
Primary Regulators PQ1 PF1

PQI PFI
Primary Regulator for Switching Power Supply (50W Class)

■ Features
● >terminal lead forming package (equivalent to T[)-220)

● Built-in oscillation circuit

(oscillation frequency: TYP. 100kHz)

● output for power supply : 50W class

● L3uilt-irr overheat protection, overcurrent  protection, low

voltage malfunction prevention functiun

■ Applications
. Switchin~  power supplies for VCRs

● Switching powet -supplies for word processors

■ Absolute Maximum Ratings

I Outline Dimensions ([Jnit : mm)
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Parameter Symbol Rating Unit

I)rain-(;  NI) (source) voltage v,]. 500 v

I)rain  current 1,) 4.5 A

* ] Power supply voltage v, c 35 v
‘“J I:B (c~rminal input voltage VI 1< 4 v

CA terminal input  current 1( , 2 11A

* i Power dissipation
Pill 2 w
PI)? 20 w

‘ 1 Junction tvmpvraturv ‘1, 150
~

operat ing temperature T<),,, -20 to +80
~.

St{jrage temperature r.,~ -40 to + 150 c

Si)lclering temperature T.<)l 260  (For 10s) c
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Primary Regulators PQ1 PF1

■ Electrical Characteristics (Unless otherwise specified, conditions shall be V~s=10V,t7cc=18V,Vc.A= 0PEN,V~~=2.2}’,h=  36~, T,=25 [ )
Parameter Symbol Conditions MIN. TYP, MAX. [Jnit

Drain-sOurce  mrstate  resistance &,s [on) II)=2A 1.2 1.5 n
Drain-source leakage current Vi)\= 500V,VCC = 7V

II)SS
VcA=GND,VFB=GND 250 ;, A

Oscillation frequency fo 90 100 110 kHz
Temperature change in oscillation frequency A fo Tj=o to 125°C +5 z
Maximum duty DMAX 42 45 50 %

vFBl Duty =0% 0.9 v
~B threshold voltage v~BH Duty = D\l \v 1.8 v

VI l)(OCP) vCA=6v 2.6 2.8 3.1 v
~B current IS’B V~H=GND -800 -620 -440 (i A

V(’A1 Duty=O% 0.9 v

CA threshold voltage
Vcm Duty= I) \14, 1.8 v

vLA(OY,(]~~) 0.49 0.6 0.74 v
vCA(()\T) 7.2 7.7 8,2 v

CA sink current ILAIN VIR = lV,V( A=6V 20 36 52 ;, A
Overcurrent detecting level I[)(OCP) 2.5 A
Operation starting voltage v<(((>N) Vr)s= OF EN ,VFB = OPEN 15.5 17.0 18.5 v
operatiOn  stOpping  voltage VC(’(OFF7 Vr)s= OPEN,VFR = OPEN 8.5 9.3 10.1 v

Stand-by current 1(( (S’n
V[)S=OPEN,VCC=  14V,
VhH=OPEN 100 150 ~, A

Output OFF-mode  consumption current
V[)s=OPEN,  Vc.~=GNf)

kc(o~~)
vFIl = OPEN 0.6 1.8 mA

Output-operating mode consumption current Icc(OP] 10 18 Id
Charging current l(A(cH(,, VLA=GNf),VFB=OPEN -15 -lo –5 ;, A

Fig. 1 Test circuit
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Primary Regulators PQ1 PFI

Fig. 2 Power Dissipation vs. Ambient
Temperature
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Primaw Regulators PQI PF1

Fig.8 Drain-soure onstate resistance vs.
Junction Temperature

Fig.9 Overcurrent Detecting Level vs.
Junction Temperature
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Primary Regulators PQ1 PF1

Fig.14 CA Threshold Voltage vs. Junction
Temperature
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Fig.20 Output-OFF Mode Consumption
Current vs. Junction Temperature
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Primary Regulators PQ1 PF1

■ Description for Each Operation
1. low voltage malfunction prevention circuit

“Ilis  device has a built-in low voltage malfunction prevention circuit to prevent ma~ncting  when Power SUPPIY volta~~ VCC

bccnmts aslowas starting time. Menp()wer  supply v()ltiage comes  uptc)operation  stifiingvoltagcVc  ~fjv]l7.OV'IYI'.,IC

will start to operate. }Vhen  power supply voltage falls short ofoperatinrr  stc)ppingvoltagevccltl]rl  ~.:)v~.. IC will stop

op?ratirrg, and output is shut down.

[3efore  srarting  power supplies or after stopping operation, applying current to Vcc terminal is stood for stand-by current Ic{

., ,anditis  kept at loo~~A’~.@cc=14W.”

2, oscillator

IC has a buil[-in oscillator, and oscillation frequncy  is fixed at lookHz”  IYP.

:1. CA terminal

CA terminal can be connected to capacitor C!, and it enables to perform various functions such as soft start function,

ovtrcurrent pr-otection  function, overvoltage protection function, and ON/OF Fcontrolfinctiun.

:3- I Soft start  finctiorr

So[tstart  circuit isshownin  Fig.1, MenvolWge  Vccissuppbt'd,  CAterminal  volhge  Vc~sWsrising,  charging  acapacil()r

C\withcharge  current from CAterminal(lO:A  TYI’.).  According  t()rising CAteminal  v(jltagt  V(+,outputp  ulsewidth

becomes gradually wider, and it may cause soft start.

ON duty I) of output pulse  width is as follows.

1)=()%, at V, ,i=O.9V TYP.

[)= I)max=45°Z,  al V, i= 1 .8V TYf’.

I)uring  normal operaiorr,  VC ~ is clamped at :3.6V by the internal circuit of IC.

[,1
T I

T:1.  h\’ 10A

‘*
Fig.1 Soft Start Circuit

SHARP
202



Primarv  Reauiators PQ1 PF1

:3-2 overcurrent  protection function

Overcurrent  protection circuit is shown in FIg.2. F1g.3  shows timing chart of OFF control process after detecting overcrrrrent.

First, drain current of MOSFEr(which is built-in device) is getting high due to overcurrent. When it comes up to overcurrent

detection level II)(OCI,J  %2.5A, overcrrrrent  protection circuit will operate and minimize output pulse width to minimum dut!

by pulse-by-pulse. Minimizing output pulse width makes output voltage lower. As output voltage is lowered, cullector-

emitter voltage of PC I will be turned OFF  and FB vrrltage V~B will be high. When VFB comes up to threshold voltage O(

overload shut-down VI B({)cI> 2,8V, CA volbge  V(,+  will be released from clamped voltage 3.(5V  and the capacitor C I which is

connected to CA terminal will be charged again by 10IA of charge current. When VLA increases to CA threshold voltageVt  \

,(JJI, 7,7V, internal constant voltage supply of IC becomes OFF-state and maintain shut-down state. To maintain output shut-

down condition, ().3mA(Vcc=l  lV)TVP.  is required. To restart, Vcc needs to be lowered !ess  then operation stopping

voltageVc c {o~~ 9.3V  by applying input voltage again.

Fig.2 Overcurrent Protection Circuit

‘c& a Fig,3 Timing Chart Overcurrent Protection

‘)”l’U’U’’(’”Q

“’”~r],ll.

+
( )vercttrr,t]t OVVI-l, I aIl  stlltt.clc],,,,

itvtecti(,il
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Primary Regulators PQ1 PFI

3-3 Overvoltage protection function
F1g.4 shows overvoltage protection circuit. Photocoupler  PCZ becomes ON-state when output voltage is in overvoltage

condition. When PCZ is ON-state, current horn  Vcc via resistor ~ charges capacitor CA and CA voltage VC.4 increases, When

VCA reaches CA threshold voltageVc.k[  ovP) 7.7V, internal constant voltage supply of IC becomes OFF-state and maintain

shut-down state. To maintain output  shut-down condition, 0.:JmA ( Vcc= 1 lV) TYP. is reguired.  To restart, Vcc needs to be

lowered less than operation stopping voltage VCC(OFF  9.3V by applying input voltage again.

Fig.4 Overvoltage Protection Cricuit

R

t,~ ,

e

Vr,
<

CA PQIPF1

“T
7tr

3-4 ON/OFF control function
IC operation can be stopped and output voltage can be OFF-state by lowering CA voltage V(A less than 0.6V  ‘IW. Fig.5

shows ON/OFF control circuit, When transistor (J I becomes  ON-state by external signal and V( ~ is less than 0.6V, output

Lurns  off. Output is ON-state again by suft start function which is caused by Q, OFF.

Fig. 5 ON/OFF Control Function
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4. FB-terminal
Fig.6 shows circuit example of feedback signal input circuit for fixed output voltage,

Fig.6

—

5
I’c, -

T

Output voltage is controlled by connecting photocoupler  PCI between FB-terminal and (;ND terminal when output
voltage or transmission waveform is unstable, connect C & R on both sides of PC I to reduce gain of control system.

5. overcurrent  detection circuit
This module detects drain current h, of MOSFH,  and minimize output pulse width by pulse-by-pulse at 1,1.2.5A  TVP.

6. Overheat protection circuit
overheat protection circuit starts to opemte when internal temperature of IC is at 140”C  TVP CA voltage VC. will be released
from clamped voltage 3.6V and the capacitor CA which is connected to CA terminal will be charged again by 1(!A of charge

current. When VCA increases to CA threshold voltageVc~o\  ~) 7.7V, internal constant voltage supply of IC becomes OFF-
state and maintiain shut-down state. To maintain output shut-down condition, 0.3mA(Vcc=l  lV) TVP. is required. output
shut-down condition is maintained even if lowering internal temperature of IC. To restart, Vcc needs to be lowered less
than 9.3V by applying input voltage again.

S H A R P
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■ Precautions in Designing
1 Starting circuit

Fig,7 Diagram of Starting Circuit and It’s Peripheral Portion

I b’, , (;N[) v,).

PQI PF1

J .4uxiliav witlclill~

I – 1 Setting starting resistance

Concerning stancl-by  current (t). 15mA) MAX. and *starting time of power supply, the value of starting resistor R, is

ubt ained by the following equation.

‘For ex.) during 0.5s, C,o is charged to the level of operation starting voltage (18.5V) MAX.

I{,=(vlN,  I)[)-v,({  ()\)) /[o.15xl  ()'+(18.5xcll))/(  ).5l

VrNfI,c):l)C  input voltage

(Minimum input voltage which is necessary for IC to start operation ex. 70V.4C X@= 99V1,C)

V, c o~:operation  starting voltage of IC ( 18.5V MAX. )

When IC start to operate,  current to V, [ terminal increases. The current is supplied by an auxiliary winding of nrdin

transformer. After rectification of auxiliary winding. vultage  (both side of CI(I)  must be set on operation stripping

voltage (V( c (JI ~ I =9.3V Typ. ) or more, M().SF~ driving voltage in IC is about 13V, which is applied from Vcr terminal.

When Vcc is about 16.5V or more, MOSFFT driving voltage is in optimum condition due to built-in vulhage r~gulator

circuit for driving voltage.
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I – ? Extending the  capacity of smoothing capacitor [C]())  for auxiliary winding voltage

After smoothing rectification of auxiliary winding (both sides of CII)=VCC),  ripple voltage becomes high by turns and

diameter  of auxiliary winding. When voltage falls below operation stopping vrdtageVcc{nFF), it may sometimes cause

operdting  error.

In this case, it is recommended to extend  C](J. However, starting time becomes longer doe to extending C III b~causc

starting time is determined by both startig  resistor Rq and CI(I, “ro shorten the starting time, it is recommended I{)

employ 2-step rectification circuit. (Fig.8)

Fig.8  2-step Rectification Circuit

1

.
As a standard in designing, proper capacity of C,, is 10 to 47;{ F.

Extending the capacity of C, in 2-step rectification circuit, current to Vcc terminal can be supplied from storaged

charge in C I,, after starting operation IC.

1 – i Slow up input

[)uring  slow up start (input voltage is gradually rising), there is some cases that output is soon shut down after it

starts to operate, It is because output voltage does not exceed the rated valrr? due (o haMway  of slow up starting.

A fall of output voltage during operating IC makes photocoupler  PC I ( FIg.2) in voltage cunlrol  syst?m  OI>l;-state. In

that condition, CA terminal voltage is nut fixed at :3.6V, and start to rise soon after starting to operate lC. tVhen CA

terminal voltage exceeds VC.\ (,)J II 7.7V, output of [C is shut down. To avoid the shud down, output must be kt’pt tb(

rated level, making operation starting voltagv higher. (h- add a discharge circuit  of capact or C \ which is connected

to CA terminal. (fig.~)

Fig. 9 Circuit Diagram for Slow Up Input
0
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1–4

Tu avoid shut down, keep VCA  below 7,7V, by discharging the charge of CA at RS through I)t.

To do this, use a power supply which can supply the rated power under the condition that AC input voltage is 75VIC,

RS and R5 are designed as follows when AC input voltage is less than 75VAC.

Electric potential of both side of R-, stands for V~S.

VR5 < 7 . 7— 
VS’1)4 VF1)4:  forward voltage of diode 1)4

When current flowing into R is 0.2mA,

R?= (\~VI~ (<IC  \~I\ I–7.7+VF[,4)/(0.2X  10- ‘~

R~= (7.7–VI[]~)/ (0.2X 10 ‘)

V]Y tA[ ) if]., : Minimum input voltage to gain tbe rated output

Redudtion of restarting time from shut-down state

[Jnder  the shut down condition due to overcurrent  and overvoltage protection function, once supply volrage of IC

(Vcc) must be lowered  below operation stopping voltage VCCIOI I 9.3V TYP.  in order to restidrt the  power sLIpply.

(;enerally,  AC input voltage is once turned off, However. in cases  that starting resistor R) is connected after smouthing

rectification of input voltage (Reter  to Fig. 10), it takes sometimes unexpected time to make the electric potential of

Vcc drop to less than 9.:3V. l%is  is due to storaged  charge of smoothing capacitor C,.

In this case, connect a starting resistor before rectification of AC input voltage (Reter  to Fig. 11). And Vcc has no

influence of storaged  charge of smoothing capacitor C( while AC input voltage is OFF. Vcc soon drop tu OV. and that

can shurten the res~drting time

Fig. 10 Connecting Starting Resistor after Rectification

v, ,

Fig. 11 Connecting Starting Resistor before Rectification

*

.A [)F1  r, t+
1,,1..11,1,  1<, z \ .,.,1  ,,!1., 1,$

I

AL OFF 1+
P\#..,l>l<  (<)  ,,. IAI, AI!,,, *( (lrl-
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While AC input voltage is OFF, output of IC is shut down and it takes some time to restart. ‘l’his is because electric

potential of IC input terminal (Vcc)  is more than operation stopping vnltageVC  t (01  I 9.3V  Typ., and IC keeps operating.

(Refer to Fig. 12)

In this  case. connect the stiarting resistor before  smoothing so that Vcc soon drops to OV. As a result, uutput will not

be shut down while AC input voltage is OFF. (Refer to Fig. 11)

Fig. 12 Timing Chart at OFF-state of AC Input Voltage (Connecting Starting Resistor after Rectification)

2 Patterning to Printed Circuit Board

Patterning to a printed circuit board may cause a noise and a malfuution.  Especially for dotted line portion ~Ig.1:~.

reduce the roop area and ]make the pattern thick and short because high frequency current flows in that portion.

The capacitor Cl,  which should be connected to CA teminal  most be connected as close as possible to IC, and

auxitiary winding (;NIJ must be directly connected to [C (; NT) (do not connect by way of control system GND)

Fig. 13 Patterning to PCB
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