H gh frequency AC/ AC converter with power factor correction. The present

i nvention &8'9@75&5%'[ o apparatus for converting an AC |line VOIP%S%?%‘PJ”'OW

frequency Thto a high frequency out put AC voltage and, nore arly,
tq a l-ow cost miniaturized electronic ballast circuit for operation of
el ectric discharge lanps. In prior art electronic ballast circuits, a
separ at e HighvfreqaiencyohCiACroopvertar with power factaroormeytioh.i n jor der to obtain a

hi gh power factor. Fig. 1 depicts a conventional half- bri8deShestdlasBesnReplaced -

bal | ast where a boost converter is used for power factor. cor [ me

el ectromagnetic interference filter (EM) is coupled to the -
or

~low frequency AC |ine voltage, for exanple, 50 Hz 60 Hz, and is used to
filter out the high frequency noise generated by the high frequency

operation of a boost converter and a hal f-bridge DO AC i nverter coupled in

cascade to formthe electronic ballast circuit. The line voltage is

rectified by a full brTiggpresent inventibn Plated 16 ppir@ds F6r onvertingt 4 XClline
voltage. In the boost converter stage, which is coupled to the output of

t he rect ivpitege ef low frequangy intora high fraquencyreupyA€ Voltagriard, gnote pasticiianly,deed

by a refenenc s lent. I f I L ' | & rans
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el ectro netjc fie of t i.nduc nt t ransi st or IS swtche

o { ¢ ho bBF SCkAEAgh EraTEPIEns) 37 9160 K. ARG SR 1 SiEr aHk e gl Fegigncy noise
storage WW@%@%%}: ﬁﬁbﬁﬁﬂ"atbd&t convenréreiid 4 RAF-bid WD/AT L he

i nductor "L and t ] g diode D. This represents the conventional node
of opH) atinventen coupled ins cascade, tor form. thE lelectroniplallast circuithThe line yolraget is redtified
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out put of the boost converter so that a regul ated out put power can_ be
obt ai ned indyctarde iy meaitored hyca raferenemcurrens geperated frem the actifigd Jiag (veltage by

possesse § . t 0 wer
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15 and to be in phase with the rectified voltage waveform. This is done by controlling the ON
] duty ratio and/or the frequency of the MOSFET switch QO.
The boost converter receives the pulsating DC voltage from the bridge

OO0

’ rectifier D1-D4. When the switching transistor Q is turned on, a current flows from the
rectifier bridge through the inductor L and the transistor Q so that electromagnetic energy is
20 stored in the electromagnetic field of the inductor. When the transistor Q is switched off, the
electromagnetic energy in the inductor- is transferred to the storage capacitors Cel and Ce2 as
a result of a current that flows via the inductor L and the blocking diode D. This represents
the conventional mode of operation of a boost converter.
The output of the boost converter is a DC voltage across capacitors Cel
25 and Ce2 coarsely regulated by the control circuit A. This DC voltage is then inverted into a
high frequency AC voltage by the high frequency half-bridge DC/AC inverter coupled to the
output of the boost converter so that a regulated output power can be obtained for the load.
Since the input power of the boost converter possesses a low frequency component (100 Hz
or liO Hz) and the output power of the half-bridge DC/AC inverter is a regulated high
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frequency power, an ene acitor, here shown as capacitors Cel $
and Ce2, is_placed bet El‘lEﬂﬂ‘%EmEonverter stage and the hal f-bridge

i nvert er st¥Q&52HM4s to put power and the out pCTHBI¥$007

Dependi ng on the manner in which the curre®t flow through the inductor L is

controlled during each swtching period, the operation node of the boost
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Mode (CCM .and Di scon uous Conducti on h
frequency PSSP Ibé“'(ﬂent‘h% %8%'?‘ rCQHYerfeI‘ir%Iﬂ"gbﬁge -h%&%dgp “EWE'&H s@ge ﬁﬁ&éq‘é hatapces
t hat the rF%e n be reduced. A drawback of this
control nﬁ%gﬁl E&tvﬁlg?'t e%@‘%%ﬁ?o of the switching MOSFET Q@ has to
vary with the rectifi edDependingodr thgemanrendn mdsdch thernynrent flowathtamgh dherpridugtor

trol t t f th h h th
nduct ot - 1L S Ropiralifd 4FTipE et SHtarhiE Renalh dhe oBrraliRs nial o e hoos REMRTT St
| f the on Yl dBRsiHed!ii® driés CRBSEBMinuoll ToRliRétdn MBde @eeM)%dCI rcwt

can be greatly sinplified. I's advantage is the nmain reason why DCM i s
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| ow power ort sa age of t rom c, bal.l as
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r educelQ havary withi the gegtified linevaliagelctbus resuliingrinia Sthepgomplexicontrp] giquit. In the ]
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circuit tResvefdrm dhihe rbbtﬁiedoﬁﬂee%ltag& ih tHeedty time Qi th® MOSFED s taistine Thersfote, §
di scl oses a power supply which emp i;s a relatively small inductor while

provi di ng the Fentealiciesuis can be qsauyrsn figd. Tmﬁ@dmjasertﬁéhmmwwhys@m is
vol tage h v, I I I es it
sui tabl e 1313@1 p%dr rtlédofﬁ1 0 b%éc} dg@ﬁg&ére IkSthggp\ta%F& |s povver SEO‘U?‘J; has
a seriHus appliddtens.i n that it is very dlfflcult toregulatethelnverter 1:
output at a desired stable level in the eve€t of a varl

AC vol tage or in the ca@B igporantdisadvaniage PLH; slestropicsh ‘é’“’cllﬂé& 13 155" that
5. 182, 702 the teirdmntIBrs sthipie Howel ¥iziblo cﬁbﬁ?PPﬁ 99 12 DO/AC

sone of the d vant ages o pr| or art provi d| n |rrp er contr ol
circuit f dnvertee stage rla¢rlma:y sheemst and size of ghe everaluz\baldast dmbmo@me pridmant attempt

tifi | vi t DC [, ' t O.
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for chopping the puI sating DC vol tage through-the inductor into a snooth DC

vol t age atswitchingglementand the, contvalraizsuitithergefo\Thie V. Sipatent is bergby ipcosparatgd by
el ement CQeftPehce and discloses a power supply which employs a relatively small inductor while

providing a relatively high power factor. The high frequency AC output voltage has a )
relatively low line-frequency ripple component which makes it suitable for operation of a

25 discharge lamp. However, this power supply has a serious problem in that it is very difficult 25
to regulate the inverter output at a desireq stable level in the event of a variation in the input |
AC voltage or in the case of varying load requirements.

U.S. Patent 5,182,702 (1/26/93) describes an inverter device which

attempts to solve some of the disadvantages of the prior art by providing a simpler control

30 circuit for the overall system. This inverter device includes a full wave rectifier supplyinga 30
pulsating DC voltage from an input AC voltage to a smoothing (power factor correction)
circuit. The power factor correction circuit includes an inductor, a smoothing capacitor and a
switching element for chopping the pulsating DC voitage through the inductor into a smooth

' DC voltage at the capacitor. An inverter is provided which has a switching element common



3 to the power factor correction circuit and operative to switch the DC
vol t age t@oPdRhyesd hi gh frequency voltage to a load circuitpi-Reggdfil a

| oad, an inductance and a capacitor. The3i nduct ance and capacltor define a
resonamt circuit providing the load with~an oscillating current conposed of
first and second osite f.lowng cutrents. The ci,l l.aling current, fla
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circuit. fréqueny Wﬂtdg%rtp(ieloﬁﬁkﬁcﬁih%dl@diﬁ% abad anCindbét@ndecdiandl cApakiter) tThend

excites the common switching element at a tinme dependent thereon so as to
start t hisdugtaneesmdiaapaditor sefipe arresanantreiscuibproviding: the lead withsam osciliasingf or

o Ehi . (oS Spfipsed iR fiE R fetBhg SRabaidinc e clfrents? Tpg papillfond et Howa™
accumy! afopd domirall 6ridmeetdrhitned®Oh kirogit Conasticf thé resonalft dircail. ACaitroller

controlling the actual on-tinme period of the comron sw tching elenment. This
circuit detests thedeqminatiom ofj theaseoond euysent and Excitesmthe sommon switching elgmentcat a

appl i cat | ' r t eV, ' i de
2" ow i Bepsidehmefteh S s fio Sthrt isHidw 8 the Rk cFRER. Tl cEbrofth inBlyBLeY
conver t eiméefor sgparalelyovsmroblieg thel aeguat loartiné €or the iffosv 8 theVWist urirént 'within the
subject to the limtations of the_prior art. Is a further object of the

|
i nvent i diPmigalenstimee TRissmakasdt passible (o zegulate é'FFt acumulated, DEcvoltage 70108t r

circ 't;;,gdg ﬁ:ﬁg ; : ISt g’Pﬁqod S

anot Egr 0 Jggitgg%? t e@%@fﬁ@ﬁ&g@ %}r]g?/dt@gl%%ﬁ{e&g rc?ﬁitgﬁ% as?hcﬂlercuit
whi ch r espmmers switthing elemeantit Thik circuit aiso has ceftainedisxivantagesghichdimitsitonse in
th t he el ec ror]ic .ballast circuit shown in Fig. 1. It is a further object
of @he iﬂ?@?ﬁalﬁl’?’ccanﬁ?%vi de an electronic ballast circuit with a superior

| anp ignition characteristic to that of the prior art inverter device. A
still further object of the invention is to provide an el ectronic ball ast
circuit or high frequency AC/ AC converter that produces a nore sinusoidal
wavef orm and substantially reduces . the Level of voltage, spike ner at ed
ner 048 (he di odes of - s terForeAS 2ojedtef fechreshnt {iyendlh i Bisida £ 1Y B8 oni c
bal | ast minigtistizedoélettrdiic barbaat' eiteuit 6P LA fr&juendP ACTAT Sdtivefibr havikg improved e
~an electronic ballast circuit including a high frequency DO AC inverter

part utioperating charastasisties and-whichciginot sebjectitathe limitatiors of thepirior @t f or mance

and rmakes for greater Itf-iL.i %Xf’upt'hlnl &yjecl,tnofcthé ?#Jetmigg ?& gpdvide a simple and compact
high frequency AC/AC converter circuit having a high power factor and low current:
20 distortion.

[

_ It is another object of the invention to provide an electronic ballast circuit
which requires only one control circuit and fewer switching transistors than the electronic
. ballast circuit shown in Fig. 1.
It is a further object of the invention to provide an electronic ballast |
t 25 ~ circuit with a superior lamp ignition characteristic to that of the prior art inverter device.
t A still further object of the invention is to provide an electronic ballast
circuit or high frequency AC/AC converter that produces a more sinusoidal waveform and
substantially reduces the level of voltage spikes generated across the diodes of the full-wave

rectifier at the input of the electronic ballast circuit or high frequency converter.

30 Another object is to provide an electronic ballast circuit including a high
frequency DC/AC inverter part utilizing a resonant LC circuit that improves the circuit
a performance and makes for greater flexibility in circuit design.
a R —
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i ed :
4 It is a further obj e%lSSh {,ﬁichmRepm ion to conbine the functions of the F
PFC boost converter .andf - ﬁm‘mm}wncy DC/ AC inverter into a single

conbj nat i OWONE/22D4i nver power factor correcti RCTIBISPYWTF et

anot her object of the invention to use a @l se w dth nodul ati on (PW)

techni que which results in a very sinple control circuit for the electronic

bal I ast. The foregoi ng 1aRca irfiRE oBjicE6f thedifivertionan (cafbineCthe iflifctionY @F the)PFC

are achieved, inter alia, by conbinhi ngét‘he separate functions of the i nEut

PFC boost beestgenvester and the, bighi fequeneyy DEIAL ipeener intya single combination AGYVA

-stage hig G [ i th power factor correction thereby

provi di ng%‘%@é’?%c‘%‘g@w&fg ti&lé%@%%cgfo “high frequency DC/ AC i nverter

operating characteri stilcis yat aaethehobjectdfothe iventioRte use & palBe width inbdulatiomr
art systemshown in Fig two separate control

| 1, C circuits (CCA and (CCB)
~are redui FRYMricehnighe, Mhieh; results incuvery simpleccopirel eireuit fof dhe P—lﬁﬁ%‘@@_ M@% - :
- both the power factor eﬂferﬁféé[oﬂ%We@%é@%@%&iﬁ%'&@’iﬁv@%ﬁﬂ 9
stage into a single stage so one power stage an S correspondl ng
control cachieved; ynter alia)dby comjsiningahel sepagiate fandtioas of theLinputcPBC bioestt donvedier

reduced. In,an e di ment ding tqQ the jnvention a_high-frequeng
Conor s or b ik B dreagemmy BELAC npehier Jnip X sogie.siaes Jeh FoangTeN ACLAR iverter
connect i ogs;

el udi ng b b TGP cbirectioRRhirelif rifing Howleh facidt Wfttdchibn aflfalHikh Hedlitncy

~ converlQer DG(AG inyerteroperating chagacteristicl udi ng an i nductor neans, a rectifier 10
el enent, and a first se#in' conductor control |l ed sw chi%& devi ce cRu%ed 0

said input terminals. % WP AP Y SEPYS ﬁ'&%??"é&'&? niﬁt%’“l’:'ﬂé PXG R &N

a hi gh freques sepads \Bhtré6l cifiRie (ELW) amanea %‘e@e&f?ﬁl’eﬁ . The icBMYinatiBh Kirodt of

for connection to a 60 Hz %\Q [ i rgeb\’/‘gl taggmoBP the [ike V\,h?ch ar“é\1 further .
connect edthecpresephiinvegtion gpmbines bathnthe pover fagtorrgagrectior §age apd A high frequency

converter.\ . ' ' | & knter nce
it er aniverhed BB intdie shleld Boge &0 P ot BoB: A6 M IRENT Byl RoNEHE
connedsSedcircuitty cpenmoriongen eeqiiradnandnth@ ltirttie gostris yheeehyvedueed. Preferably a 15
first swtching field effect transistor (FET) is connected to.a first

junction point between P8 ambadimentaceording (grthgdnvention a high-frequency converter
apparatus comprises: '

first and second input terminals for connection to a source of supply
voltage for the converter, _
20 output means including a resonant circuit for connection to a load to be 20
driven by the converter, _ _
' - a first series circuit including an inductor means, a rectifier element, and
a first semiconductor controlled switching device coupled to said input terminals.
In a preferred embodiment according to the invention a high frequency
25 converter apparatus comprises a pair of input terminals for connection to a 60 Hz AC line 5
voltage or the like which are further connected to a pair of input terminals of the high 4
frequency AC/AC converter with power factor correction via an electromagnetic interference
filter and a diode bridge rectifier circuit. The second input terminal is connected to a I
common line of the high frequency converter. Preferably a first switching field effect
30 transistor (FET) is connected to a first junction point between the diode and the storage 0 i
, capacitor and to the common line. A second switching FET is connected to a second junction
point between the Sibrage and isolation capacitors and to the common line. The transformer ir
secondary winding is coupled to the load (e.g. a discharge lamp) and a single control circuit
receives a feedback signal from the load circuit to control the switching of the first and in



capacitor and to the common line. A second switching FET is connected to a
second junction point between the storage and isolation capacitors and to
t he comongl | e transforner secondary wi nding is couple oad
(e«g. a di g‘&%& ‘{]arrp) -and a single contPol circuit recei vegc‘g&%@g#gck
signal fromthe load circuit to control the switching of the first and 5
second f isecandcfieldaffect transistorsrat achigh freqyendy: & thirdcsapacitarts coupleg acrose the s

Cirourt wrnramer SechfA, Rlbte FACRRRSA I Moy Vil R wtnd FRRRRE
enpl oyed i n accor danceTWwotdistirte contRsiashnidues *hh B8 -enfpléyedsinGRbordande With he
ratio control and the other is duty ratio sweepi ngecont rol. These control

t echni quepsesnt invieation:SOR¢ iscepnstantygitytratio gentrol| andrthe othes ds dwy ratie isweeping

detail gd =V t i . (ofo]] . ' . d
advant g nBpL Thesd Bofirol BehefiuBlf e delbribal FERENR: RGN % Xafnebf i 88
det ai | ed deeailedideseriptionhafrthe drawiags.t aken i n conjunction with the
acconpanying drawings, in which: Fig. 1 is a block schematic diagram of a
conventional electronic ballast circuit with input PFC, Fig. 2 is a block
schematic diagramof a first enbodi ment of the invention, Fig. 3 is a
graphi cal representation of the relationship of the normalized |ine current
veform over a hal f cYhe oregoing fand otherobjects dml advanapeseofithe present tiventiere

yave! ! . . . .
capacitor yol tage (Gain) .usi copst ant, du ratfio. control schene, Fig. 4
272" ) o il o Amprmnt GO R OHO U, JedRiled, e RSO USRI 1 at | o
control, (J.éh ctio® Wath! tﬂggc‘grﬂ%gig?igg!&g Ofn WRfehsi gnal s present in the

const ant y ratio contr it o |E}. 4 Fig. 6 is a tinme diagram
shofhg the vari ati on Big.duisya black scheBatio\diagramiufia canventignat eledtrdiie ballast
Fig. 7 is.a g(ry?.@}h.of ?F}‘, rati o of maxi mum and m ni mum duty ratio for duty
Phti o swERuE fput 'g.' 8 is a block schematic diagramof a part of a

control circuit for dufys, ragsiapladie scheralit 'didgram of a first embodiment of the
| 15 invention,

Fig. 3 is a graphical representation of the relationship of the normalized
line current waveform over a half cycle as a function of the normalized energy storage
capacitor voltage (Gain) using a constant duty ratio control scheme,

Fig. 4 is a block schematic diagram of a control circuit for constant duty

20 ratio control, |

Fig. 5 provides a time diagram of the signals present in the constant duty

i ratio control circuit of Fig. 4,
’ Fig. 6 is a time diagram showing the variation of duty ratio (D) over a
half line period T),
25 Fig. 7 is a graph of the ratio of maximum and minimum duty ratio for

duty ratio sweep control,
ace Fig. 8 is a block schematic diagram of a part of a control circuit for duty
ratio sweep control, '

Fig. 9 is a block schematic diag'ram of a second embodiment of the

30 ilWenﬁon,

tion Fig. 10 is a block schematic diagram of a third embodiment of the

er iivention in which the resonant circuit is connected to the MOSFET Q1, and

auit . Fig. 11 is a block schematic diagram of a fourth embﬂeﬁ_‘lﬁlh.“._-—-—-—-

inventi : . . . .
Vention showing a half-bridge connection of the resonant circuit. This Sheet Hias Been Replaced
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Fig. 9 is a block schematic di agram of a second enbodi nrent of the !
I nvention, Fig. 10 is a block schematic diagramof a third enbodi nent of

t he i:nvent i ¥OPH224P4 ch the resonant circuit is connected to tRETABISOBATIQL,

and Fig. 11 is a block schematic diagram of ga fourth enbodi ment of the

I nvention show ng a hal f-bridge connection of the resonant circuit. 6

Fig. 1 shows a conventional electronic ballast circuit with input PFC,

whi ch consists of a boost converter 1 that provides the power factor

correction function and Figli Dshdwseavomentitwl feldetronigchalast Altcuitweith mpuf PFGat

supplies a high frequency energizing current. to the |ogd (dischar I )
R i T st Whihiconsaral & POCSERONYBHER b thaL Pravides e RpWOE PG FOTFSFBoR Guaston and a

" _ . : .
oo toni ng AR rfeatnapRHag pEYAEleddrt AR sisHiRs aliel Frilyercy redifiing
‘convent i Snatureent ¢aiithe load (disetargtemp) 3e A\ fibsientrobicitduir ECAr eontriold a switchiag FET
HE DO AC | r(QaRIG bpRt cenieter apd 2ciseond FRat Fircuf GGTs oV ERS He Wef FSheis o
shown in Fi guitchind¥ETE /QNJaddol2] n HeShigh freqliéicsy ih%r%??‘l’ﬂisacohb&%nﬁpé}ﬂiﬁttm

di agram of a basic _arrangenent in accordance wth a first_enbodi ment of the
present i nvleeni describedpatiove and ithasefore willinatibe furthes disgpyseq. Thestequiremsmt ¢f3 AC

line voltage tg.a ctro netic i nce filter 6., Th ut of. the
el ot 1 omg-EPREas RFG, Fte AR Mopidle HELBIc/RESPndy inbEres g S 3 Bk ol
of a brilggeoverslt bhilet sgstérh Bhéwr inFighl.pr oduces a pul sating DC vol tage at
its output termnals 8 9. Termnal 8 is positive wth respect to term nal

9. Termnals 8 and 9 ar e RefTriag mew toFighd, theptiis showase block sehematiidingrampf a
PFC boost CQ#Y@M\%?A#Q g{ SGBHRNEY Wit £ fird: g}ﬁ‘%&ﬁﬂeﬁgf gr% O@r&%&ﬁg%dfegggﬁ“lé pairof @

consi sting OT a po or correction 1 nductor

energy st or'g:pat tesunimals 4),(er Seppind m{bl(mkldzmg\(l: si?é abliage mamwmn;@neﬁa

resonant inductor 13_and tJe primary w nding of .an out put ansformer T .is
connect ed t W‘?’%Fé%p@l‘? 6. e-B?ﬁ ‘PP&P‘&‘ of the, aﬂgtyo agnetic Ineretenee WE‘F’@"'\“?@

- connect b ' é[gc(?' yrTall ; : hHprod ' LB ' ' 1
el enent q|§s g)irﬁﬁgﬂte?’gmbot F?EEE%EOE%?&%O%\P/%F%Z? clrcul !tlédsar ﬁ?ﬁggtgg&m% i

f requency i output terminalsc8i 9. Texntinad 8 isipositiveiwithatespect ¢o terminal 0. A second

swi tching MSFET @, whi G 18R Yado R bomtected %o the InpiElid of tht SinbirhAbh

T

PFC boost converter-high frequency DC/AC inverter 10. A series circuit consisting of a
power factor correction inductor 11, blocking diode 12, energy storage capacitor Ce and DC

20 blocking isolation capacitor Cb, a resonant inductor 13 and the primary winding of an output 20
transformer T is connected to the supply terminals 8 and 9.

A first switching MOSFET Q1 is connected between a junction point 14
and the common line 9. This switching element is common to both the boost converter
circuit part and the high frequency inverter circuit part of the combination circuit 10. A

25 second switching MOSFET Q2, which is only a part of the HF inverter circuit part, is 25
connected between a junction point 15 and the common line 9. Diodes 16 and 17 are
connected in parallel with the switching transistors Q1 and Q2, respectively. Small capacitors
are connected in parallel with the diodes 16 and 17. These diodes and capacitors may be
inherent cbmponents of the MOSFET devices Q! and Q2. |

30 The secondary winding of transformer T is connected to a load illustrated 30
as a resistor RL. In one preferred embodiment of the invention, the load is one or more
discharge lamps and the combination PFC converter/HF inverter constitute; an electronic
ballast circuit for the discharge lamp(s). A resonant capacitor 20 is connected across the

—

secondary winding of transformer T and in parallel with the load RL.
' _This Sheet Has Been Replaced
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canect ed between a junction point 15 and the cdnfmn line 9. D odes 16 and

17 Bre conpgodspdidsn parallel with the swtching transistors %T,?g
respectively. Small capacitors are connected in parallel e di odes 16

and- 17 These di odes and capacitors nmay be inherent corrponents of the

MOSFET devi ces QL and i N of transforoer [ is. '
connected to a | oad |I%V?@<’§e¢3ﬁﬁgﬁgﬁ%2m¥g¢'ﬂ% Ibﬁg"' ‘B é‘f'lSP;‘w? inductor
enmbodi ment (IL ihﬁl dmerllzl(W)dnH&héeﬁﬁimo‘h retfin Qine'pRr € di scharge | anps and

t he combination PFC converter/ HF i nverter constitutes an el ectronic ball ast

gircuit for the di schal*“gémg’&rﬁ?(lg?l cigcyie &® han firs apd speand quipytdines eaunled o

R 7 BeREER faTR RS, BF e SR BaoduSi 0l Al YT figelld el u®

J nduct §r High fteqaeérndy) s»am\mg téfeof 2Thébertidl)citiil i§ self compvllededsy funktiGreoftheA
single control circuit 18 has first and second output |ines coupled to

respect i Ve3¢ ¥RIASS, “éuelbtsrssﬂseawﬂwspmm%bmghq F%&F%‘!l&lsll"@l and Q2 in
d t trol th h t
s sel't oot rol | eq adug b MURERIH Wil | 156Ed on aort ARbAMtely by B

s cge mat i ceonkrpl t:ﬂ'gnesl& ra goﬁ)ﬁd ddlu;e rativpDt, Jvdﬂclrjﬁ fscx’:]eﬂnwes 15b| oﬂihmet ofcthd/SwktEHiag QL
and 2 are tur on and o alternate y the control cjrcuit 18 a
(1 xed dutdevicet OF ueT aF EWIFNING BEAME L cisét He=ohoal Terdnarl Gih Gifdeg 2 e o

CLI g‘r’;??) OMS)I A % ('%E&fg‘rﬂ'ri?&dWTBPMdSFET ‘%202 ?nd CFFE@ZVJ{&#%? 4 1tbf‘é“‘f(?r?ﬂ a &1)0

ener gy stmageemﬂupm faciprecortectionThe balffbtndgo DEGHAC inviecter ponsists 66 MQOSFETs
correctlo e hal f-bridge DO/ AC i nverter. consists.of MOSFET t he
ey 5t QhaQR HHETEY, HoFsRs SAPACTGE Y 1% IR KTBGROIRHOH COBBIACH Con TesgyT
resonant m&@k%f o3 (L3 (ieia?foh]dansfo?ﬂx'eﬁtﬂ QAd résuRantOCaPREitor: 209&'9,!) resonant
capacitor 20 (Clerr 5 For the boost converter part of the circuit, the

ty ratio of I\/DSFET QFor sher boasticonverter paroif the n@mpbrth@duﬁymoﬁrMOSPEfdQH

arge,Low f Hz or .1 at 0 eref t
s pr 48 oradPES RRE, ER gk bfig 1¥ RelfE o BRLERS Jor Eefiafy Lizorpe oot
Regul at i ofipglé at ke mpmutrhuﬁdféx%get iy[peéfetab®d tHah¢h tichORB@s bEthe BkdsiCdbniverter
produced across the capacitor (err], is achiev by controlling the duty

rati o of badBEM. lssgulwrsoemwsput @BeR| Vics of éxmscmam »ﬂu@lywmdbced
| fe
COTH Db SR HERhcRl oo A8 19 e BEURRTHE L aRh drMoSERT A, ey

e rec |ne

t age i controp metitbd i3 tbhmd cohistino dutdyIrafib [contrd) andTd detailed desctipiemdf the
IMear ]y increased
put 20y operation of the control circuit will be given below. When transistor Q1 is turned on, the

rectified line voltage is applied to the inductor 11 (L;;). Thus, its current is linearly increased
4 from zero as follows: '

l-‘.
o

i = WVl t
25 “ L, (1)
sitors where |V, | represents the rectified line voltage at the bridge rectifier output terminals 8, 9

. ' during the on-time interval of transistor Q1. The voltage |V;,| can be considered to be

constant over a high frequency switching cycle. Energy is stored in the inductor L;; when

rated 30 transistor Q1 is on. The peak current is obtained as follows:

ic Vil '
i = ——xDT :
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fromzero as follows: [err] where |V[err]| represents the rectified |line

vol t age alyd b@xdip4 dge rectifier output termnals 8, 9 duringcihfospersi M
interval of transistor QL. The voltage |\err]| can be considered to be

constant over a high frequency swi tching tycle. Energy is stored in the .

Fol | ows: “efer s RSy aES ahh 3. ihoe iifhong il Fanibol 75 imhtafB¥ e 25 p83
period. slyed bPthe(iRdudttidtutrénes,, fblidws R waRforibP ¢V, Jfsindecbath Ay @ahd'D are I ent
i[err] follows the waveformof |V[err]| since both err] and are

const ant constant. When switghing transistor 21 Quturred: off nthe ipdycton rsTank dy cOBENUES P ent

vor 1 age. SBRE s b 6Bl {7 MBSPEY 0P, Wiretornothe St ions La B e

capacistor C[err] and the energy stored in L[err] during the on period of
transistor QL is transferred to capacitor Cferr]. Thus, the inductor
current is linearl Y,ﬂi%(}”@}geif“as follows: [err] whefd t[err] is the
instant of tinme when transistor QL is turned off. When the current reaches
zero, it stays at zero ideally due to the presence of diode 12. The voltage
across t The indietdraurrkit chargesohe eapatitot €, zndahe dnergl stored iniLL | dugingnthe on

voltage of V[err]-.|[Verr]| across the Jiode 12. However, due to the

pr esencepfﬂ‘“.{,ﬂ "%‘%’&%%?é&lrlém FV‘@G‘P FRAACIGE (et mua,dh%mdaﬁwsasqemﬂaﬁwm

t he qpodgisdareéad filRWst @bl e oscillation appears in the voltage of the

di ode 12. Thl% oscillatiton not only causes extra power loss in the diode 12

(Derr]) but also causes excessive voltage stress of this diode which may
shorten the diode |lifetinme, A diode Derr] is therefore added between the
junction of induct¥ul 11. ake-d¥el 2 12yand the common return line 9 in order
to clanp the "waxi qum di‘ede \LQItJZe 4&) the voltage V[ qgy] of the storage
capacitor Clerr]. This nmetho® is effective but it is not optimumsinply |
because the diode voltage is not clanped to its steady state value V[err] -

VLetel | e AP Rk Rk 0 T bl 7 B B s

average getb| A'stays\atizefiteally HGd o hefjstesente bf divded20 Theadltage across theGnductor

analys| *11 [weilrlrb]e equal to zero ideally, resulting in a voitage of V_.-|V,,| across the diode 12.
However, due to the presence of the reverse recovery current and the junction capacitance of
the diode 12, an undesirable oscillation appears in the voltage of the diode 12. This -

20 oscillation not only causes extra power loss in the diode 12 (D;,) but also causes excessive
voltage stress of this diode which may shorten the diode lifetime. A diode Dy, is therefore
added between the junction of inductor 11 and diode 12 and the common return line 9 in
order to clamp the maximum diode voltage to the voltage V., of the storage capacitor C,.
This method is effective but it is not optimum simply because the diode voltage is not

25 clamped to its steady state value Vg - | V;,|. Therefore, some small oscillation still
remains. The current i;, flowing through the inductor 11 has a triangular waveform. Its
average current over one switching period is obtained as follows from analysis:

DTV,  WVal! Ve
“ 2L, 1= |Vl Ve &)

30
With the high-frequency harmonics filtered by the EMI filter, the line current is equal to the

average current I;;. Therefore, line current i, is obtained as follows from (5) with the

substitution of |V;,| = Vm SinWT considering the rectification: R
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T the high-frequency harnonics filtered by the EM filter, the line

rent weoeszabdato the average current I[err]. Therefore, POTABISIGOTENE
rr] is obtained as follows from(5) @uth the substitution of |V[err]| =
VR Si nYWI' considering the rectification: 9 [err] It can be seen that the
‘rent i[err] is basical Ily a sine wave current with distortion introduced
byt the term[err] when the-duty ratio Dis fixed. Fig. 3 shows the
r

graphi cal r dsdhsation Mp the I ®t over one line period. Wth the
nor mal i'eat’i ON gy [err] tgking M é S a paraneter. FromFig. 3, it is
seen that as M&r] Is B‘Rg%rger, the sine wave ig,clo¥ar to the line
current, resulting in a gher power factor and a | r PHAD (total harnonic

distortion). However, higher Merr] results in higher Veffr], which wll

I ncrease the voltagﬁﬁtress of the FETs QL and 2. Therefore, there is a
trade-of f between the” stress of the FETs and the converter performance. In
the &alf-bridge DG AC inverter part of the circuit, due to the swtching
action of transistors QL and @, .a square wave voltage w thout a DC
conpondigan; be s8R | thatthe GUITRRE iiecls aémetwem@ng Wthodistortaen: intfodycedan d
capacib htheteel[€rrl, Cerr]), and the isolation transformer T. The
resonant circuit is closely tuned to the fundanental harnonic of the square
wave“vol tage Vab so tpat the voltage across the resonant capacitor 20
(err]) is substlaﬁt‘@ IW"Wi gh frequency sine wave. Thus, high frequency
power wll be supplied®to the load RL. If the high frequency DC/ AC i nverter
par!) of the circuit is designed so that the resonant frequency of the
regonant circuit is lower than the switching frequency, zero-voltage

s V\i chiwhgn diie diny ratiptld is figed. rEigs3 shows ti@lgraphiclPrepreseriatiorbofithedihei dureens nal |
dead tine interval .i tovi ded for rhe gate control signals. During the
dead tPW?%@?%B??@(}&HEI%m%% B?ned off. The current through the
resonant i nductor Bﬁtlgzcharge the drai n- source capacitor of one transistor

and wi Il discharg cgr ailn- source capacitor of the other
2L' M’

15 .taking Mp as a param:’.ter. From Fig. 3, it is seen that as Mp is made larger, the sine wave is
closer to the line current, resulting in a higher power factor and a lower THD (total
harmonic distortion). However, higher Mp results in higher V,,, which will increase the
voltage stress of the FETs Ql and Q2. Therefore, there is a trade-off between the stress of
the FETs and the converter performance. |

20 | In the half-bridge DC/AC inverter part of the circuit, due to the switching
action of transistors Q! and Q2, a square wave voltage without a DC component is applied

' to the resonant circuit consisting of inductor 13 and capacitor 20 (L,, C,), and the isolation
transformer T. The resonant circuit is closely tuned to the fundamental harmonic of the
square wave voltage V,, so that the voltage across the resonant capacitor 20 (C,) is

& substantially a high frequency sine wave. Thus, high frequency power will be supplied to the

load RL. _

If the high frequency DC/AC inverter part of the circuit is designed so
that the resonant frequency of the resonant circuit is lower than the switching frequency,
Zero-voltage switching of the switching transistors Q! ahd Q2 can be obtained if a small dead
time interval is provided for the gate control signals. During the dead time interval, both
MOSFETs are turned off. The current through the resonant inductor will charge the drain-
Source capacitor of one transistor and will discharge the drain-source capacitor of the other
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10 transistor. Therefﬂ?ISShet urce vol tage increases gradual l'y ;
after a N%E&zma S to zero before the Mpgifmesgwoizur ned
on. Thus, the CII‘CUIt vol t esvvltchlng of the transistors .

QL ‘and Q2 A bl ock di agram of the constan duty ratio control circuit and
the tim rel at nsforth nals f the contro [ Chli wn.in
Fig. 4 a%"ﬂb’ g‘ﬁe\rg Wfd?ﬁ m%}aﬁﬁfﬁ?%&"ﬂ?
the oscildfphmd fafk twwbaawﬂ@tﬂeswmamﬁﬂieh o2 TS, MeaircBit provibeygerbn Fi 9.
5. The output voltage of the inverter 10 is fed back to the prinmary side of

t he tranmgeswmcmng@ﬁglm uansistierstQbaad QR ndi ng 22 of the sane isolation
transfornmer T and then I|f| areC|f|er 2

vol tage. This DC vol taee {aﬁg"iﬁg% 6‘&&!35%3?‘5‘8?‘ c‘b,%ﬁu{t}gg '%C&FW

are fesl trelations deVtﬁé tsig'ﬁﬁls(of)thé eoiitral Dircit a@é‘ sdwiPin BigR4 dnEFigl4, ‘:‘és?ecnvely :
resistors Rl and respectively. A feedback resistor R3 is couple

bet ween tThe mtqbeng émlqnﬁw& @¢tﬁgnm¢qb by ths osailiates 2h WWWM a mﬂl wave

vol tages

non- inver ng ( a{g}r*mwnlgalg ﬁ.ﬁ%%[@&? ?l\(%np@gtﬁeﬁ% 16’ +%B

t o gener afide efthertransformet a‘gmnmggrml addlitidnal vénding P2 of alie iatm Bbraﬁbn mkt’oﬁhar
Strictly speaking, the error anplifier conprises all of .the elenments within

the box 45386 R 1s fecifieddy # rersifier FAdo 9Pt PG valtasss Thiv DC-veitags)and the  ed
to theg NQiet Vﬁfnta £¢a éa'bho@ggl V@rt e“fw‘%?‘%qf\'/ggéﬁﬁ%?&ﬁ%"ﬁ Xloéftﬁg@rror elﬁer 10

conpar at or enerate a P output sig
havi ng t 24 mweimom Rhand R rEsmctu&ly AR feedback eesistor R3 macqupdthbtWeexpﬂmduce
t he conpl epent ar,y. _out.put wavef or m DD Fig. 5) of signal C. The signal C

is al so aﬂb’&?‘*téﬂdt‘B"ﬁugg)F'{%ﬁm"f?ré?'e?f{‘glgfg?fr circuit 28 to generate a 9

sequence of pul se si gnghaseRdltgds dre EBMmphitd WItR ASkRRbe Volthge/ VDI ?}&Eﬁe@% and
29A. Multivibrator 29 is a nono-stabl e one trlggerlng on a poéﬁ Ive flank.

Ml ti vi brthe sen<boyeriing G+rteroisal 0f |the gner amplifier from »terminabgatsoas to|ganerateTane

bI t] t I
Lorr 151 Phrdteboniatt SiaRbCh S 3 o5 of e 2R SR ECEY opiRiner B et © 1s
respecti \@ﬁphﬂéfr cohprisescABE ﬁféﬂéléﬁéb’ts QHIHWer BOxe4 S sigw Rfldashéd) 1ihése TH C
and DD, respectively, via respective AND gates 30 and 31 as shown in Fig.

4. The oA puﬂ@ hea 15)oAre tfed tonpe w@se@ogddﬂ apd inyertipg (iteramipals of @ \tqhege

desi red t
Fig. 5. con ?%%’%}J&%a?@’ e valﬂl ng %% ?p%gs ealu¢r%ea§ g voI tage
| evel shM&veﬁortmshderﬂx Fig. |5vmgmenau2'l is étfiployel fiSpradecectiiplcoypibrentary @utple

enoug povver to ve Wi {ching, devices QL and @2, respectively. In the
case &% l{]ﬁgé@ff'm&nql%ght out put | oad, the output voltage 20

The signal C is also applied to a voltage differentiator circuit 28 to

generate a sequence of pulse signals E to trigger two monostable multivibrators 29 and 29A.
Multivibrator 29 is a mono-stable one triggering on a positive flank. Multivibrator 29A isa !
mono-stable one triggering on a negative flank. The monostable multivibrators are used to i

25 generate the dead time intervals ty in Fig. 5 for zero-voltage switching when the signais F 25
and G respectively of their complementary outputs are combined with the signals C and DD,
respectively, via respective AND gates 30 and 31 as shown in Fig. 4. The outputs H and I of
the AND. gates 30 and 31, respectively, are the desired control signals for the switching

Ol 2 = A

devices Q1 and Q2, as shown in Fig. 5. The control signal I for the switching device Q2
30 requires a voltage level shift circuit 34. Driving circuits 32 and 33 are employed to provide ‘0 v
enough power to drive the sthchmg devices Q1 and Q2, respectively. th
In the case of & high line voltage or a light output load, the output voltage
Vp and the energy storage capacitor voltage V,, will increase, resulting in a decrease of the hig
signal A at the output of the error amplifier. From Fig. 5, it can be seen that the duty ratio

|

}



V[ @ and the energy storage capacitor voltage V[err] wll increase,
res@ ti ng woes/tdges ease of the signal A at the output of thepernsysio0073
anpkifier. FromFig. 5, it can be seen thgt the duty ratio of control

siggal ‘Hw Il be reduced if signal A decreases. Therefore, the output

Ve | Fincr ot Sottlf SBRH il He R EART el & Gl R, TrbretG Hefodehu WIBEF AR -
| owil i ne (okhargy storage cupaitorowltapé atedfeducddd sorhpensate Yiesincteaseiflerit ) fesaMing Gy

storage capacitor voltage V[err] wll| decrease. The output signal A of the
error and $ans@nt oWpRt vRliage; Incthe £3se of a dewdinggvaliasear A herwsoutpat loadethgt y

rati o of | : r () 34 t The
cont rol C‘{a?‘g%él '?I°oa? hgﬁg.lméjgyj@o enéc%[pgéé% @%th&@twlggieg#%g iﬁh%%'g%}s%ﬂg
st alf t gi fdfuhéh errohemplifienithen Gﬁ_lleiﬁéxbﬂs{e, ;redu}tﬁ{gein\/irefm}eaeé og gfehrﬂm_yllratﬁ’_ﬁof ontrol
applied to the ngn-ipverting i nput (+) of a comparat or aving its

i nverti ng}‘B“ﬁ-bg[t- 181“}, S’oﬁﬁéc‘ﬁeéﬂf gei& OBftaMal 37 which supplies a voltage

limt reference volta ).+ |+ 'H:E'é:ki

proportional to the cg?trleegé | | gi‘ﬂ“@?’k F?ﬁeig%gtlgﬁlﬁ%% %Spana g%%&k@‘i{:ﬁiags_oﬁé)
to the( n;:smn;c civeuit. i The stoyage cgpakitof vdtigulrvgdgen teronipalr3ft isralpaﬁed ﬁmeihnmeinvrﬁgg
I nput (-), of the conparator .39 is coupled to a term nal 40 ich su ies a
current IR ""Bé?fgﬂ' RATYIOr ?gd@"’(“gdlts {')"?’Sﬁ'é‘gs'f‘B'l‘t (Ghgonnesied &0, 8 Sermung); 3P which
conmpakat i€ réTeréh t h i : ' 50 via
&n (‘ng‘;agg gﬁ%‘;& #ﬂ‘g%gcl)ﬁlgﬁt of Efﬂ%ﬁ%el’ g?'?lt%%ﬁg%l {sga@ggésl gcsi{g?gp?(ﬂ{ggg\ND gates
30 and 3Jpropartibaaltth sherurmentdy, ims theoswiltching wansiserf Q1 (Fig. 12) 4o theinon-invertmgpai r

f [ ted. | St d R.err. t ed t

cupy vamRada el eler SpBprmlnriy. g8 lvering phpdid i BF FRerpery & Etelaise
and a capgl tefthingl 40 ihicl SupphesA edrraft! DGRt réﬁ%n%&%lt%@(fbi randstst Q1).t he gate
of the transistor coupled to the output of the OR gaie. A diode 44 is

@aonnect ed between t he Bag putputsfof somparasens| 36 andr 3D aregrupleddothe) sespeinputeaf a

ot - I o b4Ep0 PllancOR dae 4L B8k B bt Gibl: 3 op 58 s SPUPES 18 i AR, e
[ESi st or 30Rhd I waliite theaQ vatpul BecoiPledoe aVidTt-thrt clfeBitdU{ A pait iof sérfesCevnhéced
signal His also sl 0\4\{5211 I ncreased fromzero to its steady_ state val ue,

mesul t i ndesistors Réand Roqare conpected batweema supply volfage)lermingl Yye ad grundo A

ot _ . SO 3
o £ il ctfuil BrAFEACAS thi SBEIE . Hite LSS ot eclndt RESAG wiiPwg |
3ui ow | egate ofTthe wraNBistpatcoapidd tautik Qitpar af the©OR ghws Addioli 44 iis vardneviel [bebeeen

appl i to the gates of FEIs , . The power converier W be shut down.
A "t nb s dfeotpHEol eer empliten A 4 Tiscrade A SeD SBOGLBE 8 Ro-ni gh | evel
turning on the field ejheptthd £i7dlit !5t fitned' O, the soft-start capacitor C; is slowly

\. charged up from zero through the resistors R4, RS and the voltage source V.. The duty

1 ' ratio of control signal H is also slowly increased from zero to its steady state value, resulting
in a soft-start procedure.

25 ' When the energy storage capacitor voltage V., or low-side switching
D, device current I exceeds its limit, the output of the OR gate 42 goes high to reset the flip-
1of flop 50 to a low level. The AND gates 30 and 31 are then closed. No signal will be applied

to the gates of FETs Q1, Q2. The power converter' will be shut dqwn. *At the same time, the
Q output of the flip-flop 50 goes to a high level, turning on the field effect transistor 43. The

ide - » voltage across the soft-start capacitor C is discharged to zero through the transistor making
the circuit ready for the next soft-start.
ltage The constant duty ratio control circuit is relatively simple and provides a
the high Power factor (> .99) and a low THD (< 10%). However, these featurew
: ' —_

atio ! :
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vol t age across the sof ThisSaettHacBgeAREdlQEd C[err] is discharged to zero 1
t hrough the transistor i iflBuit ready for the next soft-start.
The const gﬁ?%l?‘rat [ ojm""ml nm M/Hmt "is relatively sinpl E‘-’&’Aﬁ”{?ﬂ%i des a
hi gh power factor (> .99) and a 1o D (12 109 . However, these features
are obtained 12 at the cost of a high storage capacitor voltage V[err],

whi ch al abthecenst ofaihighstgrage srpacifer yoltagesVi.n which gsaueesulipin-high voltage st in
cont rol i, duty ratio sweeping control is introduced to

over comﬁ%ﬁ%‘b@ﬁﬁ%@ﬁ’em. As can be seen from (6), a sinusoidal line
current i[err] can be Alsecdndecbntrol sdtemidy that lig§tduly ratics ingScon@ol ds\s over

half a line period: [err] A plot of duty ratio D over half a line period is
shown in unrgﬁlced to, geergeme he abaveproblamss As cap beseen: fram {6k ¥ sinysoida) linee

Vol 1 agh PRl iupcar i ooidB i o) il BRARGER oMo TR HP Uekoedc?

of the power factor cor tor 11 should be chosen so that its
current reached zeDg,j Ut -p#—ESiM‘[t he turn on of FET QL. In this case, the
vol tage conversion ratNo caMbe obtained as in a CCM dst converter. [err]
Therefore, the following is obtained from (9) and (10): [err] [err] Fig. 7
shows the maxi num and m ni num duty ratios as a function of Merr]. The

circuit fAoplotiofdutytatio Bvvep half adinet peviodas showin inyFigo § ®gether withithalineo t hat

of t constant d ratd, o control cLreuit except.,that an extra function

Por 't AaitsE wavefodn RVepife Mecreaihed Hine veiigaer Tt ity Blorsactis BBy 10
by neans whendhé fiH@ veltigots £ #spehet | on stage 46 and a duty ratio sweeping

range control circuit 47 as shown in Fig. 8 1In Fig. 8 the rectified line

voltage |V[err]| is applie e square-root calculation stage 46 froma ’
termnal 48 and tR,a= By.p sls-fﬁ-ter consisting of "‘a I’?é)l stor Rerr] and
P

3

- 15 To reduce the current stress, the inductance of the power factor correction inductor 11 should 15
be chosen so that its current reaches zero just prior to the turn on of FET QL. In this case,

the voltage conversion ratio can be obtained as in a CCM boost converter.

M- —L
1-D,, (10) .
20 20
Therefore, the following is obtained from (9) and (10):
1 1
D=l 3, () o
- _ t
25 b - l1. 1 ' 25 i
mar M, (12) th
Fig. 7 shows the maximum and minimum duty ratios as a function of Mp. _ ve
The circuit for duty ratio sweeping control according to (8) is similar to ze
30 - that of the constant duty ratio control circuit except that an extra function for the duty ratio 30 eqi
sweep is added. This sweep function is accomplished by means of a square-root calculation 0sc
stage 46 and a duty ratio sweeping range control circuit 47 as shown in Fig. 8. the

In Fig. 8, the rectified line voltage |V} is applied to the square-root
calculation stage 46 from a terminal 48 and to a low pass filter consisting of a resistor Reand  sim,

[ -

1
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13 -apaC|tor Cf whi chl tage proportional to the anplitude of
t helfr ect i f MeRI98/22a%4 vol t

voI tage V[err] which ispgrapssiersnal
he st orage capacitor vol tage V [err] "ip3al so obtained through a resistor
. divkder consisting of resistors R6 and R7 coupled to a term nal 49 which

profi des J&?ﬁ%ﬁ&i\%ﬁé@ﬁm’éh?r&hde alVla E@' pratRtion: 16 thePshpiittdé OF e REtiftdd lige L NeN

di vided by [err] in the divider circuit 50 in order to obtain
a sggnal qoltpge)yq,r tA dnkaget HRJ,\MM is propertional toi tgenatoragmapmaorwdtpgn Ve istdiso

square-r |on sta sguar e r expresse
by the r1OHRing] (e Seradiofv ey Oneiding g teRlsry B8 aplHE SOl oL 0
to the inyges bRBn&é?Jtl’fé %hage‘ \ heﬂfér\hﬂfagél ;| doré¥s raﬁstbﬂ Rwhe e divided by el
di agram of Fig. 4 so as to cofitrol the duty ratio of the control si gnal H.

By i nt §ocoliage) Vainythe ividerseiequit 3Q)irc order 40 obtai a signal Ki mpmnaidowigr Hencea

Vol t age vy SRR st eI tnd B Vyulrrt Gt R b 3 £5ER, B8 sy
rati o swegixpeessed by e ﬂig&t&deﬁoﬂ eqtaﬂon 18). cRReSsigial 1R dotpled vidl R3O Ri BPLR

in the output voltage. In lig ;1\9? gllcatlons such Iowfre uency vol tage
ripple |gnveépn&mx@d quhaegara 1fer g4 in &he eonsrpl cirguit diagramiiof Fig.s4 se s ted

as the p al ue of, | ong
as the Vgcﬁﬁgxg#hteaﬂlgy girdeﬂsgle&a(b:ct% 8&?%‘ slé t han P ffgﬁfﬁ%‘gg nllc?égost ?@?‘AF

f r equemc yeohtrppoverieach line petipd T vm highoinpuspowercfatobland 16w ’Id{lsa:uﬁ Pedbatined,
the converter circuit of Fi with or without the cl arrpeédl ode D11

cont ai ns WIS kRFRIE e voliags %ai faish1q FeduRe the SHEEh, STess JloweTes, e ussrof uey: Fitieg
di 12.
' Obarrp sRebiif SofroPfEshitin i [fea3s of BIPIOW fefuliicl/SHRIY fifine Yol 3ol i
t Ee :c nFI:Jdibghnng hpplic[atao?i ,)such low frequency Mtagee'rppiehfs mpgla?ntedaby :arpmmd:tegulged
the fu ri eclt.irtLe un I N V age Cl a | ode
DUT mow (0ot Skt MeRich is dafinedras he Beek Holrass Giiideq By e e salbe SEthe.pught t e
¥ € C§ NGotieYe CAs fdhg dsithé WEIuEI IFGHE brest &attbr ¥ 1&ss Ghan®]. 7t e pregdiRe bf 10W! t age

W Il increase fromzero and the inductor voltage will inctease to zero from
a negat i feequancyerippledn theheuﬂpubmitaapes a¢ceptablair ned of f. When the inductor

| V] h | i ode .p11
conducts because.tne- MbREreBd <Bou B gBFactes Sruik BE Fity auth B et re
bi ases t hgarfip ditRledI 11 mtdms/a{ Wndekired ok@Nsxior fhethe rd%ﬂét\fdltag@ (Vag¥ of Bloekingred

at zero, which is its steady state value when i[err] 0. ConsSequently, the
di ode voldl@@elzl[err] equals to V[err] - |V[err]|, its steady state val ue

when s is in the off gt ' . || | n

conveF{)er circuit of Flﬁg'%% efi%ﬁgg 'éér}%éﬂe?ﬁgenpor"g%@e "l"%(f" ge%r&ﬁﬁﬂggﬂﬁ #?edms

Conver t erthe diodeivoltage Wi, adshinar it Big. 90 IR this lehibadimmn,rm ihductdrakl @ )Asg. 2.
connected between the negative terminal 9 of the full bridge rectifier 7 and a ground liné.

’ The voltage clamping diode D11 now is connected between the terminal 9 and the source
terminal of the switching device Q2. In the circuit shown in Fig. 9, the diode 12 voltage will
25 increase from zero and the inductor voltage will increase to zero from a negative value after
the diode D, is turned off. When the inductor vbltage Vi, reaches zero and becomes
positive, the clamp diode D11 conducts because the MOSFET Q2 is on and the positive
_ Voltage of Vy;, biases the diode D11 positively. Therefore, the inductor voltage is clamped at
[ to zero, which is its steady state value when ij;, = 0. Consequently, the diode voltage Vp;,
atio 7 ®qualsto vV, - |V, |, its steady state value when it is in the off state. Thus, there is no
tion Oscillation produced in the converter circuit of Fig. 9. Aside from the foregoing description,
. te converter circuit of Fig. 9 operates in a similar manner to that of Fig 2.
ot _ ~ Another embodiment of the invention is shown in Flg 10. This circuit is

R¢ and . Similag 1o thag of Figs. 2 and 9 except for the manner in which the resonant circuit consisting
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Anot her enbodi ment of the invention is shown in Fig.- 10. This circuit is
simlar to that of Figs. 2 and 9 except for the manner in which the

r esonant . cWPd§281%onsi st i ng 14 of L[err], derr], err] PCEIBRH0NT3; g
connected to the switching MOSFET QL. In & g. 10, the inductor 11 is again
connected in the return line, as in Fig. 9. The energy stored capacitor
Cerr] iofQ Uﬁp@r'riandsmn licormetteditd thd switdhing MOSEET Q1.0n Figd 10/1the inductor
i nductor 13 (L errj), but is still connected between the cathode of_ di ode

12 (O er ril)is again; gannegtedh i thegeturp lingas in Figo %iThgenerey stared SARKIOE £.48 npn,
i , . . . o
et - br 10ger 18 SR AR i ERAENIERE, afd e RalCRETS (], ORISR inétred

circuit. betweennthe gxthede ofidivde dRAD;HandGhe trahsiswr IQRY Thedelamp diddet Dbl $epar at e

storage capacitors, ,er\r%]e and C[err]. These two storage capacitors are
connect e FORRECtet 3%l Figt deen the cathode of diode 12 (Derr]) and the FET

Q@. The two energy sto i Y =\ t : e
ot dor, oo’ FeCl, ot 53 HRE Syl hRidinell e BB ol e

can be r dyridge @dnhsction f thearesohanf €ircuit ofi the everall corventen girduitl. Thenenergy storage,
the yolta e lL.eve|l shift circui% 34 in the control cirp&ht 8f Fiﬁl 4 can be
el i mi nat SAPAHRE CofS MO BAIT URGGF fWo sFRarals Siprags caRagiarsiCon 1€ Geay Thes Peq,

the isol afirgFe EApABRGR A Cofilted Gn 'SBHEY Bétwebd thel Qhddle df Wfodears @%&%ﬂ@ FET

power factor correction boost converter and the high frequency
i nver t&r Qhafhe twa enarghisiogager capacitars C.pand Che actoasta voltagerdivider, todwe .

' ti ' f . S0 . hh th t t ' h
overal | circait are rcUEES WREOHE BOABH Fio! brihe S AFnECRET GE <L bt o
di st orti Geplaged By'a PLOifanAEY FEY GLitiR IS suicé gi’dlﬁﬂe@f Inbfiiscagé, theolthfefevél shift ’

reduces swtching | osses and EM_ noise. Since the PWMtechnique can_ be used

to regul Xirsuiti}4 inj the controlircyit of Figpdwan be gliminated,r The-epesstiansremaing Basame.

this circuit, the cont L L CU . N Sl ' rq55%1 | weep
control varies the dutg/fq%g}gt?&en iséo'{o(flsé:ilé ml@%ﬂ@xﬁpu ngﬁﬁer en %@gog% nor e

si nusif dal , anot her atIn viewi ofethé €t uhat thé power fagtortorrectionlbeost eanvertee appver 10
I's kept | ow by choosi n%&? duty ratio of approximtely 0.45, I’eSLi| ting in a

smal | si Be Bigh frequener DCAGIVEBer $hass a swiching Sransisior and dbe, ComirRl icafichi}, the
reduces &BESF' LT) ' | i i .
(V[err])qg“ér a Irgé)@géétf?lggﬂpu poggs}% @?Pil’&sth?rc‘)é ggektaﬁ%ltgfr}gtdgo@gtsnﬁlt eﬁgt%eve
descr i bededuded dvinitenthe pomer faoter i high amd thet cureeno tistdriopis lowi. (Theszevd-voliage

' nvent! Oswite intghoaft bo%tl %? ‘the MGSEETY r%ﬁcega%it%ﬁin%el\élssseg (zjmg ¥MI noise. Since the PWM

20 technique can be used to regulate the line variation and power factor correction is inherent in 15

this circuit, the control circuit can be very simple. The duty ratio sweep control varies the
duty cycle so as to make the input current waveform more sinusoidal, another attractive
feature of the invention. The reactive power is kept low by choosing a duty ratio of
approximately 0.45, resulting in a small size and reduced conduction loss. The system also
25 substantially reduces or completely eliminates the oscillation in the diode voltage (Vp;,) for 20

all practical purposes. t

It is to be understood that the above described embodiments are merely 2

illustrative of the principles of the invention and that other arrangements may be devised by cl

those skilled in the art without departing from the spirit and scope of the invention. m
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3 skilled in the art without departing fromthe spirit and scope of the
ntion. wo 9822194 A high frequency converter app"i{ﬁtrlﬁsmoms
rising: first and second input termn for connection to a source of
|y voltage for the converter, output ans. including a resonant circuit
conneg@i{mﬂ%o a load to be driven by the converter,—afirst—series

uit i ‘g_an i nductor neans, a rectifier elenent Thisaglg

. A firs L
conduct or conmw ce coupled to saidjj ety Bk ICLS'i

chajacterized in 1 "u””, further conprises a st”ﬂﬂgm E | 198

neahs and an isol & o mmm,,‘gans coupled to said.red : L

andito said output nmeans; rfespecklvely, a second sem conductor controlled
swi f ching device coupled to said storage capacitor neans, first and second
di ode neans coupl ed across said first and second sem conductor controlled
swi tchi ng devices, respectively, and a control circuit responsive at |east
. to a vol t dge devel oped Adighsfrequpacy convarter appargiusompsising: and havi ng out put
means coupled to contr L st _and second sem cpnduct or
control | ed switching dgﬁlﬁsgﬁe'gocé%&g@%qp&f[é%ﬁ?&é{%q SPANFSHORCP & Fures pgfupg
second sewnoltagediorithe conveitenl | ed swi t ching devices on and off in nutually
exclusive tine intervals, said first sem conductor sw tching device formng
a power factor correct i BHPYINRABS irgluding @ resonankcisgitfosiconnestion 40 adodd tarbeng
a hi gh & r gRVENBY th¥tdifvergyerter part of the apparatus. 2. A
converter apparatus as cldimed in claim1 further conprising a voltage

cl anp neans coupl ed t o aofirst serids cirvaitdhclading anciatudtoremesnss aerettifidtcelément, and

i ndygt or m:-{ﬁ,sné in a nner so.as to clagl),the voltage_ of the rectifier
el NPht tB FTUeRpaAuctor cogirplipd switching device coupledatorssid, inpuktermingls. at us as

cl ai ned | gharhtbiibedl MBEING CDRVeha FubRG g TEaNs conpri ses a di ode

coupled to a node between the 1 nductor neans and rectifier elenent and to
one of said input ternmansibmge £apacitor means and ar\isoiatioardapacitep mweans coupled to said

cl ai [ | 3 erein said storage capacitor neans, said
i sol gﬁ%on%gggtae#“ﬁﬁ%? %\A@%%“E"F&{'ﬁ)dﬁsﬂ?ﬁﬁﬁéyare connected in a
a second semiconductor controlled switching device coupled to said
storage capacitor means,

first and second diode means coupled across said first and second
M semiconductor controlled switching devices, respectively, and B
in 15 a control circuit responsive at least to a voltage developed across the |
storage capacitor means and having output means coupled to control electrodes of the first
and second semiconductor controlled switching devices so as to alternately trigger the first
) and second semiconductor controlled switching devices on and 'off in mutually exclusive time

0 intervals, said first semiconductor switching device forming a power factor correction

or 20 converter part of the apparatus and also forming a high frequency DC/AC inverter part of
the apparatus. '

ly 2. . A converter apparatus as claimed in claim 1 further comprising a voltage

. by clamp means coupled to at least one of said rectifier element and said inductor means in a

manner so as to clamp the voltage of the rectifier element to a steady state value.

35 3. A converter apparatus as claimed in claim 2 wherein said voltage clamp
means comprises a diode coupled to a node between the inductor means and rectifier element
and to one of said input terminals.

4. A converter apparatus as claimed in claim 1, 2 or 3 wherein said storage

capacitor means, said isolation capacitor means and said output means are connected in a



16 second series ci rcumm wmmm' st sem conductor sw tching device
and with thﬁ(ﬁ@&?@d se _ ’ . ll'hi ng device coupl ed t GcgydisdohPN
poi nt between sal d storage capacitdr teans, and said isolation capacitor
means. 5. A converter appar a]telis as claimed in claiml or. 2,.

wherei n sai d sforage. | t .S _sub-divi.ded | fi LSt d
Capaci tor TERM: Sits cip o apines e R SempBardigion piieBing, b dng i B 868
capacit or gRd¢tndaittr switchifg device dBwled &8 T@fctiof poiht detaandidseorage capacitor t
across the first sem conductor sw tching -device and with the second
capacit or meanssndsaidl isolation grpagitehmeanscond seni conductor switching device
and a junc¢ion point be e fi a | t d t.he .l solatl
capaci ![ or Ci‘feansl.o 6. I\%%Oeﬁé} a;J pi;a?:%sn%e@% ﬂe"g{b‘p&ﬁg’{lzs‘? ?gé %&g?hess%d%a Y

1 or 2 SWhejapadito? ahéhnk 6 subFdivided|inioEist and Se2ohé Chpuditbo michks did withithe fitst
term nal and the inductor neans is connected to the second input term nal,

sai d i sol RAPIHIOE IPRADS+ sid wemnzma%@r@mspm s}ifl QWEPuUL meapy Rornected 1n 3 sgcond
second sery L] Ve | Li.ek : ' r}g%do S,
and said s*gésaggélgg%%rglgteor neagnegﬁfésﬂg%ér#lesc %@lngeq? \%%%H? t%ngggon CapdZitdt
sen conduchednscoupled ibetwetathe second semjcondadtonswinching deviceand 4 function tpoint er
el ement and the isaql ation capacitor. converter apparatus

7., . . A
as claine i @Frﬁ’é‘, %FOTGHW%@@F@%QFPHUP@&PQQQF MPB¥ent i s connected
to theyhirgt input ternan@nvenét iﬂb‘irdtﬁkdkkcélﬁimédsincé?ﬂﬂﬁﬂo?‘i WRerkinCsakf p2fifler

i nput termnal, and further conprising: a voltage clanp conprising a diode

I'n cralm

coupl ed t celementrisiconnectedttodhie fipst inpus texmioaldandethe dadudtortmoeans us cerineatgd detliecce

and to said second jnput.termnal thereby to clanp the voltage of the
rectifier WFAHLIRPUL %.“%mal’

of the preceding clai %sﬂ@ﬁoﬁ@nﬁbﬂ%iwt%s%ﬁaaﬁd%mtinmsaﬁe&%eéted ina

i nductor nmeans and a first winding of an isolation transformer connected in
series to sepend sasiescitshit betweenithe rectifier element and thetinducterameans: 8nd coupl ed to

2 SECPR P09 of g GBI oy SRR e 2
A conver t egemi¢gnducor Switchifig dieviee ahd agasctivn poimitchbedvednthe petifieg ielegnenk andrehe
isolation capacitor. | _
7. | A converter apparatus as claimed in claim 2, 5 or 6 wherein said rectifier
element is connected to the first input terminal and the inductor is connected to the second
20 input terminal, and further comprising:

_ a voltage clamp comprising a diode coupled to one main electrode of the
second semiconductor switching device and to said second input terminal thereby to clamp
the voltage of the rectifier element.

8. A converter apparatus as claimed in any of the preceding claims wherein
25 said output means comprises: _
a second inductor means and a first winding of an isolation transformer
connected in series to the isolation capacitor means, and
a further capacitor coupled to a second winding of the isolation _
transformer, said second inductor and said further capacitor forming a part of said resonant
30 circuit. '
9. A converter apparatus as claimed in one of more of the preceding claims
wherein said control circuit further comprises an oscillator and means controlled by the
oscillator and at least said storage capacitor means, voltage for generating first and second
switching voltages for application to the respective control electrodes_of the first and second

A converter apparatus as clainmed in any
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Fn said control IH"’!!“‘H" " H”morrpri ses an oscillator and neans

‘ol | ed vy 9s/tm9psci I L I¥ast sai d storage capaci,&?hdgﬁm,

ge for generating first and second S\f(]vi,tchi ng vol tages for application
e respective control electrodes of the first and second 17

: q . : : : h tth
condr ol cremaboriiick Tohfuar bude s a5 i frh meane i und ERpalritige
swi tichi ngprdduces eeroaioltage pwit¢ang ofl sdiy semidofductor switchingddevices zﬁlacéliﬁﬁﬁt_t &ty

appdratus as clainmed in any of the clainms wherein said control circuit

furtther c fises; a-duty ratio sweeping range control circuit responsive

B
to vol t age determ ne nd said stora capacitor .
nmeans vol ﬁgige, a squar%?c(y)n(#ptgf ?%tx%é.ﬁﬁagﬁ e%W@@'e gﬁ“{né e&%‘ﬁéﬁ‘ﬁi ned
by trhe 5s ugmitrpl cirtoia furtendomprises; put vol tage of said duty ratio sweeping
randge control circuit, an oscjllatoy, and nmeans responsive to an out put
si gfal of the oscill at 8riUBHRUSSWRSPINGt rABES, FRNLrad fCircyis respaasive topavokiagec ui t

for lgener ghirffinéd 69 thed I G I%ﬁg i.cation to the
respective con?r ol §e| e%?%e@%%e&fai gr&grtag‘gm sgé%;ﬁ%&"ssgprﬁgggﬁuct or

cont'rol I ed switching dewsquare rootecitduit coatrplled bpams veltageiRterpivied By siersﬁﬁm SO
as to swt the first and secotnd,dsgm' conductor, switching devices with a
vari abl e Yﬂj ee{;gpg_output voltage of said duty ratio sweeping range control circuit,

10 an oscillator, and

means responsive to an output signal of the oscillator and an output signal
’ of the square root circuit for generating first and second switching voltages for application to
the respective control electrodes of the first and second semiconductor controlled switching
devices via the output means of the control circuit so as to switch the first and second

15 semiconductor switching devices with a variable duty cycle.

-"Thiis Sheet Has Been Replaced -

AR

w

in

nt

ms

ond



