A SW TCH MODE POAER SUPPLY 2266813 This invention relates to

. SW t.ch- node power supplies. Some teélevision receivers have input stgnal 5

terngnals for receiving, for exanple, external vigdeo input signals such as

R, G“nd B col or video inp#tisignals, that are devel oped relative to the

comon ground conductor of the receiver. 3uch input signal term ‘nal s and

the recei ver common. conductor nm be coupledtocoiﬁspondl ng - %\%
P ‘ S uch as, exa
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the external deviced d"PFf?nFéF’Qvnghﬁﬁxf'eEBi §Y§?L‘J€°*‘ﬁ‘g°g §round

conduct or s sappiliesr.ecei ver and of the external 15 devices are connected

together so that al lsohe e od1S 13ATE B 6L haudEnshenBlahhBcS of each

external device are couple correspondin term nal s of
the redei vEerminadscfoam rgcedNdogenfort ﬁ&awﬂrﬁmnelseﬁanéi-oviéﬁf’e&@lﬁuﬁev| ce,

such as of sti%atl%| SchH %% 'keC@ Wed B”&bl@@ Z'Qdeae.llﬂp E' Q%h&!ls, Eﬁat
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that ener gP¥8s SeNS1ORRC, Felafkdye ﬁ& EBRERMEBRJIGED dl §°ﬂ PEEPF0REi ng, a
user touchithg Felc@ifveial Swth iinpat signadt eekmfhalé ahd chernnacéméﬂct or
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ground con%&gﬁ?fl % gqc&ﬁ e 3, g’ﬁ Fﬁé‘é&%ﬁ?. gpgrgfp{mé% ﬁ?ﬁﬁ% of the AC
mai ns ls@ppltersdmads @t qomooindcopduetors difeexternali deviggseabughby a
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coupled to the correspondlng input signal terminals of the
receiver, In such an arrangement, the common conductor of
each device, such as of the television receiver; may be

20 held “"floating", or conductively isolated, relative to the
corresponding AC mains supply source that energizes the
device. When the common conductor is held floating, a user
touching a terminal that is at the potential of the common

_ conductor will not suffer an electrical shock.

A 25 ' A floating common ground conductor is isolated
from the potentials of the terminals of the AC mains supply
source that provide power to the television typically Sy a
transformer. The floating or isolated common conductor is
sometimes referred to as a "cold" ground conductor.

30 In a typical switch mode power supply (SMPS) of a
television receiver, the AC mains supply voltage is '
coupled, directly, without using transformer coupling, to a
bridge rectifier. An unregulated direct current (DC) input
supply voltage is produced that is, for example, referenced

35 to a common conductor, referred to as "hot" ground, that is
conductively isolated from a cold ground conductor. A
pulse width modulator controls the duty cycle of a chopper
transistor switch that applies the unregulated supply



RCA, 85,439 DIV A 2 voltage across a prirmary wi nding of an isolating flyback
transfornmer. A flyback voltage at a frequency that is determ ned by the
nodul at or i s devel oped at a secondary wi nding of the transformer and is: ,
rectified to produce a DC 5 output suppl yRe®I8R0E39 DEWV &S a B+ vol tag’e\-"
that energizes a horizontal deflertion circuit of the television.receiver.
The primary wi.nding of the flyback transformer is, for exanple,:

conductyoiglayet At faop&% figt wghamagt agnéycwéla{mgwy wi ndi ng- of

t he fbeack transforner__and e HZE%e conduct1 vely isol ated

from t FFARGEFEFd @bﬁﬁ&@?&* ppltagenst- Eof SPFEEB kR by the
tL ansf Qrew::mi]ﬂedrw ltexhéjﬁfbldhﬂhltert fssyec8lopedeat he sxsmmqn of -the )
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di skl a;m'd:pm: tshapptlaf &nltrame,r mhvss aj B+rm9lbeg¢ mhmremim € to couple
a hori zp f&ﬁ Ié&i%n%i'reh&et o;stﬁsfeéf&efgiaﬂ td&e £, ground 20

a or: IS referenced to th hot ground such

tothe

t hat s"gleatﬂwré( ﬁﬁﬂﬁ%ﬁw&? th@c&léfpﬁﬁkt brapsforenti®n £®here i s provi ded

a Iswn tcaacam LRIy colipled 86 tha aeurgeaaidaf?nweaﬁuppl y

vol t ag neans ergi,ze p volta nd responsive

to a - "Lqe}rﬁyr 311“5(1@%9%?&9‘ g%ﬁ@%’ﬁf’# 8r¥?5€?§‘ﬁ?ﬁ ?ﬂ‘g&fsuppl y vol t age

anl Qut puilt:agqolu;awddd agmduottivied yr é.gollated fnomctive daokcegrdumd a tinming

nmodul atd §¥1%}rg%%nﬁg€a%dagp 18 988km, g g&aeﬁéorner i ncluding first
W N

and seco irst swtching nmeans coupl ed to said first e
mnndlnGQ%ﬂf ing in a given frequency for generatlng a first swtchings

.current in sardiﬂ iy weﬂdiesafam&nebgszraca@bﬂiﬁecm@l dpegationa capacitor;
second s neans cou %9 t% ss secg g: E% a )d to said capacitor
for re® %ﬁ q#iﬁ o porjzopfa a?ﬂagﬁ R PR t o generate
thbﬁefrﬂnnépreventing the occurrence of an objectionable visual

pattern or artifact in an image displayed on the televisién

receiver. S

. It may be further desirable to couple a horizontal

synchronzzing signal that is referenced to the cold ground

20 to the pulse-width modulator that is referenced to the hot
ground, such that isolation is maintained.

According to the invention, there is provided a
switch mode power supply, comprising: a source of an input
-supply voltage; ‘means energized by said input supply" ,

25 voltage and responsive to a modulated control.signal for N
generating from sald input. supply voltage an output supply
voltage that 1s regulated in accordance with a tlmlng

_modulation of sald_mpdulated control signal; a transformer
including first and second windings; first switching means

30 coupled to said first winding and operating in a given
frequency for geherating.a first switching current in said
first winding tO'energize said second winding; a
capacitor; second switching means coupled to said second
winding and to said capacitor for rectifying a current that

35 flows in said second winding to generate therefrom a _
rectified current that flows in said capacitor to develop a
first control voltagé in said capacitor during a flyback



rTectdified current that flows in said capacitor to develop a first contro
voltage in said capacitor during a flyback RCA 85439 DIV A interval
saidg&gpaoitor bei ng coupled.via said second switching neans to said second
wi ndi ng for applying said fjiust control voltage teo*said second winding to
produce in 5 said second“nding a second control szvol tage when said
rectified current is generated; means=Pesponsi ve RCAs85E39uDENt Asuppl y
vol t age and coupled to said capacitor for controlling said first control

vol tage such that a change in a nmagnitude of said output supply voltage

froma ndmteavaly waisk daracidon kring capled] viacgaidaageond a nagnitude
of said swdehisR)incding/Ad agEd lcdia GeMMd DG debP éﬁiagﬁﬁeoasi&ﬂ' ndi ng;

nmeans coyRl.eqd to said transformer and. havi ng, saj d_second control voltage
coupl ed %ﬁ'@s&t Eqﬂ%{‘f ivt?q'tq?ﬁ%% rﬁﬂ"'%ﬁ??fb‘g%a‘ﬁf"ﬂ%ar:? PRPERGEl ifhen sai d
15 r8ct i Sadd sevondt windjene raatsedoridrcorsntoI Wolltagé dwhennsadaner coupl ed.
second c l¢ 5 Eﬁg&. jr r a_Level that
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vol t age; ., _and_nea respcgmsi ve to sai.d sawt oot h signal _for generating said

modul at edc BnfRIRISUGE, o fsAtch QYtRYYy SHRRAX(YRAEAFR EXeR| *snerinador dance
wi t ROsai srafliues themeiofo producege arp ampdilfifel schadhdaitinita Abagupehdevol t age.

11 ust bl 22 igh sebondt cdtiqioyateads char &< Heviiorat o, s419H aURes
2a-2] i | Fecongt windiager mmeans woupdeds to eqgilditransidemerinandde oper ati on
of the cha¢iny ehill Fdlond control voltage coupled thereto via said
transformer during said flyback interval when said
15 rectified current is generated, for rectifying said
transformer coupled second control voltage to generate a
third control voltage at a level that is determined by said
second control voltage; a sawtooth signal generator
responsive to said third control voltage for producing a -
20 sawtooth signal outside said flyback interval in accordance
with said second control voltage; and means responsive to
said sawtooth signal for generating said modulated control
signal with a timing modulation that varies in accordance

' with said first control voltage to regulate said output
™25  supply voltage.




1 V\,hen Ioad| ng i s constant; FIGURES 3a-3f illustrate waveforns useful for
expl ai ning the run node operatlon of the circuit of FIGURE 1 under a

varyi ng | oadi ng condition; 10 FI GURES 4a-4c illustrate wavef ng;
of the circuit of FIGURE 1 during an overload condition; and FI GURES 5a
illustrate a transient waveform ysef ul fochax@ISaHmSngDIHerperatlon of the
circuit of FIGURE 1 during start3up: 15 FIGURE 1 illustrates a
swi t ch- node power supply (SMPS) 300, enbodying an.aspect of the invention.
SMPS 300 produces énéegrawigg: B+ output supply voltage of +145 vol ts that
I's used for ene zing, for-e | l.ecti teIeV|5|on
‘receiver,, not ég SRE 1an ?grg) Mﬁgj ﬁfﬁ? lg’ljp%qx}u\?g:lrta 65 V+ for
ener gi ai powerr snpp&ycembodjringcm \aspext tafie tﬂzﬁ ei\m@rmiqtecel ver. A mains

supply vol tage ?é&b thki ﬁg&k? a0 produce an

un;ﬁegulggctpggivgl aghk%éaﬁlﬁgréﬁ ngﬁ é-'rhﬁ rﬁail c"Jhgoppegf back
sf ningsthej xun € JOPRX: £ rquity

el ectr gdgneh 2oRavRy ygfgghgtgn@ffect tranS|stor (FET) QQ haV|ng a source

el ectrode that is coug S tég gl onnon condq%g ref%%Fﬁ to herein as

o "I grOl:JLg?l iTF‘I&tF:fEHRE S(iaiubdé ‘Etltbmgfi/mh qiutcaxt-twiadt wm e? co%rlol A

si gnal explalnin nger opera @ at or

pri maré\hy g% g #’¥§f§€ %é I{'rjar Tl is coupled between terninal

IOOa & XSEY 8?r ope and a .collector electrode of a -

sWi@ching transrgsmg 4athat iltu::mmetavqfqm%@ﬁmm odrewidt or 35 _

101. The ¢HcuRe" 10bu E.ﬁBSAﬁtB{reﬁoa& &onpletb 0 dde hot ground via an

emtter current sarrg§ g resistor RLO for devm*gg 3F$éﬁfltage V5, across =/

resi stor R10, t KU, 8poft FHhustrte, 3 ransg VEHOq®r 1] of -

transi Wsefuldl for eRS&aiﬁﬁng46ﬁe Sherdt FOBGET R -Giraditusif at e vvavef or ns

usefuIFE%bRiral I ni,n s@ar@ornal steady state operation of the SWPS of

=

urin
15 FIGURE 1 illustrates a switch—mode power ‘supply
(SMPS) 300, embodying an aspect of the invention. SMPS 300-_
produces a regulated B+ output supply voltage of +145 volts
that is used for energizing, for example, a deflection
circuit of a television receiver, not shown, and a
20 regulated output supply voltage V+ for energizing a remote

control receiver of th_e television receiver.
A mains supply voltage Vpc is rectified in a

bridge rectifier 100 to produce an _unregulated' voltage Vyp -

. A primary winding WS of a chopper flyback transformer T2 o
25 1is coupled between a terminal 100a and a drain electrode of

a power MOS field effect transistor (FET) Q2 having a '

source electrode that is coupled to a common conductor,

referred to herein as "hot" ground. Transistor Q2 is

switched by a pulse-width modulated control signal or
30 voltage V, that is produced by a pulse-width modulator 101.

A primary winding W1l of a flyback transformer T1
is coupled between terminal 100a, where voltage VyR is
developed, and a collector electrode of a switch_ing_
transistor Q1, that is included in pulse-width modulator

35 101. The emitter of transistor Q1 is coupled to the hot

ground via an emitter current sampling resistor R10 for
developing a voltage Vg, across resistor R10, that is

proportional to a collector current i; of transistor Ql.



+FIGURE 1. Simlar synbol s and nurreral s in F GURES 1 and 2a-2j indicate
simlar itens or functions. 5 > During®*anr*interval [err]eof FIGURE
2f qf a given cycle or period of the switching operation, a base voltage
[er?}‘of a transistor @BQ-iof* FIGURE la is atR@Rr63439s,DE@Wding a positive

pul se voltage [err] to b&:ievelLopf -at the col l‘egtor of transistor BO0.
Vol tage V30 is coupled via a 10 network 81 to the base of transistor QL,

gauzl n%Z B ra][lS:: ;Stogéﬁugbs ka-pyr mgdueardﬁéiwﬁvéﬂbmanhséfuwf@f FI GURE 2d A
I ode 0 IS _Ccoup et_ en the c ecto or

Gnd tho. BAPAINGOS she BPRRILSEERSY SEaCe aPerebiohi Sk Che SHES\SE hack

bi ases JFIGERE?QA.. 185imilar symbobsrand anmenadsvinh rIGWRESleaﬁJRE 2h, a

transi st g _Q%O QldlitéaggRgéLﬁl?%a?_ggﬁgng gfhégtgglqs in conjunction wth diode

D20, er misavo via a resjst ‘R30 ta.the gate
el ectt ode of tranQ‘?ﬁ&g ep ipgepvaduts iETGRRE o f(ébé &390 ti ve 20

\éf&ggEez\é}cq@JS%%s de’ﬁ%‘&' %@Eh@zfﬁﬁtéﬁihgr BﬁQrQE.}QHr I ngé% e{rgﬁ%a% E) ]fl of
corr espoJrYéPn EF%G%E s%ﬁtﬁﬁd&gﬁ ?goﬁﬁﬁtﬁn ﬂ% % gt'V\%ea!ﬁd ‘W:ﬂtsr'espect ively,

of Fl GUREauisingne s:tosd.&imedpuﬂ.seeve&eagg Vo traurked clemelopkd atd the 25

A SWéo‘i.Teg,Q;or of tt&%?é'igtgh Q30. oltagt i‘r’gﬁﬁo%"fl‘*d G di ode

D400 current mting resi ving a
resilkl@ancetwarko &1 &osehendiasg wifntrags¥stor Qlancausimg tmanmhster

transi st @is ¢d pRNEuPhed JnCARFYAL YAtekvalSt e \/{4&4 FIGUHE 24y ned on.

Transi st or Is turned on by a flyback pul sé at a horizontal rate [err]

that is GE40de®20 @f PICURE ilt:o msapogpieécbe‘éweepr‘éhetcolbec'é@r\mf
coupl ed itg-alnf3d dtdze QBfO ta'iﬁ”%h%t %gt@‘lelegﬁ.%&EUSBt ﬁi‘an@lsébﬁ'eqi err] Of

FI GURE 2 0 2 e erval of 35 si gnal
of _FI %Sﬁgigkre ?RH' TSl St (}Fa %&ﬁ?}l& %%ﬁ%‘g&% éoﬁw | npedance acr 0ss
ndifdg WB that | Saking mﬁo&mwailtz-tm&m @hs & causing, by a

” ansf OF Barfdildt¥t oS0 FIetREAiE 1Y nonconductive and, in

conjunction with diode D20, permits a voltage Vea, that is
coupled via a resistor R30 to the gate electrode of
transistor Q2, to produce a positive voltage V5. Positive
20 voltage V5 causes transistor Q2 to be turned on during
interval ty-t4 of FIGURE 2j. Consequently, upramping
switching currenté i; and i; of corresponding FIGURES 2d

and 2j flow in windings W1 and W5, respectively, of FIGURE

1b and store inductive energy in transformers Tl and T2.

it 25 A switching transistor Q4 is
coupled via diode D400 and - a
current limiting resistor R400, having a low resistance,
across a secondary winding W3 of transformer Tl. While
transistors Q1 and Q2 are conductive, transistor Q4 is

30 turned on. Transistor Q4 is turned on by a flyback pulse -
Vy at a horizontal rate fyg that is derived from the

horizontal deflection circuit. . Pulse Vy is coupled to the

base of transistor Q4. Consequently, at time ty of FIGURE

2d, that occurs during the horizbntal re_traée interval of
35 signal Vy of FIGURE 2a, transistor Q4 of FIGURE 1 applies a

low impedén_ce across winding W3 that loads transformer Tl



collector current [err] of transistor QL, as a result of the transforner

. coupled I ow i npedance. Collector current [efr]in tdsansi stor QL «dewsl ops a 5
sense voltage [err] of Fl GURE 2d across sanpling resistor R10 of FlI GURE I\p
that is coupled via capacitor Cl to formvoltage [err] & erm nal 11.
The step increase in current [err] of FI GURERSR §p- ﬂ?ﬂeD& auses a step
increase in a voltage [err] of~=Fl @RE 2e at terminal 11 of FIGURE la. 10
After the step increase at tinme [err], each current [err].of FIGURE 2c and
vol t age [¢auging, mma:maﬁﬂmam@yttwmm@r step inczeasper impi ng manner at
a rate theslliectist esut et lx;i ofe tiradisdisapzeQaf, wshdi pgsllt o¥othage [err]

I s devel oped at an i nvertj i npyt .termnal of -a conparator or 15

anpl i fi er*XARSIQEMRT (Gupied How Hﬁﬁa}?ﬁe'term nal that is coupled to the
base of transistorCoBledtor dmm:‘emn dg dni te:lansgstognell devedbpage [err].

Al i §i ergdRse t&SSA I@%,q;t n a a as- a
resul% of %igspos‘?t Ive é% eesdbac pat 29 %’?&gg %pgm 'E% 9&%¥§th!‘- k?g coupl ed
bet ween ewﬁtEmUmrlbmhaarﬂ:a icopples stior cRpacdtorr £13i spofo®in and t er ni nal
11. Ter mveltdde i W, £ WP eeninaine1i.nventi B8epnpitrbasdi pal cabreéngpar at or

. and A Sq E‘afét.]ﬁé“% ALY LT S ef 1AERERbECTA0R COTDAT Al o1

u2. 25 SI 1S cou such os ator viat | ow

i npedancevelkagel By, toBBIGHRS Zyatsmlzéé ©fc FIGORENdAg ti nings in

SMPS1 800 A&éb%ﬁ@%@@@tﬁkcﬁﬁw'w tiR04$E))C Yoa chSeulE renRC g OBigzat i on i s
desirable for 30 preventing an undesi rabl®. di.st urbance in the di spl ayed-

i mmge. A RISUREc2¢candivoltags alyf P@rr‘i‘ﬁ@pi’-&gae[ GPF]:imlasatQOI t age divider
fornmed byg ‘?&géé;gri_nl?ggo r% Qz%te g:%%‘tp'i%d in the forward
ve | np a

direction term [T fier U2, where

vol tage [¥%%¢ VRY dhey, in ‘?ﬁ?‘!ﬁﬁ ‘fiéidrﬁ%l 1ot P&FPﬂeeﬁ’wzisThe
out put teaew% ékfl 26Thh T{f¥etids .ﬁ(ﬂtﬁ! %x‘fdﬁxa@. Eﬁ! & 'c%%lp‘éx%rt‘ﬂxj oresi stor
R112 © ter nlz{lfie% 1051 n d zi‘mp](.)ifviear U3 has an output terminal that is
coupled to the base of transistor QBO for developing
switching signal or voltage Vig- :
Amplifier u3, transistor 030, _ and trans:.stor Q1 _
form an oscillator as a result of a positive feedback path
20 via a capacitor Cl1 that is coupled between emitter current
sampling resistor R10 of transistor Q1 and terminal 11.
Terminal 11 is coupled to the inverting input terminal of
comparator U3, and also to an 1nvert1ng input terminal of

an amplifier or comparator U2. - \;J

25 '
Signal Vg, that is coupled to such oscillator via the low
impedance formed by transistor Q4,'synonronizes'the:'
switching timings in SMPS 300 to the horizontal scanning"
frequency. Such synchronization is desirable for

30 preventing an undesirable disturbance in the displayed
image. ' | ) - _

' A voltage Vy;; is coupled from voltage Vg, via a

_voltage divider formed by resistors R200 and R201 A diode
D202 is coupled in the forward direction from a '

35 noninverting input terminal of amplifier UZ, where voltage

V331 is developed, to an output terminal of amplifier U2.

The output terminal of amplifier U2 is coupled via a

relatively small resistor R112 to terminal 11 and also via



. RCA 85,439 DIV A a diode D12 to one plate of a capacitor Cl2. The ot her
plate of capacitor Cl2 is coupled to the hoet ground. Tine t4 of FIGURE 2d
fol |l ows the gradual upranping increase in current [err] between tinmes t3
and™s4 that, in 5 turn, 1iows t he aforenentlone 5t e 8 i ncrease rise at
time t3. At the tine t4, drtaggngrr] of BCAURS/389hek¥ed | arger than
voltage [err]. The result is th the voltage at the output term nal of
anplifier U2 becones zero relative to the hot ground., Therefore, voltage
[err] i3 diode| DhPetotcna gplatel ¢ dycapgacihap @l2.er rrhna'lbthfezarrpl ifier U2
via resheieg 5&18a%£@f£&?ycf&“iédé(o ]EH' YdieHe FRAGLRAG) -

Simulta eousl r os a aC|to hat has been
previousl y" char g’E’B"‘? romn 1? ;b& grr? F&éo“&ﬁa‘“ﬁir?? i s

cl anpedincresse iH cuf&émtvifihetheuhaﬁIﬁES ard E@OEhathainbecones
conductj ve s vol tage err] to be cla ed to a sulstantially smaller
val e (FOFBp £0F 1R¥S EBS pforencniinned REEH Ancreass ise 8t Gimea DC

vol tagetzierrl}tl@ejet/-’mle)prad arolxageniViiy epfi REGURE 2eihecamesi nal of

conpar aj gEgeB. tna/&wéﬂ@a&ér%l .S &h@d%@dﬂ:f o uﬁééaese[eéﬂa éa a
resistive voltage divid ‘ime to or t4 of GQURE 2e, voltage [err]
beconmesatnthe coutpuln terminpl [of rampkifier 2 baﬁomeﬁezelrarrpl ng operation

VI a resrelﬂti@éot@ftﬂféméroﬂ'ﬁtﬂ efmaeﬁwegutvoam@el Vigris of FIGURE 2f
ut . term nal of_conparator U3 of FI GURE |ncreases as a result
oup‘F "ﬁ‘gp

¢d| tQgEexB VRl ts Py khe opfpustargingd, ofppmplifier of FI GURE
2f si gv2l vid OréSpétds RDLY) e&héfbﬁﬁl&;ﬂmayofdiecﬁufgahgsmbamm@rt ransi stor
0 of EiPURE% ﬁﬂ@ﬁéo%%s'étﬁwm& éaeo'i'régsgc 0351 and Vhen

tran3|stor furne t~ causes bot tran ors to turn
of f. Cmcmbtmtyclzhetumrmmmmmmlgy charigedn £romer T2 is

transfe¢'rds£eiagy¢zawea &a@mﬂswm'mo\/\ﬁnanm!ua asdc2ampbl £ 2ebbl ter
ESCI tor_C66 in a flyback operation for producing output 35 supply.
a

gevelts wiaia figde \R12 ggPiode é’%ﬂ%dlfé&? wegomesi nding W. In the
_ sanme necomductire cneaggestvortadge Vi1;7 to be clamped to a

substantially smaller value that provides a Schmitt trigger

operation in amplifier ©U2.
A DC voltage Vjjq is developed at a noninvert:mg

'20 input terminal of comparator U3. Voltage Vy;9 is produced
from voltage Vga Via a resistive voltage divider. At time
tgo or t4y of FIGURE 2e, voltage V;; becomes smaller than
voltage Vy;9 as a result of the clamping operation via

’ resistor 220 of FIGURE 1. Therefore, output signal V;, of

Efﬁ FIGURE 2f at the output terminal of comparator U3 of FIGURE
1 increases as a result of coupling voltage Vg, via a pull-
up resistor Rpy. At time t4 of FIGURE 2f, signal V;, that

is coupled to the base of a driver switching transistor Q30
of FIGURE 1 causes transistor Q30 to turn-on.

30 When transistor Q30 is turned on, it causes both
transistors Q1 and Q2 to turn off. Conseduently, the
stored inductive energy in transformer T2 is transferred
via a secondary winding W6 and via a diode D6 to a filter
capacitor C66 in a flyback operation for producing output

35 supply voltage B+. Similarly, voltage V+ is produced via a
winding W7. I ' '

In the same manner, the energy stored in
transformer Tl generates a flyback switching current in a



transfornmer T1 generates a flyback switching current in a RCA 85,439 DV
A .secondary winding WA of transfornmer T1 that turns on a diode D3 and that
continues flowing in a capacitor C3. Thus, capacitor C3is coupl ed across

wi nding W via switching diode D3 after ti RE 2 The Y
result 5 is that a DC control gltage [eerE' ggF%glRé:ﬂ devel oped in
capacitor C3. The magnitudé of<®0oTtage V3 is controllable, as described

| ater on. Control vojtagvgq V3.in capacitor C3 is coupled by the transformer
acti on secendarynwirding W RFf wransforgesr FinEhat2tRrES| ONrdctified by a

di ode [gibdefBs éﬁ’d ﬂwgtts‘dm:ﬁxé@rﬁldwin\golihaaechpae]ttoﬁ @3filter capacitor
C6. Durlgg nor mal era a”%@@'Stor | a,gperates as a

conduct F SV\F?EW: %s‘:%]t @c\ygst‘sow&nfiri ?MCX Rcitor Cea to form
contr ol Sv&tchgeg[@im]let%taﬁtse% dimentioi Sfl FIGHREI 2Pe vEREaBESWAL The ratio

of woltagethae &[HE]cdRerél vaRaGe I\& @@?&@Rﬁdlbﬁsthévéﬂéﬂédrﬁhl o of
w ndings W and W, After tine [err]

Fl GURE FaPRSLEEF sChar gERe magn %Pft é’ﬂ%‘ﬁ&P Xé Q%FP?F%SQ&%‘F' Fi GURE 1
forms aabi g8séspBEant&ter ton Thagmitaral, viiltiage, vgoinecappbétorncar val [err]

of FIGURE 2e, a current flowing in resi R Il and R112 FLGURE | a
char gesigafaEPisd ’@Ylth%n‘EF%“%gﬂ“f‘Eﬁ t(sj‘\ﬂnn G f P§§P§%F§ Rgfeiﬁﬁd R121
char gesWeapfict ransfoement T2 iand [i9 rject ifdledadpy wi1ddode Bwpufe¥i on bet ween
25190re kéhﬁ&inglzocaﬂérﬂ%i &'Jé v ! lsav el f&qeekoeasaeu?&rzds that is

control ed b | tage V6a of After time [err] each of voltages
[err] of FI GURESJQaia@anEﬂal mﬂim,y a itrangds&orn O8n ofpFampi ng manner
at a rata eﬁeﬁﬁﬁéﬁeaﬁl"@tceﬁdﬁkﬁﬁénsm&yaad icoppl¥s ivoltagecVigor C3. 30 "\

At tlrregerr ﬁ Vv e#err] d g [ e |;_that S
B T R e s NG
Consequést bybstantiadlyeceqiabftd| @IRgRe Vg.r aﬂ‘b.esret-i@cfoPOFF@GRE 1is
tugned Ll ¢ SS1fgd WSS Rt ePhih@dPBy! thaCtuPhs AatEIPbAI ned
windings W4 and W2. :
After time to or ty of E‘IGURE 2e, when .capacitor
Cll of FIGURE la has discharged, the output terminal of
amplifier U2 of FIGURE 1 forms a high’ :.mpedance. )
20 <Therefore, during, for example, interval to—t4 of FIGURE
2e, a current flowing in resistors Rlll and R112 of FIGURE
la charges capacitor Cl1, and a current flowing in

resistors R120 and R121 charges capacitor Cl2.
At time tg, a voltage V;pg at a junction between

25 resistors R120 and R121 is at a level Vpcrof FIGURE 2g, _
that is controlled by voltage Vg, of FIGURE 1a.'. After time
to, each of voltages Vj; and Vypg of FIG(J_RES_ 2e and 2g,
respectively, increase in an upramping manner at a rate of
change that is detetmihea by voltage V3' in capacitor C3.

30 At time t; of FIGURE 2e, voltage Vi3 exceeds
voltage Vuo that is developed at a noninverting input
terminal of amplifier U3 of FIGURE 1. Consequently, at
time t; of FIGURE 2e, transistor Q30 of FIGURE 1 is turned
.0off, causing transistor Q1 to be turned on, as explained

35 Dbefore. S L o

At a later time in the cycle, time t; of FIGURE.

2g, upramping voltage 'Vlzo,at an inverting input tefminal

of an amplifier U4,' exceeds a reference voltage REF at its



&

'35 Dbefore. At a Iater time in the cycle t|rre [err] of FI GURE 29,

uprarrpl ng voltage [err]at an inverting input termnal of an anplifier W4,

exceeds a reference voltage REF at its RCA 85,439 DIV A noninverting

i nput™ erm nal . - Consequentiy, a transistor Q40-becenes nonconductive, that

enabl es positive voltage [err] to_be devel oRGA &£5:¥B8 HBEE Af transistor

Q. Therefore, transistor 2 begiTls—conducting, as expl ained before and as

5 shown in FI GURES 2h-2j. As explained l'ater on, the | ength of the

inter vgl nobenvértmﬁgFi@EE Céxrmhgallr acmgécp:exﬁayqf aFheddnflsiktior .

noncondugkpV A0Eha &less v D ode

D20 prevgﬁ?sﬁ?ﬁgﬁggﬁggﬁ ?Plt’%ag??stor Ozl%gﬁsr%%q’ge?o%%t\ré S dher t han

t he dut yteybeedeveloaedlatotheylbasdnu.sf m&mm.y mecbefanm

transi st t | v of
es:aasi &2‘ bggfas péaﬁ&&% ats ef gfa%p%f&:% ehhd &4’

vol t age V120 o wer e ‘han vo ta transi stor @ of
Fl QU 1SHP§Ht naEEG%%ﬁ %‘s?ﬂoy :g:lained 1ateIR&"|vsF ReBOtH net wor k
81 perm 6§ theeintétrvak, [eg+dst mﬂ)@mmmlzghahehhanahhtiasgatethoes hol d

Fesi ot o T FAORE' 1208, A08Eoitdetfog TRt il wiitde g oY B0 20
At tinme décoéasesiReandcyvivkevehsal zont al fbeack pul se VH occurs,
Lransi stor Ot 00%hLal onag! e blals R de e MOLURBLNIRIB

trapsforner T1, as éxplarn hus rrent
i nc éhsegrpapchwangthﬁehea mammm cyrile ofntaansisgiorcQl,he 25

'P &EI ?gﬁgtg:hﬁsﬁ 88vaREAG %gg@ 1A %Hsagt%nzﬁb@' ibﬂ&@hlbri:x tEEreOﬁgﬁg of
RCA Li censi ngi’%ée%}d?g??bn, t\nf? I%WP%N%XMCP&\E ggﬁ BE Y 13!(! time t4
of FI GU%fZEIGUREtzgeWéﬁérﬂli@ﬁéﬁnma@%oiﬁﬁ&mﬂmaltx{aﬁl’sﬁ]sﬂiﬁ azeldfg the

osci || at?iebﬁﬁ‘tl ﬁi&ﬂ{: ybegglcllés!t?{-os etg and U3, as explained before.
Therlesf or e, :

‘Resistor R301 of network 81 permits gate voltage
V7 to become higher than the gate threshold voltage. When
transistor Q30 becomes conducting, diode D10 by-passes
resistor R301, causing a faster switch—-off time of
trans,is.tor o1. - T

20 At time t3 of FIGURE 2c, when horizontal flyback
pulse Vy occurs, transistor 04 goes into saturation, short-

circuiting winding W3 of transformer T1l, as ekplained
before. Thus, current il of transformer Tl increases
U rapidly at time t3 of FIGURE 2d. The manner in which the
25 increase in a current such as currentil occurs is exolained_'
in European Published Application 0332095, published 13
September 1989, in the name of RCA Licensing Corporation,
entitled A SWITCH MODE POWER SUPPLY
At time t4 of FIGURE 2e, voltage Vii becomes
30 higher than V;;,, triggering the oscillator that is formed
by amplifiers U2 and U3, as explained before. Theréfore,
both transistor Q1 and Q2 are switched off and a new cycle
begins. ' o _
Control circuit 120 of FIGURE 1b, that is

.~ 35 referenced to the cold ground conductor, controls the duty
cycle of voltage V; at the base of transistor Q2 by varying

control voltage V3 across capacxtor C3. A transistor Q5 of



both transistor QL and @ are switched off and a new cycle begins. Control
circuit 120 of FIGURE I b, that is 35 referenced to the cold ground )
conductor, controls the duty cycle of voltage V7 at t he base of transistgr

Q@ by varying control voltage V3 across CZIQ |é§)r fgtaany stor @ o
RCA 85,439 DIV A 10 circuit 120 r@ coupled Tn commn ase anplifier
configuration. The base voltage t ransi st or QS may be obtained via a

tenperature co:%ensat ed v p%,l tagﬂd+12\/ A resistor R3_is coupled between the
eni t t erCHFMIG AL i qop a,6PPage Base AWPLIFIRY|t of the common
base omﬁimatﬁ.cmurmne B:e@e] voltagei sfotr&Bsistor ap®rhapree to vol tage

B+. An I esi stor a 0, t t | evel of
emtter vo#f‘geg‘g ‘I?,_SJ ST gtuvr\ge%ohﬁgﬂgggﬁé 6%%%61 OJI:I uct 2‘? and the
eni tt erregistemRItisy c@lpllads betweerithe emittle:edof ceran$istonRs he | evel

of §he £y reditddl HANSI Q%ultTBBSthé“céﬂhHﬁtﬁ@éé, E8€foPrtion of
current_J[err rovxs tot ﬁéﬁf’ tor, throu r esi tor R4, and

con
an errdt € ‘?ﬂfenite r[gg ?sf?ﬁ% d‘ﬁf%‘f@]n ThTMAIR PO transistor
5. 15 an adgustaﬂie ﬁsise;@trowuhaenisoﬁséaaﬁars&@juéﬁm@ trwipl ed to the

base of a ansi st or f controllin o] l ector. current of ans stor
¢ sl R Sitine® valeagen 15ogoubef Hoteshh chnd fofd 'srawmid e
coupl eccardudtooy anad ithe duid:&parcptfotrﬁsiatlodlﬁﬂe [Besﬂﬂ:or R4 is V\hen
”POS'Sdééd% %‘gﬂ ;l:ssccur %d‘i%%!eoft Ege %&EP E’”fﬁgé/ éﬂhié@é’?for mer. T1
0

causes ht hat c s capacitor C3,
asul ndi 'te ‘Bﬁl %}'&gﬁe@npaps ﬁepﬁﬁﬁg ns% p‘FV‘F%“atog &i neg bly

cont rol ¢1as agsngd deld Aeurd banaaeesrtenrsaghzaéesmwm V3a:ic]§ S -
E;nﬁnregnéﬁcélt%/ransﬁgg !&oﬁ\%ul&gﬂgpgéx i&?é suppty currenjf ﬁaééd?;lge;cross
capaci taff tGfEhsliestenQs, vol t age B+ tends to increase.
15 The collector current of transistor QS 1s coupled
to the base of a transistor Q3 for. controlling a collector
current of transistor Q3. The collector of trans;stor Q3,
forming a high output lmpedance, is coupled to the junction®
of capacitor C3 and diode D3.
20 When transistor Q1°becomes nonconductive, the

stored energy in transformer T1 causes a switching current
to flow via diode D3 that charges capacitor C3, as

indicated before. Regulation of the power supply is _
obtained by controlling control voltage V3 in capacitor C3.

25 vVoltage V3 is controlled by controlling the loading across
winding Wy of transformer Tl by means of transistor Q3.

When, for example, supply current loadlng across capacitor
C66 decreases, voltage B+ tends to increase. - _
FIGURES 3a-3f illustrate waveforms useful for
30 explaining the operation of the circuit in EIGURE_I_when
voltage B+ of FIGURE 1 increases, such as after time tyg of
FIGURES 3a-3f. Similar symbols and numerals in FIGURES 1,
2a-2j and 3a-3f indicate similar items or functions.
As a result of such transient excessive level of '
35 voltage B+ of FIGURE 1b, a larger base current flows in
transistor Q3 via reeiétor R3 and tranSigror QS}:causing:_
voltage V3 in capacitor C3 to become smaller. Hence,
voltages Vg and Vg,, that are produced as a result of



. FIGURES 3a-3f illustrate waveforns useful for 30 explaining the operation
of the circuit in FIGURE 1 when voltage B+ of FIGURE 1 increases, such as
after time [err] of FIGURES 3a-3f. Sinilar synbols and numerals in Fl GURES
1, 282 and 3a-3f indicate si.ni hgrLitems or fuRERiBA439ABIY Result of such
transi ent excessive | evéliiof 35  vol tage B+ ofE} GURE | b, a Iarger base

current flows in tr sSisto and transi stor, b, causing
vol tagev%tlaﬁecﬁS&EgiEgFaéﬁ°?o B’é%’b?n; Lykagk r°pe‘ﬁé%(%‘ ai\fb ipdnas and -
[err], wWRabfateapstdumed 2%, calesUbécae smdBXVer 8543 DesvAtvalsg age

rectifi ¢aikonedli ¥g, f&fb@&i‘té{f@r\ﬁ%bo&'ﬁwﬁﬂﬁ'ﬂ@ R Lipéspasingmer T1,
al so 'becgme smal | er The resu that level [err] of voOltage V120 of

FI GURE of Segiiﬁﬁf‘nBPFFﬂEiB‘F BOXFiom Qfpreaikadse Bﬁcewe§0| tage [err]

bﬁccﬁes sﬁaattekl er SthChedeéae]ésﬂniflehﬁ?/W eifr]vfoalié?gel .VéﬁO I? shown by

t he variation eve r] Lo leve rr] .Q erefore,

vol tagesgf?% EF F’ﬁLSQEegﬁgmvg?Y%Jge F& 1§V%R§ ant in a given

cycl e, E@GﬁBBg3a.red‘heteﬁoren voktage Wipgc b€ Btsmniasenceaasof FI GURE 1,
d- 3f The reducti in the dut cI e causes |ess

10 GQJ
toer oy VRT¥Aoe! BEECEE LS, XAESF hnftant i, Sedr dybier Caoind dre 1t o
t he | oadedunctioar dnnthewdaty cpd:lam Byrarmss idshoxt (Qaed:f [BIIGURE lyay,

requp at okt.a s in

volqt%geh\/leﬂgmét g’b ?icz;e g 38 gveleﬂﬁ c“eﬁjtsieqsn an eqwl rféof% ween the
char gi ng’aﬁﬁﬁsdﬂ-§§ﬁaﬁ§\eh‘§¥c§¢rbﬁt%t%ﬁe%aﬁgh@fﬂ%rt!@!‘sm’i%f‘é@e in vol tage
B+ fromtzangformlerVeRUBE PICORBI] et @it URdd at ¥ \CRTRAGRAUiherd

o hnpl VPLERSF o +aRa  BePPAAPSn L it teke mgdhatian e cadRadi n

t ransi sBdr ig3obBadnedsi ng vol tage B+ for produci ng control vol tage V3 S

acqogpl i shed, adyankeegaySktaté) volad@ WA 8% Btendnalzedial 01 i mproving
error sensing. A given

level that causes an equilibrium between the charging and
discharging currents of capacitor C3. Aan increase in
voltage B+ from a nominal value is capable of causing,

advantageously, a proportionally greater or amplified
20 change in voltage V3, as a result of amplification and
current int:egration of the collector current in transistor
Q3.
Processing voltage B+ for producing control _
voltage V3 is accomplished, advantageopsly, in a DC coupled
QS aignal path for improving error sensing. A given
proportional change in voltage B+ is capable of causing a
greater proportional change in voltage V3. Thus, error
sensitivity is improved. Only after the error in voltage
B+.is amplified, the amplified error contained in DC
30 coupled voltage V3 is transformer or AC coupled to winding
W2. 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
35 shown and explained in U.S. Patent Application 424,354,
filed 19 October 1989, in the name of Leonardi, entitled A
SWITCH-MODE POWER SUPPLY.. (RCA 85438 fllea’ herew:.th)



R R

proportional change in voltage B+ is capable of causing a greater
proportional change in voltage V3. Thus, error sensitivity is inproved.
Only after the error in voltage B+ is anplified, -the anplified error
contained in DC 30 coupled vol tag&VB i S transform 85448 ppypped to
wi ndi ng W2. The conbi nati on of =su features inproves the regulation of
vol tage B+. Another way &% whi ch an arrangenent similar to control circuit.

120 is used for rdy@CLOrEANGE: Hoshsapether SERAlLe Pfeii®ined in U. S.
Pat ent Arptdmdiomn tddhstodmeki redcdlpes abstn 19Gfchichiditg @diRynafil Leonar di,

entitled;A YRE gg\gge PLY Bgﬁs%@ 4 I herew th).
RCA 854%’95{ Si\g E% accc‘)rrB an es\}v\F rtha ot her ateﬁef%% tgégﬁfé\éeﬁ? f on,
t r ansf oramxrosEl amd{slcé&tbonhbsynébrom Thegceupling \ii$ alehecewalol vol t age V3,

that5i s wdt WtH 'd1gn4aQl ¥308nB+voB€ags B i dstilaped)aiiicdr . The coupling
I's done such 5 that both signal [err] and voltage B+ are isolated, with
respect ¥FRAFtelt @ edectrdcrinahark, basardnghram waing ¥qldage st ching

the tel gesi on recei ver into standby mode of operation i s acconpl i shed by
turning off a10 ransi st S The collector ansi stor switch
Q6 is coupled in 155%3 %bﬁt Weﬁﬁgéggnfﬁ?% ejﬁ’t'?eﬁ délyl’ angement of a
zener dimﬂe ZﬁE bpexatdonstisr aE&OmpMshedlbxid:mﬁngslqﬁf series arrangerrent

is gouplgd olnleect a
V\helr:l tranS| st %s}éﬁtchr #6 ?Pe @ﬁéiggté’fl ve rér{ &tc(ug{ rent fI owing in
zener diQRd szg:@pm et @r cnsseaﬁdpar-bdéhmoiq dfqmeqoé% afseri@ssi stor B

establ i Sd}.&?aﬁgéxﬁeﬁ&e of3 aaTzeﬁBEr @lb&&t gby1+1 i-’é%ié?uo:t l#go land @wer than

during n nratlon resu is that, volta err] is 2 mai nt ai ned~’
ot 15 VAR S T peripsontrorasnent b Churls m$henput
term nalcdflemnﬁn famr thé basenbfit arandistoal@di +7 voI ts. Consequently, the

peagsvol tage of SaME0QLRNLGLRBCQK1EY EAPRC @ffe%eVQJet&QﬂJee”]
feedback current flowing in zener diode 29.1, _résistor R60

and diode D60 to the base of transistor Q3 establishes
voltage V3 at approximately +12 volts, that is lower than

during normal operation. The result is that voltage VGE is
20 maintained at +15 volts, and level Vbc of voltage -V120 at

the inverting input terminal of amplifier U4 is maintained
at about +7 volts. Consequently, the peak voltage of
sawtooth voltage V59 cannot exceed voltage Vggp.
Therefore, advantageously, transistor Q2 remains
25 nonconductive throughout standby operation. : : ' \J
Throughout normal opération, 'voltage Vga produces
a base current in a transistor Q7 via a zener diode Z18B.
When conductive, transistor Q7 couples the anode of a diode
D110 to the hot ground potential. Therefore, voltage Vj;
30 at the cathode of diode D110 maintains diode D110
nonconductive. |
The free running frequency of the oscillator that
is formed by amplifiers U2 and U3 is designed to be lower
than the horizontal frequency to allow for synchronization.
35 Because voltage Vg becomes lower during standby operation,
transistor Q7 is turned off. Therefore, capacitor Cl1 is
charged by an additional current that flows via a collector
pull-up resistor R11Q and diode D110. Consequently, the



Theref ore, advantageously, transistor ‘@ remains 25 nonconductive
t hf oughout standby operation. Throughout nornal operation, voltage V6a
produces a base current in a transistor Q7 via a zener diode Z18B. Wen

condwctive, transistor @Z-'-*f:poupl g the anode of pesligsies®lpPvt g the hot
ground potential. Therefdre, vol'tage V11 30 at t'he cathode of di ode D110
mai nt ai ns di ode .DI | Q nonconductl The ee . run frequen of the

osci | | AR AR Gy Qﬁpr'F‘Fl gpeithatay, U’éfh'f q‘@; to be |ower
t han t hisncdhreases tbydnde gpbenapdiblel k:amgéotosynemmllmtamhib% Because
voltagqm\i@fal}&ceorres | ower during standby operation, transistor Q7 is turned
of f. Therefore, capacitor Cl1 is charged by an additional current that

flows via a col Rsgting mvandrbyre¥pdtagerito Bhat diedesest| £9T Consequent |y,
thes dRAGHTY QAnY iffracedurambtel E8HEEHLYréteiver PSibt | Sh&n,.

advant e_a revgnt, audi bl e
nui sance. %ﬁinged;ggn qg@-' %k/ I?aﬁ%g\ﬁr g'?%@{;ﬁ‘l S usec#%mp cgignel?%l zing an
i nfra rottherehami,Cc @uyitlg hecmalebperat ishpvdiode i B260 pbs |hdclby vol tagg_ Vg
via a e operation, diode
D200 is S%Ei %nggltf%%% vglt g%eg%&ggétga eragk%é nﬁtoénmcaé froma rectified
vol t agereatdifiesd pmid:mmtt nianptodnsedmmma@fom T2 andpl ed via a
svf pch &iiéafiq@u%ﬁh pIERE M3 05 Ji‘&%hsmbaé'ﬂﬂoﬂndesé?@ﬁéé'ﬁf' @helransistor

Q1, advanta ow power | osses occur during stand Switching the

recei vei¥ 1:rFt I Fiade (ﬂmréﬁi&? o3 ‘éEéBﬁ'ﬁaFFQﬁe@lbya@ﬁ%%%e%‘ﬁs%Yans| stor 6.
Ther ebylLowl powed ti1fe sV dedE amhh&es&)@naauﬂ [err] of voltage V120

cond 1 on oveur SWikgih HAL Rl veE URear RO G 48 7 L L
SVPS 3 GE-domy iss ek it mmrnimganm twransistont QfodeThéxebyxanpl e, between 20
tihgs [wWwitagds R GUNESafta- dhef BC! DewelL by 2 ofehalltugey vy 54
- increase, thus enabling transistor Q2 to become conductive.
If a fault condition occurs, for example, if
capacitor C66 becomes short circuited, SMPS 300 begins

operation in an intermittent mode, for example, iaet\_ween
20 times tgy and tg; of FIGURES 4a-4c followed by a relatively

long dead time interval, ts;-tsz. Similar symbols and
numerals in FIGURES 1 and in FIGURES 4a-4c that depict such
fault condition indicate similar items or functions.
In case of such short circuit, a higher current ig
&;ﬁ flows through winding W6 of transformer T2 of FIGURE 1,
causing a higher negative voltage Vgg to be developed
across a resistor R66 that is coupled between the low end
of winding W6 and the cold ground. Thereby, for example, at
) time tg; of FIGURES 4a-4c, diodes D62 and D63 of FIGURE 1
30 that are coupled between the base of transistor Q6 and
- resistor R66 become conductive, transistor Q6 goes into
cut-off, and transistor Q3 clamps voltage V3 to about +12V.
Consequently, as explained before with respect to the
stand-by operation, transistor Q2 is switched off.
35 . After time ts, of FIGURES 4a-4c, transistor Q6
becomes conducting again and decouples zener diode 2Z9.1 and

resistor R60 from the base of transistor Q3. -Thereby, as
shown in FIGURE 4a, voltage V3 increases slowly.



|l ong dead tine interval, [err]. Simlar synbols and nunerals in FIGURES 1
and in FlI GURES 4a- 4c that depict such fault condition indicate simlar _.
items or functions. In case of such short circuit, hlgher current [erg} 5
flows through w nding Ws of transforner T2 of FIGURE 185438s0ay a hi gher
negative voltage [err] to be devd ped across a re5|stor R66. that is

coupl ed het ween elo Rd o0 und. Thereby, for
exanplecgnﬁeﬁpﬁg g(rf%gﬁlﬁfcgﬁE§g¥ég% oggég%GggéﬁﬁngS of FIGURE 1 30
t hat ar eondugited bebwe®er|hdubate eﬁetsm-sémcm @nd thesi stor R66 becone
conduct 's\é%onh%i\gzbihgr oFOL BRI £ BhEr O3, Oéé,tﬁw' ﬁrgaB%I ?&@fmﬁB?ﬁ' anps

voltage V3 to a Consequent |y, as expl ai n"€d before w respect to
t he st atdapgisgoraonf FKGHBEsloisCﬁwiGCQWdtQﬁﬁutgﬂﬁh, B After

tlrms[eegiugﬁnghGygggréa 4c, transistor Q6 .becomes conducting agai.n and
decoupl es” zener tor R60 fraom.he. b e o transistor @3.

res

Ther eby, as showg %l’—'PEB;E 3gte§o %g%o‘\'%rl‘?ﬁr‘@ozfst@ Iéﬁ,{y RCA 85439
a) V A Cappadednpt by caphciitoR 380 isathasged Fritlg i@ %Eibncerfdufct s. 2

wever t tegCirc c _ t ransf or ner
at tinme th'%d BEI &&EQQE vg?an;t::ésx% or %&F%&Eﬁf i svm tched of f again,
as 5 exfexedopedeisr cappakbaracang- afYeltage Yumde 6Pupdedate [err] is
applg ed | t@r 0 r pgriod of
vorlt% e'cza Sgﬁeg%nsg Kgﬁtﬁ késg??gge é&gcc}%fq%p ?alér%'ftggpam tor C300.
VbltagePFéPF]tPsn@SEple9P9§a§ Oneapacitor C6 via.a resistor R300 to charge

capacitor Cs, prmr ahp1aesag! u@pﬁagta@r&nmw ifripit Weridaadn i nverting

oPh e fhikndl, Hodb1ea £81063EALE YO 0% Mbribvadelny FUBGL! 19 T DU

t erm nal tha to Vo SF Vol tag
initial Fyrmplaﬂe&ha&n#acpnpledl tggweov@qm REDac |‘£ﬂ§e=CU°@-§é§l¢e§/AC

sufff§ ci gat Imﬂ-.aaqqyt apgmead 8n@' 88€L LT VOISV TTcapuelitbiratel S
det erm ned by vol ag he out put
becomes suff ciently large to exceed a predetermined
minimum level that is determined by voltagg REF, the output
voltage of amplifier Ul is pulled down to the hot ground
potential. The result is that a transistor switch Q8 is
20 turned on into saturation and couples voltage Vg to

cdpacitor C6a. In this way, operation of SMPS 300 with a
proper level of voltage Vg properly begins.
FIGURES 5a~Sc illustrate waveforms useful for
explaining the aforementioned start-up operation in the
25 circuit of FIGURE 1 after voltage Ve of FIGURE 1 is first
applied. Similar symbols and numerals in FIGURES 1 and Sa-
S5c indicate similar items or functions.
At time tgg of FIGURE 5c, when voltage Vg of
FIGURE 1 becomes sufficiently high, transistor Q2 begins to
30 conduct. Capacitor C66 is in a discharged state, during
the first interval tgg-tg; of FIGURES S5a-5c. Therefore,
SMPS 300 of FIGURE 1 operates in an intermittent mode, as
in the case of a secondary short-circuit that was explained
before. Howeéer, the supplied energy slowly charges
35 capacitor C66 of FIGURE 1 on the secondary of transformer
T2, thereby increasing voltage B+. At time tg; of FIGURE
5a, voltage B+ is high enough so that transistor Q2 of
FIGURE 1b receives a proper base drive. The turn-on



‘vol tage of anplifier U is pulled dow to the hot ground potential. The
result is that a transistor switch '@ is 20 turmedsan i nto satusatson and
couplies voltage V6 to capacitor C6a. In this way, operation of SMPS 300
with™ proper |evel of vol tage V6 properly begins. FIGJRES 5a-5c illustrate
wavef orms useful for expl ai‘ni'ng the aforenentioned®start-up operation in
the 25 circuit of FIGURE® after voltage [err}*of FIGURE.1 is first
applied. Simlar synbols and nunerp&sin Fl GUREBCR &if3% DL¥ Andicate
simlar itens or functions. At tinme [err] of FIGURE 5c, when voltage V6 of

FI GURE 1 heeiRs :3utbhpiiatbd Bheh, vbiaagesberna® Regimed tix80 conduct. -
Capacitor C661|s I, a dlscgargeg s%g#g gﬁéEgg {hfafiLst interval [err] of
FI GURES S9%5%- fﬁéﬁ@?o?@,s RBE 3B0%5 E? opera.§§ in an intermttent
nmode, as in the case of a secondary short-circuit that was expl ai ned

bef ore. However, tﬁmﬁqmd%w&ﬂﬁw%ﬁplbﬁﬁﬁg??or 066 of
FI GURE 1ca0ate 3939 dayg) o¥o tisAs ifdidie whlish tﬁlﬁi§ba/%ﬂ>nfé@a£bﬁgi¥0| tage B+.
At tigﬁ [err] of FIGURE %a, v Itgg§>8+ i.s high enough so that transistor 2
of FI GURAerd Vied: ange ¥ Gl (ﬁ?@ﬁ‘so THIED ERE T urn-on 15 RCA 85439
DIV A process is t¢ Syiniédnired \ewitale nibde geowencsuapply s nor mal val ue,
as shown in FIGJRE .Sa at time t62. Attention is invited to.copending

appl i cat CORPERSARS330659 90 050 15.4 fromwhich this application is 5
derived and whi chaseekasfiooherthavinorfirsts anshsegondd winddagsiode power
supply, CO”Df'S'“%irgttggﬁééﬂiﬁg”méﬁﬂgbeJBﬂéﬂ;t%ﬂ@aiﬁpQﬁésw ndi ngs; first
switching neans couplfed to sard first 10 “w nding for generating a first
swit difi nicdingnorn gearaat ingta vk e th FHid PENDFEHFY fef§ilfe sai d
second Wik wiRd3Qd €6 BErodYELPétd il 4 i ds isgdndawiadimeguency
that is related to a“deflection frequency, secon svvltctll ng neans

responsive to sai @ SPPECe of a synchronizZing input signa
frequency that is related to a deflection frequency;

second switching means responsive to said input .
15 signal and coupled to said second winding for periodically
applying a low impedance across said energized second
winding that by transformer action produces a substantial
increase in said first switching current;
means for generating a periodic first control
20 signal; _
means responsive to said first switching current
and coupled to said first control signal generating means
for sensing said increase in said first switching current
to synchronize said first control signal to said inpu; _
25 signal;
a source of an input supply voltage; and
means responsive to said first control signal and
coupled to said input supply voltage for generating from
said input supply voltage an output supply voltage in
30 accordance with said first control signal.



15 signal and coupled to said second wi nding for periodically applying a
| ow i npedance across said energi zed second 'wi ndi ng that by transforner

action produces a substantial increasqihn-said firsRCcaVW8S5489ngDpIwr pent; <.
means for generating a periodic first control 20 signal; neans responsiVe
to said first switching current and coupled to said first control signa

generating nmeans for GlghiM3wy said increase in said first switching current

to synchronize said fj r&hi<St4 SRk d & gﬂg} signal; a source
of an input supply vo fﬁ%e JQ%EQ%S re§%ﬁ%§f%e t ald §??rst contr ol
signal and coupl@dseuresief |¢FpL#nm~le;ﬂ‘5PR;dl ved&ag8¢ generating from said
_input supply volj&aaes %&&ﬁédwmaidqﬂpwesnppig voteagdaana with said

ode. poREFPSRBITS. Co AedyiaEed conal GROMY Aok, IETEBRIEDS { age: means
ener gi zﬁﬁlodayssm Oinpuntl t swpgely yvo'rﬂagageuamixtmpmpp\lw voltagedul at ed
cont rol 5§+€ ’E% ;f?ﬁé?ﬂa?és‘&é ) ”Q?éél;oﬁm@négéc S%irﬁgag‘ét t&mahymsah&aaﬁoﬁnofut put

suppl y regul a nce wt ti mng nodul ati on of
sai d nosaidtmodebated| centpel ;sitgnakinsf ormer i ncluding first and second

Wi ndings; first é%f&ﬂéf‘&:ﬂ@ﬁ%éﬂm ﬁﬁsi:ala(id ise@ond wdhagngsg operating
at a given frequency for. gen atln pzleévmtchl gf urrent in said first
wi ndi ng to ener gf$ES%FHiter F&ci &85nd smntchlng

neans CcQifdefgt &andabpe s2E€LI4 atruiug:gvancfzteqmcy Eopageneratdngract i f yi ng a
curront EHRSE protEntfo Eree SRR ol ¥, f%%%t&*%%@ Bt SRt ol tage 10
sai d capatdt secdondi windifgyback g
a capacitor; _ : _
second switching means coupled to said second
winding and to said capacitor for rectifying a current that
flows in said second. winding to generate therefrom a
rectified current that flows in said capacitor to develop a
first control voltage in said capacitor during a flyback
interval, said capacitor being coupled via said second
‘ switching means to said second windihg-for applying said
first control voltage to said second. w1nding to produce in
said second winding a second control voltage when said
rectified current is generated;
means responsive to said output supply voltage and .
coupled to said capacitor for controlling said first i o’
control voltage such that a change in a magnitude of said
output supply voltage from a nominal value thereof produces
an amplified change in a magnitude of said second control
voltage that is developed in said second winding;
means coupled to said transformer and having said
second control voltage coupled_thereto via said transformer
during said flyback interval when said rectified current is
generated, for rectifying said transforme; coupled second
control voltage to generate a third control voltage at a -
level that is determined by said second control voltage;
a sawtooth signal genetato: responsive to said
third control voltage for producing'a sawtooth signal
outside said flyback interval in accordance with said

i % ¢ L Mos 0w

second control voltage; and



interval, said capacitor bei'n‘g' c'odpl_g_d Vi a. é_ai d second swi t ' B
sai d second winding for applying said first control vol tagéq [“Hm1mumlzu |!|‘
wi nding to produce in said second wi nding a second control  vottédgewhén ° - '

said Yectified current is generajel,—neans rrepossiuse pavsai d out put supply
vol tage and coupled to said capacitor for controlling said first control

vol tage such that -a change in a nmagnitude of sajd output _supply voltage -
froma nom nal RGPS t’fﬁs’?%‘fs%&?cééigns&HﬁPPF*'eE"gﬂgﬁggc’Fn a magni t ude of
sai d sepemerainitid Gaidnicdildted dontdolelsdgadli withi d s&mdng wi ndi ng; neans.
coupl e | r fQrims vin 1.d opd: QO vol t age coupl ed
‘t heret gné/%f%aﬁcfg t%}éf% rreersaglg‘r F%&os’%la 3%1@ I Vgggkglgﬁge?%gg{:vvmn sai d
rectifieentxek amltiage die xaaatieosaidc outpitgsuppdyt vahtageser coupl ed
second control voltage to generate a third control voltage at a | evel that

i s deternined by_said_second control voltage; a sawtooth signal  generator

responsi ve to safd t hitr BOWEHKt SYPPLY BegerImg ter fdiakh ol II@%eLR si gnal
out si dessid (bd ¢ Ewitiineg Imdans? Bes W kBctarflesecanad control

| tage:, and, C 55430 DLV ive to said
ot oo TR ot Thaah SITRFL, VP INBGE APHORBIERFOSPARE i th & timi ng
nodul atSe:cm}dmtind&zigs:im seCcicb mbatdf deirt dusdng &i pertiont ofl| avo! tage to
regul at %dp J&utw}lﬁésirpwgt%/j}#%atﬂ%i& is éogawiggppl y according to claim

1 whereln sai"d secon ng nmeans conprises a rectifier and wherein .
said first control voltage is coupled to said second w nding via said

rectifier duringsa pogtpefe®l stpplyecRROrdihg\RR) cldiit recihéreini s
~contluctiv . Aj‘t}gwer Sl#)‘g%éaccor i n% &'O claiml vvhere'in said change in

said oﬁﬁfﬂ élﬁﬂ'ﬂ%/ 15adst SHRRLY] VPLEAPE a18 BG: BAPPLEHNI y vol tage to
sai.d sefwxowl saidlioutput shppiwevoltagley tacsaldi sgecondcwhndifguwherein

4. A power supply according to claim 1 wherein
said second switching means comprises a diode that is
forward biased by the current in said second winding during
a first portion of a given period to generate said N |
rectified current that flows in said diode in the forward
direction and in said capacitor.

5. A power supply according to claim 1 wherein
said first control voltage controlling means comprises
\_J means for generating a second current in said capacitor
such that both said rectified and second currents that are
coupled to said capacitor are DC currents that flow in
opposite directions in said capacitor.

6. A power supply according to claim 1 wheréin'
said first control voltage controlling means comprises a
transistor for generating a second current that varies in
accordance with said output supply voltage and that flows
in a main current conducting electrode thereof, said second
current being coupled to said capacitor to flow therein in
the opposite direction to said rectified current.



sai d second switching nmeans conprises a diode that is forward biased by the
current in said second winding during a first portion of a.given period to
generate said rectified current_that flows in said diode in the forward”™
direction and in said capaci terl&— A poweRCBuUBBN$9aPEVr &ing to clai m™T
wherein said first control voltage controlling neans conprises means for

generating a second CUK rsoWwer nsﬁpiﬂycaﬁdéi:&ﬁ!ﬁgsﬂﬁ_hclhain Bowheraiieh rectified
and sec c at _are e 0 sajd capacitar are DC currents that
flowi nggggog%?g&g?}%gt }i.gné'gls§8§§| ‘cﬁgc %a%iai%?-‘-.g _c@.;_rrer% p%?/%r suppl y
accordiﬁﬁOVédénainnlomnacernesainrbtesti@mntrol_voltage control ling neans
conprises a transistor for generating a second current that varies in
accordance with said output supply voltage and:that flows-in a main current

conducting el ect rode thepeWwer supplycacadrdingeho odaiy dowpereino said

capaci t saitlosécondt Betiechihg inB&ndPEGmpELsdl £ diicie lahd aiHbredst i i ed
current

439, DLV_A 7. A r _suppl y, ‘agcordi to claim®6
wher ei nsgégdﬁggglltsggﬁ i Sf?ggpﬁﬂs?%g‘&f%e%o'?‘gdé%rﬂp%idpr ovi di ng an
over cur kteansfoumert forwagd bidseswsaid upidde abumimdy Eaiid fllydiaskl wherein
said se ht gl o] | L.ade. ' ald current that
flows i%ﬁggfgﬁgeﬁgnggﬁﬁﬁgﬁﬁgﬁ0$9§%§§f?§g%§$%§ﬁ§3§1ﬁ?ﬁgﬁﬁpgﬁﬁggs sai d di ode
during géPGefF9B§BEtﬁH?erval of said first switching current to render said
di ode conductive. 9. A power supply according to claim1l wherein said

el eotrode T orm ng a-odt S eRlY, SrcaP s 68, S1e iR T hREe Pha i o
coupl edsaddsfilustapentrol foltage coomipiollny depmacidnmprisiesaa ate that is™/
ot ol " Eedab1aB8EORMOIEG U 18R Rl AP L bR SRR, 70
accor daNéthypt highi gubpupuimpedance that is coupled to said

capacitor for discharging said capacitor_at a rate that is

determined in accordance with said output supply voltage to

maintain said first control voltage in said capacitor at a

level that is determined in accordance with said output

supply voltage. " |

10. A power supply according to claim 1 wherein
said transformer isolates said output supply voltage from
said modulated control signal with respect to an electrical
shock hazard. |

11. A power éupply according to claim 1 wherein
comprising a source of a synchronizing input signal at a
frequency that is related to a deflectionnfrequéncy, third
switching means responsive to said input signal and coupled
to said second winding for periodically aﬁplying,a low
impedance across said energized second winding, said
‘applied low impedance causing, by a transformer action, a
substantial increase in said first switching cur?ent; and
means responsive to said first sﬁitching current and
coupled to said modulated control signal generating méans-
for sensing said increase in said first switching current
to synchronize said modulated controi signal to said input

* [ L M S *




Supply vol tage. 10. A power supplyéaccordlng to cIa|n11 wher '
transforner isolates said output supply voltage from sai d m)dﬁllmﬂall “ﬂl"lﬂ " Illl
signal .with respect to an electrl%ﬁ shock hazard. 11. A power sepply » s

accorth ng to claim1 wherein c S+Ag a SOuRCA @5439sPIVhiEONi zi ng | nput
signal at a frequency that is related to a deflection frequency, third

smntchlngigm@nswmeﬁpgaf % |l ed to said second
wi ndi ng 38 ri pdi cal s f%éﬂ;?ﬁédidr%&vj\%l npé ance aC?@g@ SF- Vo é‘ﬁergl zed -
second W %Pé%} |?F%&%#? repuardiangl.by a transf or mer

action, a substantial increase in sald first swtching current, and neans
responsive to said first switching current and coupled to said nodul at ed
control signal generating nmeans for sensing said increase in said first

swi tching current to synchronize-said nodul ated control signal to said

i nput RCA 85439 DIV A signal when said increase in said first switching
current occurs, in accordance with said input signal.



