- conducting and the cut-off states

TUNED; SW TCH MODE POVER SUPPLY W TH CURRENT MODE
CO§[L,R£J_ The invention relates to a switch node power supply. 5
A typical tuned swi tch-nmode power supply (SMPS) i ncludes a series
arrangenent of an inductance and a bi - directional controllable switch
connected to input supply voltage termnals for receiving an input
supply voltage. The svm' tch IS formed by a parallel arrangenent of a
-transistor and a da 0 diode. A tudi ng capacitor is coupled to the
i nduct ance to f drNE SWH&HTIMODEP&WERWBP YeWdTH-CHIRRENTI MODE
provi des sw tching pul ses for dHVl@ﬁ NRESW tch alternately into the

e duratlon of the conducting state
of the swi tch being controllable in dependence upon the output voltage 1

5 by rectification Theombldritadri Qetates ofae dwitti neloler poder agspiyhe

swtch is cut-off such tuned SMPS, a s
si nusoi dal bsci | | at PorfyPicals t@%%ﬂi Moge PYWEF aﬂg’u gng%le anpl i t ude
Id s devel ogecbl ineludes he seriescamangemthe 6f emtlenducttahcemnd)sa:l bi-at i on]c S
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term nat es t hterminals| fox:)rclcel\uagl an ainpat . supplyt veltaget oFhe switelneis on when
the diode is fornfild Cﬁé&‘éﬂ‘él éi‘f' g&ﬁ&ﬁf YfCa Qrazlﬁ'iéloi‘oéﬁdigﬁ dém?@i‘ ntai ned

acr oss the transi ring tNeCtransibion 1 nterval —in ansi stor.
25 Thus, sWWtdigdgg Ao%ggaﬁ@qcém!cé% COPRfeéiidPtmfnm@WétaFE%o‘i‘?a @rm acjrcuit

prevents the M3bhafie dlh@\htl %d@ﬂﬁboﬁﬁcb(ﬁﬁfdlsmﬁd&ﬁ tpronidest @'Wltchlﬂ%en t he
t ransi stor B‘tbﬁr nefl .f.rom ecom.n gt or i_n

a regul ation £F oforc idriying s%‘ﬁ’écgr %Frna elé'r dnfq, fag gwﬁguéilpg an
responsi ve t othen cat-roff statpsal ther duoateohn i of dhe 30omducting rgsatef iofr tHeor varyi ng

a length of afki@hehitng V%pﬁaﬁsbm in defbAgGlde! oévmeceut@lﬁcwag&ge' ve.

The peak of the curren nce 1s er eby cont nthis
way, the ahPlbyuteetificatien of rM&h@nﬁLP@QWGdt dgémgmen pghg when
the bidirecti ggach is SMtleff. is turned off is controlled for prow d| ng

out put voltage 3 5 regul gtion.
P J nosuch  tuned SMPS, a substantially sinusoidal oscillation

of a resonant pulse voltage of a large amplitude is developed in
the inductance. The frequency of the oscillation is determined by

20 the resonance frequency of the resomant circuit. After completion
of a half cycle of oscillation the diode conducts and terminates the
half cycle oscillation. The transistor is turned on when the diode is
already conductive. Therefore, a zero voltage is maintained across
the transistor, during the transition interval in the transistor.

25 Thus, switching losses are reduced. In addition, the resonant
circuit ‘prevents the voltage that is developed across the tramsistor .
when the transistor is turned off from becoming excessive.

‘A modulator in a regulation control circuit of some prior
art tuned SMPS's is responsive to an error signal produced in an

30 error amplifier for varying a length of an interval when the bi-
directional switch is conductive. The peak of the current in the
inductance is thereby controlled. In this way, the amplitude of the
resonant pulse voltage that is developed when the bi-directional
switch is turned off is controlled for providing output voltage

35 regulation.



2. 3 Di sadvant ageously, in sone prior art tuned SMPS's, vari ation
of -the input supply voltage is conpensated in a relatively sl ow manner.
The sl ow response time of the control circuit of such SMPS is determ ned
mai ﬁ’ly by the transient 5 response of the feedback control loop. It may be
desirable to speed up the response tine of the tuned SMPS. '
tuned SMPS, enbodying an inventive feat4re, operates I n a current-node

control, on a i - Qul b t trol Th
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ey the confeBBY IBH Hadd Tt slow SRIBRAR bl Be e Shnpldd 1S
manner for i oireuity@ft syeh SMRBS iiat detesmined omainlyi by the mmnnt; range of
the error 3”?{:#&1&% o?5tﬂe” fg{%gm‘ﬁaﬁong‘bg c}(ﬁ)e ROYEY %e%eefraﬁg rggnt nmode

regul ati on an tuned sw tch node
power suppl y SEeedrup e Eespemsentjme Qﬁnttbﬂs&@@d&Mﬂ\Se i nvention, includes a

source of an input Auﬁiﬁéﬂ SMPSt%ﬁfb(ﬁi}dng hﬂnﬁdvex{tﬁ@rfeatur@' f@pbrhtesThe
resonant circuit 20 |n Iudgs a c citancé and an ct ance cou ed to the

source of I1Rh2 CHpERIID FyCQB g0 A2 (GYIIent-py | YorCWITSRERUISE ¢ oupl ed
to the i ndoaticbasisd Tise rmrrpentsﬂmvmcg an perswitch, texmiinatesc sitemolit

si gnal g ﬁggg&ﬁ# J tﬁfgsh‘aT& feecstb?héﬂ#jde By Y aé}f& ts?%ﬁ’ﬁl()df'ﬁ@ TOr

resonant t'he resona Cl rcul resonan es are 2 coupl ed -
“to a load cisignal notuajbhaantroly the quupumenthm Mn ductangepthat isen t he

first “ans'gzbﬁgléd“tbcﬂléssﬁ% 0 Th Uhi€ S uj‘ the comftrdh (ciftivieldorrects 0 Vol tage

i S maintai ne tween a_pajr rrent co ductin 'g LS)irmnals of the

first transi éasﬁan&m@w AR 2 5@9”30305?’ JBABREr °§né’i‘p‘i‘ tager or
controlling tdaemwrmltwahoﬁhms'iﬁgpﬂvmrndy rangecoPritieneeroy amplifiesecond

sanel A R ey b R BN P R 50 AR 1
supplly out putofi suned SMBSararenolti)MmEdItrol led, in accordance with the second
T accor dance wit Hoal i ChvViEh %ﬁ%ré“%ﬁ”‘*‘ﬁ@%"%ﬁa‘“?s. pogying i\
of transistoran @spect efnfhe dnyentdons: ineludes (& squsce of an input supplsy
voltage and a tuned, resonant circuit. The resonant circuit
20 includes a capacitance and an inductance coupled to the source of
the input supply voltage. A first transistor switch is coupled to
the inductance and is responsive to a periodic, switch control
signal for generating current pulses in the inductance to produce
resonant pulses in the resonant circuit. The resonant pulses are
25 coupled to a load circuit for generating an output of the power
supply. When the first transistor switch is being turned om, a
substantially zero voltage is maintained between a pair of main
current conducting terminals of the first tramsistor switch. A
source of a second signal is used for controlling' the output of the
30 power supply in accordance with the second signal. A modulator
is responsive to a given current pulse and to the second signal for
generating the switch control signal. The power supply output is
current mode controlled, in accordance with the second signal, on
a current-pulse by current-pulse control basis.
35 In accordance with an inventive feature, the modulator
includes a pair of transistors that form a regenerative switch to




3 produce a portion of the control signal of the transistor swtch that
causes the transistor switch to turn off. The regenerative sw tch fornms
a latch that is triggered by a signal representative of the current
pul Se in the transistor switch. Advantageously, the 5 transition of the
control signal is speeded up by the positive feedback in the latch.

I n accordance with another inventive fe ture an ‘error signal that is

i ndi cative of a difference betvveen t he ut VB# 3& . of the &OWﬁr
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}raan] i stors t&él@éé aghlel tﬂ‘hﬁs’i‘ﬁoﬁ:%@ﬁ@hl @ tulthesfl @Pbeﬁegema‘ratlhe switchat ch:

n this way, vant ageous onet nsi st or t he SO
bper at os oy £otHRna: aih: ta 15" trigBered WP shendl’ suiesBRabiver of M et i ve
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mai-ntains the ”anshﬁté’éco?%hw wthd bw@r f‘iﬁvéﬁ’ﬁﬁeafeétﬁfé anC%h"(ﬁ-”t in
the transistor, swt old 20 [evel of th

does pot .exce t hres
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al so transf Qrner - c Ied Q t ol t
switch in %‘Ft? ?’é@ﬁé‘)ﬁ 0 e“ﬁ&ﬁﬁg the ﬁtﬁigg%ﬁgsggfe#@ﬁr ééener
switch, for rrhntch af[m thys zwmyheadvmtagsnualys\xhc chnﬁoﬁanmmrcﬂfvﬁlmfpaer t he

regenerative t | Se t r&ﬁﬁ FIGUREl illustrates a
tuned SMPS err%l\g’gys Sr%tﬁs és 4 p91faftot he 1 nvent I on; FI GURES

2a, 2b and 2c umhtm@rdan@efm% a,Jarthers mvenitve a&'kfﬁl’aﬂ‘ﬁlon of the
tuned SMPS Ofuﬂu@tﬁfcel forms 2 first Wﬁlﬁ#@Eof ial kesnisfeiraer aForu s sfddnferl 00,

CTDOLYI N0 12 conlinh e Shets SOl Nobhke 0.k AR ioRn AP Gne =2
switch has a guasister emlntddewhenptlm:l trimsistgr switchnas ycondutiting in a
positive feedback manner. The transformer-coupled input supply
voltage maintains the transistor switch conductive as long as the
current in the transistor switch does not exceed the threshold
20 level of the i'egenerative switch. The resonant pulse is
transformer-coupled to the latch for turning off the regenerative
switch. The resonant pulse is also transformer-coupled to the
control terminal of the transistor switch in a positive feedback
manner, and bypasses the regenerative switch, for maintaining
25 the transistor switch non conductive after the regenerative sw1tch
is turned off.

FIGURE 1 1llustrates a tuned SMPS embodying an aspect of
the invention; and

FIGURES 2a, 2b and 2c illustrate wave forms useful for the

30 explanation of the tuned SMPS of FIGURE 1.

FIGURE 1 illustrates a tuned SMPS 100, embodying an
aspect of the invention. In FIGURE 1, an N-type, metal oxide
semiconductor (MOS) power transistor Tr operating as a transistor
switch has a drain electrode coupled through a primary winding

35 L1 of a transformer T1 to a terminal 20 of an input supply, direct
. current (DC) voltage B+. In a circuit configuration, not shown, the




35 Llsof a transfornmer Tl to a term nal- 20 of ‘an input supply, direct
current (DC) voltage B+. In a circuit configuration, not shown, the

4  transfornmer can serve as an isolation transfornmer. Voltage B+ is
deri'ved from for exanple, a filter capacitor coupled to a bridge
rectifier that rectifies a mains supply voltage, not shown. A
source el ectrode of transistor Tr is coupled via a current 5 sensor or
sanpling resistor R12. A danper diode pé operating as a switch is

coupled in patrmdfernmrtd:an rserse saoranlriselations transforiner.i Noltaget Bet siame

ackage with T, ab r C .
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resistor R16 to a Z@&jecdh@8fy mddhﬁg devef apsnsformer 'Bf eirseasepleql 160 VREF

of error anplifier Via seri,es cou

resistors RlBa%‘Pfie Iéfiaf Pﬁﬂgv‘@l"f‘g&’é‘g dlo‘%@?ﬁg N‘gh@[ &feﬁﬁwzﬂf Qgeﬁag’@gjdes a
. L}Ilgg;de;n Jt Llntr:]tgrll %ﬁt@at tvgltages VAOUQL nl £d:'r11ne1t \vap acslltdm CI10 Ithat ds c!fupﬂech{ttsgft or
el ectrode of 2 cat{xﬂ%etq,feﬁ@@tg o ﬁg?o\?%‘ﬁ)llé ﬁ@e@ cgdlg’P gﬁfg‘ﬁg
negative OCS not vshamyeAn efror a iftaro23R4ncludes| hecompasatort (aMsissor t he
transistor 4 urgﬁgch %ﬁ@'@l&ch‘@&e ﬁm@%%&@gfeﬂ @é‘pﬁc\}dl&f ecaivﬁlﬁraof

circuit 30 co on_n to-C

i sol ati on. vo ﬁg%rVQ Io?‘PlE%?‘ng)bJPF’éFﬂrsl apaekggt &iﬁsﬁpﬁe\“’lﬁ%&e i s
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reference portion of voltage VOUT and, thus, proportional to voltage VOUT.
20 An emitter electrode of transistor Q4 is coupled via a gain
determining resistor R16 to a Zener diode D9 that develops a
reference voltage VREF of error amplifier 23. Diode D9 is
energized via series coupled resistors R13 and R14 from voltage
VOUT. A photo-coupler IC1 includes a light emitting diode that is
25 coupled between the collector of transistor Q4 and a junction
terminal between resistors R13 and R14. An emitter electrode of
the transistor of photo-coupler IC1 is coupled to a negative DC
voltage V3 via a resistor R4. A collector electrode of the transistor
of photo-coupler IC1 is coupled to capacitor C3. In a circuit
30 configuration not shown the opto-coupler can serve for isolation.
An error’ collector current Ie of the opto-coupler IC1 is indicative
of an amount by which voltage VSENSE is greater than reference
voltage VREF and, thus, of the difference there between.
A comparator transistor Q2 has a base electrode that is
35 coupled via a resistor R11 to a junction terminal between the
source electrode of .transistor Tr and current sensor resistor R12.



~voltage VREF and, thus, of the difference there between. A
conparator transistor 2 has a base electrode that is 35 coupl ed via a

resistor R11 to a junction term nal between the source el ectrode of
transistor Tr and current sensor resistor R12.

5 Transi stor 2 conpares a base voltage VBQ2 of transistor 2 to an
error voltage VEQR devel oped at the enm kter of transistor Q. Vol t age

VBQ includes a fjrst portion that jis pro ortl to, a source-drain .
current |D i TAPSMEQLS cﬂmpﬂewv!ba%ge ‘2%;2 fupreagisier Q2 rt@saBt or

R6 to the baggrgf vbm &mz@evao@euehpnha emuteﬁaifndrmis:tb@rqef vol tage
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resistor R5 t©p0528° gacladesop first BP“?‘H? gt gy REQpOriegp fo forma
: currlgnt_ sourm}dftdtmt cafrengdd dapaansistorCIr. A rDIC owoltaget V2 iss coupl ed
to capa C | ed
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vol t age VEQ second opertivm fafr waltage oVB{J2 aorass ingsiséon Rl haxi num current
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coupled to the ctr nsj st o col | ector
el ectrode of eéb%qla 99%!! SADAGLOF é%%éafgﬂ?ctar SHErest a

transi stor (&ougce that chharges agpacitor i €2. sﬁnrbﬁrmﬁientAIeonst coh teal tege VG of
ed,at .the emtter t forns

transi ston vgl o

an e out p%tcapamoﬁa¢§ ofor, B5Ehatsibe eARpeE Y Al dRe DY i sevBId he 50
gate gl ect r oceetofeenr tsiemisterTof vtrmsasnoesQQt anngmund Diode D5 Kmits
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produci ng ann‘q} %&-%{E%zt ctﬁréfeo(re{en?ﬁ?cﬁarw age tﬁé 4ind @ni"tts th@ﬁﬁcgfnu%? o
AC- coupl ed viursertadacitfansistor %8 a resistor RS to - the emtter of
transistor QL to 9emﬁeaésllééﬂo&‘eel\é@trbaeeof/%ﬁ{slé‘c%rt Ngd Yo 1& toAthegoupl ed

| t V A |
bl ect ode loh Haaneletimdest,Aqtagsinhr Q1 4pibshe elbeshl IRCEPaRSSEL or o1
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Tr is developed at the emitter of transistor Q1 that forms an

output terminal of regenerative switch 31 and is coupled to the

20 gate electrode of transistor Tr via a resistor R10.

A secondary winding L3 of transformer T1 is coupled via a
resistor R9 for producing an alternating current (AC) voltage V1.
Voltage V1 is AC-coupled via a capacitor C4 and a resistor R8 to -
the emitter of transistor Q1 to generate drive voltage VG of

25 transistor Tr. AC-coupled voltage V1 is coupled via a’collector
resistor R7 to the collector electrode of transistor Q2 and to the
base electrode of transistor Q1. Voltage V1 is also rectified by a
diode D2 to generate voltage V3 and by a diode D3 to generate
voltage V2.

30 A resistor R3 coupled between the source of voltage B+
and a terminal 30 of capacitor C4 that is remote from winding L3
charges capacitor C4 upon power on or start up. When voltage VG
on the gate electrode of transistor Tr exceeds a threshold voltage

_ of MOS transistor Tr, Transistor Tr conducts causing a drain

35 voltage VD of transistor Tr to decrease. As a result, voltage V1



and asterm nal 30 of capacitor C4 that is remote ' fromw nding L3

charges capacitor C4 upon power on or start up. Wien voltage VG ~ on the
gate el ectrode of transistor Tr exceeds a threshold voltage of MOS
transistor Tr, Transistor Tr conducts causing a drain 35 voltage VD of
transistor Tr to decrease. As a result, voltage V1

6 ‘becones positive and reinforce vohgﬁge VG for maintaining

transistor Tr, in a positive feedback ner, fully turned on,

FI GURES 2a- 2dacomes rpasétivevand oreisfarcef ubltage ¥Xplfornmajntaining: operati on

of tuned Swirﬂﬁﬁsﬂfr_ 'f‘rGLfBE.algoﬁtWe' %ea?%@@ rgﬁf;iﬂé’r, 5f1il't'§'eﬁﬁh§dfr§n.':' GURES 1
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and 2a-2c indicate simlar itens or uncti . ng an
interval tOt1 of aFfPURESc2avle ﬂlﬁﬂ_fﬂeGUF@eZ(f?rms wsafpbfor| g{gkal_nmg
conductive trgsbpémitiol off tune@ SMHES | 00/ FIGURE 1. SHANAEKBOIS: afd
cprrgaspondlfg}'1 non-res.ong.‘rim%e t RH{L@; _o_rtd.on 10. of a.%urrent L1 in
wi ndi ng L1 1 SMYperalspin, ored 4ci ndicate, similar IS 0% qyct ance
associ ated wifumotioms.ng L1 of transforner T1. At tine t1 of FI GURE 2c,
vol tage VBQ2 of FI . . | g 130 - ' (] hvped from
the vol tage acr c?sﬁsl,ﬁlﬁrn&iaét bl{r‘tg%megcgg%ﬁv@?:gg i«;&r%il ﬁ‘g)qtfeegf"egﬁ %,
regener at i ve curserinulDc 0f 3gondiatives tepmsiitor i of yFlGURE el \iEQapaampingns on
transi stor 2 | ojASed e Jésynaintt a :
regener ativ@co%l%i‘%}%ﬂ%’fﬁ i,e(?sﬁ;(egf[ftgnvf/il |ﬁ e élniéée at ln? hgﬁlg%thé immeel e\pc(%rrtl (?éle of
transi st orl §rof @ gysEMn{l]  inywinding k1 otfe UPoTamBng /@nd staref| magrets | s
reduced to ne@i:r;?r@nvmet $nduétahué Ngssotiated awdtls twindiflg TL1obf FI GURE 1. Wen

0

LAt T kbR e L P RAIR e, vlagt T B i ORES o

causes vol tag"@a
decrease. Thelclkangainingren up-ramping postioncderiapdcfromcthecoltiage ai ns

ool PRt bk RIDT® eroobds o B 100 of osenekiigecortance
to mai nt ai hSsewitchi 3kt thas| isedetgrmined byeneltpge t VEQ? aandd tansfoF| GURE 1, a
- forvard condughh@iRtét" 3218 CurrditSfloWsSa " #iée bae (S nsistor @1 camdes -and,
consequent |y, Latch . operaligp mode in, rgencrative swteh 31ils
electrode of transistor Tr. Consequently, gate electrode voltage VG
of FIGURE 2a is reduced to near zero volts and turns off transistor
20 Tr of FIGURE 1. When transistor Tr is turned off, drain voltage VD
of FIGURE 2b increases and causes voltage V1 of FIGURE 1 that is
coupled from winding L3 to decrease. The charge stored in gate-
source capacitance CG maintains latch mode operation until time
t2 of FIGURE 2a. " |
"25 In accordance with an inventive feature, when voltage VG
becomes smaller than required to maintain sufficient collector
current in transistor Q1 of FIGURE 1, a forward conduction on the
base electrode of transistor Q2 ceases and, consequently, latch
operation mode in regenerative switch. 31 is disabled. Afterwards,
30 voltage V1 that continues to decrease causes a negative portion 40
of voltage VG of FIGURE 2a to maintain transistor Tr of FIGURE 1
turned off.
When transistor Tr is turned off, drain voltage VD
increases as shown during interval tl1-t2 of FIGURE 2b. Capacitor
35 C6 of FIGURE 1 limits the rate of increase of voltage VD such that
transistor Tr is completely nonconductive before voltage VD



30 voktage V1 that continues to decrease causes a negative portion 40

of voltage VG of FIGURE 2a to maintain transistor Tr of FIGURE 1 turned
of f . When transistor Tr is turned off, drain voltage VD

i ncrreases as shown during interval t1-t2 of FIGURE 2b. Capacitor 3 5 C6 of
FIGURE 1 limts the rate of increase of voltage VD such that transi stor
Tr is conpletely nonconductive before V9Itage VD

7 ‘increases appreciably above zero voltage. Thereby, sw tching

| osses and r ani¢reases sappregiahjynaboveazero amlaag@,gélameéy, reSyitebing
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oscillates, during Interval fl-f3 of G,JF% 5b, when, transi s gr D Ir of
FIGURE 1 is turned Resonanigienls, 2&sthatpincludes capacitog, L0 @nd winding oqe
VD. tEhter e;?_r&_.l askelarg e difring inmﬁau_ttmeur?_ GfOREGWRE 2b, veliérs tteansistor needed
SO at .e engW roved and. s I n i 2SI d,

The decrea ecﬁrnogﬁli@dﬁé b‘rg‘_bﬁ“_“ao°ﬁ ﬁﬁgﬂﬂagﬁa’f‘ %%2%‘,6 nggjggﬁls(’@m t age
V1I of FI GURE vbltagebé¢DueTherefore,i advantagegaslyyt no snubber tdiodé &dURE 2D,
vol tage VD i ( - k Ve i i l.ng danper
di ode D6 of éFgﬁ'&Eef&?oﬁ%Q%dlg# ;t%lgf]?eofffci&mé{ alrsrpn\lllg age %o@lﬁ% er)rpto
appr oxi mat el ynoise oisvaeducedrnus,  resonant circuit 21 of FIGRE 1

\e/)é |h't gl te Sva h.?l fF | &yJ%Eﬁgod%&éﬁdé iRtvoltagel VD A}fﬁq td itiet 3 of FICURE 2B,

t he a]g oreﬁe(ﬁtqab‘ﬁ%%l V&l%agﬁeeﬁog?isﬁl%‘c}@m 383?&%6% %i’e O‘%:‘ tvlﬁxt%gﬁlé%%éuse °
ﬁd?/ant ?geoul %timb.ht% gﬁIFImJRQE 2y, rvaltagef VID desélesetoTzerosvolts ahel slighitlpy a
elay tinme that eterm . t i n i 84O, and
gate capacit (gé"lt%&’ éﬁ?ﬁszfﬂgﬁlﬁﬂqri %463% %gl @Lﬁ@‘ﬁol gé t enééoﬁdaqgg VWD is
nearly zero wlamp. voltagef Vi of nFHGRIREt2b rto approzimatelyegersr oltac husd and

switehi ng noisgohdnd EH¥ERI21 of FIGURE 1MNefiftbieCa I9RFRcke [df0bscillafibnof
vol tage VQUT 1S achi eve varyl ng. vol t gge LN fLlter capacitor
C3. When \Vod tAffer %CV@EN@@IQ{XRE gngBBég?iQ&apyt Eagé h?@@fm?ss | ar ger
than voltage increadfifly Ciabi€Npositivd, SbBeduies ofaphe | aforefitmivhede vhanges
\é(z)l_}tgge \/1% bla-m()a'rg %roftageheltgf ﬁ&?jﬂEl f.vel of conparator .transistor |
Advantageouly, the following turn on of transistor Tr is
delayed by a delay time that is determined by the time constant
20 of resistor R8 and gate capacitance CG until after time t3 of FIGURE
2b when voltage VD is nearly zero volts. Therefore, minimal turn-
" on losses are incurred and switching noise is reduced.
Negative feedback regulation of voltage VOUT is achieved
by varying voltage VEQ2 in filter capacitor C3. When Voltage
25 VSENSE that is proportional to voltage VOUT is larger than voltage
VREF, current Ie discharges capacitor C3 and decreases voltage
VEQ2. Therefore, the threshold level of comparator transistor Q2 is
decreased. Consequently, the peak value of current ID in transistor
Tr and the power delivered to the load circuit, not shown, are
30 reduced. On the other hand, when voltage VSENSE is smaller than
voltage VREF, current Ie is zero and the current in resistor RS
increases voltage VEQ2. Consequently, the peak value of current
ID in transistor Tr and the power delivered to the load circuit, not
shown, are increased. : _
35 In accordance with another inventive feature, tuned SMPS
100 operates in a current mode control, on a current-pulse by




decr eased. Consequently, the peak value of current IDin transi st or Tr
and the power delivered to the load circuit, not shown, are 3 0 reduced.

On the other hand, when voltage VSENSE is smaller than vol t age VREF,
current le is zero and the current in resistor RS I ncreases voltage
VEQ. Consequently, the peak value of current ‘IDin transistor Tr and
the power delivered to the Ioad circuit g not shown, are increased. 3 5
I n accordance with another |n tlvee,ﬁh ture, tun d S S Q0 .oper at es
in a current GUSERNLCBRES FoFOHH abUby errmrs@tbyu current during

?nt . \c‘;;lr r te(r)lt Elilitﬂr?ﬁllz ?t%ft}lr@f FI@EL:IRE I@eﬂwmgnitn n;ahsﬁ%@f Teusf FIGUREdY) i ng

0 0 r or, Tr o
terninates at'®fiRALEY %Ifz BUREC ﬁnc%gﬂ&lr %s‘tt’i?@c{‘?ﬁ éEU I1I?’Jesholflevel
of t[)?nsrhst orle¢el @f transistorl Qhaif FK}ﬂIERErInthati 1bydetetmﬂwi h!y Velagand is
establ i she 0 ror
signal act ﬁaW?ﬁ% {l} Ilié ?ﬁébkghé&)c@renﬁp%‘ﬁﬁ Ie lé’lﬁr %t pu g{'of
current 1D tignal.olhei arronesignalicacsualdy oconirolsi ithe Pea_kl Curr@ﬂdvaflt(hgeousl Y,

the control Gyt pgﬂéét%ﬁt%urrenr £NAGHS! Ynlﬂhealﬁcﬂmaﬁegvrﬁr%
for input voltf\ge 1 varlatlori t?{&ﬁ B+ w thout using the ofyna

range of errd afivantageously, Fh|°9n CHSUM QNTedTant ages of current
node - regulmtstamaﬁedua& ﬂnedfﬁwso@mr@bm:md for input volfsgé ndi cat ed

bef or e, | t \/2
{r ansi st orl Govirbaian of; vERUBeCR FAhGH it tkeRgrh?%Qera%é%Q°§&%gg
resistor RI11. arﬂphlfreg I2r3t elnv ghist Gvayl, bbtlFIl!HdREdvanmg,esvof tayeent2 médé| GURE 1

is equal to @Mﬁ%ﬁ@l&f %h@@ §Mp§ argé,o'b%ﬁic&at'o of wi ndings L3 and

L1 of transfor th a further inventive
feature, the t hr Mm@ca&ﬂelbe&res rlaﬁ:s veltage ¥2yis iceuplad ¥id orgsister wit h

zg: L age. 22uV2R6n€b thEeBEsfé\zgﬁ ggﬁflgfdgggiﬁﬁéedwélb vai\% ae@mgr oftieq. ofhe peak
Advant ageolu %Zﬁ &CEOQSEHG%ISWG | ntaPHNg %ﬁg?lﬂ% HO\%rFIGU&E'l very
capabi lity Of Zéil\/i?&ltig@ A4 wEIGQJREslslmeequl/etro voltage Be multiplied byethat
o AC Tl 15 PP Y8t WEingl ) I LE ot wanstordf 3307 dance v th an
‘In accordance with a further inventive feature, the
threshold level of transistor Q2 varies in accordance with voltage
20 V2 and, therefore, in accordance with voltage B+. Thus, the peak
value of current ID also varies in accordance with voltage B+.
Advantageously, this feature tends to maintain a constant power
delivery capability of SMPS 100 so that excessive power cannot be
delivered at high AC mains supply voltage, not shown.
25 In accordance with an additional inventive feature, startup
at abnormally low input voltage B+ is inhibited by a diode D4
having an anode that is coupled to the base of transistor Q1 and a
. cathode that is coupled to a junction terminal 35 of a voltage
divider 36. Voltage divider 36 is coupled between voltage B+ and
30 ground and include the series arrangement of a resistor R1, a
' Zener diode D1 and a resistor R2 such that terminal 35 is coupled
between Zener diode D1 and resistor R2. At low input voltage B+,
Zener diode D1 is turned off and a voltage V4 at terminal 35
causes diode D4 to conduct in a manner to turn on transistor Q1
35 and disable transistor Tr. On the other hand, at normal levels of




at abrmormally |low input voltage B+ is inhibited by a di ode D4 havi ng an
anode that is coupled to the base of transistor QL and a cat hode t hat
is coupled to a junction termnal 35 of a voltage ~ divider 36. Voltage
di vider 36 is coupled between voltage B+ and 30 ground and incl ude the
series arrangenent of a resistor Rl, a Zener diode D1 and a resistor R2
such that termnal 35 is coupled begween Zener di ode D1 and resi stor

R2. At low input voltage B+, . Zener qQiode DL is turned off and a vqltage
VA at terninaolage B+, dﬁeﬁesti iueondusave cnd, diode, D ianbask tased angdn
transi stor QhagdSnandffécs ajn e;ifdlﬁnsdpgrgﬁoﬂ'_r. On the other hand, at nornal

| evel s of : 9 voltage B+, diode D1 is
conductive and diode D4 is back biased and has no effect on circuit

operati on. : _ 10 WHAT | S

CLAI MED | S: 1. A tuned switch node power supply apparatus,
conpri si ng: 5" a source of an input supply voltage (RAW B+);

a tuned, resonant circuit including a capacitance (C6) and an :

i nductance (L1) coupled to said source of said input supply vol t age;

a first transistor switch (@) coupled to said inductance and 10
responsive to a periodic, swtch control signal. (V6) for generating
current pulses in said inductance to produce resonant pul ses (VD) in
said resonant. circuit that are coupled to a load circuit for



generati ng'an out put (VOUT) of said power supply such that, when said
first transistor switch is being turned on, a substantially zero 15
voltage i s maintai ned between a pair of main current conducting

termnals (COLLECTOR-EM TTER) of said first transistor switch; a
source ‘of a second signal (VEQ) for controlling saird out put of said
power supply in accordance with said s nd signal; and characterized
by 20 a modul ator (31, R12) responsive to a given current pul se -
(I[err]) and to said second signal for generating said switch control

signal such tWHATASIQIABMEDIP®] ¥ output . is current node controll ed,

I n accordance with ialg5%ucocpdsv§{tgﬂal O(%r:pa cu;&satgl)éc [lg se by current-

pul se control basis ’to Claim1l
charact eri zedccomptrisingi:n a given switching period of said first

transi stor gwitch Krs one half cycle
of oscill atfon I n ég%%lméadtd%slggg eﬁ@%ﬁz qu(g}l ﬁ)@g f39—) 3. An g
appar atus accor di ny tuned, alespnant, cireait dhdl@m&ra Zapacitance(C6é) asdond
swi tch (D6) Cﬁid%'c%éeo (32) debiptedl B YaidVéduite (68)sal@'in nput sug,ﬁjtlgy' ng a low

| npedance between said main current conducting terrm nal mai ntai n
t he substanti %Pl #8%ero vol t age between said 3 5 main current conducting

‘terminals of said &ifigst tfa@i@ﬁdtét awitoh t@Q3) coup\mbrtosaad findaétahcensndt or

tch t d.o d
Qi m'a crbpoRBPHSEE R " mpriodics Suiteh. antrel; sighRl BRR, b e BRERARLY
di ode that i scumrapt guilses iim paidlinductance $aiproducet rescnmutspm}sesvx(VB)
(@B). S5  p sab(i5 reéﬂnfﬂp@ 1‘%&5 051%' '& R}ddté" £nlo$df b'irr%ﬁ'ﬁrfog first

characteri zed a resi s I'n seri
transi stor gmllaéllﬂgf én Qé‘ﬁ@ital( r@f‘r’pﬁ WP&@F@M&)"“ [that, | when

i ndi cative saﬁﬁ i‘lr%@fﬁ’aﬁ‘.ﬁsf&r Eiv@tehofis Sﬁéxﬁgcﬁiﬂlﬁﬂt oﬁU|§eslﬂ5$€éhtii1Pi Fetod

zx E gE 10 fgn Ptage | %ﬂ m(n\{a)ne%a'f)e?s etCIIi] ea Spalr o mSalIIl Clllll' IjGISIE COIl u%ltisntgor

terminals (COLLECTOR-EMITTER) of said first transistor switch;

a source of a second signal (VEQ2) for controlling said output
of said power supply in accordance with said second signal; and
characterized by | '

20 a modulator (31, R12) responsive to a given current pulse
(IL1) and to said second signal for generating said switch control
signal such that said power supply output is current mode
controlled, in accordance with said second signal, on a current-

pulse by current- pulse control basis.
25

2. An apparatus according to Claim.1 characterized in that in
‘a given switching period of said first transistor switch (Q3), said
" resonant pulse (VD) forms one half cycle of oscillation in said
resonant circuit (21).
- 30 ,
' 3. An apparatus according to Claim 1 further characterized
by, a second switch (D6) coupled to said transistor switch (Q3) for
applying a low impedance between said main current conducting
terminals to maintain the substantially zero voltage between said
35 main current conducting terminals of said first transistor switch
when said first transistor switch is being turned on.
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to change, during said ranping portion of said given current pulse,

when said given current pul se exceeds a level that is detern ned by

sai d second signal (VEQ2). 15 6. An apparatus according to Claim1l
characterized in that a change in said second signal (VEQ) affects
substantially nore a | ength of an interval between adjacent resonant
pul ses and substantially less a puhse width of said resonant pulse. 20
7. An apparatus according to Claim 1 characterized in that sai d

nodul at or (31, R12) conprises a conparator, second transi stor (@)

having a control t4&r AmalppaPtak) a¢esid t‘be(llmrﬁaBdcharacﬁer'izeihtmptHaie a

first main curtent co duct mnpal (EMTT sp ilve to

out put (\VOUT )sacf Y () crf’gépﬁ) cappries a E@%}Rﬁr n%foﬁe ﬁ?aftef‘ﬁ SBRMU ng
t er m nal (CthEﬁif}Eﬂelcmﬂhe:hldoflrst transistod swiaclsi @3). (QL) in a positive
f eedback mapner to form therewith a regenerative switch (31) that is
coupled toa control term nal (BASE) of said first transistor switch

(®). 30 8.3 Admpipparatis aseordinggte oClaim n Afustheracharacterized t hat
sai d current gyl gerddif@rr tRlZPrd 1&d i@ 'sefes ”ﬁlﬂﬁi@ﬁﬁi ik RARNERS a
switching transj t#o In salid erat,ive s gﬁg& \M&} n sai.d current
pul se exceedsSWlt¢ h&e&er%mﬂ "ct{éfnl?lggdéff’ n{e )sthat Is indicatiy

si gnal (VEQZ)oﬂ @ opmipihg poutibm eﬁemﬂabumm piilse sucih that Faid siwtrclde of '

T R O e

change of stanoecnhangeu during: reaidit ramping tpoirtion of said givenArcuargmr pulse,

accor di ng toﬁh@h”kﬁ&t@g@@ﬁ@ﬁ&&ﬁﬂﬁké h@{cf%d%a%nd c{\ﬁ:zofl?d?t hso"&e'iérrfl\f@d A

coupled to s enerative sw operati on.
10. An appar 3 csreandgsiggabliBR2)-char acteri zed i'n that sai d source
of said second SI gnal (VEQ2) conprises a conparator

15 6. An apparatus according to Claim 1 characterized in that a
change in said second signal (VEQ2) affects substantially more a
length of an interval between adjacent resonant pulses and
substantially less a pulse width of said resonant pulse.

20 7. An apparatus according to Claim 1 characterized in that
said modulator (31, R12) comprises a comparator, second
transistor (Q2) having a control terminal (BASE) responsive to said
current pulse, a first main current conducting terminal (EMITTER)
responsive to said output (VOUT) of said power supply and a

25 second main current conducting terminal (COLLECTOR) coupled to
a third transistor (Q1l) in a positive feedback manner to form-
therewith a regenerative switch (31) that is coupled to a control
terminal (BASE) of said first transistor switch (Q3).

30 - 8. An apparatus according to Claim 7 characterized in that
said current pulse (I11) varies in a ramping manner and produces
a switching transition in said regenerative switch (31) when said
current pulse exceeds a threshold level that is determined by said
second signal- (VEQ2) to operate said regenerative switch in a latch
35 mode of operation, and wherein said resonant pulse (VD) is
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10 (XA responsive to said output (VOUT) of said power supply and to . a
signal at a reference level (VREF) for generating an error signha

(I[err]) that is coupled to said nodulator (31, R12) via a feedback | oop
filter (C3) to devel op said second signal at an output of said filter. 15
11. An apparatus according to Claim1l characterized in that a :
capaci tance (C6) that |s coupled to ong f said main current ~ conducting

termnals (COL aid first- tran5|st r switch Q) substantlally
reduces a ra@@“@gg?&)n ffesgz?f“&f%‘fq ayyeitch g Eéﬂ‘@ﬂ»gE!@g’T B&t ween
said pair of dman erfrguate Za gaidlyegeneratbieniskdtch.Wwhen sai d fl rst
transistor switch is being turned off. - 12. An apparat us

according to Caim1l further characteri zed by, a regenerative swtch
(31) responsive td@.s#nl apparastus pcttardxﬁg tol KHanh)Saolﬂamotqﬂzmﬂ tin thatont r ol

cur rent. pul o i cieshad iR (VD) S R g S 27

switch, said dlsableeqbneil@nchv@pgmtmm operating as a latch, is triggered,

and wherel n said resonant pulse (VD) is coupled to sai d regenerative -
switch 30 (via R9)_for, disabling the |atch opgrati n said rcggeneratlve
switch and i s al sol@ouMt APRA§AUL; gc ng|taq rﬂal akgeferdze

fi rtst ht ransi sjaid fduﬁ:ehof {Ba@d rrmmﬂ Bfgiial bcwaeaascmpdxseeg@rwmpmr
?l\cl)mncgndt(J\c“tllaQ/R&?%) |fgéﬁ9?§lge hi“f‘fekyﬁqts a‘??i do@l?wg g‘E"WS&Bfieﬁ)

13 18. slgnah;apaa a‘eﬁereacc oledethﬂbEE) diom generatingcanreérrer signalhat
sai d resonant ng tiﬁ?lt 1¥Déo Q! &) %31 %ﬁdsal df (Sﬁarmz)t% %Mf&é&béé@lo%:n .

nonconduct i ve' & nagn sonant
range of val ule a(ICfgp EUR: O‘Et e‘?£§ﬁldd m@fnl tude - -
of said resonant pul se is outS| de sal d range of . val ues (>RAW B+).

14. An appps atus afforﬂl ngppa.ratus accor ul{ét Poe rCl%Pr%r 6l‘cE:ﬁ:Eu"azc(&enzed in that a

capac1tance (C6) that is coupled to one of said main current
conducting terminals (COLLECTOR) of said first transistor switch
(Q3) substantially reduces a rate of change of said voltage
(COLLECTOR-EMITTER) between said pair of main current

20 conducting terminals when said first transistor switch is being
turned off. '

12. An apparatus according to Claim 1 further characterized
by, a regenerative switch (31) responsive to said current pulse
25 (IL1) and coupled to a control terminal (BASE) of said first
transistor switch (Q3) wherein when said current pulse exceeds a
threshold level (VEQ2) of said regenerative switch, said
regenerative switch, operating as a latch, is triggered, and wherein
) said resonant pulse (VD) is coupled to said regenerative switch
30 (via R9) for disabling the latch operation in said regenerative
‘switch and is also coupled to said control terminal (BASE) of said
first transistor switch in a manner that bypasses said regenerative
switch (via R10) for maintaining said first transistor switch
nonconductive following a time when the latch operation is
35 disabled.

A



by, a.first winding (L3) of a transformer having a second wi nding 10 (L1)

that -is .coupled to one of said main current conducting termnals
_(CC],_LECTCR) of said first transistor switch (@) and to sai d source of
I nput supply voltage (RAWB+). for transforner- coupling said input
supply voltage to a control termnal (BASE) of - said first transistor

swtch via said first winding in a positjve 1 5 feedback manner to produce

said control sign G at st at

portion of a pe?i 0 ,'( ra&pﬁgg%sdaccordll%% & fﬁl(d GH? Eu“ n%?%?fil rsilé"i“d

contr ol ttermsra];adi rgsonantl pulset(VD) trramtnlms cn"aldV\fxrsIh transistar cswitckt (Q8ndi ng

in a positive fee er, 1 I

second state'{‘?ﬂﬁ#%%wgufi?ngﬂ% con §§r gﬂggfssaislgl %hﬁﬁ{(}ﬁ.{lggai a e

15. An appar awuhlmcammgofovdu&smam modh@s a swmdnagt transipy, a

regenerati v @Wbﬁcg'?lﬁ?’ ﬁrﬁﬁf’d@%ﬂ’ ald r'éé‘bﬂlant pusdy r1§”6uﬁﬂéesaﬁd[ﬁirf\ge) and
25 said tch

coupled to a contro (BASE) of first transistor s
(Q8) wher ei n, ofgvalugs (SRA BAV B portion of said period, when said
current pul se exceeds a threshold | evel of said regenerative swtch,

said regeneratlve h era es a8 . a a
first direction (Tf&\l&%‘ acc\%ﬁ% r‘i0 Qﬁ%‘“ﬁ eg F‘Hﬁ‘?&@ﬁﬂgg&%@ﬂ' gﬁjs '
cogpl ed ][o saby, rae@ﬂltar\aindmg ({cB)smftamamsfommabhawggt Res¢cnnsh ingi on
and is als U S t el ai d.
and 15 al SpchUi Gflal 9s SBubled to S, bp|sdid Haf? clintTebRUGLFAEO ST D
di sabl ed. termmals (@@ngmlﬁh Qﬁo%?édpﬁﬂﬁértfaﬁﬁﬁﬂf &Wbtﬁh &Sé a8gniR i si ng:
35 a Sg%lgg gﬁ{éﬁ@“ o:f;‘gtﬁlutts Iy V@lth%&e(RRJWV BY); for tran(sformer-d
ing a_capaci tane n

i nduct ance (L9SuRMRS Sak t’d’%lﬂg rxgﬁagestg & Fﬂﬂﬁf’ st umal @maag
? first tranSSﬁﬂoflrS%\ﬁti'ﬂiBlfl@) switch! eih tsaid dfirti wulmdm'gmn anplosﬁiveesponm ve
0 a peri odic nt
pul ses in €§ Ee“f‘mi‘ﬁ& % f‘J P?F?H?% %ﬂ)@dc (r)lgg tvq)sgts aClﬁ{s?n sai d
resonant cir csfate t (HIGH) e duning edfirst porten of racmenqdorwherem said

resonant pulse is coupled to said control terminal of said first

transistor switch via said first winding in a positive feedback

manner for producing said control signal at a second state (LOW),

20 during a second portion of said period.

15. An apparatus according to Claim 14 further
characterized by, a regenerative switch (31) responsive to said
“current pulse (Ir1) and coupled to a control terminal (BASE) of

25 said first transistor switch (Q3) wherein, during said first portion
of said period, when said current pulse exceeds a threshold level
of said regenerative switch, said regenerative switch operates as a
latch that is triggered in a first direction (TURNED ON) and
wherein said resonant pulse (VD) is coupled to said regenerative

30 switch for disabling the latch operation and is also coupled to said
control terminal for maintaining said switch nonconductive
following a time when the latch operation is disabled.

16. A switch mode power supply apparatus, comprising:
35 a source of an input supply voltage (RAW B+);
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'generati ng an. out put (VOUT) of said power supply; a second switch
(D6) -coupled to said transistor switch for 1 O maintaining a substantially

zero vol tage between a pair of nmain current conducting termnals
(COLLECTOR-EM TTER) of said first transi stor switch, during a sw tching
transition interval, when said first transistor switch is being turned
on; a source of a second si grlal{ (VEQ) for controlling a 15

magni tude of said output of said p r. supply in accordance with sai d
second signal ; and?® dIfEPRRRE CHECE t@\fl)e Inc ucﬁng a sappcatangei (Gokandoan 31)

responsi ve t dindupedricedi(L1)t foupled to aldadodrvBBY said inpusagwppigcond si gnal
and coupled to control termnal of said first transistor Switch

(BASE), said Y®JBRE&rative 20 switch operating as a latch that is triggered
when a first diffeaeficst transistosvessitclni (Q3)hicodpled toesaidd indwetahse omedir s,

g ; _ ! Y dviigs gadiog: X :
i sabl g thaesbOnsive. 184 CertGHIE? HERER TCdntEol Sitl &@8?‘?‘2 asBitRfe
such t hat curent pulses dmc isaishdnductancees (I 19a b0 eprodiied resenaminpupsgisse i s

coupled 2 5 t%\l)%ai&’ &9?:55:9! 5&:%_[1{? Mt b cHRipMAItD! BO1cadS LRt for
. of said f st

( NON- CONDUCT sw tch unchanged.

SHONTE o, -
17. An appar aB¢Reratiag: annguipntc( 91, SaKk POWEr SHRPHGt eri zed by, a
fi rslt - W nfli ng (L3)a0§%®dd andicl (D6)f eouﬁréldt tchrm@rﬁfansismép]lcsmhsabﬂ i nput
supply voliage to said con . ermin saj d first transistor
o Doh vi of QR falfint S ibRlantiatty, Fothq folunBe hener ™ ek S¥ 1A oy T
sai d control currest goonductiag fesiminalsn(COLIECTOR-BEMIRTER)eofrsmd firstse.
35 18. ' p upply; fgs LSl ho: . a
source of an ﬁﬁgﬁsrtgﬂ p%?f}a\l/’o ?%’%téﬁ %&Wﬁgﬁ% ArkRsitionMhtetvAE' when said
15 afirsts sransister r eWitch( is1)baing| timed @ttapacitance (C6) and an
i nductance (L1) coypidiftckCofal Secutid Sizrdl GARQA2) Nt contbolldhg a Vol t age;
a transistpor switch Q%) col Ie(g to %ald. nduct ance f\nd 5 responsive,to a
peri odi c, b MAETEBKie SiF SpighautpYolt spidPesver sHERDY 1n Accordance’ with
said second signal, and characterized by | - .
a regenerative switch (31) responsive to a periodic, third
signal (VBQ2) and to said second signal and coupled to a control
terminal of said first transistor switch (BASE), said regenerative
20 switch operating as a latch that is triggered when ‘a first difference
between said third and second signals occurs, said regenerative
switch being responsive to said resonant pulse for disabling the
latch operation when said resonant pulse is generated, such that
after the latch operation is disabled, said resonant pulse is coupled
25 to said control terminal for maintaining a state (NON-CONDUCTION)
of said first transistor switch unchanged.

17. An apparatus according to Claim 16 further
characterized by, a first winding (L3) of a transformer for
30 transformer-coupling said input supply voltage to said control
terminal (BASE) of said first transistor switch via said first
winding to produce a change of state (TURN ON) in said control
signal (V6) following a portion of said resonant pulse.

35 18. A switch mode power supply apparatus, ‘comprising:
a source of an input supply voltage (RAW B+);
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current pulses in said inductance (l[err]) to produce resonant pul ses
(VD) -in said resonant circuit that are coupled to a load circuit for
generating an out put (VOUT) of said power supply; a danper di ode
(D6)" coupled to said transistor and 1 O responsive to said resonant pul se
for maintaining a substantially zero voltage between a pair of main
current conducting termnals of sal 5tranS| stor switch

(COLLECTOR- EM TTER), when saj é ansi'’stor i s being turn&f

source of a secon srieaﬂwt(vges}}ti )éaﬁkqdéngmgcw&aaeep 6 3gdopns i d

power supply industa@edéhty sdupledato shidsourée soff daiddapdt s nglﬁn?ﬂ and
characterized bli a conparator, second transistor ( responsi ve

to a peri- ot ¢28%hi rd si ghal (VBQ) and to said second si gnhal and coupl ed
to a third transi sa dragsiddort ewﬁtu:hrr(QBQrewplledato espid eimbuctanceniandh 20 (31)

that is coupl -ct ' st | ST or
‘switch to glsgntg’gg{’gs@g f#eri i %%IF&P% red g?a{YQ for #WHS
operating as camrant:rpulm ins said ggguet@ncn al_fll)r to producei cesonanfhpulsesfir st
di fference beﬁtwa §NinS 3hid QSédrPﬂitCelrélﬁ'trﬂllaE #ed to %a'léia&‘%ﬁfaﬁ 3‘*)5”‘3'

Che I at ch opeBSRSTBTEnaN Gupt (VOLLED gk s M%ﬁ%"g&ﬂa Sated. o oo

3M9ndlA2 aE)par at us aa:c@aﬁlxﬁg g diode! €D6) ‘?‘fh pledt teersaid tehagiswireanded by aSLI rst
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i s disabl ed. a source of a second signal (VEQ2) for. controlling said output
15 of said power supply in accordance with variations of said second
signal; and characterized by
a comparator, second transistor (Q2) responsive to a
periodic, third signal (VBQ2) and to said second signal and coupled
to a third transistor (Q1) to form therewith a regenerative switch
20 (31) that is coupled to a control terminal (BASE) of said first
transistor switch to generate said control signal, said regenefativé
switch operating as a latch that is triggered in a first direction
when a first difference between said periodic, third signal and
said second signal occurs, said latch being responsive to said
25 resonant pulsg for disabling the latch operation when said
resonant pulse is generated. -

19. An apparatus according to Claim 18 further
characterized by a first winding (L3) of a transformer for
30 transformer-coupling said input supply voltage (RAW B+) to said
control terminal (BASE) of said transistor switch to maintain said
transistor switch (Q3) at a first state '(CONDUCTIVE) before said
latch is triggered and for transformer-coupling said resonant pulse
(VD) to said control terminal to maintain said transistor switch at
35 a second state (NON-CONDUCTIVE) after said latch is disabled.
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