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current in the line and, thus, only 70% of what could be obtained with a unity power factor.

To increase the power factor of a power supply, and hence the efficiency of the power
supply, it is known to employ power factor correction (PFC). Indeed, PFC has become a
20  required feature for most power supplies with an input power greater than 75 Waits. In
general, PFC requires that the input current have a sinusoidal waveform and the current
waveform be in phase with the input voltage waveform. Off-line switching power supplies
without PFC exhibit a sharply peaked current waveform as high value input capacitors charge
rapidly when the input voltage nears its maximum. Average filtering and elimination of the
25  capacitors is ordinarily not a practical solution considering size, weight, and performance
specifications. _ _ |
It is known to implement PFC in a current controlled boost converter using a current
feedback loop to control the input current waveform of the boost converter by continuously
comparing the current to a rectified sine wave reference. The amplitude of the rectified sine
30  wave reference may be modified to be proportional to an error signal, which is based on the
DC output of the converter. It is also known to vary the amplitude of the sine wave reference

with an analog multiplier circuit whereby the rectified input voltage is multiplied by the error
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input power because the analog multiplier is not very accurate. Consequently, the power

limit may vary by as much 15% over the various input voltage conditions. To compensate
25  for these variations, the boost converter may be over-designed to, for example, include a

larger inductor or a higher-rated FET. These design modifications, however, introduce other

deleterious effects, such as decreased efficiency and/or more expensive components. |

Accordingly, there exists a need for a manner in which to achieve power factor

correction more precisely than existing techniques, and without sacrificing overall efficiency

30 and cost savings.

SUMMARY OF THE INVENTION
The present invention is directed to a power factor correction circuit for a boost power
supply. According to one embodiment in which the boost power supply includes a boost



converter responsive to a rectified AC line voltage, the power factor
correction includes: a voltage feedback anplifier having a first input
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switching multiplier circuit having a first input term nal connected to an,

out put term.nal of .the vol.t.age feedbhack lifi.er and second i nput
ter Ir?1 nalCoTELH SRPPLRLVE 8 ageqlhggggéﬂe P e’&%’nﬁ?"ﬁ"é quiﬂ:lc%@o%meﬁlﬁy% At IOf eedback
anplifi ®6lt§gé‘féeﬂ&cﬁaﬁlrﬁﬁérﬂbﬁﬁ§h fibs® npinteimind] espertivedo ibodputeultapelof thRr mi nal of

43P
the switching multiplier circyjit and having a, second i nput er m nal
" espons Ut BEEHFT; Apiiohing URen iR bavies e first RydRpERl cgwectaémnse wi dt h
modul at @itputeitind bf fhe vEMdgh fRaYACRAmPRIEARY b sdcBAdInBaY terfifit) B&hGdivedo an out put
term_ nal of the current feedback anplifier and having an output term nal
for onhedestified A6 lineyoltage; yruament fopdharleqmenlifien beving a fimt ieput tepmingb ost
CONVEr { Gbunobied oot @uABAof Blo oADK ARRHA'crbliP N AHER's sbeBHE BipkO". (N

power factor correcCtion circuit Includes: st nul'tTplier circuit
havi ng teriinakrespongive totaginpuh errenbefibebrosiconverter and a pulse widihy modulger t he boost

Conve”%nﬁ'i‘%&itigiiggg% H;:%rzgn?z{l g@%&ﬁ%%ﬂﬁhi’&ﬁﬂaﬂo?&e%ﬁ& jfied AC line

vol t age; a power er having an Input term nal connected to
an out pdiedidsk amplifisrahd bévingva ontpubtecninell for goinhestion foracprilse; widthgwastutatednul ti pl i er

Ci r%i t s@ﬁ(\ﬂéﬁﬁ Iog'étrogltn{fhglput term nal connected to an output term nal of

t he "power "anplitier and a second input termnal responsive to the
rectified ACAtdontingfolanaterentbodinrentofithd mesthibiokentionlthd posrer Femtorng a first

ci T oui t HRGIRR e i ol BbiC RO PRt Bl Gl 1 T

of the bniputmeentef therboostconvartgnsnd @ s&Ondingtiteminal raspansivedo theaéctified cui t

havi ng L. nput. termnal npect 0_.an_out put t.erninal t he current
feedbac%rbalﬂfﬁlgﬁoﬁt?gﬁrag%véﬂlflﬁﬁaﬁg aﬁ‘ﬁﬁgﬁ?‘ﬁ‘(}f‘g%}“ﬁﬁ i a&lponcngﬁtﬁ(g%)ﬁnoo#ﬁ{u a pul se
wi diis  eepslitlabéfahk seedridahultiplick biecuitp® sdcombmuléplier circhiciavingiarfigsttipuinot her '
enbodi nent . of the aresen?ﬁigvemt'og t he po E fa&tor (ﬁorr cti.on circuit

i ncl ude&® Hnpecte o A AR e‘h"r‘ﬂﬂl‘f’ ‘P%P“H%\?P\iﬁﬁ & 9 P8ORS pEPE nal 25

I €S pons rasporisive &ntho recffiéd XCllinageltagt; o duereditdesiback@mplifibrdtaying affirstddpus Wi t chi ng -
mul tiplier,.cjrcui havi first . input.term.pal responsive to an input
current teS‘F‘“iﬂL“é’nﬂ??})@tm%ﬂ t?%'fr‘“giﬂf%egvg’gcgﬁdmfl lﬁc‘f%“ﬁr?flahfmi’%%ponsive to
t he r eckécoh®hpii@erning risive & the inpaveirehtad dabolsstaomlertts; aiid a idse ng an i nput
terginal ) nn%@ted toreégdo L%itl term ng_IE]f.q%i the fj.rst SWW I tiplier
i r &b ¢ widih mestlar exppL tren) bGP PRt e oo /P A oW RS tparinal g8

t er m nakheGRRER Fe@bhck ampBEi a3@hAingad qutput teRhifialfol conhedtibe to/dpilsoeidfheedback

anplifier and_an_ oqutput term nal of the power feedback anplifier, a second
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having a first input terminal responsive to an input current of the boost converter and a

second input terminal responsive to the rectified AC line voltage; a power feedback amplifier
baving an input terminal connected to an output terminal of the first switching multiplier
circuit; a second switching multiplier circuit having a first input terminal connected to both
30 an output terminal of the voltage feedback amplifier and an output terminal of the power
feedback amplifier, a second input terminal responsive to the rectified AC line voltage, and
an output terminal, wherein only one of the output terminal of the voltage feedback amplifier
and the output terminal of the power feedback amplifier is operatively connected to the first
input terminal of the switching multipliér circuit; a current feedback amplifier having a first
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only one of the output terminal of the voltage feedback amplifier and the output terminal of

25  the power feedback amplifier is operatively connected to the first input terminal of the
switching multiplier circuit.
The present invention provides an advantage in comparison with prior art power

4

factor correction techniques because it is capable of more precisely limiting the input power.
Using the PFC technique of the present invention, it is reasonable to expect the power limit

30  accuracy to be on the order or +/- 5%. In addition, the improved accuracy of the switching
multiplier permits the use of less exiaensive components in the boost power supply. These
and other benefits of the present invention will be evident from the detailed description
hereinbelow.



her ei nbel ow. 4 WO 02/23694 PCT/USQO /28919 DESCRI PTI ON OF THE FlI GURES For
the present invention to be clearly understood and readily practiced, the

present iyedsk@an W Il be described in conjunction W tBcdgshfhd oW ng
figures, erein: Figure 1 is a conbination block/schematic di agram of a

boost po ' to one enbodi nent of the present invention;
Fi gurepzﬁﬁécwhﬁicﬂéﬁ%ﬂﬁgﬁgggl schemati c di agram of the Ig\/\M control
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2 according ‘enbodi ment of the present invention; and Figure 7 is
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rectifier circuit 16, a boost converter circuit 18, a pulse wi dth nodul ator

gFmeogé&WPg&gﬁ%ﬁgm@pggﬁméﬁﬁor correction (PFC) control

It is to be understood that the figures and descriptions of the present invention have

been simplified to illustrate elements that are relevant for a clear understanding of the present
invention, while eliminating, for purposes of clarity, other elements of a boost power supply.
For example, an inrush circuit for the boost converter is not shown herein. Those of ordinary
25  skill in the art will recognize, however, that these and other elements may be desirable in a
typical boost power supply with PFC. However, because such elements are well known in
the art, and because they do not facilitate a better understanding of the present invention, a
discussion of such elements is not provided herein.
Figure 1 is diagram of a boost power supply 10 according to one embodiment of the
30 present invention. The power supply 10 includes an AC power source 12, an EMI filter 14, a
rectifier circuit 16, a boost converter circuit 18, a pulse width modulator (PWM) control
circuit 20, and a power factor correction (PFC) control circuit 22. The power supply 10
illustrated in Figure 1 may be used to provide a regulated DC voltage output (Vou) of, for
example, 400V from the AC voltage supplied by the AC power source 12.



illustrated in Figure 1 may be used to provide a regulated DC voltage
output (V, g ot for exanple, 400V fromthe AC voltage supplied by the AC
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controls the . vgltage .across. the capacitor and hence the output voltage
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node MOSFET as illystrated in Figyre 1. 20 In operation, when the power
swi t ch 28t the eapegifor %WW#%%%WB&HW*%@@&HW swplyld). Jhe pewer power

SW t ch528 gwitélhd i8 Gorfle@B®actbisitite difdclcHRd tH BsRflor 3DNRICK Hat @B Hutl ch@¥ble
t hrough the inductor 24 causes energy to be stored in the inductor 24.

Accor di ngPgWergwaigh 2, eontigls the valizee %%09)2( Ahe capasianiX(and hence fig@uipBt volase auses
th | t yat ' _ i
e vol t agg ATk pewi AR 88 Yﬁliﬁ Beh Q@lta%@\g/l‘;ﬁ%ﬂ zﬁc@d\}v@% h;’]t 3 %ifle, 2Gid®

i ncrease according to the relation: tage at this
node i ncr &feqt fgnsisterdFRT), suchg ap adymeenhansement enoge MQSFELasdllesipledin f | ows

t hrough t jpde 26 to the capacitor 32. After the energy stored by the

I nductor 24 has been transferred to the capacitor 32 through the di ode 26,

the péler swit bropetips, vdien hepowensigitch2§as elosedayinent fidves thioughethe Bidugfobe

rever sed by anealo BowrINRERSE, ol RRIdidat 28 RNGHid:0s STRY iftebehowify M@
through the inductor 24 causes energy to be stored in the inductor 24. Accordingly, when the
power switch 24 is opened, the inductor 24 causes the voltage at the node between the
inductor 24 and the diode 26 to increase according to the relation:

25 \% =L—g§ 1)
With the voltage at this node increasing, the diode 26 becomes forward-biased, and current
flows through the diode 26 to the capacitor 32. After the energy stored by the inductor 24 has
been transferred to the capacitor 32 through the diode 26, the power switch 28 is closed, thus
again causing the diode 26 to be reversed biased and another quantity of energy to stored in

30 the inductor 24. .

In such a fashion, the duty cycle of the power switch 28 may be modulated to regulate
the voltage across the capacitor 32, and hence the output voltage Vou. As described further

hereinbelow, the duty cycle of the power switch 28 is controlled by the PWM control circuit




In such a fashion, the duty cycle of the power switch 28 may be nodul at ed
to regulate the voltage across the capacitor 32, and hence the output °

vol t age Vg ofsmeddescribed further hereinbel ow, t he dut gcfysdifsad t he power
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feedback amplifier 48. These components, as well as the other components of the PFC

control circuit 22 described herein, may be implemented using discrete electrical components

25  or, according to another embodiment, may be integrated into a single device or chip. Each of
the amplifiers 40, 42, 48 may be embodied as, for example, integrating operational amplifiers
(op-amps). '
As described further hereinbelow, the current reference multiplier 46, which is
discussed in more detail hereinbelow with respect to Figure 3, receives the error voltage
30 signal output from either the voltage feedback amplifier 40 or the power feedback amplifier

42 (denoted in Figure 2 as Vero(t)), and multiplies that output with a scaled product of the

rectified AC input voltage (K4 X Vyi(t)) to produce a fectiﬁed sine wave reference

corresponding to the product Km X Veru(t) X Vao(t). The scaled rectified AC input voltage

(K4 X V() may be realized by connecting a resistor divider circuit (not shown) to the output




30 signal output fromeither the voltage feedback anplifier 40 or the power
f eedback anplifier 42 (denoted in Figure 2 as Ve(t)), and multiplies that
out put W t hygy mpsdegd product of the rectified AC input vetiasargdd X
V.(t)) to produce a rectified sine vvave reference correspondi ng to the

duct K. _x V Vag(t). Th ctified AC [t Kd
Do(t}) Naghnmons s s arnifo s mpering seings Tt TrU RSB Re (oot
shown) toﬂfohﬁceﬁ% metcu&eﬁ‘t@eﬂ%é’e?ﬁ@rﬁ E&"We 1128 9 hveing PRt tegsihblidfaie 16 to
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circuit 20 to generate the appropriate PWM signal to control the duty

cycl e of Whishismppliedtp thaf °°FH@1%’E9F¥§%E°$@€€’&F?&E‘P@P&’FRH"P teiE¥Magenahiol udes a

first invegdiodthelddBycle®F HeRdiver K2ANSI ve 15 to the output voltage Va" E
of the boost converter 18 via a resistor divider circuit 52 including a

resistor 54 an'Bh%Vql%Sff fopdhacloamplifies 40 inclndesp first inyerting igut tﬁwﬂlf‘?ﬂ’?ﬁsﬁ‘& of

the vkt agey, ktageP R dfitteoodt QotYteP B ﬁ&ﬁ?&{bﬁh\dﬁn&& cﬁél@t $26h&
vol t age VI ef er at ed by the PWM control circuit such, the voI t age
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regul ate 6 i red
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her ei nbel . ' tified
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Thi s signal !s sutﬁplled to a low pass filter 58 to attenuate certain

frequency™® such
The power multiplier 44, which is discussed in more detail hereinbelow with respect

25  to Figure 4, multiplies the scaled rectified AC input voltage (K3 x Vao(t)) and the rectified AC
input current voltage Vi,.(t) to generate a scaled power signal waveform (Vpi(t) = K, x P()).

This signal is supplied to a low pass filter 58 to attenuate certain frequency components, such
+ as the 2o component. Thus, for example, where ® is 60 Hz, the low pass filter 58 may
attenuate the 120 Hz component.

30 The remaining DC signal (Vpin) output from the low pass filter 58 is proportional to
the average power (Pi) of the rectified AC input signal which is supplied to the boost
converter 18. This signal (Ven) is supplied to a first, inverting input terminal of the power
feedback amplifier 42. A second, non-inverting input terminal of the power feedback



as the 2w conponent. Thus, for exanpl é, where co is 60 Hz, the | ow pass
filter 58 may attenuate the 120 Hz conponent. 30 The remai ni ng DC si gnal

(Vpj .) outypyhadskqmm the low pass filter 58 is proportion aver age -
power (Pi -V)W)'O%/ the rectified AC input signal which is sg%ghg'elg&%]g t he boost

converter . bhi s .signal . o, ). 1S supplied to I rst. ipnverting input
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t er m nalcirodit 200 Thog\tes powee fbedisksk Snpiidd 32 236 Fehcl6r 4 dnGtkg 8@ mopnpl i fier 42
may be rengnﬁiiav.e to the refere &e vol tage VT generajed by the PWM control -
ci rcui t THTIFHFENE pi, QU EEPT FENN, ¥ enone Yeftpéfi?f%zewfa_- 3 Wmm%tagg. an
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power feedback anplifier 42:is supplied to'the current reference

mul ti pl imeltiplier 48/bywigy of for pxample seriss-eonneeied etngdindes 60.42. drcordinglyothes: 60, 62.
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gener at “@f‘fyhae‘?‘“‘ﬁ‘ﬂ’g’x?f%”ﬁeg?a’@a@i%ﬁ“ﬁﬁ% p}u‘ft}piqxeﬁo or the power
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AC input.vol.ta vef orm X, V. J. The prqduct qf IS0 tion, as
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K. X Veieeinbaforégiy the Scalddiredtifieth & Orifut voltape wangibinh (ex V.g). (KW ptadutted by t he
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l.t age .Var. .In .20 .addi.tion, the. refegrence waveformis .n phase with
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nul ti pl Barx Vi x84, iewhich Brdefarne anpditude és confolledbytthd @rod Rolidg8 VRLL iTAg | nput
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t or APnaFdBon, e rEien e ERG paa bt theiecdiied AC PR Riag et The he ourn of
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terminal of the current feedback amplifier 48 is responsive to the sum of the rectified AC .
input current voltage signal Vi,o(t) waveform and the scaled rectified AC input voltage (K4 x
25 V(). The output signal from the current feedback amplifier 48 is the current feedback
signal Vi, .
Figure 3 is a diagram of the current reference multiplier 46 according to one

embodiment of the present invention. According to one embodiment, the current reference
multiplier 46 is a switching multiplier including a comparator 80. The rectified AC line

30 voltage V, is connected to the output terminal of the comparator 80 via a resistor divider
circuit 82 including, for example, resistors 84, 86; 94 and a diode 88. The current reference
multiplier 46 may also include capacitors 90, 92 and a resistor 96 connected to the output
terminal of the comparator 80.



Figure 3 is a diagram of the current 1 ef e'r'e:n-Ce mul tiplier 46 according to
one ‘“enbodi nent of the present invention. According to one enbodi nent, the
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conpar at or . e rectified AC line 30 voltage Vac is connected to the
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r ef er @Ace oA 1o the rogistancs value of theaesistenidgthsa be E%\%mta’r“ﬁseﬂ%ﬁeé?me'v ol t age
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conmparator, 80.. The pulse wdth at the output. term nal he conparator 80
cor r es pon&ignal ¥as bisthe gyrent spforgpce multiplier 46 is accomplished as follows. The error

voltage signal Veqe is compared to the ramp voltage signal Viump with the comparator 80.

The pulse width at the output terminal of the comparator 80 corresponds to:

7,
25 t,, =—==¢T 2
m = sw @

rk

where Ty, is the period of the ramp waveform, as discussed hereinbefore. The duty cycle of
the switching multiplier 46 may then be defined as:

t,, V,
D(f) =lov = "ever 3
® . 7, 3

Thus, the duty cycle of the of the comparator 80 is dependent upon the characteristics of the
30 ramp voltage function.

10



Vpk where Ts,,, is the period of t he ranp waveform as di scussed
her ei nbefore. The duty cycle of the switching nmultiplier 46 may then be

defined asyobidskeos t-' = Vim (3) Tsw Vpk Thus, the duppre¥filgeef the of -
t he conparator 80 is dependent upon the characteristics of the 30 ranp

vol tage func 02/ a I tor,.90 causes
t he conpar at(L)lJP g‘t?a?}g’féﬁ Sﬁﬁg gagyﬁ)pggné%g%@% T’Tﬁ%e%o’fﬁeme?il ue of the
capaci tOThe%luﬁaf/thbeapabm@lTnmydiach&ﬁﬁs@hkh&tbﬂﬁtﬂd@h@bﬁchﬁhm@a‘nbﬁﬁuency is
aver aged and ovve ine v Itage f requen g‘éﬁ 2W) The aver age
vol t age 2YFrag aafttﬁﬁ st lins YPE‘& ey G 20l ABE # qaaéromgﬁ?t cle tines
t he rectduiﬁuesfﬁgpmawtsoyﬂth%wdu@c&aeﬁ&%éthmfeéuhsme%ﬁ&%(t)af%w der circuit

82. Thus, for an enbodi nen h"the resistive values resistors 84

and 86 ardicedjoiihe resitor dividen ciras 2a Jhuse for en emberfimant e whichdhesesistiveponds  t o:

- () ok 7 g ooy oot el i (),

and RO4 tare the resistive values of the resistors 84, 94 respectively. From
equation (5), it is evi de t t hat, t he out pu voIt e of the conparator 80
(and hence the opt hheVe,w(fr) e mul tipligf 46)

1" g}a

corresponds to the’ @rodu tRp¥ R,,. 15 Re( Rut-HR;g (t) with a

mul tiplier of Km Assum ng that .,,#) noves slowly in conparison W|th

Va(t), then the rectified sirge re ut u the curr

reference rrultip? IIQ _pRﬂoa? ()FDI%’VIQ P) 2 and in pgase wth
V,,(t). The capamtors ! conjunction with the resistors 84, 86, 94,
96 fidr mwhetevo- stage |ow pass filter to renove unwanted high frequency

conmponents fromthe rectifjed sine wave 20 reference waveform According
to one enbodi nent, the@w( hifngRf,r equency of the ©)

| Ry +Ry,
and where R34 and Ry are the resistive values of the resistors 84, 94 respectively.
From equation (5), it is evident that the output voltage of the comparator 80 (and
hence the output Voltage of the current reference multiplier 46) corresponds to the product of
15 Vm,(t) tlmes Vao(t) with a gam multiplier of K. Assuming that Vo (t) moves slowly in
companson with Va(f), then the rectified sine wave reference output of the current reference
moultiplier 46 is proportional to Vemer(t) and in phase with Vao(t). |
The capacltors 90, 92 in conjunction with the resistors 84, 86, 94, 96 form a two-stage
low pass filter to remove unwanted high frequency components from the rectified sine wave
20 reference waveform. Acco_rdin_g'to one embodiment, the switching frequency of the
comparator 80 may be on the order of 100 kHz while the low frequency signal will be on the
order of 120 Hz (i.e., 2w). For an embodiment where it is desirous for the current reference
multiplier 46 to create a rectified sine wave reference signal that is substantially in phase with
the fundamental frequency o (e.g., 60 Hz) of the recﬁﬁed AC line, the values of the
25  components of the two-stage low pass filter may be chosen such that the filtering does not
result in any significant phase shift of the rectified waveform. Accordingly, the frequency of
both poles of the low pass ﬁlter may be, for example, subsi_:antially greater than ten times the
fundamental frequency o of the rectified AC line. According to one embodiment, the poles
may be between 2500 Hz and 10 kHz.
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will-be on the order of 120 Hz (i.e., 2w). For an enbodi nent where it is

desi r ous fog, ?@“@ rrent reference nultiplier 46 to creai,@r,gs(ﬁgﬁ]gfled
sine wave rSPe) signal that is substantially in phase wwth th

fundanental frequency a (e. g 60 Hz) :)f the rec%i*ng led A |.I ne ,Ittﬂe val ues
of the 25 comfigerfds pdiagmm of fn nowegmultiplies gt U such

that the {,féén‘c’{ukraﬁmﬁoqrﬁewermﬁpﬁemﬁaﬁeyawﬂmﬂgﬁmﬁ h@hﬁﬁtﬁlﬂfﬁ‘aft of the

rectified waveform Accordin the frequency of hoth f . the | ow

pass fil t compreatonsl 00f whick tmmﬁmmManylngY@Wg%ﬁ&Wltev( thatis ¢ he
enbod monpropp R 5 Y e S G bdod cflerf 18, ASccofid BRPUBEILINSE o

PCT/ USO1/ 2@fifaatori0gunay be respoasmh ta dhecramp fvoltdge sigoeleYrmmgrnergied i tha BWMc or di ng
to one enbo nt . V, ?8%@{ JCEM 's%]él may be
a swtchi ﬁ‘a%fge t Iﬁ)gtentﬁ iﬁgbg?%mgsxgagﬁﬁpogﬁﬁ%ﬁ t , ¢ |§% as a fast I nput
term nal ef%pdyihé Mﬁ:aﬁtmmusmdlﬁa@tthsmgupabltﬁée Vaudy,) the batputiof thegomparntor &0l t o
t he input, cur t th st _conv ec of the
5 conpar afsfte M l‘?&?fg @F"Fegﬁﬁm e“&‘ﬁnﬁ’ﬁémﬁ’ﬁ’%e%vg@ggkm gna‘f‘?%ggenerat ed
by the PWY chesdsrtﬁélinhmﬁﬁneowéfehdmpﬁt&nﬂaneom“@mwmﬁhe he i nput
current vo age sjgnal Wi exceeds the, instantaneo val ue of. the ranmp
et ot Py Vel A iR

t
vol t agf \/comparatpy, Y° %aﬂlé o & W e o Fage

val ue. Cogye&nt 96 emvmem&mﬂmu@wmemcmﬁsw@vmmmahge si gnal
V,.p exceeds the I nstant aneous .vaj ue of the Curtﬂﬁr?% vol ta Si gnal

Vim the Yoiagsourtiherampoyeliagh Vootw T Lm0 the qu Fh?ﬁ?va such as

zero vol t9100ﬁ%%%@%}t&geﬁ!ﬂd&ﬁhgw&ﬁﬂepﬁoamvaﬂsﬁrmrz:eﬁﬁtomm a mi ni mum
val ue, such as zero volts, to the_peak vol taghe Vpk O%{ntﬂaf frtgeorrp vol t age
signal Vp, theThereatifiedA¢ line velige YeripeRmnented tq is at the

hi-gh \19” é@%ﬂfwﬂm b RisRA VideR BRcuRGhdtatEng] fenemﬂi |1%§istf)fsC102 20801100 T W.
The rect| 8 I ne voltage V. is connect ed to t out ﬁut ter aﬁpof t he

15 conpar an%w dipde 1Q6. aThg powst @P@Ph@ i4dimpyralseiindydeaa ‘?aH%"F"GH}
resistors ]-IJ(%@ and a di ode 106. The power nultipli er 44 may al so
i ncl ude ar%g%uég?‘?%c 108 connected to the resistor divide circuit. Simlar

to the current Smiaetteiheeurmttqucémmlwe%ﬁqsﬁﬂwdmbﬁ%ﬁWW% o espect
to Figur %tléin e, hfte feBSib i(ﬂr%ﬂaQ}gbotﬁg% 1%%&&'&%6&31%@& &&@Wﬁﬂ&t@éﬂ

di schar ge ne consta capaci tor equal . That is,
when t20e duaqapammnlﬁsagbe ofjuzal. nBhat isrphenithe putmwonsgemfghﬁ cwnferatoaé%mbégh 108

charges t c%gaclt}nhflﬂsrc?ﬁx:g%%@goukﬁ %}(ﬂ%ﬁ?&%rﬂﬁ& th%trgslist(ﬂr]iq 0 luf'?ﬁﬁfe@l Wakn tndhen the

out put of he conparato g., Z€ero vo e capacitor 108
di schar gesutpht efifigrcontgagstord 9D i< low (6.84 zan dolthshe expacitos ﬂO&_@echaxge@@mghel

Thus, if tﬂ? s1§tor ﬁ)t4 ahd the"’}'esli'setmolf 10&9 Sargfei' ‘ﬁl&[ if :h%diresmtwe value of the resistor 104

is chosen equal to the resistance value of the resistor 102, then both time constants are the

25 same.

The power multiplier 40 multiplies the input current voltage signal Vi,.(f) and the
rectified AC input voltage signal V.. The product of these two waveforms produces a power
estimation waveform which has a DC component equal to the average output power and an
AC (i.e., sine wave) component that has a peak-to-peak amplitude of two times the average

30 power. This waveform may be expressed by the following equation:

Veu(®) = Kp -V, (8) -V, (&) = Kp -V, - sin( @iV, - sin(ax) G

Von0) = Kp-Vy ¥,y -sin* () = Kp(——oosczwt)] v, @®
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I's chosen equal to the resistance value of the resistor 102, then both tine
constants are the 25 sane. The power multiplier 40 nultiplies the input-
current Vodvb"i}?ﬁ‘s( 4 gnal V1(t) and the rectified AC inputps R]%&ﬁg@l oSignal V..
The product of these two waveforns produces a power est| I'on waveform
whi ch has a DC conponent equal to the average out put power and an AC

the ;a’vefiagi Q%VSLKEW?’W Seballie e orokp B REAA |07 Pl Ghn, ™™

t K| V t 7
Vo (£ = ebdpbiog e Ghe cablngnt thfdn pgs Ber 3 free it v wsSd B °05) (1)
VO 02 12&&%@@6& biinibl e 8R 1D ()N Y20 MY frequédcy colfpborent Cnﬁﬁ,ahé&teﬂuhm& DC

=Kp(1-2cos(2wt))P,, (9) . According to one enbodinent, the | ow pass filter

58 ( see Signghmyy tepropgftional fodhepaverage pavres Midt @herﬁfere,eﬁsﬁw@fthmv@w (e.g., 120

Hz) fsr equamer wzﬁermnnogﬁ H3 lovh Phs HREBISNin Q@#hefmxa%ra{ceportlona'
to the averag{f gower P herefore, the ou put he power mul'tiplier
44, af t aeltageVre y%powwmwwmﬁwz,mmmmhmefw to@wpaetednt o t he

fixed | Shbr RH6E il bty Yool WA ARINASH BB e lmpbre B |

describ o generate an tage si
current Op@ttéﬂvrmqammpmtmbwgr 46, as descrlbed her-ei nbefore to control the

average inpug %Qﬁﬁﬂéf yention,
power factor corﬁec Y55 may W%ﬁ@%ﬁﬁ%n@fgﬂ%}%%?@foﬁﬁrﬁén I n
COIT’[iQI’I sentized idre precisely duan iPP@npagistwithuprior e PF(Sechniguesiivcauge switdhingp| | er s

C t 6 nd are used,
Fai e EhLfliets (£ SESAGERRHS bRkbiG oS ROy S M 1 bl st et on
the pre andog)mulmbherb.eApmdmgly,lwﬁltthe present mwemﬂn,d;hb ‘pretiyion afthe pewerilionie nt
tol eran I tude of. the ranp vaol uch, th
power | pRR ety B complrn et s o 4Pl BHE o bé ffm !B el 15
present vﬁymsmnmmmmammrwmmemmmfsm t he vol t age
Si gqg en&t vﬁ\{gﬁl ch is proportional to the rectlfled AC Iine current and

calP®

t he [9%d AC vol tage signal Vac(t). ~The output signal of the
adder 49 is Asfistussal hereinbiofors) deradderd? ismpsithetvoltage sighal Ofp, () whichrsr ent

el oy e S AL 8 KR0S RS RLoL MRPBRL ] L1
from t h@he uutpmignﬂaffdieaad& 491$ inpedto @ hoxﬂ-ﬁlveﬂlﬂd iripapidimihal of e cairkie
(invert Ifeneggacic ltlfier%i ncgscussed Itlerxlgmé:e us tgz'ec?n%%é: gulgput 31g1|1| ! % t%r aét?er As a
20 49 to equal the rectified sine wave reference output from the cutrent reference multiplier 46
and input to the other (inverting) input terminal of the current feedback amplifier 48. Asa
result, if the line voltage input to the boost converter 18 increases, ih_e current is regulated to a
lower value. By adding to the scaled rectified AC voltage signal V,;(t), faster response times
to line voltage changes can be realized. According to another embodiment of the present
25 invention, however, the adder 49 may be eliminated such that the scaled rectified AC voltage
signal Va(t) is not added to the voltage signal Viot). .
In the switching multipliers described hereinbefore, the multipliers 46, 40 multiply a
voltage waveform times a voltage waveform. According to other embodiments of the present

invention, either of these multipliers 46, 40 may be modified to multiply a voltage waveform
30 and a current waveform. Figure 5 is a diagram of the current reference multiplier 46

according to one such embodiment of the present invention. In the iilustrated embodiment,

the first terminal of the comparator 80 is responsive to the rectified AC input voltage V. via

a resistor divider circuit 120 comprising a resistor 122 and a resistor 124. The output
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result, if the Iine voltage input fo”the'bbost converter 18 increases, the
current is regulated to a |ower value. By adding to the scaled rectified

AC vol t age WG Jyac(t), faster response times to |ine p@tiigERsARanges
can be realized. ,g\ccordi ng to anot her enbodi nent of the present 25

i ' h, , th d 9 b lim .ed h | ed
oot 11 catemEoRaY B pomperbh A s pauplEg i 8 oGt TN b e i oyd 128 oL

Vrac(t). 4makieeasildgotdionBatdulctibel hepsisbetires eithbegedt e Bigndeaf the eyrrérite

multipliers 46, 40 multiply a . voltage veformtijnes a | t age waveform

Accor di ngtetgense BRitpdsy PéftL?wgﬂ%%"ﬁ%@mm?ﬁ{?éﬁf’w&ﬂg%&iﬁéW t hese
nul ti pli egignA®, . HeeiB¥teife RBHiclisRiE Wade PafdrbndeRihichdls Popbifigal BRVeRi00 kighal 30 and
a current Waverorm Fi gure 5 is a_diagramof the current reference

mul ti p¥ i eandds phise siithrinew Anlineyalgenbodi ment of the present invention. In
the illustrat &?BPQF&??@L% éﬂ@ﬁﬁ&%zs}:%%%@bm@ntwﬁs@mw (ng?0 IS
Ified A tage

responsive to the rec | nput Vvo ac via a resistor _divider
circuit 1g®wndsmshisiforpxampless bipelar jupction trangster(Bi E) havingits enmjtpes tesminglit 13 WO
02/ 23694 J ] t N ' to an
et or . cur PERIotHAgeESor (8 MARY, o Ind Bt PTG LANE SEbAE LERUARTE °, P
descr i bedathepoveffeedbadkiatrplifietfeits callectst tyumisalZoupledtodhe oulpnt termisfaboBnce

| ti [ 46 ti the r i ] . ' I s
curr e B shmpatols) shdiey ot B el bl ik IR bt hOSFaB), Bl BT
pr opor t i ofielembbdimentrdescribed) hatinbéfomwith raspetics Fignid 3) thehvarrentpefreae® | | ne

| t . The. | .| .ent C 2 ' [
! P ane ot oPHERBE LTSI S i ereR Rt s R of el B oflgt R DB 10 B
(BJT) haviéngr thé povestiféddbiacktaaiplificrad4 (viapelp) the orihg diodes60a62)and theaectified ACs hown) |

to the ou}n%utt O?f the vol tage feedback anplifier 42 and the power feedback
anplifier B v 826 Yo | ect or termi nal coupled to the output termnal of 10

t he caegpar at orFighre 63918 diapram i podwerinaitiplibs 40saecording Ifo nefdmbedinent dfibe .

Accordingly, simlar to. . jhe enbodi t gdescr.ibed hereinbefore with respect
o Pl qur SoMenttrbention . Hiich BiecomRr B ADgRilkpier  Otage TP Ees &1 osponat ve
to the oubg@itnt Whvefirin) 9h tHeliBustielell @@BodifRatD e lfirdd tapinidal 6f the dotnRFaté 1OOROVET
ot 111 ereARensivR fbe rotbStLACHRY: Vallsap Von b robor GoR rCHhI CTREP A
nul tipli epesifdr #ELAAN Bfistd01 32N The FRPEY thMhal Of the BSmpa4t6S FOllis betipludithb @m 1 N

whi ch _t he_ power rrulg'tnlﬁgl ler 40 multiplies a voltage wayveform and a current
wavef 80 m PRt quprent signaklin CHETERt SeHER LA Ondn f Mmapper apalogaus fothah dosaribed ¢ he

cconpar at oferdififeftnd withGegeittd Buted, e oWeEhftipRe 46y Rtltipé A Bafieda Vi a a
resistor divider circuit 130 conprising a fiesistor 132 and a resjstor 134.

The out puitPirevolfpgraYa and ta inrebersmertsignal geagerete a pageform Kok BH) ﬂ‘ﬁb‘éf{ current
si gnal | propbliblto SRUA §Rsb 3 thdinfut TEWERH 1R WoRLBHeriP14. Miis #AREsxhed

as discussed hereinbefore, may be supplied to an inverting input terminal of the power
25  feedback amplifier 42.
Figure 7 is a schematic diagram of a circuit for implementing the I;, current source
136 according to one embodiment of the present invention. The circuit 136 includes an
amplifier 140 and a pair of transistors 142, 144. The {ransistors 142, 144 may be, for
example, bipolar junction transistors (BJTs), such as PNP transistors as illustrated in Figure
30 7. The input terminals of the amplifier 140 may be responsive to the voltage across the sense

>

resistor 30 (Vi) of the boost converter 18 (see Figure 1) via resistors 146, 148 respectively.
The output terminal of the amplifier 140 may be coupled to the control terminals (e.g.,

base terminals) of both of the transistors 142, 144. The emitter terminals of the transistors

142, 144 may be biased by a bias voltage source 150 via resistors 152, 154 respectively. The
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herei nbefore with respect to Figure 4, the power nultiplier 40 may nmultiple
the rectified AC input voltage V. and'the input current signal |I. to -

generate ayyayskey M (Kp x P(t)) that is proportional th%goli,zg9lghase Wi th
t he i nput power to the boost converter 18. This waveform as di scussed

her ei nbefore. .may be.su red.to i nverti i nput term nal_of the power
25 feedbczg@?ﬁ%“’ '?'ﬁgﬁgﬁ%ﬁ%ﬁélﬁ%}' eg@ﬂg’ﬁé‘”@nﬂft& grthg ¢ rcu!ot f or
i mpl e e ninipliGert 140. W@rdﬁ'ﬂhgmcﬁﬁw@urah?) _ '&iﬁweﬁhd 'ﬂ‘tﬂn&?_cf@n@t@_ 1@@1&140 'angpt of_ther
resent jnvention., circuit > includes . an  anplifier_ 140 and a pair o
P anei s b o seniisar 4(rTods, el Myl cuoph s Ao ecper mGAEeEAAIol o by pol ar
j unct i orFijnire ;s Aséoidifig toRliled embsdifiintd 61 B Prebdn® hvbii{on] the aifcuit 138 Bidydeed i n
Figure 30 7. The inpput_term_nals of the anplifier 140 nay be résponsive to
the ol t tivelyroafigred WsHpRly theds cwrresf sigwal(\W\e) of the boost converter 18

(see Figure hynMidh thesrbsthfinfentith haslifbthn GRMRAMENMEI With redfiet 1 term nal of

the anplifier 140 may be coupled to the control termnals (e.g., base

t er m nalempogdimepis; thossfof predinary skl ingheart williecognizg that menyewidificstionsand nal s of

st st or e 3t fsend bl ol o BTG EY SrR bRAHE o| BRBREB bR O V'
col | ect crbpémentefithegiresehicnyention, the powest sulbipliar4® and shetpowenfepdbeck t o an i nput

t ipnal . | ksf e j . i , th
cur rint PRk m R cliniifed bl oL PRk BELS Ty BuSOH SR ) |
suppl y tehethérembodiment, theiaddex|S0 oy be leiminated from th¢ PBC icentrol Giraiit 22Sugur e 6.

Accor di J i f .present,.i pvent i he circuit 136
may be E& éh%ergér?gitg‘li 6‘%8@%%@@%‘%%§§%‘%“§@%% i°. cu%?éeen acgivair%e_ Al t hough
t he pr esimnsl Vi peot to beinp apubiodie RWH cantrelkiteeit 20.nThd thiegoiag desctipticn andr t ai n

enbodi megnt hose. of _ordi skill], in t ar.t will recognize that many
nodi fi gg‘ﬁ%%%&"ggaﬁm\j/saaﬁggﬁngg{rfs%gfw?ﬁgSﬁé@%“ﬁ%@ﬂ?m be i npl enent ed.
For exanple, according to another enbodi ment of the present invention, the
power nultiplier 40 and the power feedback 10 anplifier 42 may be
elimnatéd fromthe PFC control circuit 22. In addition, according to

anot her enbodi nent, the adder 50 may be elimnated fromthe PFC control
circuit 22 such that the rectified AC input current signal V1(t) is not
added to the current feedback voltage signal Vn prior to being input to
the PWM contkol. circuit 20. The foregoing description and the follow ng
clainms are intended to cover all such nodifications and variations. 15 WO
02/ 23694 PCTI USOL/ 28919 CLAIMS What is clained is:
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1. A power factor correction circuit for a boost power supply, wherein the
boost power supply includes a boost converter (18) responsive to a
rectified A@old%agﬁgyol tage, the power factor correction cCpéfsdi8Q9Pri sing:
a voltage feedback anplifier (40) having a first input term nal responsive
to an outﬁt \éoltage of the boost converter; a current feedback anplifier
(48) havi EAAM output termnal; and a pul se wi dth nodul ator control circuit
(20) havi Whabis claisped ist er m-nal connected to an output termnal of the

current feedbagk anplifi and havi ng ap.output termnal f.or. nection to
2 pul se wi dt h frodul 5 PRHCRRRPEerTpaion cipt e Btk porie i optithln 880G
char act er pg®ér sipply enchiles £bdddBcoiidrter P18) edspeiisive o 4 rectifigd A Vine goltagtjthst i nput

term nal connected to an output termnal of the voltage feedback anplifier

and a secBPverfagioR comestion cHrull IBiN8e to the rectified AC line voltage,

wherein the cuj{8ilige fRaCHR SHpRHR! (U6) HaVing 4 Bikst idpit tflEiRa1edponisive toARGHtphEr M nal

connected to an output termnal of the switching nultiplier circuit and a

second i njyoltageof theaost conveReThsi ve to an input current of the boost

converter. 2. ; - | | L.sOf. aiml1, wherein the
{PEr e e Bhphea ) Bathgth Sipuichil,

switching multiplier circul ] ar at or "(80). 3. The_ power
fact or corr ect & prisewidthinpdustor¢ontral ghreuitf29) biving dneinpwigsningl eonnectpdioges a
first inp ﬁE Fg hal plel-Tod the 0 m oal .ol kheeyol tage

f eedback ldgt#% ITier ,Ofglgsecon |n%5t le_lrﬂ%a%g%m?lgé%%ns ve to a ranp vol tage
si gnal, acdorectiomid ppulse width matulaied pwitehi (28) ofdhe Yrostreonvarfei;ed AC |i ne vol t age.
4. The power factor rrection circuit of claim2, wherein the conparator

i ncludes a fi rﬁ&%ﬁﬁﬁfméﬁ% nal responsive to the rectified AC Iine

vol t age, a secaswitéhinghultiphermirout (46 kgving furst ityout terminabconpbdteife agiogpat , and

an out put ,tectmn copnected $0 t out put erm.nal. of . ge

f eedback éﬁ’fﬁf@? ?V@gg?ﬁegg%egmﬁg%taﬁaE(sﬁeocf)’?%’t?mg% 51'9?5%5%&%8%% aim 2,
wher ei n t betified ACHInegoltage] ti plier circuit includes a |l ow pass filter
connected to the output term pal, of .fhe 0 ratpr.. 6., .The power factor
correction cir® Frgm&ﬁe Wn{%‘{%%@%‘f‘% ﬁ?i‘ﬁ%%%@@“??ﬁ“ﬁ%‘mmﬁ?ﬁ‘?ﬁﬁﬁﬁz‘g a

t Wo- st age td avoutia Serfidal €f thé SwitchBify mElBplied irafidand A6¢cond inpihermiauler fact or

correction circuit of claiml, fuyrther conprising: 16 | | I 1 I 1 | | | |
R |rﬂ9ns§:veto anInput current of the boos -convertg;.) 9

-

-
-

2. The power factor correction circuit of claim 1, wherein the switching
multiplier circuit includes a comparator (80).

3. The power factor correction circuit of claim 2, wherein the comparator
includes a first input terminal connected to the output terminal of the voltage feedback
amplifier, a second input terminal responsive to a ramp voltage signal, and an output terminal
responsive to the rectified AC line voltage.

4, The power factor correction circuit of claim 2, wherein the comparator
includes a first input terminal responsive to the rectified AC line voltage, a second input
terminal responsive to a ramp voltage signal, and an output terminal connected to the output
terminal of the voltage feedback amplifier.

5. The power factor correction circuit of claim 2, wherein the switching
multiplier circuit includes a low pass filter connected to the output terminal of the
comparator.

6. The power factor correction circuit of claim 5, wherein the low pass filter
includes a two-stage low pass filter (84, 86, 90, 92, 94, 96).

7. The power factor correction circuit of claim 1, further comprising:

16 —
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~ S 111l W 02/23694 PCT/USO /28919 a second nultiplier circuit (44)
having a first input termnal responsive to the input current of the boost
converter wggxsseiecond input term nal responsive to theppprkhidssd AC I ine -
I voltage; and a power feedback anplifier (42) having an input term nal

connected to . ' : LDl ' 4 and an
out put  er i Aafeofs it Bl ) b indl ¢ iR AL fo s 1ot ol

mul ti pl icatremtiof theibbost vhrevererrand a kgcondimpuifteririienl caspusive teetharastiiedACtline vol t age
f eedback I.ifd' er and the output term nal of the power feedback anplifier -
S opera‘{0 connected to the first input termnal of the switching-

mul tiplier capowertfeedbackdeplifior@r) Hatitipgah ivpt tefifihhluomiscted to in @ftput! ai m 7,

further co I sing neans, fqQr .operatively connectin nl ne of . the out put
t er mi naltﬁﬂﬁ#ﬂé&%gﬁ‘? %ﬁﬁtﬁ’&ﬁ‘gta&ﬁﬁpl" é’?te’é‘ir‘}ﬂﬁcf’?@g@gf"p%ﬁﬁg of tﬁe
pover f efdleawitcii@multipiér dirtuit, Whefein illy britUfithd Gttt Reahinall oftiievolfapd t chi ng
multiplier_circuit. 9. The power_ factor correction circuit of claim?7,

furt her fecdhpskisgpiifer apd the cutpup fermigal Af e owsniecdhysls armplifier BapggslivelY he out put
ter m nalcoffectel o the ik fipuf eRARA L he 30k BhltipIG k@t f i rst input term nal of

the sw tchi ng multiplier; and a second oring diode (60) connected between
t he out put té&rm n&he perver Fastop eteection drcum gEdaignp farther pomaprisingimeeans fost | nput

term nal : colbdinbi DL tgﬂ& e R hmb i on
circuit 08%%?%5?m 7,3‘3&%3{#‘&0&%{%@%&;@% rruall gﬁgf?@r%égl rcuiiafamp]%ﬁc‘frﬁges a
conpar attes outpud tepminghof thpowes Fedbarks amplifier ¢ the first spuiiermipaliof 8¢ cl ai m 10,
wher ei n M&ﬂgg@ﬁ?q&%gmﬁitncl udes a first input termnal responsive to the
i nput current” of the boost converter, a second input terminal responsive

to the ranp 9ol t abjee moivgn Bictor corection wrgnib of claisy Tifurtlier easpyisingt ve to t he

rectified AC, L . -Ea?@ - geﬁﬂ?éﬁ f r i i Lk of claim
10, wherein ??geggxr%%lra ' P)éolg?]%c-f%l es a fhlerogﬁ)h%pu £1t°3§fr%"ﬁg g%rféégg%érlfsi ve to
t he rectanfplifier adCtheifivet inwit tenginal of teeydtobing mypliipliet; endri nal responsive to the. -

ranp vol tagea§%%3@§£gie§go%§%%&é§t%£@%? @ﬁﬂ%#gf&g%,&g& i nput current

of the boost “Conver orrectron crrcuit of claim
10, f 1 u-feddbackaoppifiersind thecfirbtgmpup tesminak aflthesrwiichidp nolfiphiect ed bet ween t he .
out put term pal t AL M eQfi0rlh: Lt pli Lreyit and the
first input ?g'r mg{n% Jbgvfe?%?%omeroﬁ ee @gféé&%l?rﬁﬁﬁ‘f |er¢9%éfsﬁdfﬁ@hégév%er factor
cor r ect icorouitinclodesta compadator @00). further conprising a first adder

11.  The power factor correction circuit of claim 10, wherein the comparator

includes a first input terminal responsive to the input current of the boost converter, a second
input terminal .r&sponsive to the ramp voltage signal, and an ouﬁauf terminal responsive to the
rectified AC line voltage. :

12.  The power factor correction circuit of claim 10, threin the comparator
includes a first input terminal responsive to the rectified AC line voltage, a second input
terminal responsive to the ramp voltage signal, and an output terminal responsive to the input
current of the boost converter. _ |

13.  The power factor correction circuit of claim 10, further comprising a low pass
filter (58) connected between the output terminal of the comparétor of the second multiplier
circuit and the first input terminal of the power feedback amplifier.

14.  The power factor correction circuit of claim 1, ﬁxrfher comprising a first adder
(49) having a first input terminal responsive to the input current of fj1e boost converter, a
second inpuf terminal responsive to the rectified AC line voltage, énd an output terminal
connected to the second input terminal of the current feedback ainpljﬁer.
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(49) having a first input terminal responsive to the input current of the
boost converter, a second input' term nal responsive to the rectified AC
li-ne volta 038skeaN output terminal connected to the sep@ngsiRiyid

term nal of tohe current feedback anplifier. 17 1111111111211212122 (1101 11
111 CL MS 02/.23694 PCTI USOL/,28919 .15. . T 0 actor _correction
control circui't of @PQ?Wf?“?rWﬁ@on%Wichb&%h@@ﬁgﬁﬁ&mf havi ng a

first terggaadd@(POUa0Rg aTirdt h@mial Botine@éd folilke sulit efthelct@eth libackpl i fi er,

a second input termnal responsive to the input current of the bo%?é

conver t er Bmplier, agrcand iyt tepraioal responsivs todhpinaetBEnt b thebeost SRMET e A3 nal  of

the pul sean/\hfih? terisal R €5nnSétion'th theGhput t&ﬁn@mﬁmﬂy@%dﬁm&mﬂoﬂ&cﬂb@ power
factor correction control circuit of claiml5, rein the second adder

i ncl udes thebegst powersupplY.er mi nal responsive to a ranp voltage signal. 17. A
power factor I eGhl ' | : IR Rbdhat he boost
power supply ?%(r':l u?ggggngo%gﬁ%ﬁ%ﬁ%@%?&fﬁgﬁﬁgﬁﬁﬁ?o arectified AC

| i ne vol t adger inthades aghindinphidetminal cesponsiveito a raniy voliage sigmgbr i si ng: a current

feedback anplifier (4 I.n . nal _ U!ﬁ m(gi

nmodul at or contlpl(bl é &??ﬁﬁg?ﬂ%ﬁgﬁ%%ﬁ%%ﬁs gefng%’g’ﬁﬁgglnnegpe Sg an
out put t epowenahpplyf intlndescaboosttontesterifi 8y fesponpive fo erectifivd AGlineeplinge, dhe put
termnal for .connecti.on .to.ta pul.s.e wi dt h nodul ated switch (28) of the
boost conkBYF AJCFor SRTEHAL P EOMPENNGY . 5 first multiplier circuit (44)
havi ng a fi r sta dunjentifeédback aaaplificeEISPhBingeantoutphibterminal;, andur r ent of the boost
converter and a seca I n term.nal . onsive.to the.rectifi AC |ine
vol tage; a po ﬁcgé‘g%é‘& ICP?%FKW%ZaﬁWWé’“WWt‘W@Pﬁ?% °#nnect ed
t oI an l()Ut@uputtérﬁﬁrmi 6Ethe &h&hﬁeﬂﬂabﬁhmﬁ]ﬁﬁdrhﬁﬂhﬁﬁng@nfcﬁm}utterﬂﬁﬁlﬁr Zecond

mul tiplier circuit 6) having.a first [np erm nal connected to an

out put t@nﬂ?%%?éﬁ%@&@?‘gﬂmwﬁ@%ﬁﬁ 8PSt spyeH s econd i nput

term nal respongdici@adtéiziBy: rectified AC |ine voltage; wherein the current

feedback anplifjier (48) includes a_first .input termnal, connected to an
out put term nd ﬁra‘rmvlﬁeﬁegégeﬁb@mﬁm@ﬂs%ﬁt ippt igninalpegporsive iRdPHput

term nal &R&ROTIhe/ Boost RnvdiRr bt bectidlihfil ter@inal REpIATVE to BORUEREFAC 8. The

power factqr correction circuit of claim17, wherein the first multiplier
voltage;

a power feedback amplifier (42) having an input terminal connected to an output
terminal of the first multiplier circuit; and

a second multiplier circuit (46) having a first input terminal connected to an output
terminal of the power feedback amplifier and a second input terminal responsive to the
rectified AC line voltage;

wherein the current feedback amplifier (48) includes a first input terminal connected
to an oufput terminal of the second multiplier circuit and a second input terminal responsive
to the input current of the boost converter.

18.  The power factor correction circuit of claim 17, wherein the first multiplier
circuit includes a first comparator (100) having a first input terminal responsive to the input
current of the boost converter, a second input terminal responsive to a ramp voltage signal,
and an output terminal responsive to the rectified AC line voltage.

19.  The power factor correction circuit of claim 17, wherein the first multiplier
circuit includes a first comparator (100) having first input terminal responsive to the rectified
AC line voltage, a second input terminal responsive to a ramp voltage signal, and an output
terminal responsive to the input current of the boost converter.
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circuit includes a first conparator (100) having a first input termnal -
responsive to the input current of the boost converter, a second input’

term nal nre§pRRGIvEe t0o a ranp voltage signal, and an oppprkerings91 nal
responsive to the rectified AC |ine voltage. 19. The power factor
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