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1 RCA 85438 DIV A A SYNCHRONI ZED SW TCH MODE POAER SURRLY R QD
i nvention relates to switch-node power supplies. According to the present

i nvention, there is 5 provided a switch ngde power suppkea 894B8i BIYIA a
transforner having first and second wi ndings; first sw tching neans coupl ed
to said first wwnding for storing energy in said transformer during a first
intecval of a switching s ONBZED SWITCH-NODENPOWERt 8UPRI.YTeans coupl ed
to said second wi nding and operated in a flyback converter node for
depleting said stored energy fromsaid transforner during a flyback
interval of said swi tTHe nipvention coelates mMeanswitcptrode opewed t r ansf or mer
and 15 resmgﬁa dp. the depletion of said stored energy for controlling
the duty cycle sald first switching nmeans; a source of an input voltage;
nmeans responsi ve to tARCREAING o the pregert iayentieny therentfg neans

for generati pc\idud Pl \Rritdle frhcde 2Goswer | Sapply ! t868praging:negative
feedback Circuit responsive to said output voltage for generating a control

voltage that is appli & teansfiormexahavdnge £igsti Agdsaeeondyvindingserval to
Gary the rate of Uonl el o dkledt Yeihs” ek leat 5! sla Furgty "0 o2 d
RCA 85, 438 Diwimdding fodaticring éarexiggndinngadld tiranpfeosmer duyingian,
i cne o AAERE SRR oR A MR O e B B aspect of
the i nvehoi on; Fl GURES <ot switching aeansciconpledstousaidrseepndi ni ng t he
run mode opergiddfhdladd odddtidd 1Y o ifPYBack WaVekbas!! HEa¥AELES:
SN depleting said stored energy from said transformer during a
flyback interval of said switching cycle; '
control means coupled to said transformer and
15 responsive to the depletion of said stored energy for
controlling the duty cycle of said first switching means;
a source of an input voltage;

means responsive to the cyclical switching of said
first switching means for generating an output voltage from
20 said input voltage; and
a negative feedback circuit responsive to said
output voltage for génerating a control voltage that is
applied to said transformer during said flyback interval to
vary the rate of depietion of said stored energy, thereby
25 varying said duty cycle in a manner that regulates said
output voltage. :



FI GURES 3a-3g illustrate additional waveforms 10 wuseful for explaining the
run node operation of the circuit of FIGURE 1 unde

a . | oadi ng
condition; FIGQURE 4 illustrates the constructionqﬂéAtﬁg |50ﬁ§§ﬁén
transforners that are used in the circuit of FIGURE 1; 15 : FI GURES

5a-5d illustrate what ¢k reetker jinderstandingi of thet BRES§NSper ati on of_the
power Supp'ﬁhxfb{n&&PRFréfeféx%BEﬁﬁﬁ 6w bk Ughda! epy! #d i gt evawpher ms-

useful for alning the operation, of the CIrCUIt of FI GURE 1 during

start - up,IQQJEh?'PQ¢9WBEW¥&¥% @FEWE??%Ul%noV FPRERE 1 that i ncor porates a
nmodi fication to incr o wer; FI.GURE 8 provi.des tahl e of
performance data of Eteffgﬁ? Lﬁcﬁl‘g’% foé'ﬁ(f 5“?81Yf SF'% 28 88n

pur poses, 2aspedtt sof ctheninvertiiqmwer supply; and FI GURE 9 provides a table

of additional perfor §iaé£;9c{ itﬁ squra% twaQrfqur% é%ﬁ%ﬁ so, for

conparison pur oses conven |ona power supp lustrates a
swi t ch- nodee nmmlye 30n (x@ms)omtimbafyw air&yﬁécpfoflsﬁefi
invention. 1 SMEsh A adifUsSsiéd: out put B+ supply vol tage of +145 volts at

termnal 99 that is used for energ|2|n for exanple a deflection circuit
222 of a tel evisi on FERERES3a %ﬁ%ﬂgi additional ¥RYSEPTPS t age V+ of

+18 vohps, ﬁé'@fu:ﬂrﬁof)cié:&)fﬁnit@lﬂlﬁ afhn ndd&icheratiiony ofoithegeihkeuik i s
rectlfled |n Sﬁ,ﬁéﬁ&? ‘%gélfler 100 tl&gl]r%an %ulated vol t age VUR
at terninal® 9ﬁﬁ%ﬁ§ RCA 85,438 DIV A
i sol ation transfornEFIGﬁREsAcinmnsnkdhﬁamﬁhetannstndctﬂ@hao&h&ha drain
sour e el octToHEERFh \FRERPELaACRt It i Shed Al P Yredibl B 100
conduct or, FEﬁ@BEerto herein as "hot" ground. The gate el ectrode of FET QL
'S 15 FIGURES Sa-5d illustrate waveforms useful for
explaining a standby operation of the power supply of
FIGURE 1;
_ FIGURES 6a-6d illustrate transient waveforms
useful for explaining the operation of the circuit of
20 FIGURE 1 during start-up;
FIGURE 7 illustrates the circuit of FIGURE 1 that
incorporates a modification to increase output power; )
FIGURE 8 provides a table of performance data of
the circuit of FIGURE 1 and also, for comparisen.purposes,
25 of a conventional power supply; and
FIGURE 9 provides a table of additional o
performance data of the circuit of FIGURE 1 and also, for
comparison purposes, of a convéntional power supply.
FIGURE 1 illustrates a switch-mode power supply
30 (SMPS) 200, embodying an aspect of the invention. SMPS 20C
produces an output B+ supply voltage of +145 volts at
terminal 99 that is used for energizing, for example, a
deflection circuit 222 of a television receiver, not shown,

and an output supply voltage V+ of +18 volts, that are both
35 regulated. A mains supply voltage Vpc is rectified in a

bridge rectifier 100 to produce an unregulated voltage Vyg
at terminal 100a. A primary winding W, of a flyback




coupl ed via a coupling resistor 102 to a term nal 104 where a pul se-width
nodul ated signal [err] is produced. Signal V5 produces a sw tching
operation in FET QL. A secondary 10 wi nding WB of .an isol ation transformar
TZ,” across which signal V5 i's devel oBed, is coupl eq}( JA. L) tqf 104
and the hot ground conductor. A pair of back-to-back zenet "dio 18A and
Z18B.provide gate protection for FET QL. Wnding WB, w nding [err] FET QL

conducror Lor1akiPe’ kepBsrBtnel 4T £ SRR RS RECHe Eithdr dg o) Dune
Fl GURE 4. asdm'al drainnedectuadenafica cpewen chappess MOSifiiled efifeste sinil ar

items or fyapklaRsr (FET) 6LCGURES 3a-3g illustrate waveforns useful for 20
expl ai ni ng H.& norﬁal( ste § “state operation or run node of the SMPS of

FI GURE 1 under a c&hst §mlr¢9a§1ﬁ§t€%€h¢fo\93$m%ﬁsw ®fand nuneral s

i Fl SREPI6URR1345360updbacts &1 Sbinién| éiucior dsdiiRa Y I N0, for

exanpl e, nterval er of FI.GURE 5 of a correspondi ven cycle or
period, tREXEER: &Fe" ugﬁ%ggna?hféﬁﬁel%l%‘?cf #éif-fjﬂaeieo the hot

ground coedupled ¥ia aacahalﬂnqgrEHs@roiozclwI%E ﬂemmwmwg
I nt erval kebﬁthLwEhngﬁoaa gﬁ&sggglggilvsh % gg@%& er "s]i Wgading [err]

of FIGURE 1"is upranping, as shown durr mtérval
[err]. Tpeodioes, ai sudtchingeopensgtion simrEET Q1 ¢ rén§enandaf]?l of FI GURE

1. A1Qi naihaahb wG Ek%Eis?elaEfJn Erasfdladic ™ bocrms waaeanduct I ve

After FET cone ncond the ctive 35 ener y.store

wi ndi ng [égéf‘ai %6riﬁs EY?% i?‘g tgmgﬂﬁ &% ndary
¥m Qg; ng [ehe] hei; g&a&a&oeaﬁauééorﬂ YQaﬁéfiP%ﬁ%aéi@iﬁi xﬁﬁrrespondl ng
ek nal s

% are rectified di_odes
RCA 85, 438108e§ ﬁlﬁ%a&ﬁdzigﬁ PF@?i@%t?@%‘F WPrekretion eﬁiﬁﬂ @&pacr tors 121
and 122, Wisdéogi Wgl ywzﬁdin@rmucﬁ‘m QIC amdl tsdgm®1BVsaadeVat respecti vel y,

that laﬁFe %olten% &engggtt grg gggerencemo the hot ground conductor. .

Transformers Tl and T2 are constructed in a manner

shown in FIGURE 4. Similar symbols and numerals in FIGURES

1 and 4 indicate similar items or functions. '

- FIGURES 3a-3g illustrate waveforms useful for
20 explaining the normal steady state operation or run mode of

the SMPS of FIGURE 1 under a constant loading condition.

Similar symbols and numerals in FIGURES 1 and 3a-3g

indicate similar items or functions.
During, for example, interval ty - t; of FIGURE 3b

-9 of a corresponding given cycle or period, the voltage of
pulse signal Vg is positive relative to the hot ground

conductor for maintaining FET Q1 of FIGURE 1 conductive

during interval ty — t; of FIGURE 3b. Consequently, a

current i; in winding W of FIGURE 1 is upramping, as shown
30 in FIGURE 3d, during interval tgy - t;. Therefore,

inductive energy is stored in transformer Tl of FIGURE 1.
At time t; of FIGURE 3d, FET Q1 of FIGURE 1 becomes

nonconductive.

After FET Q1 becomes nonconductive, th_e inductive
35 enexrgy stored in winding W, is transferred by flyback

transformer action to a secondary winding Wg of transformer

T1. .l-‘lyback pulses developed at corresponding terminals
108 and 109 of winding Wg are rectified by diodes



conductor, referred to herein as "cold" ground. The cold 5 ground is
conductively isolated fromthe hot ground conductor with respect to
el ectrical shock hazard by transformers T1 and T2. FET Cﬂ transforner Tl

and di odes 106 and 107 form an ou put stage of se wi dt h
nmodul at or of SMPS 200 includes a-10 bl ocking oégﬁ %§P ezﬁbodyl n

aspect of the invention, that produces sw tching signal [err] for

controlling the switching operation of FET . .Cscillator 110 includes a
swi t chitf§ enrdndP3iorespegbivalya nd Liltenedbdy oapacisoxissd2dontrol | ed or

swi t chgdaby 29! gﬁékpééf:ﬂrel%és £¥ rﬂt&ﬂxé’ﬁ\é’fué Rt Ee B+ anBr QUi des

positive feed I'n oscil ator devel opr ng signal [err] fransf or mer

T2 hasT&SPerkiVelyr nBhay fER 2 %h’éﬁ qnge FOffR8e [err] and
the cokbfdueto®| refegiredotoHeseld éératcdmdvdlqa@z{zﬂr] The eefiarenced to the

o5 of 8Fefead Lo cPREsEEINSEY chRpL et AR S AR SERRRd § coupl ed to a
di ode Béndiictorowithl respectttd2€lecthixhl rhavkohiazarasipyct of the
%R\éefr:];jt%g‘ sgﬁg?“‘&ﬁdieﬁ[sgtrlé]e{'?;ecouplé éﬁrﬁsoé l grigt?n congiuctor via a
capaci 186 end AQ7cf£prmi andontpat %#ﬁgQ1Qi:QhﬁuﬁMﬂs-voltage [err] devel oped
across capaci t of’ 561314&&1&&&&84@95@&9%@9@3 tZd@’in@”l%d@%eraef ore the duty

cg&%e of transistor durin %B%mgfrlo A capacitor C2 is
cddbl el Sﬁmgn%ﬁélﬁﬁereﬂ tr ‘E‘Jaﬁ%l%ﬁﬂﬂ“@%ﬁd‘% terminal 104a. A
r esi stdnvﬁhtrisncouphedpbedueea seitchitng lﬁb:naalndlstérom nal 104 where signal
V5 is dev n val [err b, rrent i 5 of FI GRBE
3c is ﬁPB gggf’ﬁ%égi gi‘%&%n‘éwé% '1F"'r IQE% ?ﬁﬁﬁzﬁi i s%c,sd%d'll@&"ﬁet ween

term nall® iné¢ladesl@dswiCohingttiansistér ROHAilyy  aise s produced by

si gnal eligctiroge EhFREs3R1s6NB6RESCLPERCHE Oéwﬁ?clﬁfd Hy3dgnkl ;a2 manner
R?AS85 138 DIV_ A that turns on transistor Q, ng i nt erval [err] of
Winding W3 of transformer T2 provides pos tive feedback in

oscillator 110 by developing signal Vg. Transformer T2 has
a primary winding W; that is coupled between voltage Vyp
and the collector of transistor Q2 such that winding W; is
referenced to the hot ground conductor. A secondary

20 winding W, of transformer T2 that is referenced to the cold
ground conductor is conductively coupled to a diode D3 of a
control circuit 120, embodying another aspect of the
invention, that is also referenced to the cold groun&
conductor. _

25 The cathode of diode D3 is coupled to the cold
ground conductor via a capacitor C4. As explained later
on, a DC control voltage V,, developed across capacitor C4,
varies the nonconduction time, and therefore the duty cycle
of transistor Q2 during each period.

30 A capacitor C2 is coupled between the base
electrode of transistor Q2 and a terminal 104a. A resistor

R2 is coupled between terminal 104a and terminal 104 where
signal Vg is developed. During interval ty3 — t; of FIGURE

3b, a current ig of FIGURE 3c is produced in resistor R2 of

35 FIGURE 1 that is coupled between terminals 104 and 104a.
Current ig of FIGURE .3c, that is produced by signal Vg of

FIGURE 3b, charges capacitor C2 of FIGURE 1 in a manner



FI GURE 3d. During nornal operatlon V\/nen transistor 2 of FIGURE 1 is
conductive, a current i2 of FIGURE 3d4n 5 winding [err] of FIGURE 1
increases linearly; until the'emtter voltage of tra%gl“stsé‘*?@, piivat i s
devel oped across an emtter resistor R4, is sufficiently high to initiate a

rapid turn- ogf ogeratlon of transistor Q2. Feedback resistor R4 is coupl ed
bet wegn t he“BfFt FBFRSf OB BF3PSLBEORRA0 durikng Hateswadr Sond sonalfict or .

Resi stor RApgeufgs3d.gradual decrease of current [‘€rr] of FI GURE 3c when
transistor Q2 of FIGURE, 1 is conductive until transistor 2 ceases to
conduct at time [ er rPuBing| poymak opexationy whenotrensdrEor @Rsofserves to
optim ze t hEIGUREchi kg conductiveanal ¢urdént pi,00fdEIGUREEBE Phot ection for

transi sgor @ndﬂi Ofs&tpi af {6k c?%ecé%%gi%? wﬂgg%ogP%err] reverses

polarity. The tur f operation i's rapl i ve feedback
caused by wemiitter\\Boltagevet opragssstgswl02/5 tm iisdidereadpledl aceosyi ndi ng

\\B d Y | F Th
conduct 1 on TRy eafeedr £6biEedr RE, 19 HFR Y BahC Pol tpsblars A

subst ant i al F§Pédrbuenrods mtabtcmobt)yttms@r mer et-‘eedbaeklvant ageousl vy,
the stored 288180k RA" £85608TE -Eﬂetm él{é”é?dﬁﬁ:%& Ok BEaRUEScor

nonconfpgt ive, IS 25 subst a const ant Iven T'eve oI t age
[err] weRBe the hek grewnd rF‘P‘Pﬁ‘é‘PW miResiate rwﬁéncausasu at gvadnal
vol t age [erd?caem sof V&&mm:emtarrs WO FIGUREE3eewhen €eansLstof gRWEanpi ng

current 14 3e |s uced I . wi ndi 30 W of transformer T2 of
FI GURE 1. (ﬁ%ﬁ;wi '6% ‘Eﬁ"’g’f a@j&%tgrt 92,ee88R8utPi ve, and
char ges capgepdeet ;at %IUP# ioff émé{q] BresESGJRERQeofFBIGuRgl]/en | evel
of\voltage & ] ut Le of tr I’ISI stor @,
t he charge a §6 ?&%%%{?F?%u_@éj? sai%as"g‘att@qu c\éf‘ﬁXg&Sﬂ 8941 E°  During
i nt er viP [ePF?V iderturtent| progeatiar ﬁﬂmﬁsis&meﬂﬂ.fou‘heheefmlwrd y
vol tage dropsithak ogite Dol tegs Wsices ividdiniew;! 2B0Eraes 0ss14kIEY Ng V2.

The turn—off operation is rapid because of the positive

feedback caused by winding W3 in developing signal Vs.

As indicated before, winding W3 provides pulse
20 drive signal Vs that controls also FET Ql. The conduction

interval in each cycle of FET Q1 and transistor Q2 remains

substantially constant or unaffected by loading.

Therefore, advantageously, the stored energy in t;.ransforxner

Tl, when transistor Ql becomes nonconductive, is _
25 substantially constant for a given level of voltage Vyjy.

. However, the conduction interval may vary when a variation
in voltage Vyp occurs.

When transistor Q2 ceases to conduct, a
doﬁnramping current i4 of FIGURE 3e is produced in winding
30 Wy of transformer T2 of FIGURE 1. Current i4 causes diode
D3 of FIGURE 1 to be conductive, and charges capacitor C4,
during interval t; - t4 of FIGURE 3e. For a given level of
voltage Vyr of FIGURE 1, and for a given duty cycle of

transistor Q2, the charge added to capacitor C4 is the same
35 in each cycle. During interval t; - t4, control voltage V,

of FIGURE 1, except for the forward voltage dfop in diode
D3, is substantially developed across winding Ws.



6 - RCA 85,438 DIV A In accordance with an aspect of the

I nvention, voltage V4 determnes the length of interval [err] of FIGURE 3e
that is required to deplete the maghetic energy ROAe85i438 Dawvsfror ner T2 of
"FIGURE 1. When, at tine [err], of 5 FIGURE 3e, current [err] becones zero,
the polarity of signal V5 of FIGURE 3b changes as a result of resonance

oscillations in the atdskqigrcelwitrantf espeictTas ther ehoestipasi tive curfent

[err] of C A . | aien e,  Wh rent [err] is
posi ti ve‘,’ﬂé Eau‘;s;“esfie}é {?ge%s?glteo#%ng}ﬂaﬁg %gtggi’%é %bndﬁtg‘t icd\#ré. During the
af or emerEIGURE! 3w richetd Uk | mequintest wa deplejteothE| GagRetibcoénergpsi stors QL
Eand Q ?ét&&éFﬁééur%%&emrd dfS FYCURE ;1@, wtﬁﬁahow éyﬁéngg,i nélerva!t
errL o . nsequently, a curren n opposi te olarity,
bs SowFIGOTE G TET e BROTGS dashe; the BOTOPLRY ohestgnadyi ng
I nt er val v esf |FISURE GHRichihgesd ashiao t@isudicodE Bésdméhcg interftl [err] of
FI GURE 3c. The resultjng .charge jn capacitor C2 produces a voltage in
capaci to?sfi’{l*#js‘m’n Jé‘ Siﬂ%r"f‘tg'&mt"rﬂﬁ qfe fFansgorper SE'ZOThFFﬁﬁQFSt or Q@
rapi dl y, pesittiveitcurrent 4o fof- FIGURE 3ic, isi generated]} rAserses polarity.
Control g | I S f t 044 hg, round
ExpLided e flrd, iR quéﬁg#t £ I&ﬁ §{>§$Eﬁ8 §/£ EagoLs 9

conductor,” controls e duty c " by varyi ng control
vol 1 8ge tragsSistoronl caphd)2 tro Bk cohduckdsiest or Q4 of circuit 120 is

coupled in a commE?E Sl i a ge of
transistor 4 is 0 %ﬁ?ﬁ%ﬁaﬁ?{&rﬁrgg urgl%hggadﬁ§g ?ﬁ iﬁ%%%%‘g bi ased

di ode D5%% rorré OF1 FFCPRE é&e#e&&‘?&tsgﬁtQRf.QiegESa? rOY/RIIGRE by gi zed by
vol tage 3ign&D Vg is negatiid,cdssishiownbduiringofintedvakt vpen theoenitter of s
transi stQr d terminal 99. As a result of the common base operation, a
current f&?%zi r e FURWENLIY & FUHEEnAP the OPPRgAtB+. An adj ustabl e
resist orpbbarity) as sisewh fi FIGURE 3@ tf1ovsechrotbhvehpasetBt, ces 35

coupl ed tht“?@?aé Wiqw t Qr candeapi i m nal between
the emtter o trgﬁ'sicésltk%jf and resil{.’cs’t or t§5§f Fz%y S o?gFéféi s used for
control | thgoesk diede RF duyringrinteral ty an$iuseSrFIRURENIG, aPhedj ustabl e
Preset  resulting charge in capacitor €2 produces a voltage in

capacitor C2 in such a polarity that tends to turn on
20 transistor Q2 rapidly, when, at time t, of FIGURES 3b,

signal Vg reverses polarity.

Control circuit 120 of FIGURE 1, that is
referenced to the cold ground conductor, controls the duty
cycle of oscillator 110 by varying control voltage V,

25 across capacitor C4. A transistor Q4 of circuit 120 is
coupled in a common base amplifier configuration. The base
voltage of transistor Q4 is obtained via a temperature
compensating forward biased diode DS from a +12V voltage
regulator VR1l. Regulator VRl is energized by wvoltage V+.

30 A resistor R51 is coupled between the emitter of
transistor Q4 and terminal 99. As a result of the common
base operation, a current ig in resistor RS1 is
proportional to voltage B+. An adjustable resistor RS,
that is used for adjusting the level of voltage B+, is

35 coupled between the cold ground conductor and a junction
terminal between the emitter of transistor Q4 and resistor
R51. Resistor RS51 is used for controlling the  level of the
current in transistor Q4. Thus, an adjustable preset



7 ' RCA 85,438 DIV A portion of current i8 flows to the cold

ground conduct or through resistor R5,7and an error o} ur r ent
[err] flows through the emitter of transistor T%@ng}f@%§ {) gufr*rent of

transistor Q4 is coupled 5 to the base of a tranS|stor @ for controlllng a

col l ector .pg&.li._g_ghegg E{xi@éhﬁt gre f@%w%[hg? htg‘é e&;]tc{ (}f dans:ﬁ,itél%l%g tof orm ng

a high out rrg ance, Junc
and di ode BBrows nrﬁﬁéﬁ§9§t 85:@n§e€0n€8rﬂnn©@mmnh/@ﬁ rmusiemted.genergy in

transforneg;fgs1@ g,ggﬁeé 8“&{:&?{:&4 %o flo %v%%/% rg%ﬁ?de D3 into capacitor

C4, as |nd|cated on 0 ply is obtained by
control ling control Thel Faééeworvou:aget\mfltsrmistdﬂ &4 Liys @:miprlcdd ing the

| oadi n@ acggsgne Bﬁhego%?aOErah’sl%ESE”Bﬁ %@rb%( ﬂ%&iﬁ o PR, B 15

The col |l ector current of transistor rrent source havi ng

a* hi gh out FHEFEREeREntEansisE|EpREe ¢ %a%‘el?‘é#o@ﬁ I#é-‘tal’@éﬁt@treﬁks a
f1 ywheel . fomﬁagda &i@heoutbﬁta?é&aﬂéephfé g&:d;mid itD> ML GuntqpACi tor

C4 during err to the gnount 20 of charge
that is rebn‘gée Byc Pﬁﬁ ?Fo 8%’?:3&'@1 %e‘béf"’laﬁ‘ s&oFeR%per i od

[ er r} A 0FI CorESmas- ﬁdncbhdat:tﬁire the esvored Létﬁétdy fiﬂf t@apisFotimeg trize
regul 4tQ on t t oadi n
g cangea! bﬁQr@fxt k!gs Y E % \Fiéiéﬁ%%ﬁ ARES %Ggégé?:%&o% ég g

conditions. Simlar nuner 4 and
3a- 3g i ndi 88t énglﬁ.natad befnreor Regulavion of tthe powercsapplly, itsine [err]

of FI GURESoBta2ded! bg ae%fo§MDﬁ§YC§ﬂ€féﬂtvéIl§E§égl acrvsitsaeavlf,t% 121 of

FIGURE 1 d vol t te crease a resul of the
i ncrease i %85’%??33888&” F?ﬁﬁg?éfg*‘ % °§I§e|”ilné\;-€ﬁ Y2 €811 ector
current . Thcan"sﬁbi%me.‘tot‘taﬁ9 MéaRb &f GFEngLstdy Q@eP, capacitor C4 of FIGURE 1
beco smal | er ef or | onger tinme requi red in each perlod for
depl g?lssng t he store@‘?nﬁﬂﬁ?ﬁi’é"ﬁng‘?ﬁﬁe‘ﬁoﬂ# ‘ﬁf& r Qf2 $hatyfogmseki ng
osci | | at oral¢Orrefitesouraaeshaving(® higlhnestput impedance, is coupled

to capacitor C4 that operates as a flywheel. 1In steady

state, the amount of charge that is added to capacitor C4

during interval t; - t4 of FIGURE 3e is equal to the amount

20 of -charge that is removed by transistor Q3 from capacitor
C4 in a given period tg - t4.

FIGURES 2a-2d illustrate waveforms useful for
explaining the regulation operation of the SMPS of FIGURE 1
under different loading conditions. Similar symbols-and
25 numerals in FIGURES 1, 2a-2d and 3a-3g indicate similar |
items or functions.
After, for example, time t, of FIGURES 2a-2d, the
power supply current loading across capacitor 121 of FIGURE
1 decreases and voltage B+ tends to increase. As a result
30 of the increase in voltage B+, transistor Q3 conducts a
higher level of collector current. Therefore, voltage V4 of
FIGURE 2c across capacitor C4 of FIGURE 1 becomes smaller.
Therefore, a longer time is required in each period for
depleting the stored inductive energy from transformer T2
35 of blocking oscillator 110, after transistor Q2 becomes
nonconductive. It follows that the length of the interval,
ta - ty, of FIGURE 2a, in a given cycle, when transistor Q2

of oscillator 110 of FIGURE 1 is nonconductive, increases



nonconductive. It follows that the |ength of the interval, [err], of FIGURE
2a, in a given cycle, when tran3|%tor Q@ of oscillator 110 of FIGURE 1 is
nonconducti ve, increases 8 .. RCA-85r¢A885[#38 Annwley reduced

| oadi ng condition. The result is that the duty cycle, that is the ratio
between the "on" tine to the "off" tinme of transistor Q decreases, as

requi r e@n&eg Eé@@éédrféé&fédr Ofondition. The rdshit @adynskakfe Vol tage ™4 is

stabilized at a_l eve auses an .equilibriumbetween the charging and
G| oohar SRhg CHten: Chak Lo, e tore £5) Balhedn (B oo LIBEL A0e CBE s sanabl e

of causf‘ogf"adﬂmetageﬂmﬁsismmr@pcdécmaég/, @scateqquiriedndgeri n vol t age
[err] agrggégsx%éuf%t% anmplifi cat i on and current I ntegration of the
t

col l.ec urren rahS| st or i n capaC| t or In a transient:

condition, as | R BECIY (SRS Y%ltEFQﬁ ‘éb(é?pﬁé’vabéﬂ-é&?ér athén +145.volts,

vol t age I %'Pﬁ%ﬁﬂhﬁ | GURE 1
tendsgt%éﬁéi]tﬁha%g%glﬂﬁéga%gnn t hat tenc]é:tto nu‘ﬁ fy %ﬁ\fﬁgo%r gmentloned

t endenci8rFhasgingecurrents Rf cerRAGHRY Godudde | ﬁ#@e s, regul ation
i s obt avetdage B+NEsatapsbi€ s acdudBiyleladvdhtidiRoslygma case, a short

I b 110 th
Slr(r)\C/:J:jltﬁggﬁggéi%ggi ] g%? ghw%hiéé e‘giﬂfaz#ﬁ §éf e fea? %rsgllggggdescrlt bgz
| al €} oampLhfiecattoy, aadtemlﬁmty hitemtdtolpn Bf tthedeoldeston | | | ncrease

?qufigt ¥o%¥g#§u§£= #ﬁgn%%%é‘gﬁa%gl onéjaz‘gcj‘ﬁ?ﬁec'?\?al ?& tap?'trﬁ&lsg‘t Ql varies

with cueeaditiondi ag long asrvoltage Bihkse foxt expmpde,i gm:oped
Pr ocesswsnvouageoﬁtstwropwguw g:mntdearea@et age [err] is acconplished_,

A'so, 2 changs | RReGreshff be Ehat gv@Lrp&? Jeope STERE 1 5RB68: Panal |y
gréd ercﬁhﬁ&éeihnaVﬂéhﬂéﬁ tHat h&@ndm&\hm.f!‘}f UheS YFVrleménitiondd ¥ after
the er rgrnagng:g ;[) o.lB.talgg ﬁ‘fp tl:o increésee under reduced loading.
Thus, regulation is obtained in a negative feedback manner.
In the extreme case, a short circuit across winding W,
could inhibit oscillation in oscillator 110 thus providing,
20 advantageously, an inherent fail safe feature, as described
later on.
Conversely, a tendency of voltage B+ to decrease
will increase the duty cycle of transistors Q1 and Q2 in a
manner that provides regulation. Thus, the nonconduction
25 interval of transistor Ql varies with current loading at a
terminal 99 where voltage B+ is developed.
Processing voltage B-l; for producing control
voltage V, is accomplished, advantageously, in a DC coupled
signal path for improving error sensing. Also, a change in
30 voltage B+ is capable of causing a proportionally greater
change in voltage V,; thus improving error sensitivity.

Only after the error in voltage B+ is amplified, the
amplified error contained in DC coupled voltage V4 is
transformer or AC coupled to effectuate pulse-width
35 modulation. The combination of such features improves the
regulation of voltage B+. '
Another way by which an arrangement similar to
control circuit 120 is used for regulation purposes is



anplified error contained in DC coupl ed voltage V4 is’t ransformer or AC
coupled to effectuate pul se-width 359 nodul ation. The conbi nati on of such
features inproves the regul ati on of Voltage B+. AnoRE#& 885438%y D ¢h an
arrangenment simlar to control circuit 120 is used for regul ation purposes
IS 9 RCA 85, 438 DIV A shown and expl ained in a copendi ng
pat eqt~ appshowhi andCBxpAainedsin @UcepePeliony patEEntc appli i @b3GB+iled 19

Cct ober 1989 kbl S . | . : PO Yo RCA 85439).
There. a vat P230eE, 0.8, PRCdRE agt b WAL S EAAS, ek 1
i s transfoPREPbesuaP8s ,t entiddwdod: IS YHCHRONIFED SWIRCHTMORE ROWER coupl ed
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signal. A
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Zener di odeolgleddtantagaqttdvoth befeirator.t agahét thramifoime® volts. In

accordance_w.t feature of t.he inventio zener Jdi,ogde 4 limts_the
frequency 8?“838% VQ?%'ngla,ar&Fslg spwé:o % ﬁﬂ% tgﬁet t:'ﬁ'reu%?étﬁ%si stors
Q@ and QL. prbducling aapulseewidthrmodundated caontral esigmaXhe | oad i s,
advant ageously, linjted for providjng over-current protectiqn. For safe
operaii gn, i tymay ﬁ%%’?a#‘ég?og% %%.‘g%%rﬁhrifoﬁﬁﬁ' éﬂ‘ttqf (?rr] I n

wi ndi @ [ eFesiskenyRop Retyann dhe hagaesiand codlector edegtsndesart. This
means t hat hITE r [ st%k f.er alyVase Shorter than
the m ni rrutr:n{- e%gieﬁ'l n%é of %%‘rur% ?f%e 01$4bl oC %\%g‘%%dcq{%lg't ?B'n?foss Thi s

condi ti on ¥3htRIE ¥4 ¥R %b?h“bpﬁé" YWt hoi ce of the primary inductance of

transformer T2 and {hea¥a@bi@anbe Z606h 4 fclitd¥e of AUMWMRAIAIDN 1S
I Nk at ed bgpgger ting SMPS 200 in a_| ow power operation node. The | ow

power oper3 @de o8 Ut dmikE nthe L HRARANERE R PIT M ALRE KR ATps bel ow
the minimum cut-off time of transistors Q2 and Q1. 1In this

way, the maximum power transferred to the load is,
advantageously, limited for providing over—-current
protection.

For safe operation, it may be desirable to have
20 secondary current i3 in winding Wy decay to zero before

transistor Q1 is turned on again. This means that the
decay time of current i3 should be, preferably, shorter
than the minimum decay time of current is of blocking

oscillator 110. This condition can be met by a proper
25 choice of the primary inductance of transformer T2 and the
~— value of zener diode D4. '
Standby operation is initiated by operating SMPS
200 in a low power operation mode. The low power -operation
" mode occurs when the power demand from the SMPS drops below
30 20-30 watts. For example, when a horizontal oscillator,
not shown, that is controlled by a remote control unit 333,
ceases operating, horizontal deflection circuit 222, that
is energized by voltage B+ ceases operation as well.
Therefore, the loading at terminal 99, where voltage B+ is
35 produced, is reduced. Consequently, voltage B+ and the
error current in transistor Q4 tend to increase.

Therefore, transistor Q3 saturates, causing a near short
circuit across winding W, of transformer T2, that causes



30 20-30 watts. For exanple, when a horizontal oscillator, not shown,
that is controlled by a renote coratrol unit 333, ceases operatl ng,
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upranpl drtlon of a half wave rectified voltage of a signal [err].
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FIGURES Sa-5d illustrate waveform during standby

operation, indicating that burst mode switching operation
of oscillator 110 occurs during an interval tjo-ti3

20 followed by a dead time interval typo-t;3, when no trigger
pulses of signal Vg are present in the blocking oscillator.

Similar symbols and numerals in FIGURES 1 and Sa~5d
indicate similar items or functions.
A parallel arrangement of a capacitor C3 of FIGURE

25 1 and a resistor R3 is coupled in series with a diode D2 to

form an arrangement that is coupled between the hot ground

conductor and junction terminal 104a, between capacitor C2

and resistor R2. A diode D1 is coupled in parallel with

capacitor C2.

30 During normal run mode operation, capacitor C3
remains charged to a constant voltage Vg by the positive

voltage pulses of signal Vg that is developed in yinding W3
each time transistor Q2 is conductive. Thereforé, during
normal run mode operation, capacitor C3 has no effect.

35 bpuring standby operation, capacitor C3 discharges during

the long inactive periods or dead time, as shown between
times tj;,-t;3 in FIGURE 5b.



‘conductor and junction term nal 104a, between capacitor C2 and resistor R2.
A diode D1 is coupled in parallel wth capacitor C2. 30 Duri ng
normal run node operation, -capaci tot1C3 remains ChREGEBSLMBR BaARshant

vol tage V6 by the positive vol tage pul ses of signal V5 that is devel oped in
wi ndi ng WB each tinme transistor I s conductive. Therefore, during nornal

run node operatlonxmﬁe@ﬁ&té @té@&maeu‘fe%tf FIBGUREDEAI B8 &t 406EN
operatlon ggg %i:%re%ggs di SGRALAES 1 du lﬁ Qnghg,gafé Yfodifid ds or dead
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current [e 1 that,is produced by voltage differentiation in
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conductiv nsi st beco ctlve ul se of
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conduct i VB°SSF#YFaPP§IS?o°ﬁo$ma¥ u%i At Prasiaed dp wRRCdiRgsWiothakscr | bed
bef ore, o} V, e magni tude of the base
current o?a?ré'ggéléf%sgwgs% %@géléen{ofmér#aji‘;n{al n tgran5| stor @ in
saturation, as col fteidarlyrtenmoymal scupmods Mperatdeon thate¥rsr vol tage

V2 i 10 eagescaifedl sa%réerfiaﬂsﬁ@@é%z deifa 1165 WdndutiiRal yhei1l ransi stor
@ is tur ned- of f. fa e across capacitor C2 produces negative current

[err] thatbgi %ﬁ&#ﬁﬁgecaﬁa'éli‘?o‘i’a& EE Nty ofy £ 19 Q2 A& nt ai ns
transi st oinglfifficieht 0td maintaid'st tONEH S0 QRN tsattralt Jongakisve current

15 is |arggg EEEBrt 8akr@ tgt 29% i‘?é) gfa%%zﬁare%elner %ll%@%o§a§8ls\ﬁgéent in

t ransi st or IS zero an nsi s r'emai ns Honconduct i ve

magni tudeVaf Regeasee %mr%#gnqlervs] deicreageE 1 Thecsrsylsnds| thathan
currqrg [g&g}‘sg_gg&?l Eoisqgui'ﬁe&-éffd on again and positive current [err]

IS generate

The voltage across capacitor C2 produces negative
current ig that discharges capacitor C2 via a diode D7 and

that maintains transistor Q2 in cut-off. As long as a
magnitude of negative .current ig is larger than that of
-20 positive current i;, the base current in transistor Q2 is
zero and transistor Q2 remains nonconductive. When the
magnitude of negative current ig of FIGURE 1 becomes
smaller than current iq, transistor Q2 is turned on again
and positive current igs is generated. .

25 During a substantial portion of a given conduction
(- interval of tramsistor Q2, current is flows entirely via

capacitor C2 to form the base current of transistor Q2.
Because collector current i, is upramping, the emitter
voltage of transistor Q2 increases in an upramping manner,
30 causing the voltage at the anode of diode D2 to increase.
When the voltage at the anode of diode D2 becomes
sufficiently positive, diode D2 begins conducting.
Therefore, a substantial portion of current ig is diverted
by capacitor C3 from the base of transistor Q2. The résult
35 is that the base current becomes insufficient to sustain
the collector current of transistor Q2. Therefore, the
positive feedback signal path causes transistor Q2 to turn-
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25 During a substantial portion of a given conduction interval
of transistor 2, current [err] flows entirely via capacitor C2 to formthe
base current of transistor 2. Bggause collector current i2 is upranping,
‘the emitter voltage of transistor Q increases iBCAnSaH3APIVigAmanner, 30
causing the voltage at the anode of diode D2 to increase. Wien the vealage
at the anode of diode D2 becones sufficiently positive, diode D2 begins
conduct®¥. TPhusf drhe peajupnRddtiude o qugrest darisngetrerrined djverted

by capagy tie G $&PBE RoRARFe O alcRosisSapabltorThg.result 35 is that

t he base current_becones insufficient to éﬂﬁ%@#ﬂg$h§§f%%£6Ctor current of
transi stor . THRFADANteREYL S0t rvEr2 e JP2~ Pt h causes

t ransi %szaméﬂfcwrdf FIGURE 1 is chargedRBi 55348|&v@| l&uafehi:i ighus, the
peak a ltude of current .2 | bl e t age V6

acr §ss ?)’é%g?’fﬁ' d?.u‘{ﬁﬁ‘? r#gf i"rT“tS W ggr ?eg?‘émégcflﬁ%g%ﬁgﬁﬁ,gfgapaci tor C3
of Fl GURErgers Voltpge W mhsitt becomesr progressiveby Yargefore, voltage V6
of FI GURE 5b beconmes progressjvely larger,. Vol tage V6 that becones

pr ogr esSTVeFY ékﬁ ?nékﬁég£9t#ﬂ§ rﬁﬁuéﬁ%ﬁ?q ﬁ?gﬁvgpcgﬁrpﬁﬁteach cycl e that
occurs Pecurs ein aintexrvyl di oeitapReE BEGURES ok d ke Renpmsi vel y | onger.

10 ' espondi ng nonconduction portion of each cycle
t hat oc%ﬁ?gr?%%%gvg?&fée#?], capacitor C2 of FIGURE 1 is discharged. The

| eh& h of the noPevirma icoriesrondingnancessustdoncportieachicycle is

det er ni @gehbyyéle thdae oosits eth fitetvaihang-og, £ agaedito’l2 msuch a 15
| evel that causes a_nmagnitude of neglative current [err] e smal ler than
t

to
that of FR6URE| Leig digpharged] . Theylengido ffudbeoRorseeeySEiB8cones N
progr essht@kval 0bHCE rHLSBEST (PP A (e cH -2yl ec 13 Gettelrhined By essi vel y
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i nlfhe ba¥elothatseansesra Qpagnityde ofymegative) quargst dsnsenBecti on
intervakgalier than that of positive current i,. That
nonconduction interval becomes progressively longer because ?_
capacitor C2 is charged to a progressively higher voltage
and also because the magnitude of current i; becomes
20 progressively smaller. Therefore, positive base current
will begin flowing in the base of transistor Q2 after
progressively longer nonconduction intervals.
At time t;2 of FIGURE 5a current i, is zero.
Therefore, burst mode operation that occurred during
25 interval tjg-t;; cannot continue and the long dead time ~
interval tj,-tj3 occurs in which no switching operation
happens. At time tj;3, positive current i; is generated
again and a subsequent burst mode switching interval occurs
in transistors Q1 and Q2.
30 During the burst mode interval tj;g-t;» of FIGURE
5d, the length of the conduction interval in each cycle
increases progressively, as explained before. Such
operation may be referred to by the term soft start
operation. Because of the soft start operation, capacitor
35 121 for example, of SMPS 200 is charged or discharged
gradually. Voltage V¢ by being lower than during run mode
operation maintains the switching frequency of transistors
Q1 and Q2 of FIGURE 1 above the audible range in SMPS 200



At time [err] of FIGURE 5a current [err] is zero. Therefore, burst node
operation that occurred during 25 interval [err] cannot continue and the
l ong dead time interval [err] occurs }h which ne swRcAi 8§,488ermtv an
happens. At tine [err] positive current i7 is generated.again and a
subsequent burst node switching interval occurs in transistors QL and Q.
30 of HAGURE 1 kthrddughioutodatiertanyval o+€fJ ofoFIBUREREaRd, asha | ength
of the conduction interval i'n:each cycle increasessprogressively, as
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frequenly dfrdnsfoamsry ofQ5MPSI 200 of FIGURE 1 ibpvadvamtageodsky; ange in
SMPS 200 I fqs FI GURE 1 throughout interval [err] of

FI GURE 5a. séﬁ?%éﬁkggﬁiiiﬁéqﬁé% soft start operation,and of . the high

swi t chi ng frequency ThE BWFs fedlsy oPesetdop, dyEdng Lytesyaki t1atachani cal
vi brati on ige iFEtRPIse PibdudesAROIRLER! ¥+0b£SHPEURA01 Ot FA GURE 1 s,

advant ageouslﬁlfjtﬁsiuostantial |y reduced.” The burst node operation during

interval [&t% entoieved: to sagbde $he; ogerorigp ef € $oBtER}f i ci ent
level 10 enabite 33 P FRURY 19 RiRige standbyl. lfecatisé SB3thé HheSRE 1,

during standby. Bec e of .the burst node operat| nergy consuned
S 200%dS AReTe ARy s eRvEe cpoeoneR. 13, 8BS, 208 §8r1 S han

during nor redimten medlesulpstraitial 1yl doyergr ateaboutafewdtitsy thanrequired
dury cyol e SpFRR o 3 el qpdeatloh *0 B0 LT D T ey than dari ng
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QL, oI Sexaspd fat S Wehdtte |UiGloll Rt B335t @ R8erbspBndingr dbekager QL

duty cycle of transistors Ql and Q2 that is substantially

lower than during run mode is required. The length of the

conduction interval in transistor Q1, for examplg, should

be longer than the storage time of transistor Q1.

20 Accordingly, by operating in the burst mode, the conduction
interval of transistor Q1 in each cycle can be maintained

longer for obtaining the required lower average duty cycle
than if continuous switching operation had occurred during
standby. Such continuous switching operation in

25 transistors Q1 and Q2 occurs during normal run mode
— operation when no dead time intervals such as interval t;,-
ti3 of FIGURE 5d occur.

The SMPS has also a soft start;up feature, as will

now be explained with the aid of waveforms in FIGURES 6a-

30 6d. sSimilar symbols and numerals in FIGURES 1, 5a-5d and
6a-6d indicate similar items or functions. The start-up
mode is similar to the stand-by operation. When the power
supply is first turned on, capacitors C3 and C4 are
discharged and there is no forward bias on the base of

35 transistor Q2. Oscillation is initiated by feeding a small
portion of rectified AC supply signal V; to the base of
transistor Q2. As illustrated by FIGURE 6d, the oscillator

duty cycle is initially very short, or the interval in each
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20 Accordingly, by operating in the burst node, the conduction interval of
transistor QL in each cycle can be I ntained | on f tai.ning the
required | ower average duty cycle tlﬁn if conti nugg:;\ sﬁ’?ggl ﬁggogerat i on
had ‘occurred during standby. Such continuous sw tching operation in 25 :
transistors QL and Q2 occurs during normal run node operation when no dead
tine int anedies wheah LENSAsEP¥aR2] éfr poperpuckive AsRENE oREFaAUTEe STPS
has al so & iy e ¥RahdFowh@r &2 Wl heaoviparcadidiviedwd th the aid of
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Short, or Lhe i nt Sryar 1o adh Shory, Sidbulelde Wi 9 0, VO o

when trarBRGURE 12 for eowepdeucSMPS 290| grgs bakaar iptRKmiEtentf
transf or migdael opexdtad,| M @2&A6hiNArt Randeschar aigd seme-inpr C4.  The

char on capacitors C3 and C4, and vol,tage B+, buil I ver a
perig§ of°poe’5ﬁﬁiﬁ" Bodiec, FOX STGMR4en éfG%ﬁEa%@?mNM ‘g{) &?%% egi ns
fol | owi ngis o midomiltedip then ingrease dnshurrert riziflawingrni nal 99 of
FI GQURE 1+ ff yQudiX Y8 dhda winidd b;';ﬁslgﬁt{?rﬁﬂsf&nﬁ‘éfnﬁ udEyle, operation,

in asimlar nner to the stand- operation node. For exanple, if
capaci t orhigfiielr gfedatGfer biiass tohdeivediopcacrods & hresistamsRé ithaurrent -/
[err] fl o r I i (H fahkra auses a
hi ghfr ngﬂa?%v‘ghb%gbto ge%&%e\gcr%?sggghggé%g?o?éRG%% r?%r%%%%l ed to the
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through a£Hdistdid QF A i it dratRS st ko R 1bApS2E ST 86 ELEMELEO Clanp its
: COlleCtorvoltage V4 to ground. The consequent loading of
transformer T2 causes SMPS 200 to operate in the
intermittent burst mode as described for stand-by mode
20 operation.

The low voltage supply portion of SMPS 200 that
produces voltage V+ may be arranged to operate as a forward
converter in case of, for example, high audio power
requirements. FIGURE 7 shows a modification of the circuit

25 of FIGURE 1 for obtaining forward converter operation. A
resistor Rx and a diode Dy of FIGURE 7 serve as an overload
protection, as explained later on. Similar symbols and
numerals in FIGURES 1 and 7 indicate similar items or
functions. Should an overload occur when the modification

30 shown in FIGURE 7 is employed to provide the high power
audio supply, resistor Rx senses the excess current and
provides negative bias to the emitter of transistor Q3.

FIGURE 8 shows, in a table form, the variation of
voltage B+ caused by a corresponding variation in a beam

35 current flowing in an ultor electrode, not shown, of a
television receiver. Voltage B+ energizes the deflection
circuit output stage, not shown, for producing the ultor
voltage and the beam current. FIGURE 9 shows, in a table
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voltage V4 to ground. The consequent | oading of transfornmer T2 causes SMPS
200 to operate in the intermttent b_uLgst node as described for stand-by
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16 RCA 85438 DIV A CLAIM A switch node power supply, i\ mwm
transforner having first and second wi ndi ngs; first ch\mHﬂ“mu | ed
to said first winding for storingéenergy in said transfofner during®a tirst
interval of a switching cycle; second sw tching neans coupled to said
second wi nding and operated in a flyback convert RCAhAEIHDIBEMA eti ng Sai d
stored energy fromsaid transformer during a flyback interval of said~

swi tching cycl@A®nirol neans coupled to said transforner and responsive
to the depletion of said stored energy for'controlling-the duty cycl e of
said first swijtchi dg switel modsopoyeroSupplynpgompsisddd: neans responsive

to the cyclical syuiddHirih0aNANY fi3t By SBLBHREAALhGS, generating an

out put voltage from sai nput vol tage; and a negative feedback circuit
responsi ve to sfist Guitchiny wmems Coupded gbi Bgid €opseol voltage that is
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second switching means coupled to said second
winding and operated in a flyback converter mode for
depleting said stored energy from said transformer during a
flyback interval of said switching cycle; '
control means coupled to said transformer and
responsive to the depletion of said stored energy for ~
controlling the duty cycle of said first switching means:;
a source of an input voltage;
means responsive to the cyclical switching of said
first switching means for generating an output voltage from
said input voltage; and _
a negative feedback circuit responsive to said :
output voltage for génerating a control voltage that is
applied to said transformer during said flyback interval to
vary the rate of depietion of said stored energy, thereby
varying said duty cycle in a manner that regulates said
output voltage. i .




