NCP1280

Active Clamp Voltage Mode
PWM Controller for Off-Line

Applications

. . : . . ON Semiconductor”

The NCP1280 provides a highly integrated solution for off-line
power supplies requiring high—efficiency and low parts count. This http://onsemi.com
voltage mode controller provides control outputs for driving a forward
convert_er primary MOSFET and _an_auxiliary MOSFET for active MARKING
clamp circuit. The second output with its programmable delay can also DIAGRAM
be used for driving a synchronous rectifier on the secondary or for 16
asymmetric half bridge circuits. Incorporation of high voltage start-up AAAAARARAR
circuitry (with 700 V capability) reduces parts count and system SO-16 NCP1280
power dissipation. Additional features such as line UV/OV protection, 16 CDAggF?Z'lXB 5 AWLYWW
soft start, single resistor programmable (high) frequency oscillator, 'R
line voltage feedforward, dual mode overcurrent protection and 1
maximum duty cycle control, allow converter optimization at minimal NCP1280 = Device Code
cost. Compared to a traditional forward converter, an NCP1280 based A = Assembly Location
converter can offer significant efficiency improvements and system Y{VL i\\/{\g:er Lot
cost savings. WW - Work Week
Features
¢ |nternal High Voltage Start-Up Regulator (25 V to 700 V) PIN CONNECTIONS
¢ Dual Control Outputs with Adjustable Overlap Delay Vin E}: o th'GVAux
* Programmable Maximum Duty Cycle Control /gC 0 0 (GJUTl
. . . . UVv/oV 0 o GND
¢ Single Resistor Oscillator Frequency Setting FF ol - ouT?
* Fast Line Feedforward CS o =
¢ Line Under/Overvoltage Lockout Cskip = VREF
* Dual Mode Overcurrent Protection R o= — Vea
DCpax o SS

* Programmable Soft Start

* Precision 5.0 V Reference ORDERING INFORMATION

Typical Applications Device Package Shipping

¢ Off-Line Power Converters in 100-500 W Range

NCP1280DR2 SO-16 2500/Tape & Reel

* Desktop Power Supplies (High—-End
P PP ( 9 ) tFor information on tape and reel specifications,

¢ |Industrial Power Supplies including part orientation and tape sizes, please

e Plasma/LCD TV Front-End Iraerfoecrgﬂrc’aeurBTSB%grlwf/DReel Packaging Specifications

1+

TX1 Lout

+l Start-up _L e

Cel
Viy = (100 V - 425 V) clamp Cout = Vout (3:3V)

Feedforward — -
- b Vin  FF

NCP1280 -l\ \L

UV/OV | OuUT1 I ]
OUT2 }\ \} Driver _‘
Overlap %tD T -
= Delay - rror
L Opto Amplifier
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Figure 2. NCP1280 Functional Block Diagram
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PIN DESCRIPTION

NCP1280

Pin Name Application Information

1 Vin This pin is connected to the input voltage of the system. The voltage can be a rectified, filtered line voltage
or output of a power factor correction (PFC) front end. A constant current source supplies current from this
pin to the capacitor connected on the Vayx pin. The charge current is typically 13.8 mA. Maximum input
voltage is 700 V.

2 NC Not Connected.

3 uv/ov Provides protection under line undervoltage and overvoltage conditions. The built in voltage range is
~ 2:1. If needed, the OV function can be disabled by a zener from this pin to ground.

4 FF An external resistor between Vj, and this pin adjusts the amplitude of the Feedforward Ramp in proportion
to Vj,. By varying the feedforward ramp amplitude in proportion to the input voltage, open loop line
regulation is improved.

5 CS Overcurrent sense input. If the CS voltage exceeds 0.48 V or 0.57 V, the converter enters the Cycle by
Cycle or Cycle Skip current limit mode, respectively.

6 CSKIP The capacitor connected between this pin and ground sets the Cycle Skip period. A soft start sequence
follows at the conclusion of the fault period.

7 Rt A single external resistor between this pin and GND sets the oscillator fixed frequency.

8 DCuax An external resistor between this pin and GND sets the voltage on the Max DC Comparator inverting
input. The duty cycle is limited by comparing the voltage on the Max DC Comparator inverting input to the
Feedforward Ramp.

9 SS An internal 6.2 uA current source charges the external capacitor connected to this pin. The duty cycle is
limited during start-up by comparing the voltage on this pin to the Oscillator Ramp.

10 VEa The error signal from an external error amplifier, typically supplied through an optocoupler, is fed into this
input and compared to the Feedforward Ramp. A series diode and resistor offset the voltage on this pin
before it is applied to the PWM Comparator inverting input.

11 VREFE Precision 5.0 V reference output. Maximum output current is 6 mA.

12 tp An external resistor between Vigr and this pin sets the overlap delay between OUT1 and OUT2
transitions.

13 ouT2 Output of the PWM controller with leading and trailing edge overlap delay. OUT2 can be used to drive a
synchronous rectifier topology, an active clamp/reset switch, or both.

14 GND Control circuit ground.

15 OouUT1 Main output of the PWM controller.

16 Vaux Positive input supply voltage. This pin is connected to an external capacitor for energy storage. An

internal current supplies current from Vi, to this pin. Once the voltage on Vayx reaches 11V, the current
source turns OFF. It turns ON again once Vpyx falls to 7 V. During normal operation, power is supplied to
the IC via this pin, by means of an auxiliary winding.
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NCP1280

MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Input Line Voltage Vin -0.3 to 700 \%
Auxiliary Supply Voltage Vaux -0.3to 16 \%
Aucxiliary Supply Input Current lAUX 35 mA
OUT1 and OUT2 Voltage Vour -0.3t0 (Vayx + 0.3V) \Y,
OUT1 and OUT2 Output Current lout 10 mA
5.0 V Reference Voltage VREF -0.3t06.0 \Y,
5.0 V Reference Output Current IREF 6.0 mA
All Other Inputs/Outputs Voltage Vio -0.31t0 VRer \%
All Other Inputs/Outputs Current lio 10 mA
Operating Junction Temperature Ty -40to 125 °C
Storage Temperature Range Tstg -55to 150 °C
Power Dissipation at Ty = 25°C Pp 0.77 w
Thermal Resistance, Junction to Ambient Raia 130 °C/W

1. Maximum Ratings are those values beyond which damage to the device may occur. Exposure to these conditions or conditions beyond those
indicated may adversely affect device reliability. Functional operation under absolute maximum-rated conditions is not implied. Functional
operation should be restricted to the Recommended Operating Conditions.

A. This device series contains ESD protection and exceeds the following tests:
Pin 1 is the HV start-up of the device and is rated to the max rating of the part, or 700 V.
Machine Model Method 700 V.
Pins 2-16: Human Body Model 4000 V per MIL-STD-883, Method 3015.
Machine Model Method 200 V.
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NCP1280

ELECTRICAL CHARACTER'STICS (Vin =82 V, VAUX =12 V, VEA =2 V, RT =101 kQ, CCSKlP = 6800 pF,
Rp = 60.4 kQ, Rpr = 1.0 M, for typical values T3 = 25°C, for min/max values, Ty = —40°C to 125°C, unless otherwise noted)

Symbol |

Characteristic Min Typ | Max | Unit |
START-UP CONTROL AND V pyx REGULATOR
Vaux Regulation \Y,
Start-up Threshold/Vayx Regulation Peak (Vayx increasing) Vaux(on) 10.5 11.0 11.5
Minimum Operating Vayx Valley Voltage After Turn—On VauX(off) 6.6 7.0 7.4
Hysteresis Vy - 4.0 -
Minimum Start-up Voltage (Pin 1) VSTART(min) Y,
IstArRT = 1.5 MA, Vaux = Vaux(on) = 0.2V, Iregr = 0 A - - 25
Start-up Circuit Output Current ISTART mA
VAUX =0V
T;=25°C 13 17.5 21
Ty=-40°C to 125°C 10 - 25
Vaux = Vaux(n) ~ 0.2V
Ty=25°C 10 13.8 17
Ty=-40°C to 125°C 8 - 19
Start-up Circuit Off-State Leakage Current (Vj, = 700 V) ISTART(0ff) nA
T3=25°C - 23 50
Ty=-40°C to 125°C - - 100
Start—-up Circuit Breakdown Voltage (Note 2) V(BR)DS 700 - - \%
IsTART(0ff) = S0 WA, Ty = 25°C
Auxiliary Supply Current After Vayx Turn—On mA
Outputs Disabled
VEa = ov laux1 - 2.7 5.0
Vuviov = 0.7V laux2 - 1.3 25
Outputs Enabled laux3 - 4.6 6.5
LINE UNDER/OVERVOLTAGE DETECTOR
Undervoltage Threshold (Vj, Increasing) Vyv 1.40 1.52 1.64 Y,
Undervoltage Hysteresis Vuv(H) 0.080 0.098 0.120 \%
Overvoltage Threshold (Vj, Increasing) Vov 3.47 3.61 3.75 \Y
Overvoltage Hysteresis Vov(H) - 0.145 - \Y,
Undervoltage Propagation Delay to Output tuy - 250 - ns
Overvoltage Propagation Delay to Output tov - 160 - ns
CURRENT LIMIT
Cycle by Cycle Threshold Voltage LML 0.44 0.48 0.52 \Y
Propagation Delay to Output (Vga = 2.0 V) tiLm - 90 150 ns
Vs = Iym1 to 2.0 V, measured when Voyt reaches 0.5 Voy
Cycle Skip Threshold Voltage ILiM2 0.54 0.57 0.62 \Y
Cycle Skip Charge Current (Vcskip =0 V) lcskip 8.0 12.3 15 uA

2. Guaranteed by design only.
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ELECTRICAL CHARACTERISTICS (Vin =82V, VAUX =12V, VEA =2V, RT =101 k<, CCSKIP =6800 pF,
Rp = 60.4 kQ, Rpr = 1.0 MQ, for typical values T = 25°C, for min/max values, T; = -40°C to 125°C, unless otherwise noted)

NCP1280

Characteristic | Symbol I Min | Typ | Max | Unit |
OSCILLATOR
Frequency (Rt = 101 kQ) fosc1 kHz
T;=25°C 285 300 315
T3 =-40°C to 125°C 280 - 320
Frequency (Rt = 220 kQ, Vga = 1.0 V) fosc2 kHz
Ty=25°C 142 150 158
Ty=-40°C to 125°C 140 - 160
MAXIMUM DUTY CYCLE COMPARATOR
Maximum Duty Cycle (Vga =3.0V, T; = 25°C) DCpax %
Rp =0 Q, Rypp = open 57 62 66
Rp = open, Rypp = open 75 80 85
Open Circuit Voltage VpeMAax 0.40 0.47 0.60 \%
SOFT START
Charge Current (Vgg =1.0V) Iss(c) 5.0 6.2 7.4 uA
Discharge Current (Vgs = 5.0 V, Vyyov =0 V) Iss(p) 20 52.5 - mA
PWM COMPARATOR
Input Resistance (V1 =1.25V, Vo, = 1.50 V) RiN(VEA) 8.0 22 60 kQ
Rinwvea) = (V2 = V)I(I2 - 11)
Lower Input Threshold VEAL) 0.3 0.7 0.9 Y
Delay to Output (from Vgy to 0.5 Vop) tpwMm - 200 - ns
5.0 V REFERENCE
Output Voltage (Irgr = 0 mA) VREF \%
Ty=25°C 4.9 5.0 5.1
Ty=-40°C to 125°C 4.8 - 5.1
Load Regulation (Ireg = 0 to 6 mA) VREF(Load) - 10 50 mV
Line Regulation (Vayx = 7.5to 16 V) VREF(Line) - 50 100 mV
CONTROL OUTPUTS
Output Voltage (Ioyt = 0 mA) \%
Low State VoL - 0.25 -
High State VoH - 11.8 -
Overlap Delay tp ns
Rp=1MQ
Leading - 200 -
Trailing - 170 -
Rp = 60 k€2
Leading 50 90 130
Trailing 32 72 130
Drive Resistance (Vj, = 15 V) Q
Sink (VEa=0V, Voyut=2V) Rsnk 20 40 80
Source (Vea =3V, Voyr=10V) Rsrc 50 90 170
Rise Time (C_ = 100 pF, 10% to 90% of Vo) ton - 30 - ns
Fall Time (C_ = 100 pF, 90% to 10% of VoR) toff - 12 - ns
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NCP1280

TYPICAL CHARACTERISTICS
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NCP1280

TYPICAL CHARACTERISTICS
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NCP1280

TYPICAL CHARACTERISTICS

~315 600 |
N N
z < \ Ty=25°C
> 310 %500 DC = 50% —
z Rt =101 kQ z \
3305~ 3400
] ]
¢ ™ ¢
o 300 o 300
2 2
< <200
Ql 295 j \\
O Q [ —
n [——
8 290 ™~ 8100
“= 285 “= 0
-50 -25 0 25 50 75 100 125 150 50 100 150 200 250 300 350 400
T3, JUNCTION TEMPERATURE (°C) R, TIMING RESISTOR (kQ)
Figure 15. Oscillator Frequency versus Figure 16. Oscillator Frequency versus
Junction Temperature Timing Resistor
g
o 19 = 90 T T
O 18 S 80 \ VEa=3.0V
P —
< w Vbcmax =0V
=17 )
%) g 70
0
4 10 / S 60
4 15 / '5
Z pd 2 50
g 14 g s T;=-40°C
Ll S 40
E 13 = \
Z X 30
aQ 12 <
x = 20 \\
11 X BTN
% o P / L:E: 10 Ty;=125°C
9
M50 -25 0 25 50 75 100 125 150 0 75 150 225 300 375 450 525
LL
T3, JUNCTION TEMPERATURE (°C) I, FEEDFORWARD CURRENT (uA)
Figure 17. Feedforward Internal Resistance Figure 18. Maximum Duty Cycle versus
versus Junction Temperature Feedforward Current
—~ a
< £
100 - : 270 708
S R = 1.0 MQ = | | »
W i 6.5 CHARGE 65 Q
g 9 2] N T
> S 6.0—=< — 60
o O N =
NS Rp = OPEN, Rypp = OPEN e NG z
5 80 — =S QO 55 AN 55 4
2 — i N )
b T 5.0}— DISCHARGE AN 50 (g
=) (@)
S 70 = \ %
S @45 N 45 Z
< Rp = 0 Q, Rypp = OPEN = o
m
= — 4.0 40
% 60 i A
< G 5
= 3.5 35
[§) N Py
2 50 33.0 30 2
-50 -25 0 25 50 75 100 125 150 _‘(2 -50 -25 0 25 50 75 100 125 150 ,g
T3, JUNCTION TEMPERATURE (°C) T3, JUNCTION TEMPERATURE (°C) =

Figure 19. Maximum Duty Cycle versus
Junction Temperature

http://onsemi.com
9

Figure 20. Soft Start Charge/Discharge
Currents versus Junction Temperature



Rin(vEA), VEA INPUT RESISTANCE (kQ)

Vrer REFERENCE VOLTAGE (V)

tp, OUTPUTS OVERLAP DELAY (ns)

NCP1280

TYPICAL CHARACTERISTICS
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NCP1280

TYPICAL CHARACTERISTICS
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DETAILED OPERATING DESCRIPTION
Introduction High Voltage Start-up Regulator

An NCP1280 based system offers significant efficiency The NCP1280 contains an internal 700 V start-up
improvements and system cost savings over a converteregulator that eliminates the need for external start-up
using a traditional forward topology. The NCP1280 components. In addition, this regulator increases the
provides two control outputs. OUT1 controls the primary efficiency of the supply as it uses no power when in the
switch of a forward converter. OUT2 has an adjustable normal mode of operation, but instead uses power supplied
overlap delay, which can be used to control an active by an auxiliary winding.
clamp/reset switch or any other complementary drive The start-up regulator consists of a constant current source
topology, such as an asymmetric half-bridge. In addition, that supplies current from the input line voltagg,(¥ the
OUT2 can be used to control a synchronous rectifier capacitor on the A(x pin (Caux)- The start-up current is
topology, eliminating the need of external control circuitry. typically 13.8 mA. Once Myx reaches 11 V, the start-up
Other distinctive features include: two mode overcurrent regulator turns OFF and the outputs are enabled. When V
protection, line under/overvoltage detectors, fast line reaches 7 V, the outputs are disabled and the start-up
feedforwardsoft start and a maximum duty cycle limit. The regulator turns ON. This “7-11" mode of operation is known
Functional Block Diagram is shown in Figure 2. as Dynamic Self Supply (DSS). Thg Y pin can be biased

The features included in the NCP1280 provide some of externallyabove 7 V once the outputs are enabled to prevent
the advantages of Current-Mode Control, such as fast linethe start—up regulator from turning ON. It is recommended
feedforward, and cycle by cycle current limit. It eliminates to bias the ¥yx pin using an auxiliary supply generated by
the disadvantages of low power jitter, slope compensationan auxiliary winding from the power transformer. An

and noise susceptibility. independent voltage supply can also be used. If using an
) independent voltage supply angd\)% is biased before the
Active Clamp Topology outputs are enabled or while a fault is present, the One Shot

The transformer reset voltage in a traditional forward p\se Generator (Figure 2) will not be enabled and the
converter is set by the turns ratio and input voltage. Wheregtpyts will remain OFF.
as the reset voltage of an active clamp topology is constant  As the DSS sources current to the;y pin, a diode should
over the converter off time and only depends on the inputpe placed betweenaGx and the auxiliary supply as shown
voltage and duty cycle. This translates into a lower voltage Figure 29. This will allow the NCP1280 to chargg &

stress on the main switch, allowing the use of lower voltageyhile preventing the start-up regulator from sourcing current
MOSFETs. Ingeneral, lower voltage MOSFETSs have lower inig the auxiliary supply.

cost and ON resistance. Therefore, lower system cost and
higher efficiency can be achieved. In addition, the lower
voltagestress allows the converter to operate at a higher duty
cycle for a given primary switch voltage stress. This allows
a reduction in primary peak current and secondary side
voltage stress as well as smaller secondary inductor size.
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NCP1280

=1 IsTART " Line Under/Overvoltage Shutdown
N ISTART lv \' To auxiliary supply ) .
Vin AUX —y The NCP1280 incorporates line undervoltage and
| | overvoltage shutdown (UV/QOV) circuit¥he under voltage
| | Im ICAUX Isupply (UV) threshold is 1.52 V and the overvoltage threshold
I D.sab|e I (OV) is3.61V, for a ratio of 1:2.4. If the input voltage range

exceeds the pre—set OV threshold, the OV function can be
disabled by connecting a zener from this pin to ground. The
zener voltage should be less than 3.6 V.

The UV/OV circuit can be biased using an external
resistordivider from the input line. The resistor divider must
be sized to enable the controller oncg M within the
required operating range. If the UV or OV threshold is
reached, the soft start capacitor is discharged, and the
outputs are immediately disabled with no overlap delay as
shown inFigure 30. Also, if an UV condition is detected, the
f 5.0 V Reference Supply is disabled.

Figure 29. Recommended V ayx Configuration

Power tathe controller while operating in the self-bias or
DSS mode is provided byagx . Therefore, Gux must be
sized such that a Ayx voltage greater than 7 V is
maintained while the outputs are switching and the
converterreaches regulation. Also, tha Y discharge time
(from 11 V to 7 V) must be greater that the soft start charge
period to assure the converter turns ON.

The start-up circuit is rated at a maximum voltage o
700 V. If the device operates in the DSS mode, power
dissipation should be controlled to avoid exceeding the
maximum power dissipation of the controller.

Vaux(on) |
_______________________ = —
Vaux ||
Vauxef)y ——————————————— —— — — — — — — {—: ———————
|
oy ——m——————————— — — — — — — — — — H-——————
1
|
VOV _______________________ Ll _______
UV/OV Voltage | UV or OV Fault
R A
ov —>»| |«— Propagation delay to
T outputs (tyy or toy)
I
I
ouT2 |
I
I
I
oy ————— —_—— —_———— —
I
I
I
OuT1 |
I
I
oV —— —— —— l
Figure 30. UV/OV Fault Timing Diagram
Once the UV or OV condition is removed angyy The UV/QV pin can also be used to implement a remote

reaches 11 V, the controller initiates a soft start cycle. enable/disable function. Biasing the UV/OV pin below its
Figure 31 shows the relationship between the UV/OV UV threshold disables the converter.
voltage, the outputs and the soft start voltage.
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|«<———— SOFT START —————>

Vaux(on)
Vaux
Vaux(off)

ov

2V UV/OV Voltage
oV -

Soft Start Voltage P

ov e

ouT2

I
I
I
I
I
ov i L |-
I
I
OUT1 |
I
|

ov

Figure 31. Soft Start Timing Diagram (Using Auxiliary Winding)

Feedforward Ramp Generator Figure 18 shows the relationship betwegnadnd DGax -

The NCP1280 incorporates line feedforward (FF) to For example, if a system is designed to operate at 200 kHz,
compensate for changes in line voltage. A FF Ramp with a 60% maximum duty cycle at 100 V, the g€ pin
proportional to ¥, is generated and compared taVIf the can be grounded angdis calculated as follows:
line voltage changes, the FF Ramp slope changes T-1_ 1 _ _5p us
accordingly. The duty cycle will be adjusted immediately f 200 kHz
instead of waiting for the line voltage change to propagate  ton(max) = DCMAX X T = 0.6 X 5.0 us = 3.0 us
around the system and be reflected back gn. vV

A resistor between ¥ and the FF pin (B) sets the T CFF X VDC(inv) X 125 kQ
feedforward current 4. The FF Ramp is generated by 6.7 kQ X ton(max)
charging an intgrnal 10 pF capacitoEACwith a co.ngtant 10 pF x 0.888 V X 125 kQ
current proportional togk The FF Ramp is finished = 6.7kQ X 3.0 s

capacitor is discharged) once the Oscillator Ramp reaches . ) .
(cap ged) P For a minimum line voltage of 100 V, the required

2.0 V. Please refer to Figure 2 for a functional drawing of thef df d resi is calculated using th ion below:
Feedforward Ramp generator, eedforward resistor is calculated using the equation below:

= 55.2 uA

IFE i§ usually a few hundred microgmps, depending on the _ Vin _ 120kQ = 200V 155k0 ~ 1.82 MQ
operating frequency and the required duty cycle. If the IFF 55.2 uA
operating frequency and maximum duty cycle are known, From the above calculations it can be observed ghat |
Ier is calculated using the equation below: controlled predominantly by the value ofiRR as the
CFF X VDC(inv) X 125 kQ resis_tance seen into the FF pin is only 12 K a tight_
IFF = maximum duty cycle control overtemperature is required,

6.7 kQ x t ici
on(max) Rrr should have a low thermal coefficient.

where \bc(inv) is the voltage on the inverting input of the
Max DC Comparator ang(max)is the maximum ON time.

http://onsemi.com
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Current Limit

The CSKIP timer is set by immediately discharging the

The NCP1280 has two overcurrent protection modes, capacitor on the CSKIP pin gk p), and then charging it
cycle by cycle and cycle skip. It allows the NCP1280 to with a constant current source of 128. The cycle skip
handle momentary and hard shorts differently for the bestperiod ends when the voltage on the cycle skip capacitor
tradeoff in grformance and safety. The outputs are disabledreaches 2.0 V. The cycle skip capacitor is calculated using

typically 90 ns after a current limit fault is detected.

The cycle by cycle mode terminates the conduction cycle
(reducing the duty cycle) if the voltage on the CS pin
exceed$.48 V. If the voltage on the CS pin exceeds 0.57 V,
the converter enters the cycle skip (CSKIP) mode. While in
the CSKIP mode, the soft start capacitor is discharged anc{)
the converter is disabled by a time determined by the CSKIP

timer.

the equation below:

TCSKIP x 12.3 yA
Ccskip = 5V

Using the above equation, a cycle skip period of 1%.0
equires a cycle skip capacitor of 68 pF. The differences
etween the cycle by cycle and cycle skip modes are
observed in Figure 32.

NORMAL
NORMAL 1} 1 | 1wz | | | OPERATION
~ OPERATION >< 3<% RESET——>[<—— SOFT START .
Vauxon —— ———— i S e a—
v
|, ax 0] | |
AUX(of) — TT T T S I
oV I R D S S Lo

ouT2

ov

OuUT1

ov

:LIMZ
LIM1
CS Voltage

oV

Cycle Skip
Voltage

Figure 32. Overcurrent Faults Timing Diagram

Oncethe cycle skip period is complete angy reaches

The voltage on theRpin is laser trim adjusted during

11V, a soft start sequence commences. The possiblenanufacturing to 1.3 V for anRof 101 K2. A current set

minimum OFF time is set by&skr However, the actual
OFF time is generally greater thag4g p because it is the
cycle skip period added to the time it takeg;¥ to reach
11 V.

Oscillator

by Rr generates an Oscillator Ramp by charging an internal

10 pF capacitor as shown in Figure 2. The period ends
(capacitor is discharged) once the Oscillator Ramp reaches
2.0 V. If Rr increases, the current and the Oscillator Ramp

slopedecrease, thus reducing the frequencyy IfiEBcreases,

the opposite effect is obtained. Figure 16 shows the

The NCP1280 oscillator frequency is set by a single rg|ationship betweensRand the oscillator frequency.

external resistor connected between thepR and GND.
The oscillator is designed to operate up to 500 kHz.

http://onsemi.com
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Maximum Duty Cycle
A dedicated internal comparator limits the maximum ON
time of OUT1 by comparing the FF Ramp t@¥/inv). If the
FF Ramp voltage exceed$¥(inv), the output of the Max
DC Comparator goes highhis will reset the Output Latch,
thus turning OFF the outputs and limiting the duty cycle.
Duty cycle is defined as:
ton
DC = T =
Therefore, the maximum ON time can be set to yield the
desired DC if the operating frequency is known. The
maximum ONtime is set by adjusting the FF Ramp to reach
Vpc(inv) in a time equal tahmax)as shown in Figure 33.
The maximum ON time should be set for the minimum line
voltage. Adine voltage increases, the slope of the FF Ramp
increasesThis reduces the duty cycle below £k, which

toan

is a desirable feature as the duty cycle is inversely

proportional to line voltage.

1.F

Vbc(inv)

R
ton(max)

Figure 33. Maximum ON Time Limit Waveforms

An internal resistor divider from a 2.0 V reference is used
to set \bc(inv). If the DGuax pin is grounded, ¥c(inv) is
0.88 V. If the pin is floating, ¥c(nv) is 1.19 V. This is
equivalent td0% or 80% of a 1.5 V FF Rampp¥(inv) can

5.0 V Reference

The NCP1280 includes a precision 5.0 V reference output.
The reference output is biased directly frogyy and it can
supply up to 6 mA. Load regulation is 50 mV and line
regulation is 100 mV over the complete operating range.

It is recommended to bypass the reference output with a
0.1 uF ceramic capacitor. The reference output is disabled
when an UV fault is present.

PWM Comparator

In steady state operation, the PWM comparator adjusts the
duty cycle by comparing the error signal to the FF Ramp.
The error signal is fed into theg) input. The \éa input can
be driven directly with an optocoupler and a pull-up resistor
from Vger The drive of the ¥a pin is simplified by
internally incorporating a series diode and resistor. The
series diode provides a 0.7 V offset betweeR Wiput and
the PWM comparator inverting input. The outputs are
enabled if the ¥a voltage is approximately 0.7 above the
valley voltage of the FF Ramp.

The pull-up resistor is selected such that in the absense of
the error signal, the voltage on theA/pin exceeds the peak
amplitude othe FF Ramp. Otherwise, the converter will not
be able to reach maximum duty cycle. Thea\wange
required to control the DC from 0% to xx is given by
the equation below:

where, \eaq) is the PWM comparator lower input
threshold.

IFE x DC

VEA(L) < VEA < (186.56 of x 7 T VEAWL)

Soft Start

Soft start (SS) allows the converter to gradually reach
steady state operation, thus reducing start-up stress and
surges on the system. The duty cycle is limited during a soft
start sequence by comparing the Oscillator Ramp to the SS

be adjusted to other values by using an external resistovoltage (\sg by means of the Soft Start Comparator.

network on the Diax pin. For example, if the minimum
line voltage is 100 V, R=is 1.82 M2, operating frequency

is 200 kHz and a maximum duty cycle of 70% is required,
Vbc(inv) is calculated as follows:

IFF X 6.7 KQ X ton(max)
CFF x 125 kQ

55.2 uA X 6.7 kQ x 3.5us
10 pF x 125 kQ
This can be achieved by connecting a 195rksistor
from the DGyax pin to GND. The maximum duty cycle
limit can be disabled connecting a 1dQ kesistor between

the DGyax and \Rgg pins.

VDC(inv) =

=104V

VDC(inv) =

A 6.2 uA current source starts to charge the capacitor on
the SS pin once faults are removed apgdy/reaches 11 V.
The Soft Start Comparator controls the duty cycle while the
SS voltage is below 2.0 V. Oncgdfreaches 2.0 V, it exceeds
the Oscillator Ramp voltage and the Soft Start Comparator
does not limit the duty cycle. Figure 34 shows the
relationshipbetween the outputs duty cycle and the soft start
voltage.

http://onsemi.com
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Oscillator

Ramp :| i| :| i £|VSS
ouT2

OouUT1

Figure 34. Soft Start Timing Diagram

If the soft start period is too longayx will discharge to
7 V before the converter output is completely in regulation
causing the outputs to be disabled. If the converter output i

not completely discharged when the outputs are re—enabled.

the converter will eventually reach regulation exhibiting a
non—monotonic start—-up behavior. But, if the converter

S

Generally, OUT1 controls the main switching element.
Output 2,once inverted, can control a synchronous rectifier.
The overlap delay prevents simultaneous conduction.
Output 2 can also be used to control an active clamp reset.

Once Wux reaches 11V, the internal start-up circuit is
disabled and the One Shot Pulse Generator is enabled. If no
faults are present, the outputs turn ON. Otherwise, the
outputs remain OFF until the fault is removed angy
reaches 11 V again.

The control outputs are biased from%. The outputs
can supply up to 10 mA each and their high state voltage is
usually 0.2 V below Yyx. Therefore, the auxiliary supply
voltageshould not exceed the maximum input voltage of the
driver stage.

If the control outputs need to drive a large capacitive load,
a driver should be used between the NCP1280 and the load.
ON Semiconductor's MC33152 is a good selection for an
integrated driver. Figures 27 and 28 shows the relationship
between the output’s rise and fall times vs capacitive load.

output is completely discharged when the outputs areTime Delay
re-enabled, the cycle may repeat and the converter will not The overlap delay between the outputs is set connecting

start.

a resistor (B) between thegtand VReg pins. A minimum

In the event of an UV, OV, or cycle skip fault, the soft start gyerlap delay of 80 ns is obtained wheiB 60 K2. If Rp
capacitor is discharged. Once the fault is removed, a softs not present, the delay is 200 ns.

start cycle commences. The soft start steady state voltage is The output duty cycle can be adjusted from 0% to 85%

approximately 4.1 V.

Control Outputs

The NCP1280 has two in—phase control outputs, OUT1

and OUT2, with adjustable overlap delay)(t OUT2
precedes OUT1 during a low to high transition and OUT1
precedes OUT2 at any high to low transition. Figure 35
shows the relationship between OUT1 and OUT2.

tp (Leading) —ﬁ \<—ﬂ \<— tp (Trailing)
\ \

T

Figure 35. Control Outputs Timing Diagram

selecting appropriate values offand \bc(iny). It should

be noted that the overlap delay may cause OUT2 to reach
100%duty cycle. Therefore, if OUT2 is used, the maximum
duty cycle of OUT2 needs to be kept below 100%. The
maximum overlap delayptmax), depends on the maximum
duty cycle and frequency of operation. The maximum
overlap delay is calculated using the equation below.
tD(max) = %

For example, if the converter operates at a frequency of
300 kHz with a maximum duty cycle of 80%, the maximum
allowed overlap delay is 333 ns. However, this is a
theoretical limit and variations over the complete operating
range should be considered when selecting the overlap
delay.

http://onsemi.com
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2.
3.

4.

NOTES:
1.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
MILLIMETERS INCHES
DIM| MIN MAX MIN | MAX

9.80 | 10.00 | 0.386 | 0.393

3.80 4.00 | 0.150 | 0.157

1.35 1.75 | 0.054 | 0.068

0.35 049 | 0.014 | 0.019

0.40 1.25 | 0.016 | 0.049

1.27 BSC 0.050 BSC

0.19 0.25 | 0.008 | 0.009

0.10 0.25 | 0.004 | 0.009

0° 70 0° 70

5.80 6.20 | 0.229 | 0.244

DO (R|—|D|MO(O (0>

0.25 0.50 | 0.010 | 0.019
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