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Power Factor Correction Controller

Features

e Internd Startup Timer

 Interral R/C filter which eliminates tle Needfor an
Exterral R/Cfilter

« Overvoltage Camparata eliminates Rinaway Output
Voltage

e Zero Curen Detecto

* One Quadrart Multiplier

« Trimmed 1.5% Internal Bandgap Reference

e Under Voltage Lock Out with 5V of Hysteresis

e TotemPde Ouput with High StateClanmp

« Low Startyp ard Operatirg Current

e 8-Pin DIPor 8-Pin SOP

Applications

* Electronic Ballast
¢ SMPS

Descriptions

The KA7526 provides simple and high peformance adive
power factor carredion. KA7526is optimizedfor electraic
bdlast and low power, high density power supgiesrequiring
a minmum board area, rediced componert court ard low
power dissipgtion. Addition of internal R/C filter eliminates
the needfor an exerral R/Cfilter. Intemal clanping of the
error anplifier and multiplier outputs improves tun on over-
shoat charaderistics ad curert limiting. Spedal circuitry
has alsobeenadied to prevert no load runaway conditions.
The autput drive clanping circuit limits overshoat of the
power MOSFET gée drive Indepandent of supply voltage,
sothatit greatly erhance the system reliability .
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KA7526

Internal Block Diagram

2.5V Ref
Internal

Bias

Vce
?
sv

Timer R

240mv

Zero Current
Detector

Over Voltage
Protection

Tl.BV_l'_

40kQ -

Current Sense
Comparator

1.8v

=

Vmo
L+
S | Vm1 [~ | +—< Vref
MULT
BJ >< Multiplier vm2 . [1 NV
0-3.8V Vea(-)
Vref~Vref+2V

’J_‘——'T— Error Amp
(6 }—2]

Pin4 Threshold(Vmo) GND EA OUT

K= ~"Vm1 qvma-vref

IC Characteristics

Parmaeter KA7526
UVLO 8/13V
Multiplier Input Range (Vm1) 0~3.8Vv
Multiplier Input Range (Vm2) Vref ~ Verf + 2V
Maximum Current Sense Voltage 1.65V
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KA7526

PIN Assignments

w1 o \ / 8] Veo
EAOUT [2] 7] our
MULT  [3] 6] GND
cs [4] 5] Idet
(Top View)
Pin Definitions
Pin Number Pin Name Pin Function Descrition
Inverting input of the error amplifier. The output of the boost
1 INV converter should be resistively divided to 2.5V and con-
nected to this pin.
5 EA OUT The output of the error amplifier. A feedback compensation
network is placed between this pin and the INV pin
3 MULT Input to the multiplier stage. The full-wave rectified AC is
divided to less than 3.8V and is connected to this pin.
Input to the PWM comparator. The Current is sensed in the boost
4 cs stage by a resistor in the source lead of MOSFET. An internal leading
edge blanking circuitry has been included to reject any high
frequency noise present on the current waveform.
5 Idet The zero current detector senses the inductor current by monitoring
when the boost inductor auxilary winding voltage falls below 1.8V.
6 GND The ground potential of all the pins.
7 ouT The output of a high-current power driver capable of driving
the gate of a power MOSFET.
8 Vcc The logic and control power supply connection.
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KA7526

Absolute Maximum Ratings

Parameter Symbol Value Unit
Supply voltage Vcc 30 \%
Peak drive output current IoH, lol + 500 mA
Driver output clamping diodes
VOSVCC of VO<-0.3V Iclamp +10 mA
Detector clamping diodes Idet +3 mA
Error amp, multlpller and VIN 03106 Vv
comparator input voltage
Operating temperature range Topr -251t0 125 °c
Storage temperature range Tstg -65 to 150 °c
Power dissipation(Note) Pd 0.8 W
Thermal resistance (Not) : 0
(Junction-to-air) qa 100 cIw
Note :
Based in 8-DIP

Temperature Characteristics (-25°C < Ta <125°C)

Parameter Symbol Value Unit
Temperature stability for reference voltage(Vref) AVref (Typ) 20 mV
Temperature stability for multiplier gain(K) AK/AT (Typ) -0.2 9%/°C
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KA7526

Electrical Characteristics

Unless dherwise specified, for typicd values Vcc=12V, Ta=25°C, for Min/Max values Ris the ogerating anbienttemperature range
with -25°C < Ta< 125°C.

Parameter | Symbol I Condition | Min. ‘ Typ. | Max. ‘ Unit
UNDER VOLTAGE LOCK OUT SECTION
Start Threshold Voltage Vth (st) | Vcc Increasing 12 13 14 \%
UVLO Hysteresis HY(st) - 4 5 6 \%
Supply Zener Voltage Vz Ilcc=10mA 30 36 - \%
SUPPLY CURRENT SECTION
Start Up Supply Current Ist Vcc<Vth(st) - 0.3 0.4 mA
Operating Supply Current Icc Output not switching - 4 8 mA
Dynamic Operating Supply Current Idcc 50kHz, Cl=1nF - 5 10 mA
ERROR AMPLIFIER SECTION
Voltage Feedback Input Threshold Vref Izrg‘f’zzr'paAs’-lZSO c 2.44 - 2.56 \%
Line Regulation AVrefl 12V<Vcees25v - 0.1 10 mV
Load Regulation (Note1) AVref2 | OmA<Iref<2mA - 0.1 10 mv
Temperature Stability of Vref (Note2) AVref3 | -25°C<Tas<125°C - 20 - mvV
Input Bias Current Ib(ea) - -0.5 - 0.5 HA
Output Source Current Isource | Vm2=3V -2 -4.5 - mA
Output Sink Current Isink Vm2=2V 3 4.5 - mA
Output Voltage Range (Note2) AVeao | No Load on E.A Output | 1.2 - 5.6 v
Slew Rate SR - - 0.6 - V/us
MULTIPLIER SECTION
Input Bias Current (pin3) Ib(m) - -0.5 - 0.5 A
M1 Input Voltage Range (pin3) AVm1 - 0 - 3.8 \%
M2 Input Voltage Range (pin2) AVm2 - Vref - Vref+2 \%
Multiplier Gain (Nte3) Ko ey 049 | 062 | 074 | v
Maximum Multiplier Output Voltage Vomax(m) | Vea(-)=0V, Vm1=2V 155 | 1.65 1.75 \%
Temperature Stability of K (Not€2) AK/AT | -25°C<Ta<125°C - | -02 - %/°C
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KA7526

Electrical Characteristics (Continued)

Parameter ‘ Symbol ‘ Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
CURRENT SENSE SECTION
Input Offset Voltage (N°t€2) Vio(cs) | Vm1=0V, Vm2=2.2V -10 | 3 10 | mv
Input Bias Current Ib(cs) 0vsvccesl.7v -1 -0.3 1 MA
Current Sense Delay to Output (Not€2) td(cs) - - | 200 | 500 | ns
DETECT SECTION
Detect Input Threshold Vth(det) | Vdet Increasing 15 1.8 2.1 \%
Detect Hysteresis HY(det) - 180 | 240 | 400 | mV
Input Low Clamp Voltage Vclamp(l) | Idet=-100pA 0.45 | 0.75 1 \%
Input High Clamp Voltage Vclamp(h) | Idet=3mA 6.7 7.5 8.3 \%
Input Bias Current Ib(det) 1V<Vdet<s6V -1 -0.2 1 A
Input High/low Clamp Diode Current N2 | |clamp - - - +3 | mA
OUTPUT DRIVER SECTION
Output Voltage High VOH lo=-10mA, Vcc=12V 8.5 9 - \%
Output Voltage Low VoL 10=10mA, Vcc=12V - 0.8 1 \%
Rising Time (Note2) tr Cl=1nF - | 130 | 200 | ns
Falling Time (Note2) tf Cl=1nF - 50 | 120 | ns
Maximum Output Voltage Vomax(o) | Vcc=20V 12 13 15 \%
Output Voltage With Uvlo Activated Vomin(o) | Vcc=5V, l0=100pA - - 1 \%
RESTART TIMER SECTION
Restart Time Delay | sy | vmi=1v, vm2=35v | - [ 300 | - | ps
OVERVOLTAGE PROTECTION SECTION
Voltage Feedback Input Threshold Vth(ovp) xzz;g\‘;’v vmi=1v 1.7 1.8 1.9 \%
Notes :
1. Eeze;?gent.he reference is not brought out externally, this specification cannot be tested on the package part. It is guaranteed
2. T)f/ﬂs parameter, although guaranteed, is not tested in production.
_ Pin4 Threshold ) )
3. K= (Vm1=Vpin3, Vm2=Vpin2)
Vm1x(Vm2-Vref)
6
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KA7526

Typical Performance Characteristics
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KA7526

Typical Performance Characteristics (continued)
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KA7526

Typical Performance Characteristics (continued)
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KA7526

Operating Description

KA 7526is high performance, critical conduction, curernt-mode power facta controller specificadly designed for usein off-
line active preconverters withminimal extemal components. This device povides the necessaryeatues whch arerequired to
significartly en-hance por power facta loads by keepng the acline curent sinusadal ard in phase withthe line voltage.

KA 7526 contains many of the kuilding blocks and protection featues thatare enployedin modern high performance curent
mode power supply controllers. A desaiption o ead of the function blocksis given below.

START-UP

An Undervoltage Lockout comparata has beenincorporatedto guarariee that IC isfully functional before erabing the autput
stage. The positive power supply teminal (Vcc) is monitored by the UVLO canparata with the upper threshold set at 13V
ard the lower threshold at 8V. In the stard-by mode, with Vcc at 2.5V, the reguired supgy currert is lessthan0.3mA . This
large hysteresis athlow stat-up current allow the imdementation of efficiert bootstrapstat-up tecmiques, making this
device ickally suted for wide range df-line preconverter applications.

Fig.11 shows the start-up circuit. Circuit opeationis as foll ows:

The startup capacitar (C4g) is charged by currert throughstart-p resigor (Rst) nminusthe start- currert drawn by the IC.

Once the camdtor voltage reactes the gart-up threstold, the IC tuns m, stating the switcling of the MOSFH. The qera-
tion of the IC demands anincrease in operating currert which results in discharging the capacitar. Before the startup cgpacitor
voltage isdischarged bdow hysteresis voltage, the auxiliary winding voltage takes over as the sypply voltageas shownin Fig.

1.2
AN
L]
Rst =
§ DVce
C AC * —
input . Vce Out—{ I':
O + KA7526
Cst 777
Fig.1.1 Start-up Circuit
Vce
A Cst discharges
Vstart | - - - - - - - - - - Y
IHysteresis :
Cst charges o
from Rst "
-t
Fig.1.2 Start-up Capacitor Voltage
10
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Error Amplifier

An Error Amplifier with access tohe inverting input ard output is provided The roninverting input is internally biasedat
2.5V andis not pinned out. The output voltage of the power fadtor converter istypicdly divided down and maonitored by the
inverting input. The eror anp output is internally connected to the multiplier ard is pinned out for extemal loop compensa-
tion. Typically, the loopbandwidth is set lelow 20Hz, sothat the anplifer’s output voltage is relatiely constant overa gven ac
line cycle. In effect, the eror amp monitors the average autput voltage of the caverter over severa line cycles. Input biascur-
rent(0.5uA, max) can calsean output voltage eror that isequal to the product of the input bias curert ard the value d the
upper divider resistor, R1 in Fig. 2.1

e

+
7

Ccomp EAOUT

Band width= 1/(2rmxR1xCcomp)

Fig.2.1 Error Amp and Over Voltage Comparator

Over Voltage Protection

The low bandwidth (typically below 20Hz) characteristic & Error Amplifier control loop resuts in output voltage runaway
condition. This condition canoccur during initial start-up, suddenload renmoval, or during output arcirg. The over wltage
comparatar monitors the autput voltage o the eror amgifier. Whenload is removed, error amp output swings lower than
1.8V, canparata is triggered high and output driver is tuned off till the erior anp inverting input voltage dops below 2.5V.
At this point, the error amp output swingspostive, turns te output driver badk on. .

Multiplier

A single quadrant, twoinput multiplier is the critical elemaent that erables ths device toget power factar correction. One input
of multiplier(Pin 3) is connectedto an exemal resigor divider which monitorsthe redified acline. Tre aher input is inter-
nally drivenby a DC wltage which is the dffererce d error anplifier output (Pin 2) ard reference \oltage, Vref. The muti-
plier isdesigned to have an extremely linea transfer curve over awide dynamic range OV to 3.8V for Pin 3 and 25V to 4.5V
for error anplif ier output under all line and load conditions.

The multiplier output controls the currert serse canparatar threshold as the ac wltage trawerses sirusadally from zemo to
peakline. THs allows the inductor peakcurert to follow the acline thus forcing the average input currert to be sinusadal. In
other words, this has the effect d forcing the MOSFETon-time totrackthe input line voltage, resuting in a fixed drive autput
ontime, thus making the premnverter load appear tobe resistive tothe ac lire.

The equation below desciibes the relationship betweenmultiplier output ard inputs.

Vmo =K x Vm1 x (Vm2-Vref)
K :Multiplier gain

Vm1: Voltageat Pin 3

Vm2: Error amp output voltage
Vmo: Multiplier output voltage

11
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P— === == 1%
| Current Sense |

§ , Comparator

Fig.3.1 Multiplier Block

Current Sense Comparator

The curert serse canparata adopt the RS latch configuration to ersure that anly asingle pulse appears athe dive output
during agiven cycle. MOSFETdrain currert is canvertedto voltage using an extemal serse resista in sefes withthe extemal
power MOSFET. When sense \woltage exceels the threshold set by the multiplier output, the curert serse canparata temi-
nates tte catedrive tothe MOSFET al resets th PWM latch The latchinsures thatthe autput remeins ina low state aftethe
MOSFETdrain curert falls backto zero.

The peakinductor currert under normal gperatirg condtions is cantrolled by the mutiplier output, Vmo.
Abnormal operating conditions occur during precanverter start-p at exremely high line or as aitput voltage sensing is lost.

Under these canditions, the multiplier output ard currert serse tirestold will be internally clanmped to 1.65V. Therefore, the
maximum peakswitch curert is limitedto:
Ipk(max) = 165V / Rsense

An internal R/C filter has keenincluded to atteruate ary high frequency noisethat may be presert on the curert waveform.
This circut block eliminates tle needfor anexternal R/C filter otherwise reqiredfor proper operatia of the circtit.

g

ense
External R/C Filter
can be eliminated

Fig. 4.1 Current Sense Circuit

Output

12
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Zero Current Detector

KA 75260perates as a crititaonduction currernt mode controller. The ppwer MOSFETis turned on by the zep currert detec
tor ard turned off whenthe peakinductor currert reaches the threshold level estaltished by the multiplier output. The slge of
the inductor currert is indiredly detectedby monitoring the voltage acoss a sparate winding ard connecting it to the zero
currert detecta Pin 5.

Once the inductor currert reaches goundlevel, the wltage acr@sthe winding reverses plarity. Whenthe Idet input falls
below 1.8V, the comparatar output is triggeredto the low state.

To prevert false trigping, 240mV of hysteresis iprovided The zep current detecta input is intemally proteced by two
clamps.

The woper 7.5V clanp preveris input over wltage brealkdown while the lover 75V clamp prevents substrate irjection. An
internal curert limit resistor proteds the lower clamptrarsigor in casethe Idet in is accidently shortedto ground

A watchdogtimer function was aded to the IC to eliminate the reedfor anexterral oscillator when usedin stard-alone agpli-
caions. The timer provides a nears toauomatically start o restart tle precaverter if the drive output has been off for more
than300us after the inductor current reeches zeo.

Drive Output

The KA7526 contains a sirgle tatem-pale output sage sgedfically designedfor direct dive o power MOSFET The dive
output is cafabe of up to 500mA peakcurert with a typical rise and fall time of 130rs,50rs eachwith a 10nF load Addi-
tional interral circuitry has beenadded to keepthe dive output in a sirking mode wheneer the UVLO is active. This charec-
teristic elimirates tle reedfor anexternal gate pull- down resigor. Intemal voltage clanping ensures that autput driver is
always lower than 13V whensupply voltage variation exceeds more thanratedVgs threshold (typ 20V) of the exerral MOS-
FET. This eliminatesan external zener diode ard extra power dissipation asaciatedwith it that otherwise isrequired for reli-
alle circuit operation.

13
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KA7526

APPLICATION CIRCUIT #1
< 90 ~ 266VAC Input, 400VDc, 32Wx2 Lamps Self-oscillating Ballast >
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KA7526
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KA7526

Component Listing (for Application circuit #1)

Reference Value Part Number Manufacturer
R1, 2 1.2MQ-F, 1/4W 26mm Type -
R3 11kQ-F, 1/4W 26mm Type -
R4 150kQ , 1/2W 26mm Type -
R5 22kQ-J, 1/4W 26mm Type -
R6, 13, 15 47Q-J, 1/4W 26mm Type -
R7 3.3Q, 1/4W 26mm Type -
R8 1Q-J, 1W 26mm Type -
R9 180kQ-F, 1/4W 26mm Type -
R10 820kQ-F, 1/4W 26mm Type -
R11 6.8kQ-F, 1/4W 26mm Type -
R12, 17,18 390kQ-J, 1/4W 26mm Type -
R14, 16 8.2Q-J, 1/4W 26mm Type -
C1 0.15uF, 630V MEP-CAP -
C2,3 2200pF, 3000V Y-CAP -
Cc4 0.22uF, 630V MPE-CAP -
C5 22uF, 35V Electrolytic -
C6 0.33uF, 25V Ceramic -
C7 1000pF, 50V Ceramic -
Cs8 47uF, 450V Electrolytic -
C9 4700pF, 630V PPF-CAP -
C10 2200pF, 630V PPF-CAP -
C11, 12 0.15uF, 63V MPF-CAP -
C13 0.1uF, 50V Ceramic -
C14, 15 8200pF, 1000V PP-CAP -
C16 0.15uF, 630V MEP-CAP -
D1,2,3,4,7 1000V, 1A IN4007GP -
D5 1000V, 1.5A BYV26C Philips
D6 75V, 150mA IN4148 -
D8 - N413N (DIAC) -
L1 DR 10x12 DIT-010 -
L2 El 2519 DBT-002 -
L3, 4 El 2820 DPT-086 -
L5 SB5S 8x3x4 DDT-005 -
L6, 7 10uH BS24-100K -
Fuse - 52NM250V, 3A -
Vi 430V INR140, 431 -
IC1 - KA7526 FairChild
Q1 500V, 4.5A QFPBN50 FairChild
Q2,3 400V, 5A KSC5305D FairChild
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KA7526

Application Circuit #2
< 90 ~ 266VAC Input, 400VDc, 32Wx2 Lamps Extemal-oscillating Ballast >
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Component Listing (for Application Circuit #2)

Reference Value Part Number Manufacturer
R1 2.2MQ-F, 1/4W 26mm Type -
R2 12kQ-F, 1/4W 26mm Type -

R3, 12 150kQ , 1/2W 26mm Type -
R4 22kQ-J, 1/4W 26mm Type -

R5, 10, 11 47Q-J, 1/4W 26mm Type -
R6 3.3Q, 1/4wW 26mm Type -
R7 1Q-J, 1W 26mm Type -
R8 1.2MQ-F, 1/4W 26mm Type -
R9 10kQ Variable Resistor - -
R13 22kQ-F, 1/4W 26mm Type -
R14 180kQ-J, 1/4W 26mm Type -

R15, 16 330kQ-J, 1/4W 26mm Type -
R17, 18 680kQ-J, 1/4W 26mm Type -
R19 8.2kQ-J, 1/4W 26mm Type -
Cl,2 0.15uF, 630V MEP-CAP -
C3,4 2200pF, 3000V Y-CAP -
C5 0.1uF, 400V MPE-CAP -
C6 22uF, 35V Electrolytic -
Cc7 0.33uF, 25V MPE-CAP -
Cc8 0.01uF, 25V MPE-CAP -
C9 47uF, 450V Electrolytic -
C10 47uF, 35V Electrolytic -
Cl1 0.22uF, 25V MPE-CAP -
C12 180pF, 25V Ceramic -
C13 0.1uF, 25V MPE-CAP -
C14 1000pF, 630V MPE-CAP -
C15, 16 4700pF, 1000V MPE-CAP -
C17, 18,19, 20 6800pF, 630V MPE-CAP -

D1,2,3,4 1000V, 1A 1N4007 -
D5 FRD(25nS) BYV26C Philips
D6 75V, 150mA 1N4148 -

D7,8 1000V, 1.5A 1N4937 -
L1 80mH BSF2125 -
B e -
L3, 4 Litz Wire o1 USTC El2820 ;
T1 1.2mH(35T:24T:24T) EE1614 -
Fuse - 52NM250V, 3A -
V1 430V INR140, 431 -
Q1,2,3 500V, 6A SKP6N50 FairChild
Z1 15v, 1w - -
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KA7526

Mechanical Dimensions

Package
Dimensions in millimeters

8-DIP
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KA7526

Mechanical Dimensions (contnued)

Package
Dimensions in millimeters
0.1~0.25
MIN 5 004~0.001
1.55:020
0.061 +0.008
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KA7526

Ordering Information

Product Number Package Operating Temperature
KA7526 8-DIP
-25 ~ +125°C
KA7526D 8-SOP
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KA7526
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KA7526

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
INTERNATIONAL. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

9/25/00 0.0m 001
Stock#D SXXXXXXXX
[ 2000 Fairchild Semiconductor International
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