable register that specifies the function, bus
cycle status, etc., of each area.

BCR1 is initialized to H'00000000 by a power-on reset, but is not initialized by a manual reset or
in standby mode. External memory space other than area 0 should not be accessed until register
initialization is completed.

Bit: 31 30 29 28 27 26 25 24
‘ ENDIAN ‘MASTER‘ AOMPX ‘ — ‘ — ‘ DPUP ‘ IPUP ‘ OPUP ‘
Initial value: ~ 0/1* 0/1* 0/1* 0 0 0 0 0
R/W: R R R R R R/W R/W R/W
Bit: 23 22 21 20 19 18 17 16
‘ — ‘ — ‘ A1MBC ‘ A4MBC ‘ BREQEN ‘ — ‘MEMMPX‘ DMABST ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R/W R R/W R/W
Bit: 15 14 13 12 11 10 9 8
‘ HIZMEM ‘ HIZCNT ‘ AOBST2 ‘ AOBST1 ‘ AOBSTO ‘ ASBST2 ‘ ASBST1 ‘ ASBSTO ‘
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
‘ A6BST2 ‘ A6BST1 ‘ A6BSTO ‘DRAMTPZ‘DRAMTM‘DRAMTPO‘ — ‘ A56PCM ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R R/W

Note: * These bits sample external pin values in a power-on reset by means of the RESET pin.
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Bit 31—Endian Flag (ENDIAN): Samples the value of the endian specification external pin
(MD5) in a power-on reset by means of the RESET pin. The endian mode of all spaces is
determined by this bit. ENDIAN is a read-only bit.

Bit 31: ENDIAN Description

0 In a power-on reset, the endian setting external pin (MD5) is low,
designating big-endian mode for this LSI

1 In a power-on reset, the endian setting external pin (MD5) is high,
designating little-endian mode for this LSI

Bit 30—Master/Slave Flag (MASTER): Samples the value of the master/slave specification
external pin (MD7) in a power-on reset by means of the RESET pin. The master/slave status of all
spaces is determined by this bit. MASTER is a read-only bit.

Bit 30: MASTER Description

0 In a power-on reset, the master/slave setting external pin (MD7) is high,
designating master mode for this LSI

1 In a power-on reset, the master/slave setting external pin (MD7) is low,
designating slave mode for this LSI

Bit 29—Area 0 Memory Type (AOMPX): Samples the value of the area 0 memory type
specification external pin (MD6) in a power-on reset by means of the RESET pin. The memory
type of area 0 is determined by this bit. AOMPX is a read-only bit.

Bit 29: AOMPX Description

0 In a power-on reset, the external pin specifying the area 0 memory type
(MD6) is high, designating the area 0 as SRAM interface

1 In a power-on reset, the external pin specifying the area 0 memory type

(MD#) is low, designating the area 0 as MPX interface

Bits 28, 27, 23, 22, 18, and 1—Reserved: These bits are always read as 0, and the write value
should always be 0.
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Bit 26—Data pin Pullup Resistor Control (DPUP): Controls the pullup resistance of the data
pins (D31 to DO). It is initialized at a power-on reset. The pins are not pulled up when access is
performed or when the bus is released, even if the ON setting is selected.

Bit 26: DPUP Description
0 Sets pullup resistance of data pins (D31 to DO) ON (Initial value)
1 Sets pullup resistance of data pins (D31 to D0O) OFF

Bit 25—Control Input Pin Pull-Up Resistor Control (IPUP): Specifies the pull-up resistor
status for control input pins (NMI, IRLO-IRL3, BREQ, MD6/10IS16, SLEEP, RDY). IPUP is
initialized by a power-on reset.

Bit 25: IPUP Description

0 Pull-up resistor is on for control input pins (NMI, IRLO-IRL3, BREQ,
MD6/101S16, SLEEP, RDY) (Initial value)

1 Pull-up resistor is off for control input pins (NMI, IRLO-IRL3, BREQ,

MD6/101S16, SLEEP, RDY)

Bit 24—Control Output Pin Pull-Up Resistor Control (OPUP): Specifies the pull-up resistor

MD5) when high-impedance. OPUP is initialized by a power-on reset.

Bit 24: OPUP Description

0 Pull-up resistor is on for control output pins (A[25:0], BS, CSn, RD, WEn,
CASn, RD/WR, RAS, CE2A, CE2B, MD5) (Initial value)

1 Pull-up resistor is off for control output pins (A[25:0], BS, CSn, RD, WEn,

CASn, RD/WR, RAS, CE2A, CE2B, MD5)

Bit 21—Area 1 SRAM Byte Control Mode (A1IMBC): MPX interface has priority when an
MPX interface is set. This bit is initialized by a power-on reset.

Bit 21: AIMBC Description
0 Area 1 SRAM is set to normal mode (Initial value)
1 Area 1 SRAM is set to byte control mode
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Bit 20—Area 4 SRAM Byte Control Mode (A4MBC): MPX interface has priority when an
MPX interface is set. This bit is initialized by a power-on reset.

Bit 20: AAMBC Description
0 Area 4 SRAM is set to normal mode (Initial value)
1 Area 4 SRAM is set to byte control mode

Bit 19—BREQ Enable (BREQEN): Indicates whether external requests and bus requests from
PCIC can be accepted. BREQEN is initialized to the external request and bus request from PCIC
acceptance disabled state by a power-on reset. It is ignored in the case of a slave mode startup.

The bus request from the PCIC is always accepted in a slave mode start up.

Bit 19: BREQEN Description

0 External requests and bus requests from PCIC are not accepted
(Initial value)

1 External requests and bus requests from PCIC are accepted

Bit 17—Area 1 to 6 MPX Bus Specification (MEMMPX): Sets the MPX interface when areas 1
to 6 are set as SRAM interface (or burst ROM interface). MEMMPX is initialized by a power-on
reset.

Bit 17: MEMMPX Description

0 SRAM interface (or burst ROM interface) is selected when areas 1 to 6 are
set as SRAM interface (or burst ROM interface) (Initial value)
1 M