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Power Factor Correction and PWM Controller Combo

GENERAL DESCRIPTION

The M 14804 isa controller orpow er factorconected,
sw ifched m ode pow ersupplies. Pow erFactorC onection
PFC) allow s the use of am aller; Iow er costbulk
capaciors, mduces pow er line loading and stress on the
sw Iching FETs, and esuls In a pow er supply that ully
com pliesw ith EC1000-3-2 specification . htended asa
BXM O S enhancem entofthe hdustry-standard M 14824,
the M 14804 inclides circuils orthe in plem entation of
¥ading edge, average cunent, “boost’ type pow er factor
correction and a trailng edge, pulse w idth m odulator
PW M ). Ealso nclides a TrFaulkD etect™ Minction to
help ensure thatno unsafe conditionsw illresult from
single com ponent ailire in the PFC . 1A gate-drive
outputsm nin Ize the need Porextemal driver cicuits.
Low pow errequirm ents In prove efficiency and reduce
com ponentcosts.

An overvolage com pamtor shuts dow n the PFC secton

In the eventofa sudden decrease in load.The PFC

section also Inclides peak curent Iim iing and nput
volage brow nout protection .The PW M section can be
operated in curentorvolage m ode, atup ®© 250kH z,
and inclides an accurmate 50% duty cycle Im it prevent
transfom ersaturation .

FEATURES

B Thtemally synchronized leading-edge m odulated PFC
and tailing-edge m odulated PW M Th one T

B TrFaulD etect™ ©rU L1950 com pliance and
enhanced safety

B V--0 VP provides addionalPFC faultprotection

B Skw mte enhanced transconductance error am plifier
forulra-fastPFC msponse

B Iow pow er:200UA sartip cunent, 5 5m A opemting
cunent

B Iow totalham onic distwrbon, high PF

B Reduces rppl curent in the storage capacior
betw een the PFC and PW M sections

B Avemge cunent, continuousboost kading edge PFC

B PW M configurabl forcurentm ode orvolagem ode
opemtion

B O vewolage and brow n-outprotection, UVIO , and soft
sart
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PIN CONFIGURATION

ML4804
16-Pin PDIP (P16)
16-Pin Narrow SOIC (S16N)

IEAO[[1 - 16[] VEAO
IAC [ 2 15 ] VFB
ISENSE [ 3 14] VREF
VRMS [ 4 13 ] Vcce
ss|f5 12[] PFCOUT
Vpc|lé 11[] PwM OUT
RAMP 1 [|7 10[] GND
RAMP 2 |8 9 1 DC Iy 1miT
TOP VIEW
PIN DESCRIPTION
PIN NAME FUNCTION PIN NAME FUNCTION
1 EAO Skw mte enhanced PEFC 9 DC ZTwmm PW M cyclkby-cyck current
transconductance enoram plifieroutput Iin it com pamtorinput
2 Lc PFC AC line mfernce hputto Gahn 10 GND G wund
M odulator
11 PWMOUT PW M driveroutput
3 LpN sE Curentsense inputto the PFC G ain
M odulator 12 PFCOUT PFC driveroutput
4 VeM s PFC Gain M odulatorRM S line volage 13 Vee Positve supply
com pensation put
14 VRER Buffered output forthe htemal
5 SS Connection pohtforthe PW M soft sart 75V =fernce
capacior
15 Vg PFC tmmnsconductance volage
6 Vpe PW M volage feedback Input ernoram plifier nput
7 RAMP1 O scillator tim ing node; tm Ing st 16 VEAO PFC trmansconductance volage
by ReCr enoram plifieroutput
8 RAMP 2 W hen In curentm ode, thispn
finctons asthe current sense hputy
when In volage m ode, itisthe PW M
m odulation ram p Input.
’ - -
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ML4804

ABSOLUTE MAXIMUM RATINGS

Absolute m axin um mtings are those valuesbeyond w hich Jdincton Tem peratilr® ..o 150«
the device could be pem anently dam aged . Absolute Stormge Tem perature Range ......ooooevenennen, -£5°C tw 150°C
m axin um ratings am stress mtings only and fiinctonal Lead Tem pemtur Goldering, 10 s2c) «vvivviiienienienns 260
device operation isnot in plied. Them alResisance O3)
PBSHC D TP wiiiiiiiiiiieei et 80C M

V0 oottt e 18V PIASEC SO T ooooveiieeeeeeeeeie e 105°C i

AV o Niv=To | SVt 0.7V
Votage on Any 0 herpin | GND 057wy, + 05 OPERATING CONDITIONS
%EF ............................................................................................ 10m A
e MPputCument coooverin e 10mAa Tem permtire Range
Peak PFC O U T Cunent, Source orSink ....cc.covevvvnnennnnn. 1A MTABOACK ittt 0°C o 70°C
Peak PW M O UT Current, Source orSink .....oovevvevennnn. 1A MIABOAIX ittt -40°C tw 85°C
PFC OUT,PWM OUT Enexryy PerCycle .....c.c.ooentnn 15uJ

ELECTRICAL CHARACTERISTICS

Unkssothemw ise specified, Vo = 15V, Ry = 52 3k, Cp = 470pF, Ty = O perating Tem permture Range Note 1)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

VOLTAGE ERROR AMPLIFIER

hputVolage Range 0 5 v
Transconductance VyoN Nv = Vv, VEAO = 3.75V 30 65 90 1N$)
Feedback Reference Volage 243 25 257 v
hputBiasCunent Note2 05 10 HA
O utputH igh Voltage 6.0 6.7 v
O utputLow Volage 0.1 0.4 v
Source Curent Vy =25V 05V, Voyr =6V 40 -140 UHA
Sink Curnent Vg =25V 05V ,Vogr =15V 40 140 HA
O pen Loop Gain 50 60 dB
Pow erSupply Refction Ratio 11V < Vee < 16 bV 50 60 dB

CURRENT ERROR AMPLIFIER

hputVolage Range -15 2 v

Transconductance VNoN NV = Vv, VEAO =375V 50 100 150 Lo
hputO fleetVolage 0 4 15 mv
hputBiasCunent 05 1.0 HA
O utputH igh Voltage 6.0 6.7 v

O utputLow Volage 0.65 1.0 v

Source Cunent Vi =105V,Vgogr = 6V 40 -104 UHA
Sink Curnent Vi =205V, Vogr=15V 40 160 HA
O pen Loop Gain 60 70 dB
Pow erSupply Refction Ratio 11V < Vee < 16 bV 60 75 dB

OVP COMPARATOR

Threshold Volage 265 2.75 2 .85 v

Hystersis 250 325 mv

@L Micro Linear 3
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ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
TRI-FAULT DETECT
FaulD etectH GH 265 2.75 2 .85 v
Tin e to FaultD etectH G H Ves = VFAULT DETECT 10 W 2 4 ms
1© Vg =0 PEN ; 470pF fiom Ve o GND
FaultD etectIO W 04 05 0.6 v
VccOVP COMPARATOR
Threshold Volage Tp = O peration Tem p Range 164 v
Hystersis Tp = O peration Tem p Range 1.7 20 23 v
PFC I jpr COMPARATOR
Threshold Volage 0.9 -1.0 1.1 v
PFC Ey 1 Vg —Galn M odulator O utput) 120 220 mV
Delay to O utput 150 300 ns
DC Ipipir COMPARATOR
Threshold Volage 0.95 1.0 1.05 v
hputBias Cunent +03 +1 HA
Delay to O utput 150 300 ns
VIN OK COMPARATOR
Thmreshold Volage 2 .35 2 45 255 v
H ysteresis 08 10 12 v
GAIN MODULATOR
Gainh Note3) L =100UA,Vgyg= Vg = OV 0.60 080 105
Thc =50UA,Vrys=12V, Vg =0V 18 20 2 .40
Thc =50UA,Vrys=18V, Vg =0V 085 10 125
B =100UA,Vrys=33V,Vmp=0V| 020 0.30 040
Bandw idth Lc = 100uA 10 MHz
O utputVolage L = 350UA,Vgys= 1V, 0.60 0.75 0.9 v
Vg = OV
OSCILLATOR
hibdalAccumcy Ty = 25°C 71 76 81 kHz
Volage Stability 11V < Ve <165V 1 %
Tem pernture Sability 2 %
TowmlVariation Line, Tem p 68 84 kHz
Ram p Valky to Peak Voltage 25 v
PFC Dead Tine 170 250 330 ns
Cr D ischame Cunent Veamp 2 = OV, Vgamp 1 = 2.5V 35 55 75 mA

@L Micro Linear



ML4804

ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
REFERENCE
O utputVolage Tp = 25°C, IVgpp) = 1m A 74 75 7.6 v
Line Regulation 11V < Vg < 16 5V 10 25 mV
Load Regulation OmA < IVger)< 10mA; 10 20 mV
TA =0 ®© 70
OmA <IVgpp)<5SmA: 10 20 mvV
TA = -40< ®© 85<
Tem pernture Sability 04 %
Tot@mlVaration Line, Load, Tem p 7 .35 7 .65 v
Long Tem Stabiliy Ty= 125°C, 1000 Hours 5 25 mv
PFC
M InImum DutyCyck Vepo > 40V 0 %
M aximum Duty Cyclk Vepo <12V 90 95 %
O utputLow Volage Lur=20mA 0.4 0.8 v
bygr=100mA 0.7 20 v
bygr=10mA,Vee = 9V 04 08 v
O utputH igh Voltage Lur=20mA Vee — 08V v
Lyr=100mAa Ve -2V v
RisefFallTime Cy, = 1000pF 50 ns
PWM
D uty Cyck Range 044 047 049 %
O utputLow Volage Lyur=20mA 04 08 v
bygr=100mA 0.7 20 v
Lyr=10mA,Vee = 9V 04 08 v
O utputH igh Voltage Lur=20mA Vee — 08V v
Lyr=100mA Ve —2V v
RisefFallTin e C1, = 1000pF 50 ns
SUPPLY
Start-up Cunent Vee =12V,Cp =0 200 350 HA
O pemting Curent 14v,C=0 55 7 mA
U ndewolage Lockout Threshold 124 13 136 v
U ndewolage LockoutH ysterresis Note4) 25 2.8 31 v
Note 1: Lin its are guaranteed by 100% testng, sam pling, or conelation w ith w omstcase test conditions.
Note 2: hicludes all bias currents to other circuis connected to the Vg pin.
Note 3: Gain=Kx53V;K= (Ganmop —brrser) ¥ fac VEAC —0.625)]; VEAO yy ox=5V .
Note 4: UVIC Hyseresis
@L Micro Linear 5
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TYPICAL PERFORMANCE CHARACTERISTICS
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FUNCTIONAL DESCRIPTION

The M 14804 consists ofan average cunent contiolled,
continuousboostPow erFactorC orrector PFC ) frontend
and a synchmwnized Pulse W dth M odulator PW M ) back
end.The PW M can be used I eithercunentorvolage

m ode. h volage m ode, feedforw ard from the PFC output
buss can be used to In prove the PW M s Ine regulation . h
eiherm ode, the PW M stage uses conventional trailing-
edge duty cyck m odulation, w hile the PFC uses kading-
edge m odulation . This patented kadngAmiling edge

m odulation technigque esults in a higheruseabl PFC
ernoram plifierbandw idth, and can significantly reduce
the size ofthe PFC D C buss capacior.

The synchronization ofthe PW M w ih the PFC sim plifies
the PW M com pensation due t the controlled rippl on
the PFC outputcapacior the PW M inputcapacior).The
PW M section ofthe M 14804 mins atthe sam e frequency
as the PFC.

T addidon t pow erfactorcornecton, a num berof
protection fatureshave been built nto the M 14804 .
These nclide softstart, PFC overvolage protecton, peak
curent lim itng, brow noutpwtecton, duty cycle lim itng,
and undersolage lockout.

POWER FACTOR CORRECTION

Pow er factor correction m akes a non-lnear oad look lke
a resistive Joad to the AC Ine.Fora resistor the current
dmwn from the line is in phase w ih and proportonalto
the line volage, so the pow er factorisuniy tne).A
comm on classofnon-lnear bad isthe nputofm ost

pow ersupplies, which use a bridge rectifierand
capaciive Input filter fod from the line.The peak-
charghg effect, w hich occurs on the nput fiter capacior
In these supplies, causes briefhigh-am plinde pulses of
curentto flow from the pow er line, mtherthan a
shusoidal current in-phase w ih the line volage. Such
suppliespresenta pow er factorto the line of less than one
fe.they cause significant currentham onis ofthe pow er
Ine fiequency t appearattheirinput). the nput
curnentdmw n by such a supply brany othernon-linear
Ioad) can be m ade to ollow the hputvolage in
Insmantaneous am plitide, it w ill appear resistive to the AC
line and a uniy pow er factorw illbe achieved.

To hold the nputcurentdmw ofa device draw Ing pow er
from the AC lhe In phase w ih and proportonalt the
Inputvolage, a way m ustbe found to preventthatdevice
from loading the line exceptin proporion to the
Insmantaneous Ine volage . The PFC secton ofthe

M 14804 usesaboostm ode D C-D C converterto

accom plish this. The hputto the converter is the 11l

w ave rectified AC line volage.N o bulk filtering is
applied ©llow ing the bridge rectifier; so the input volage
to the boost converter ranges &t tw e lne fiequency)
from zer volsto the peak value ofthe AC nputand
back to zero . By forcihg the boost converterto m eettw o
sim ulaneous conditions, it ispossbl to ensure thatthe
currentdmaw n from the pow er Ine ispropordonalto the
Input lne volage . O ne ofthese conditons is that the

outputvolage ofthe boost converterm ustbe sethigher
than the peak valie ofthe line volage.A comm only
used value is 385VD C, to albw fora high line of
270VAC 4 5. The othercondition isthatthe curentdmaw n
from the Ine atany given nstantm ustbe proportonalto
the line volage. Esmblishing a suiablk volage control
Jop forthe converter, which In tum drivesa cunenternor
am plifierand sw #rhing output driver satisfies the firstof
these requirem ents. The second requirem ent ism etby
using the rectified AC lhe volage to m odulate the output
ofthe volage control bop . Such m odulation causesthe
curenterroram plifierto com m and a pow er stage cunent
that varies directly w ith the Inputvolage. hh orderto
prvent rvple, w hich w ill necessarily appear atthe
output ofthe boostcircu it typically about 10VAC on a
385V DC Fvel), iom ntroducing distorton back through
the volage error am plifier; the bandw idth ofthe volage
Jop isdelbemtely kept bw .A final efinem ent isto

ad jastthe overmllgain ofthe PFC such t be proportional
© 1A 2, which Inhearizes the transfer inction ofthe
system as the AC inputvolage varies.

Since the boostconverter topology in the M 14804 PFC is
ofthe curentavermging type, no sbpe com pensation is
equird.

PFC SECTION
Gain Modulator

Figure 1 show sa blck diagram ofthe PFC section ofthe
M 14804 .The gain m odultor is the heartofthe PFC, as it
isthis cirruitblock w hich controls the sponse ofthe
curent bop t lhe volage waveform and fiequency, m s
Iine volage, and PEC outputvolage.Ther ar three
hputs to the gah m odulator. These are:

1) A curent epresenting the hsantaneous nputvolage
ém plinde and w aveshape) to the PFC . The rectified
AC nputsihe w ave isconverted to a proportonal
curentvia a resistorand isthen fod Into the gain
modulatorat i . Sam pling cunent in thisw ay
m Inim izesground noise, as is requirred i high pow er
sw iching pow er conversion environm ents. The gain
m odultor esponds Inearly to thiscunent.

2) A volage proportonalto the ong+tem RM S AC lne
volage, derived from the rectified line volage afler
scaling and filtering . This signal is presented t© the gain
m odulatoratVyy ¢.The gain m odulator’s output is
hversely propordonalto Vyy g2 €xceptat unusually
w valies ofVpy g where specialgain contourng
akes over, to lim i pow erdissipation ofthe cirruit
com ponentsunderheavy brow noutconditons).The
relationship betw een Viy g and gain iscalled K, and is
istrated In the Typical Perform ance Chamcteristics.

3) The outputofthe volage erroram plifier; VEAO .The
gain m odulator responds linearly to variations in this
voltage.

@L Micro Linear 7
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FUNCTIONAL DESCRIPTION continued)

The outputofthe gain m odulatorisa curentsignal, in the
form ofa millw ave rectfied shusoid attw ice the line
frequency. This current is app lied to the virtualground
thegatire) nputofthe curnenteror am plifier. h thisway
the gain m odulator om sthe rfernce orthe curent
eror oop, and uldm ately controls the insantaneous
currentdrmaw ofthe PFC from the pow er line.The genemrml
form forthe outputofthe gain m odulatoris:

Ly X VEAO

lcainmon = XV L)

2
VRMS

M ore exactly, the output current ofthe gain m odulator is
given by:

lgaimmon =KX (VEAO —0.625V) X 5
wher K ish unisofv-.

N ote thatthe outputcurentofthe gain m odulator is
Iim ied to 500uA .

Current Error Amplifier

The curenteroram plifier's outputcontrols the PEC duty
cycle o keep the avermge cunrent through the boost
Inductora lnear finction ofthe line volage.Atthe
Inverting inputto the cunenteroram plifiey, the output
currentofthe gain m odulatoris sum m ed w ith a cunent
which esuls from a negative volage being in pressed
upon the Ipyor pin. The negative volage on Lpy sy
represents the sum ofallcurnents fow ing In the PFC
circuit, and is typically derived from a currentsense
resistor in series w ih the negative tem inalofthe hput
bridge mctifier. h higher pow er applications, tw o cunent
transfom ers are som etim es used, one to m oniorthe | of
the boostM O SFET &) and one to m oniorthe k ofthe

boostdiode. A s stated above, the Inverthg hputofthe
curenternor am plifier is a virtualground . G iven this fact,
and the armangem entofthe duty cycle m odulator
polarities ntemalto the PFC, an Incrase In positive
curent from the gaih m odultorw ill cause the output
stage to crease is duty cyck untl the volage on

Lpy sg Is adequately negative t cancel this ncreased
curent. Sin ilarly, ifthe gain m odulator's output
decreases, the outputduty cycle w illdecrase, to
achieve a less negative vollage on the Ipygr pin.

Cycle-By-Cycle Current Limiter

The Ly gp pin, as wellas being a part ofthe cunent
feedback loop, is a diect nput to the cycleby-<cyclk
curent lin iterforthe PEC section . Shoud the nput
volage atthis pin everbe m o negatire than -1V, the
output ofthe PFC w illbe disabled until the protection
flip-flop is setby the clock pulse atthe sartofthe next
PFC pow ercyclk.

TriFault Detect™

To in prove pow er supply rliabiliy, reduce system

com ponentcount, and sin plify com pliance to UL 1950
safety sandards, the M 14800 ™ 14804) nclidesTrFaul
D etect. This featire m ontorsVEB Ph 15) orcerain PFC
faulcondidons.

I the case ofa fedback path failire, the output ofthe
PFC could go outofsafe operating 1im is. W ih such a
failire, VFB w illgo outside of s nom alopemting ara.
ShouXd VEB go two bw, too high, oropen, TrFaulD etect
sensesthe erorand ©m nates the PFC outputdrive.

TriFaul detect is an entirely ntemal circui. E requirsno
extemal com ponents to serve isprotective finction .

1
! VEAO IEAO |
: OVP :
1
! I
] TRI-FAULT 2,75V !
d 0.5V I
! i
1
1
d VCOVP I
d Vce i
| Vgg VEA 1
16k NJEA 16.4V :
4
I 25V + !
| Inc [ ) ) s Q !
1
v GAIN ok !
IZ' RMS MODULATOR g —! pEC OUT!
1
1.6kQ
|ISENSE PFClumiT T <
E
1
- 1
| RAMP 1 R Q- I
7 |I OSCILLATOR |I !
1
1

Figure 1. PFC Section Block Diagram
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FUNCTIONAL DESCRIPTION continued)

Overvoltage Protection

The O VP com pamtor serves to protect the pow ercircuit
from being subpcted t© excessive volages if the bad
should suddenly change.A resisordivider from the high
volage D C outputofthe PFC is fed to Vg . W hen the
volage on Vg exceeds 2 .75V, the PFC outputdriver is
shutdown .The PW M section w illcontinue to operate.The
O VP com paratorhas250m V ofhysteresis, and the PEC

w fllnot resart until the volage atVyp dropsbelow 2 50V.
The Vip should be setat a levelw her the active and
passive extemalpow er com ponents and the M 14804 ar
w ihin their safe operating volages, butnotso bow asto
nterfere w ith the boost voltage regulation loop .

VccOVP

TheV--OVP feature ofthe M 14804 w orks along w ih the
TriFaulI™ D etectas a redundant PFC buss volage lin iern
to preventa dam aged and broken connection or

com ponent from causing an unsafe faulconditon.

VeeOVP assum es thatV¢ isgenemted from a bootstap
w inding on the PFC boost nductor, orby som e other

m eansw herby Ve Is proportionalto Vpy gg. Ethe
propordonaliy is exact, then a nom nalVgygg 0£385V at
Vee =150V w illcause the VO VP com pamtorto shut
the PFC down whenVgygg= [(6 4/15.0)x 385V ]= 444V.
The PFC w illthen rem ain In the shutdow n state untlvVc
declnhes t© 13 .0V, atwhich tim e the PFC w ill 'estart. It
the PFC V- again encounters an overvolage conditon,
the protection cyck w ill repeat. N ote that the PW M sage
ofthe M 14804 r=m ains opemtionaleven w hen the PFC
goes Nto VO VP shutdown.

For a realw orld exam ple, assum e that the bootszap
supply isderived from a conventivnalboost nductor
w Inding and rectified using Shottky diodes.Then it follow s

that the volage from the bootstrap w inding m ustequal
15 8V durhg regularcircui operation, and w il ncrase
t© 17 2V atthe pontofV--O VP shutdow n .Then the
outputvolage fiom the PFC w illhave incrased from a
noninalVgygg 0f385VDC o (17 2/158) x 385V =
419VD C .W henVpy gg 'aches 419V, the PFC w ill shut
off, therby protecting the output BU SS) capaciorand
the sem iconductors n both the PFC and PW M stages.

To assure rasonablk headroom in which to opermrate this
device,V--OVP tracksw ih UVLO .TheV--OVP
threshold isalv ays at kast 2V above thatofthe UVIO .

To assure rlablk opemmtion ofthe M 14804, V¢ m ustbe
operated from a bootstrap w nding on the PFC s inductoy,
orfrom an extemalpow ersupply w hose outputis
rgulated © 15 .0V fiom inal). T the case ofa regulated
pow er supply pow ering the M 14804, the V-0 VP fiincton
w illbe rndered non-operational.

Error Amplifier Compensation

The PW M loading ofthe PFC can bem odelkd asa
negative mesistor; an ncrase I putvolage to the PW M
causes a decrase I the nputcurent. This esponse
dictates the proper com pensation ofthe PFC 'stw o
transconductance eroram plifiers. Figure 2 show sthe
types ofcom pensation netw orksm ostcomm only used or
the volage and curenternoram plifiers, albng w ih their
esgpective retum poits.The current loop com pensation is
rhimed t© Vipp t© produce a soft=s@art chamcteristic on
the PFC : as the rmference volage com es up from zero
vols, i creates a differentiated volage on EFAO which
prvents the PEC from Inm ediately dem anding a ullduty
cyck on isboost converer.

There ar tw o m aprconcemsw hen com pensating the

VREE

PFC
OUTPUT

GAIN

%
Iil RMS MODULATOR

Figure 2. Compensation Network Connections for the
Voltage and Current Error Amplifiers

VBIAS

4
>

2 Raias

-

Vee 0.22yF
CERAMIC 15V
ML4804 ] ZENER

GND
T 1

Figure 3. External Component Connections to Vcc
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FUNCTIONAL DESCRIPTION continued)

volage loop error am plifier; sability and transient
mesponse. O ptin iIzing Interaction betw een transient
esoonse and stability requires that the error am plifier's
open-loop crwssover frequency shoud be 1 /2 thatofthe
Ine firequency, or23H z fora 47H z line (owest
anticipated Intemationalpow er frequency). The gah vs.
Inputvolage ofthe M 14804 's vo lage error am plifierhas
a specially shaped nonliheariy such thatunder steady-
state operating conditions the transconductance ofthe
ernoram plifier is ata bbcalm Inin um . Rapid pertuibations
in Jine or Ioad condibonsw ill cause the nputto the
volage ervor am plifier Vi) © deviate fiom is 2 5V

fiom nal) valie . Ithis happens, the transconductance of
the volage error am plifier w il ncrease significantly, as
show n In the TypicalPerfom ance Chamacteristics. This
mises the gaindbandw idth productofthe voltage oop,
resulting 1 am uch m ore mpid volage loop response t©
such perurbationsthan w ould occurw ih a conventional
Iinear gain characteristic.

The curnentam plifier com pensation is sin flart thatof
the volage ernor am plifierw ith the exception ofthe
choice ofcrossover fiequency. The crossover fiequency of
the current am plifier should be at kast 10 tim es thatof
the volage am plifier, o prevent hteraction w ih the
volage boop . Eshould also be Iim ied to lessthan 1/,th
thatofthe sw Iching frequency, eg. 16 7kH z ora

100kH z sw irhing firequency.

Ther isam odestdegree ofgain contouring applied t© the
transfer chamcteristic ofthe cunentermoram plifier, ©
Incrase is speed ofresponse to curnentloop
pertutbations. H ow ever, the boost inductorw illusually be
the dom nant factorin overmllcurrent loop rsponse.
Therfr, this contouring is significantly lessm arked than
that of the volage error am plifier. This is illistated in the
Typical Perform ance Chamcteristics.

Form o Infom ation on com pensating the cunentand
volage control bops, see Application N otes 33 and 34.
Application Note 16 also contains valiablk infom ation
forthe design ofthis class ofPFC .

Oscillator (RAMP 1)

The oscillhtor frequency is detem hed by the valies ofRyq
and Cp, which detem ine the ram p and offtim e ofthe
oscillator output clock:

: 1
0sC — )
tramp  tDEADTIME

The deadtim e ofthe oscillhtoris derived from the
follow Ing equation :

Vigr — 1.25]

tRAMP = CT X RT X In[v 3 75
REF — 2+

tramp = Cr X Ry X051
The deadtin e ofthe oscillatorm ay be detem ined using:

2.5V
tDEADTIME ZSSWXCT =450xCy @)

The deadtim e iIs so am all gamp >> Hrap M) that the
operating fiequency can typically be approxin ated by:

1
fosc = ti 6)
RAMP

EXAM PIE:
Forthe application circui show n in the data sheet, w ih
the oscillator minning at:

1
tramp

Soling ©rRy x Cp yields 1 .96 x 107 . Sekcting
standard com ponentsvalues, Cp = 390pF, and Ry =
51 1kQ.

The deadtin e ofthe oscillatoradds t the M axin um

PW M Duty Cycle (@ isan nputto the Duty Cyck

Lin fern. W ih zer oscillatordeadtm e, the M axin um

PW M Duty Cyck istypically 45% . h m any applications,
care should be taken thatC, notbe made so large asto
extend the M axin um D uty Cycle beyond 50% .Thiscan
be accom plished by using a stabl 390pF capaciorforCr.

PWM SECTION
Pulse Width Modulator

The PW M section ofthe M 14804 is smaightforw ard, but
there are severmlpointsw hich should be noted . Forem ost
am ong these is its nherent synchronization © the PFC
section ofthe device, from w hich italso derives itsbasic
tm ing.The PW M is capabl ofcurentm ode orvolage
m ode operation . h curnentm ode applications, the PW M
mmp RAMP 2) susually derived directly from a curnent
sensing resisrorcurenttansom er n the prim ary ofthe
output sage, and is therby mprsentative ofthe cunent
flow Ing In the converter's outputstage.DC L v, which
provides cyck-by~cyck cunent Im ibng, is typically
connected to RAM P 2 in such applications. Forvolage-
m ode operation orcera specialized applications,

RAM P 2 can be connected to a sepamte RC tim Ing

netw oxk to genemte a volage mm p againstwhich Vboc

w illbe com pared .U nderthese conditons, the use of
volage fedforw ard fiom the PFC busscan assistin Ine
rgulation accuracy and response.Asin cunentm ode
operation, the D C I 7 Inputw ould isused foroutput
stage overcurnent protection .
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FUNCTIONAL DESCRIPTION contnued)

N o volage ermoram plifier is inclided in the PW M stage
ofthe M 14804, as this fincton is generally perfom ed on
the output side ofthe PW M s isolation boundary.To
faciliate the design ofoptocouplr feedback circuiry, an
offsethasbeen buil into the PW M 'sRAM P 2 lnputwhich
allow sV to comm and a zero perentduty cycle for
nputvolagesbelow 1 25V.

PWM Current Limit

The DC Ly ph Isa direct hputto the cyck-by-—cyclk
current lim iterforthe PW M section . Shoul the lnput
volage atthispin everexceed 1V, the output ofthe PW M
w ll1be disabled untilthe output flip-flop is esetby the
cock pulse atthe smrtofthe nextPW M pow ercycl.

VN OK Comparator

TheVy O K com pamtorm oniorsthe D C outputofthe
PFC and inhibisthe PW M ifthisvolage on Vig is kss
than isnom hal2 45V. 0 nce this voltage waches 2 45V,
w hich conesponds to the PFC outputcapaciorbeing
chamed to is rated boostvoltage, the softsmartbegins.

PWM Control (RAMP 2)

W hen the PW M section isused In currentm ode, RAM P 2
is genermlly used as the sam pling point ora volage
rpresenting the current in the prim ary ofthe PW M 's
output ttansfom er, derived eitherby a cunent sensing
resistorora curent ttansfom er. h volage m ode, itisthe
nput ora ram p volage genemted by a second setof
t ing com ponents Rraympzs Crampz), thatw illhave a
m Inin um valie of zero vols and should have a peak
valie of approxin ately 5V. I volage m ode operation,

feedforw ard from the PEC outputbuss is an excellentw ay
to derive the tin ng ram p orthe PW M stage.

Soft Start

Startup ofthe PW M is controlled by the selection ofthe
extemalcapaciorat SS.A curent source of25UA
supplies the charging curent orthe capacior, and start-
up ofthe PW M beginsatl 25V. Sartup delay can be
programm ed by the follow Ing equation :

25uA

Cg =t X ——
55 T IDELAY X Ty

w here Cgg is the required soft start capaciance, and
% pray Is the desired startup delay.

It is in porant that the tin e constantofthe PW M softstart
allow the PFC tim e to genemte sufficient outputpow er for
the PW M section.The PW M startup delay should be at
kast bm s.

Solring forthem Inimum valie ofCgg:

25uA

Cgg =5msx =100nF
125

©a)

Generating Vcc

The M 14804 isa volage-fed part. E rrquires an extemal
15v,110% prbeten shuntvolage rgulator, orsom e
otherV - mgulaty, © rgulte the volage supplied ©
the partat 15V nom hal Thisallow s low pow erdissipation
whilk atthe sam e tin e deliverng 13V nom halgate drive
atthe PW M OUT and PFC O UT outputs. Fusing a Zener

11 SW2 12 13
P —>
gt I
—_VIN
DC SW1 RL
ar
REF
REF U3
DEE
s _
RAMP }—c R Q
osc| 1 —]p U2
D Q
T3 CLK

-
RAMP
A
VEAO
I

| | | I=
I I I I
| | ITIME |
I I I I
VSW1 | d d d
A 1 I I I
I
I
I
I
I
I
I
I
TIME

Figure 4. Typical Trailing Edge Control Scheme
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FUNCTIONAL DESCRIPTION continued)

diode forthis fincton, itis in portantto lin itthe curent
through the Zenerto avoid overheating ordestroying it
This can be easily done w ih a shglk resistorin series

w ih the Vee ph, miumed to a bias supply of typically
18V t 20V.The ®msistor'svalie m ustbe chosen to m eet
the opemting curent requirem entofthe M 14804 iself

8 SmA,m ax.) pls the curent required by the tw o gate
driveroutputs.

EXAM PLE:

W ih aVgpg of20V, aVee of15V and the M 14804
driving a totalgate charge of90nC at100kHz €g., 1
RF840 M O SFET and 2 RF820 M O SFETSs), the gate driver
curentrequird is:

R o — Viias — Ve
BIAS 7o+l +1z 8)
20V -15v
Rgias = 0 > =250Q
6mA +9mA + 5mAlz

Choose Rppg < 2400

The M 14804 should be locally bypassed w ith a 1 OUF
ceram ic capacior. hh m ost applications, an ekctroytic
capaciorofbetw een 47UF and 220UF is also required
across the part, both for filtering and aspartofthe sartup
bootstrap circuitry.

LEADING/TRAILING MODULATION

ConventionalPulse W dth M odulation PW M ) techniques
em pby tailing edge m odulation in which the sw rch will

tum on rightafler the trailing edge ofthe system clock.
The eroram plifier output vo fage is then com pared w ih
the m odulating ram p . W hen the m odulating ram p r=aches
the kevelofthe ernoram plifier outputvolage, the sw ich
w illbe tumed O FF.W hen the sw ixh isO N, the lnductor
curentw ill ram p up . The effective duty cyck ofthe
trailing edge m odulation is detem ined during the ON

tim e ofthe sw irh . Figure 4 show s a typical trailing edge
controlscheme.

T the ca=se of krading edge m odulation, the sw irch is
tumed O FF right at the kading edge ofthe sysem clock.
W hen the m odulating ram p raches the kevelofthe ervor
am plifier output volage, the sw ich w illbe timed ON .
The effective duty—cycle of the kading edge m odulation
is detem ined during the O FF tin e ofthe sw ich . Figure 5
show sa lkading edge controlschem e.

O ne ofthe advantages ofthis controltechnique isthatit
rquirrsonly one system clock.Swirh 1 €W 1) umsoff
and swIch 2 6W 2) umson atthe sam e nsantt

m Inin ize the m om entary “no-bad” period, thus low ering
ripplk volage genemted by the sw irhing action . W ih
such synchrnized sw ixhing, the rpple volage ofthe
first stage is reduced . Calculation and evaliation have
show n thatthe 120H z com ponentofthe PEC 'soutput
ripplk volage can be reduced by asm uch as30% using
thism ethod.

TYPICAL APPLICATIONS

Figure 6 isthe application circuirfora com plkte 100W
pow er factor conected pow er supply, designed using the
m ethods and genermltopolbgy detailed in Application
Note 33.

.

RL

AAA

yvyy

RAMP

-—
REF
DEF

RAMP

OsC
CLK

VO =l

U4 CLK

A

VEAO

VSW1

1
1

TIME

Figure 5. Typical Leading Edge Control Scheme
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Figure 6. T00W Power Factor Corrected Power Supply, Designed Using Micro Linear Application Note 33
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ORDERING INFORMATION

PART NUMBER TEMPERATURE RANGE PACKAGE
M L4804CP 0°C o 70°C lePin PDP P16)
M L4804CS 0°C o 70°C lePh Nanow SO 16N )
M L4804 —40°C to 85°C l6Pn PDP P16)
M 1480415 -40°C to 85°C l6PIn Nanow SO L E1l6N)

©M icw Linear1999 . M, Miero Linear isa registered tradem ark ofM icro LinearCorpormation . Allother radem arksare the pmperty oftheirrespective ow ners.

Prmductsdescribed herinm ay be coversd by one orm ore ofthe ©lbw Ing U S.patents:4,897,611;4,964,026;5,027,116;5,281,862;5,283,483;5,418,502;
5,508,570;5,510,727;5,523,940;5,546,017;5,559,470;5,565,761;5,592,128;5,594,376;5,652,479; 5,661 ,427;5,663,874;5,672,959;5,689,167;5,714,897;
5,717,798;5,742,151;5,747,977;5,154,012;5,157,174;5,167,653;5,777,514;5,793,168;5,798,635;5,804,950;5,808,455;5,811,999;5,818,207;5,818 ,669;
5,825,165;5,825,223;5,838,723;5 844,378;5,844,941 .Bpan:2,598,946;2,619,299;2,704,176;2,821,714 .0 therpatentsare pending.
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To receive a price quote or to request a
product sample, call or send e-mail to your
local representative.

When sending e-mail, be sure to include the
Micro Linear part number and whether you
want a price quote or a sample in the subject
line.

(i.e. subject: Sample request - ML part#xxxx)

Click here to find your local representative




