R@A 85 439 1 A SYNCHRCNIZED SmVTCH-NDDE PCMER SUPPLY ThIS i nvention
relates to switch-node power supplies. Sone tel evision receivers have I nput
‘signal_ 5 termnals for receiving, for exanple, external=videos apy signals
such as R G and B color video input signals, that are devel oped relative
to the common ground conductor of the receiver. Such input signal term nals
and the receiver common conductor nay be commﬁﬁﬁtﬁﬁmkﬁ espondi ng signal 10
terminals and common conductors of edternal devices, such. as, . for exanple,

a VCR or a teletext decoder. To sinplify the coupllng of S|gnals bet ween
the external devi cesAaS¥NCHRONELED | SWITCH-<MGDE cPOWERESURPLON gr ound
conductors of the r RELVEL of fh ext er nal %%ﬁ dev ces ﬁge connect ed

t oget her so that -aI %i?elﬁye?ﬂéogaﬁ% %to?%n‘f?asf‘“ g%a‘?o hes .of - each

~external deuppdiese coupled to the correspondi ng |nput S|gnal term nal s of

the receiver. In sdghq agefégggggﬂggéceiigigqmgﬁgl Lndf each devi ce,

such a% of the television recerlver oatlng
|

conducPi vetgrmippiscfors spgeivingo 0% %%ﬁmﬂ%ﬁxnﬁﬁ#ﬁfﬂﬁ}rﬁ§4%°§ﬂﬁﬁﬂy source

that energsigfialbesdemi £88. RWENahHER COSTEN ELAEICimput Ssiwlah §) GiﬁalﬁWQ,
user touchin s at t.he gotentlal of .t he onnDn nductor

te
will not sﬁFg aegﬁigPﬁatF?iﬁFlgﬁdE% the common ground ;¢ n ground
conduct or thelsebaiedrtrosntheimpmtwﬁigﬂan(ﬁeimmnaxsran&ﬂtheﬁréduiv%&*wains

supply sou ha LQYLde [t Iev'-' ical l y.

tr oot of nee SRR boRARNLEE B8V e Palpled i 4otidfR et
referldl tbeamminalsordd gowmon comductars of) external devircestypidgtal switch
nods omera§up@5¥ §%ﬁ ieOfaavé§|ﬁ¥'§'EEié€E§¥\Hﬁco&&F AC mai ns supply

vol t®ge is coupl ed, ect ¥ t hout using transformer couplin to a
bridge rectifier. AROuRIBRLEEY cehelifaR1lng rhisigngl ﬁrﬁﬂﬁw%ﬂﬁnﬁhﬁ‘voltage

is pr oducedxtéahalSdefrﬂéegxaml €he rteéﬁémﬁﬁx e cd Dreéxr COIA® Nedm@shict or,

referred t8 ggndhggndgégggg o éﬁe receiver and of the external

15 devices are connected together so that all are at the same
potential. The signal lines of each external device are
coupled to the'corresponding-inppt éignal terminals of the
receiver. In such aﬁ arrangement, the common conductor of
each device, sucﬁ as of the televiéioh receiver, may'be

20 held "floating", or cpndﬁctively 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
o conductor will not suffer an electrical shock.

25 A floating common ground conductor is isolated
from the potentials of the terminals of the AC mains sﬁpply-
source that provide power to the television typically by 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 usin§ transformer coupling, to a
bridge rectifier. An unregulatéd direct current (DC) input
supply ‘voltage is produced that is, for example, referenced

35 to a common conductor, referred to as "ho;“ 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



conductrvely |solated fronra cold ground conductor. A pulse wndth nodulator
controls the duty cycle of a chopper transistor swistchithat applips ihe

unr egul ated supply RCA 85,439 2 voltage across a primary w nding ofggg‘
i solating flyback transfornmer. A flyback vadm®s,a3% frequency that is =
determ ned by the nodul ator is degel oped at a secondary wi nding of the
transforner and is rectified to produce a DC 5 output supply vol t age, such

as a B, é@éé eaé:t:@és%gﬁ J&%F ﬁ%é'a&qé@féﬂb Ctigwdd of the
televrsron celver y W n g of f'lybac transforner is, for
exanpl etrmﬁwel yﬁc%l:ﬂ%ﬂkt’fp RIN AL @ EFRARARIIGRAL HFe secondary

wi ndi ngdétethitndd Ct'ﬁhé [ab&h DEEEE ﬁémh&ewpeac&ﬁ &gesé@dndmrﬁonduct i vely

i sol at ed, f nrth? round conduct €ﬁt qo barrier B%Ene by
the tr RLREFHE OF £he SraRRFaties Al 12 paeri £fd 9 (nAeE e R of 1 ne
choﬁperomtpm5|supplyovémtagemtsncnoamnang+fve¢nngmamnﬁt énnrginusntrng t he

occurre j t mage
drsplaf£§§%g1%$§£€f &€£ é@d%#ééﬁit ?E Eﬂ@ éE %%1 esrr % to couple
a hori zmwerMQim@ of gtke flyback t@mmtiﬁi heoxol d ground 20

to the guhmsydd Glt'i@éi’% é@@ﬁlé& i@féﬂérl?@@ dLold® défage@ypd, such

t hat |solat|on |s narntar to the present invention, there.is

'provrdé@h%.§?¢R#ﬂ%ﬁ?2@ﬁn@$ﬁ909fdﬁh% ck ARSI i a8 B+ a t ransf or mer
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synchr obransfiorment signal at a frequency that is related to a deerctroQ‘/
frequency; It may be desirable to synchronize the operation
of the chopper transistor to horizontal scanning frequency
15 for preventing the occurrence of an objectionable visual
pattern or artifact in an image displayed on the television
receiver. :
It may be further deSirnble to couple a horizontal
synchronizing 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 present invention,'there is
provided a synchronized switch mode power supply,
comprising: ‘a transformer having first and second _ -
25 windings; first switching means coupled to said first - e
winding for generating a first switching current in said :
first winding to periodically energize said second
winding; a source of a synchronizing input signal at a
frequency that is related to a deflection frequency;
30 second switching means responsive to said input signal
and coupled to said second winding for periodically
applying a low impedance acrOSS'said'énergized second
winding that by transformer action produces a substantial
increase in said first switching current} means for .
35 generating a periodic first control signal; wmeans
responsive to said first switching current and coupled to -
saild first control signal generating means for sensing



30 second switching neans responsive tq said input si gnaL and eeupled to
sai d second winding for periodically.applying a |ow i nedahce &cr oss sai d
energ;,gzned second wi nding that by transformer action produces a substanti al
increase in said first swltchl ng current; means for 35 generating a

periodic first control si gnal * means reg onsive to'said first swtching
current and coupled to said first controFsi gnal gener at i RFMHeRPE39 or
sensi ng RCA 85439 said increase in said first swtchi ng current to

synchroni ze sajd first control signal to said_input sign a source of an
i nput suppl ys%b‘?téﬁ%reéﬂﬂ ipafaideEpsat sWitehing qq’?-gsetnq'ccﬁﬂrol si gnal and

coupled to 5s esm:dniﬁéu—‘.-aiapﬁh‘swbbmeoﬁosw ao rigaifd om;sm:d i nput
supply volta ou ut éfvol ta e | n accqrda ‘?fg first
control si gn %%u gg | ARt ARPBEFURE-LY, gf" f ét "B 1 GURES
la and | b, |tésp¢nsive to psakd fmpstycenhmd;h |sg.gara]asqmi:tco:|ip1¢rk tavention;
FI GURES52a- 2j t f de
operati gn of ?Jﬁ %ﬁ%ﬁl %?YQ %aééw{g Ig ng | con ant F#&EE

3a- 3f il ustsepPRlYiavelbage aneceutpubr SEPBI]-X Nﬂi@'—alg?e %@WW ation of

the circuit w{ei! &3k glyggeéoﬁtyaiygmgnggadl ng condition; 10

FI GURES 4a-4c illustrate waveforns of fhe circuit of FIGURE 1 during an -
overl oad condition; and FI GURES 5a-5c illustrate a transient waveform
useful for explaining the operation of the circuit - of

o



FIGURE 1 during start-up. 15 FIGURE 1 illustrates a sw tch-node
power supply (SMPS) 300, enbodying an aspect of the invention. SMPS 300

produces a regul ated B+ output. supply voltage of +145 volts that is used,~
for energizing, for exanple, a deflection circuit of a television receiver,

not shown, and a 20 regul at ed out put su%ggz q@l{ﬁge V+ for energizing a
renote control receiver of the tel evision e A mai ns supply vol tage

VAC is rectified in a bridge rectttier 100 to produce an unregul ated
voltage VUR A primary winding Wo of a chopper flyback transformer T2 25
i s coupl ed bet weRnthetBFAVHRE: | O0a and a drain el ectrode of a power MOS

field effect trapguREoL, (Fé&fhe&PoParicURES STAI&ifd SlBC T vdasdhuted S coupl ed
to a common conducg{)mﬁ: refe red to herein as."hot" %Found Transistor Q is

swi t cFRPPYSE PBPR ’B‘P‘Hd:}‘rb’a?n%’?e%s%%?ﬁ hYRvEt vol tage V7 that
i's produced by BIGURES- 2a<2fi tDIusetate Mblyeﬁbms rmsqfu/m mbmg WL of a

fl ybac Tl LS p. t voltage VUR
[ sgdev&fé) Qﬁ(}?u?%d A co 'I”I'!e“é&i%J J?ﬁ%r% tgl’[é';]vé1 |l%h £ %@t Ql, that
is mclu@leehll\o@mse s dedn stoaint at or 35 101. The em tter of tranS| stor Ql
is coupled to tPfG@ﬁQﬁsgﬁé’Uﬁ‘fl { Fu S £40 t&gef&gﬂ;rﬁ lgdyg resistor R10

t age T/ ﬁ

for devel oping [err] across resistor | roportional to
a col |%%¢i%weeme[éw]m@¢ewm%%m F the CR@% @sbfm S 2a- 2]

i 11 usty abeaaavel appingeisbaing cddai 1vmg the normal steady state

t f.th F Sinl I I FI GURES
PG e dﬁév%r?g.%mé? Thutie g8 rreae of Ehe STEd, Mool on
i nt er vaf E[‘MWI}EOI FhERE 2 oferleid exoreddd iy apah od of the switching \y
operation, a baffm\h%%agg_ grﬁl@g ééaa{}?oé{rpsﬁbgscovg SHRRE la'is at zero

a

volts, causing a posl ul'se v e develope at the
useful for explalnlng the operatlon of the circuit of

FIGURE 1 during start-up. _
15 FIGURE 1 illustrates a switch-mode power supply
(SMPS) 300, embodying an aspect of the invention. SMPS 300
producés a regulated B+ output supply voltage of +145 volts
that is used for energizing, for examplé, a deflection
circuit of a television receiver, not shown, and a
20 regulated output supply voltagé V+ for energizing a remote
control receiver of the television receiver.
A mains supply voltage Vpc is rectified in a
bridge rectifier 100 to produce an unregulated voltage Vyp _
A primary winding W5 of a chopper flyback transformer T2 o/
25 is coupied 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 V4 that is produced by a pulse-width modulator 101.

A primary winding W1 of a flyback transformer T1
is coupled between terminal 100a, where voltage Vyr is
developed, and a collector electrode of a switching
transistor Ql1, 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.



f. <

col I ector of transistor Q30 Voltage V30 is coupl ed via a 10 network 81 to

the base of transistor Ql, causing transistor Q to be turned on during
|ntervai [err]of FIGURE 2d. A diode D20 of FIGURE Ib is coupled between the
col | eét or of transistor (B0 and the gate el ectrode of transistor Q.
Positive pul se vol tage V30 back bi ases di ode Gfh g5 439 During an
interval t2-t4 of FIGURE 2h, a transégtor Q40 of FI GCURE | a i s nonconductive
and, in conj unction with di ode D20, permts a voltage V6a, that is coupled

via a resistor H?EggEFgaéeEgI gﬁu ?gagé#@g&ﬁé)r $Esud gL oduce a

positive voltage V7 CAUSES t1ansi stof @ to be
turned on eluplngningethel npzmald steEdYBUEEaQ? omtamremff yche SMEHiol
swi t chi ng [e gfa rﬁ@rﬁé’?é‘f’é( 308 20 a9 2] flow
in w ndi nggfe&ﬁ g l,é'r"]rr':eLgggctL fbl 1?8 GURE | and store inductive
energy in ??a%féﬂﬁéﬁétﬂsaﬁél#E ipems or functions. accordance with-an
aspect Sof the i nvenbuﬁmngaaﬁvmhchrnglttgﬂsi siﬁJIFIIGURiE.s 2fomE @d gdivendi ode .

D400 and a current limting _resistor RIT a |l ow. resistance across
a secondar Yﬁ;ﬁd?ﬁgP%iBfi 8ifaﬁ§‘Fo§Yﬁch ‘lngv?ﬁ’?’ea 1ofrsid iRse da];rﬁ)d are
conduct i veVi4 refhsa stoangiister 330 tof RAGURE laTrigh &itsz@roQyalssyur ned on by
a flyback e§b§§n¥t | O%oelé%ézsﬁié{a oafeaéfrﬂs lpthe HedRNoped Browmhe

hori zont al clrcult err coupled to the base of

transi st or c@hlecknseqlichrppsigtori @80f er Yl ‘Eﬂg?il‘fanREsmﬂmuﬂJr&fi Fdeurs dUI‘.I ng
the herg zog %Et PQCEE' ;Cﬂ Eeoéf?’ ranéim d£ rdadidd @R LBt or

t t t hat
oags, trand oF oo 1T rneACARbE S0 RO HIAL ()L & FndROPREr S fn, 4 Step

i ncr ase | 816k ! BEOOBECHELBRE hBrEd @6uﬁ1@@%§t§%e@kh@%ﬂl@ﬁi&ﬁ of the
transforrrer coupl ed Iagl gda ce. tor (gur%fgrg err% |n ansi stor Q
devel ops a LEANSLBHAE Ptgg &of2 TE? rs%ﬂﬁ:)‘t istor RLO
Positive pulse voltage V3 back biases diode D20
15 During an interval tp-t; of FIGURE 2h, a

transistor Q40 of FIGURE la is nonconductive and, in
conjunction with diode D20, permits a voltage Vg, that is

coupled via a resistor R30 to the gate electrode of
transistor Q2, to produce a positive voltage V5. Positive
20 voltage V4 causes transistor Q2 to be turned on during
interval tz—t4 of FIGURE 2j. Consequently, upramping
switching currents i, end i, of corresponding FIGURES 2d
and 2j flow in windings Wl and W5, respectively, of FIGURE
o/ 1b and store inductive energy in transformers Tl and T2.
25 In accordance with an aspect of the invention, 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 Qi1 and Q2 are conductive, transistor Q4 is

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

horizontal deflection circuit. Pulse Vy is coupled to the

base of transistor Q4. Consequently, at time t3 of FIGURE

2d, that occurs during the horizontal retrace 1nterval of
35 signal Va of FIGURE 2a, transistor Q4 of FIGURE 1 applies a

low impedance across winding W3 that loads transformer Tl



of FIGURE Ib that is coupled via capacitor Al to formvoltage [err] at
terminal 11. The step increase in current [err] of FIGURE 2c at time [err]
causes a step increase in a voltage [err] of FIGURE 2e at termnal 11 qf
FIGURE |a. 10 After the step increase at tlne [err], each current [erFT’Bf
FI GURE 2c and voltage [err] of FIGURE 2e éln §§ to increase in an :
upranpi ng nmanner at a rate thaty is deter 5 he i nductance of w nding "~
WL.. Voltage [err] is devel oped©at an |nvert|ng i nput term nal of a
conparator or 15 anplifier. U3. Anplifier U3 has an output term nal that

i s coapisdaa,o ha haemsformesn giction, @@0step daeakapendnswi t chi ng signal or
vol t aga lleRytidr AiHdrd 4 UE tiraasistber QBOasaadresansi 6Eoth&L forman -
oscillator_as a result of a positive feedback path 20. via a capacitor d 1
t hat GrenSFoFmeF FauRded o d8Pedartent sanpling resi'stor RLO of transi'stor
Q and ternm ndlolllectler wuralentl ihsiootpasdisbothali deeelopg anput termnal -
3 CYBUL R e 300F F2cuReRa) BUELLLGahBRtho! FELLREL, k18N ATPLI T er
or conparator accor eature of the

I nvermrtd MGtmEgrla:l t‘ﬂdtt Hat dompd.edplvéd tapacdhoosCiLlll aboforma t he | ow

'”De%l% dedf aQYtEEﬁQﬁhit 1. AThEYSELH ODhERSasdei SWehFhemg timings in
SIVPS 30% %Ih eré@eﬁglnsganggggegrgq ﬁ@ﬁyin? %Séygghgonlzatlon IS

desi i g &n undésira ance in the dlsplayed
| mgeolaags thge dﬂﬂGIBEc@@plasdtTermnrnaél fdgefVBAGURE éavol tage divider -

FOr MGy e Y¥ps %%Q%a%@daBZQimeAtg' OQScF?Z@arh:énEOH g¢ in the forward

direction froma noni nverting input term nal of lifier U2, where _
vol t ZFSUREL R samﬂe\xmldqm Vo ofi PIGURE 2ercominwds atnqal ifier U2. The _
out put_term nal_of i fi.er: U2 is_coupled ﬁla g Eelatlvely smal.l resistor .
R112 &R il afi RIETRLLg Frgnex aeEa that"is

determined by the inductance of w1nd1ng Wl. Voltage Vi;; is
developed at an- inverting input'terminal"of a comparator or
15 amplifier U3. Amplifier'U3 has an output terminal.that is
coupled to the base of transistor Q30 for developlng :
switching signal or voltage Vi0- . '
Amplifier U3, transistor Q30, and transistor Q1
form an oscillator as a résult of'a'pOSitive feedback path
20 via a capacitor Cl1l that is coupled between emitter current
sampling resistor R10 of transistor Ql and terminal 11.
Terminal 11 is coupled to the inverting input tetminal of
comparator U3, and also to an inverting 1nput termlnal of o e
an amplifier or comparator v2. ' ' ” L™
25 In accordance with a feature of the invention, ' -
signal Vy, that is coupled to such oscillator via the low
impedance’ formed by transistor-Q4, synchronizes thé
switching timings in SMPS 300 to the horizontal scanning
frequency. Such synchronization is desirable for
30 preventing an undesxrable dlsturbance in the dlsplayed
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 termihél of amplifier U2, where voltage
V171 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



7s a diode D12 to one plate of a capacitor Cl2. The other plate of
capacitor Cl2 is coupled to the hot ground. Tine t4 of FIGURE 2d fol |l ows
t he gradual upranping increase in current [err] between tines t3 and t4
that, T n- 5 turn, follows the aforementioned step increase rise at time t3.
At the tinme t4 voltage [err}sof FIGURE 2e begp ggt'-ﬁgger t han vol t age
[err]. The result is that the valta at the outpuf’térm nal of anplifier
U2 becones zero relative to the hot ground. Therefore, voltage V11 is 10
clanped to zero volts by the output term nal of anplifier U2 via resistor
R112, ther2tiede K19 &° MaRtake Qpaciaapacdter C32my ThReOtey, a =
fsawt ootlh Vpiét?%&:f/_léammér EYRCGid QWouplad tdaa@thleaimolaeq&ronwi ously ch'i'irged
rom vol t age V6a Vidgs st - i - o] volts
via a diode D12. D%lcfggsD‘lQﬁZ‘%}r ff:hat I e??drrgs&ééﬁauEPlgvgggggﬁgegé\%ﬂFégg [err]
to be cl anpeerease Ltabeurrental iy beraees timpsetshandptoviRRE, alSchmi tt
triggeg o I OfL. 4 . 1 fi 1 I e .ler LS el,ap t a. -
nont edrt | aerib Fol lof e donbuedt fenelf o8 1oEky CS%; Pl
produced fradm Af t Sigue \Haa Yortaps: Ve Vb EIFRRIIZR RFSOMES tine to or t4
of FI GURE Pergemltilge %It fcONgS . SMBhéereshbt Yol tkae fivs rvoRsageresult of
the clanmpi ng operation via resistor 22Q .,0f FIGQJRE 1. Therefore, output-
si gnal [er?"'%J Q}Pe APyl ggaminalyof REpddifder Uér ReRAMest 2€8Rpar at or U3 of
FI GURE 1 irelatabes o the dwfl tgmfurchuplThegeforeagyoVbagei ¥1a psil |- up

resis At tinme t4 of FIGURE 2f, signal [err]. at i s_coupled to the
base %pr a%?%?d P t_%?‘ﬁ%gv?ftfngifysttéﬂ; &’6%31% %F&ﬁkﬁ%? 8£u§5‘?gf‘géﬁ§i stor @O0
to turn-ord2 30ia resistor RN tuhersbyt quiQBlyi dischaediog, capacatses bot h

tramsf store1Ql iR 4k duli Ty, Ofd saRRRUUSBL kN get bgzsa@f@'@ls! nductive
energy in transformer T2 is transferred via a secondary wi nding Wo and vi a

a di ode DEFFIRAGLEQYT 1@k2 chat thas &een previlrPsdyk chBpergdi §5°Mor produci ng

out put 35 vobstgye WaohtiageelistoBisnRLaol gndvRi2ageiy+clampedduceteroa a

mnndlpg VW';i'rolts via a diode D12. Diode D202, that becomes : o
conductive, causes voltage V;;; to be clamped to a

substantially smaller value that provides a Schmitt trigger

operation in amplifier U2.
A DC voltage Vi ¢ is developed at a noninverting

20 input terminal of comparator U3. Voltage V;;5 is produced:
from voltage Vg, via a resistive voltage divider. At time
tp or t4 of FIGURE 2e¢, voltage V;; becomes smaller than
voltage Vi;9 as a result of the clamping operation via

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

25 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 ty; of FIGURE 2f, signal V;, that
is coupled to the base of a driver switching transistor_Q3O
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. Consequently, 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. ' ' S | ' o

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



| SRR

In the same manner, the energy stored in transfornmer Tl generates a flyback -
swtching current in a RCA 85, 439 secondary winding W of transformer T1
that turns on a diode D3 and that continues flowing in a capacitor C3.

Thus, capacitor C3-is coupled across winding Wi via switching di ode D3 M
after time to of FIGURE 2b. The result 5 rRcasg$ 39 a DC control voltage V3
of FIGURE 1 is devel oped in cap&®tor C3.. -The magnitude of voltage V3 is
control |l able, as described Iater on. Control voltage [err] in capacitor C3

s coupleednfy e BEﬁH I & £hhQfolfled T Wu O'J:ﬁ‘ga\’\2 of
S¥and i ?e g dﬁoge Ferr

transforner T for Frﬂ‘E)rodum ng a
controﬂ19éﬁt93eaVG Fha§ pppteaueap§é9véﬁqcsn BUERPRCHPFEF3 oper ation, a

transi ohels, Rap Eclﬂ:gr ts. Qﬁeééﬁﬁieasaér§§§dﬂfﬁdﬂi‘gSﬂMt@f‘aand coupl es

| t to t | t hat i
\S{Sbs?g%t |¥§ ?‘gngq Pagousag?gegoflé%??t %e Ta é voﬁ age aV6aato| >
volX agdsvehat deD6r gontdobyvohbager Vs CPﬁtﬁ'IﬁQﬁEvﬂ anS dpvelopad MR, After
tine [%abhc%o[ceb@] OfpEl ﬂsﬁi@sd?vmnv&ﬁea&étg; Jg e fdﬁ{igl da has

di scharged, the out EUt terminal o fier FI'GURE 1 rns a hig
i npedaR@edesgribede éFSFeondur?:ﬂﬁtr?brV‘é;(%%?eV3H=ﬂ FaRACItAr |ICDf FI GURE

St PO s M 0
capaci Eﬂgr °€1’Z'raﬂt" f’f‘ﬁ‘ﬁr[égrfnd §ofgﬁbgf*ﬁ§0b3ét &3 %t[?% ween 25
r d<0 st pmsdﬁibﬁ.ﬁgaadcBﬂlEiolsvaltageeVg:Ini e rf okt et C&ﬂi‘acﬁg;oﬁ heé. is contralled

b | t V6 f FIGURE la, Afte o) ges [err] and
V%Zgoofag?GURgsgﬁelﬁﬁdngﬁma}eg %E?{ﬁ |5€?%%§ éﬁl?&)é%%1ng nmanner . a
a rat e lgf oprzagest Bat aj gouéuetwaewbycnoamg@omlw wbaade d¥e C3. 30

At tinmgol argh1eb -FEEYREI €8y aaét@aef&lﬂ E3GELLP \Y&iéé’@@ \56er 'thathat is

devel oped at a noninverting_i nput
1s substantlally equal to voltage V6 The ratio of voltage

15 Vg, to voltage V3 is determined by the turns ratio of

windings W4 and W2. :

After_time.to or t4 of FIGURE 2e, when capacitor

Cl1 of FIGURE la has discharged, the output terminal of

amplifier U2 of FIGURE 1 forms a high impedance.
20 Therefore, durlng, for example, 1nterval to-ty of FIGURE

2e, a current flowing in resistors R111 and R112 of FIGURE

la charges capaeito;.C11, and a current flowing in

resistors R120 and R121 charges capacitor. Cl2. _

At time to)-a voltage V3¢ at a junction between . . N\

25 resistors R120 and R121 is at a level Vpc,of FIGURE 2g,

that is controlled by voltage Vg, of FIGURE la. Afte:;time

tg, each of voltages Vj; and Vyso of FIGURES 2e and 2g,

respectively, increase in an upramping manner at a rate of -

change that is determined by voltage Vj in'cepacitor C3.
30 At time t; of FIGURE 2e, voltagelvll exceeds

voltage Vi;g9 that is developed at a. nonlnvertlng 1npu£ .

terminal of ampllfler U3 of FIGURE 1. Consequently, at

time t; of FIGURE 2e, transistor 030 of FIGURE 1 is turned

off, cau51ng tran51stor Q1 to be turned on, as explained
35 Dbefore. - . o .
‘At a'later'time in the cycle, time t, of FIGURE
2g, upramping voltage-vlzo,at an inverting input terminal'

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



3

tefmnal of anplifier U3 of FIGURE 1. Consequently, at time [err] of

FI GURE 2e, transistor (B0 of FIGURE 1 is turned off, causing transistor QL
to besgurned on, as explained 35 before. At a later tinme in the cycle,
tinme t2 of FIGURE 2g, upranping voltage V120, at an inverting input term nal
of an anplifier U4, exceeds abreference vol t agRCARES ;39 t s RCA 85, 439
noni nverting input termnal. Cbnsequﬁhtly, a transistor Q40 becones
nonconducti ve,. that enabl es positive voltage V7 to be devel oped at the base

Dot or o anooaibRerd tRESLAEG: LEARMAL 0! ConRAR LONE diddithi AL KN 21 ned

Cenoth of ‘ol Baeaps Rohdobsietive, ke adehidd BOdiiine vaythe 1G oe 1

iDgononcondtJetbﬁedéaswﬁéclswhmef Visa. § L G$E \&aimlosaﬁﬁﬁf.m .an(i‘nézﬁéffdk?,sﬁ- Ditﬁde
prevents_the duty.cycle,of transistor ro ecom ng _ er an

Dre Buyeot BrhaEstor e Begitt, CORMELG, B Mrmprinpd BeR el €27

t ransi 8t or sEBwn \ih hBEGURES 2lp+2] ectAorexp¥aidest Iatanplom, ltheelldngut of

vol tage [ept]tré DhEPFFa?y ﬂﬁﬂ ,hkﬁhﬁﬁeb&@nzﬁohhéﬁetBEEsiEEéBS?QtBE Q@ of
FI GURE 1 nlght have, been desltroyed. 15 Resi st or _R301 of network

81 per it st JEYREVY| {8 gRORSORAuGt Rl NfRAfIeS Hien e 1Fa%e Mer eshol d

vol tage. VBearts808i ShRl (B becpdEs conducting, diode D1O by-passes
resi stor R301, causing.a faster swtch-off tinme of transistor, QL.

A time 13 of Fi CRRLOMS DARPFRYSRHIA® ISRRGEGN SF [earsoeor 92

faggggses %B?ﬁl?égfn ?ﬂ@???&%ﬁ Rﬁéﬁﬁﬁg' . tnﬁﬂ?ﬁﬁ%ﬂﬁﬂdngjﬁ%'-the 25

i ncrease i BuahchFeeactiorh 8, cERF @ananplsocdreyvels VecpPdi NedtrgeENLppean

Publi shed &ppfi&akeE 08y 0332991 gt { il dcitage REF, transistor Q2 of
FIGURE 1 might have been destroyed. '

15 Resistor R301 of network 81 permits gate voltage
V; 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
transistor Q1. -

20 At time t3 of FIGURE 2c, when horizontal flyback
pulse Vy occurs, transistor Q4 goes into saturation, short-—-
circuiting winding W3 of transformer Tl1l, as explained
‘before. Thus, current il of transformer Tl increases

(_J rapidly at time t3 of FIGURE 2d. The manner in which the

25 increase in a current such as currentil occurs is explained
in European Published Application 0332095, published 13
September 1989, in the name of RCA Licensing Corporation,

entitled A SWITCH MODE POWER SUPPLY. : -
At time t, of FIGURE 2e, voltage V;, becomes

30 higher than V;;;, triggering the oscillator that is formed
by amplifiers U2 and U3, as explained before. Therefore,
both transistor Q1 and Q2 are switched off and a new cycle
begins. '

Control circuit 120 of FIGURE 1lb, 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 capacitor C3. A transistor Q5 of



Sept ember 1989, in the nane of RCA Licensing Corporation, entitled A SWTCH -
MODE POWER SUPPLY. At time t4 of FlIGURE 2e, vol tage [err], becones 30

hi gher than [err], triggering the oscillator that is f or med by anpllflﬁﬁ§
U2 and U3, as expl ained before. Therefore, both transistor QL and

sw tched off and a new cycle begins. Contrch 83,7439t 120 of Fl GURE Ib t hat
is 35 referenced to the cold |gound conductor, controls the duty cycle of
voltage V7 at the base of transistor 2 by varylng control voltage V3

acr 0S84 £8RAEI 190 &3 %iéaS;ﬁthc% basBC‘émg 3 #9910 circuit 120 is.
coupled 1 n a comon I f1er urati & base vol t age of
transFQFSFggﬁaﬁﬁ9nbe 859abﬂ§ﬁ V?ét%g?e%%e¢é§%$és%@ﬁv@%s@§bdb%o|tage +12V. A

reSleB’éaBﬁedSvEQUQ| Eémﬁéi-&eﬁﬂeté&nﬁéhéé@édo%iié’é‘él-Si@i? Q- 5 and voltage
esu mpn base operat]on, gurrent 8 in I‘eSIStOI‘ R3

B+. |
Ut o ERateEERaRS, D5, GPoRied ot feo S he et eren o€ LranaLter 05 osed T or
adj usanagvbhbeabevBk . of Agnat Fesuyol dAJEhé Scorign ashbewpcfatmnpol d ground

condugt g5 r28fet ggefﬂ‘o%égﬁseértﬁ?nfé $:¥p ﬁlor&els'téq;o%‘ﬁgé used for

adj usting the e current i'n transistor an’ adj ust abl e,
preseanpednuahabiecueséator8R4Ibhstt:st¢se¢ctmtgﬁdnumtxmgmhneor t hroough

oS! 18k Rior Bl e0ee (81:EGEPREbuPlcf L EMeh Bhd WA TSGRy e o ! L er

of transistor ector current ansistor b is
coupl EANEECEAE BAdethbe amithesi Qf bramsior i rolResisoeR4eksor current

(bet(rjaﬁédSt@f &Egus?{mﬁgcehéeséeél OéfttEEélSé@fﬁént.QBmf@Hhﬂgsd@oigl ggsoutzgut :
i mpe ce, ?ﬁ? i ode -
When ??ans?éﬁo gﬁ %Qa%%%éﬂﬁ%h§$%$é§‘égr€ e '§oré§§éﬁgrd§ in transforn&d
Ti caﬁsewsatemthehcogdcgroemd conductor through resistor R4, and

an error component of current ig flows through the emitter

of transistor Q5. : _

15 The collector current of transisto::QS is coupled
to the base of a transistor Q3 for controllidé a Collectbr
current of transistor Q3. The collector of tfahsiétot-Q3;
forming a high output impedance, is cdupled to the junction
of capacitor C3 and diode D3.

20 When transistor Ql'becomes nonconductlve, the
stored energy in transformer Tl causes a switching current
to flow via diode D3 that charges capacitor C3, as
indicated before. Regulation of the powef supply is _
obtained by controlling control voltage_v3 in gapacitor C3. ' &_’_

25 vVoltage V3 is controlled by controlling the loading across '
winding W, of transformer Tl by means of transistor Q3. |
When, for example, supply current loading across capacitor .

C66 decreases, voltage B+ tends to increase. _ _
FIGURES 3a-3f illustrate waveforms useful for

30 explaining the operation of the circuit in FIGURE 1 when
voltage B+ of FIGURE 1 increases, such as_aftgr time t4q9 of
FIGURES 3a~3f. Similar symbols and numerals in FIGURES 1,
2a~2j and 3a-3f indicate similar items dr functions.

As a result of such transient exce531ve level of

35 voltage B+ of FIGURE 1b, a larger base current flows ln |
transistor Q3 via resistor R3 and transistor QS, causing
voltage V3 in capacitbr C3 to become smaller. ‘Hence, |
voltages Vg and Vg,, that are produced as a result of



to flow via diode D3 that charges capacitor C3, as indicated before.

Regul ati on of the power supply is obtained by controlling control voltage
[err]:in capacitor C3. 25 -Voltage V3 is controlled by controlling the

| oadiTg across winding WA of transformer Tl by neans of transistor 8.
When, for exanple, supply current |opdi ng across capacitor. C66 decreases,
vol tage B+ tends to increase. FIGUJ 3a-3f illustrate waveforns useful for

Pl ouRe 1| Noreats. ~eeR R Lea bR, WiEafy op'3p wiRpad; O

it i
Wby Elgback-Prasation” 35 wifs
synbol s an#2noffetxbasiforme@URES }a,lsbabépomeds&alaferl.ndtl‘het eesuitl| ds itens

or functi oghat- 18ved ubk 9b18HEE Vi ANIELHIGUREST W 1€ @i’
vol t age B+, of FI ?JRE :VEE a Iar%@ Qbas{e?dqurrent flows in targ)%lgllsto%%@ via

resi stor REIBRAOEr BnGivEs: vBF2 i ROTHEPPagE V8 Fﬁgeaﬁa%0t9ﬁ°9§F§<3 become
smal | els. bhaﬂ.&er\lol S&@hSdbERB]as&ndn[ EBkE L VB@toﬂreom@gblc‘v;% ddsa result of

vol t age re |f|c dur| f.l yb ck oper.a n i of- .t ransf or nmer
T1, also b 8wn % ri tmfns FF{S# QEQJe{EQ/I%Vﬁrig A2a g [err] of
FI GURE 3c EEGHRBegcnm ri‘gelrlerfercf, xoditage Wppanpf rﬁgIQIIRE ilan em‘.ceeﬂs age V120
becones 5 | e Such rease in leyel [err vol tage. V120 is shown
by the varlgiggﬁefﬁgﬁlﬁgvél g?ﬁ] 8tP8%an[8rPf P @EEE %ﬁ US¥hgr df ore,
vol t age V1zeduttEbGURR theenmegdsymabtagetEEﬁsaBterlaﬂeoflmxeuRE Lp a given
cycl eg ¢¢augikn uty C n f RE 1,
167l Choan"AnBuh R Erlg] Sa2agy YohkriRaRbe LERTIATERE SEr0' SLEECT Ci
energy to 6@“§?§réﬁsﬁne&ﬁﬁgwrﬁﬂsbérFéerﬁﬁalﬂraﬁgf§Fﬁ§$f¢2r6@ FL@URE 1 to

the | oad atrankebpinga! T‘QA‘%’feF\I@bkEQQ Bas tﬁed%shoaeda terﬁbhalwauere
regutati on oi vol tage B+ is tead

b .
ol inos VavpLeasen Bl 38, developasa; ThnERizatays EROBLAFIPD, PEnPHLERSEN ¢ he

char gi ng and dssobaagneg.currents of capacitor C3. An increase in
15 In steady state, voltage V3 is stabilized at a
level that causes an equilibrium between the'ehafging-and
discharging currents of capacitor C3. An increase in ‘
voltage B+ from a nominal value is capable of causihg,
advantageously, a proportionaily greater or amplified
20 change in voltage V3, as a result of amplification and
current integration of the collector current in transistor
03. o . _ _ Y :
Processing voltage B+ for produc1ng control ,
voltage V3 is accomplished, advantageously, in a DC coupled.
<5 signal path for improving error sensing. A given _

' proportiOnal"change in voltage'B+ is capable of'eausing 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- a

30 coupled voltage V3 is transformer or AC coupled to w1nding
W2. The combination of such features improves the
regulatlon of voltage B+.

Another way by which an arrangement similar to
control eircuit 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 Leonardl, entxtled A

RFootp\"1 S .
SWITCH-MODE POWER SUPPLY. (RCA 85438ff11ed herew;th).



vol tage B+ froma nominal value is capable of causing, advantageously, a
proportionally greater or anplified 20 change in voltage [err], as a _
result of anplification and current integration of the collector currequﬁ|n
transi stor B. Processing voltage B+ for producing control voltage V3 i's
acconpl i shed, advantageously, ilka DC coupled 25 signal path for inproving
error sensing. A given proportional change in voltage B+ is capabl e of

causing a greatmgy a@db&@ahlc@naﬂlmhamehb& \felata&e ¥¢. théhus, error. =
sensit,ivity. s inprov after th gog ror gﬁvolt ge Bt is anpllfled

the anpVisftd®Rer h2 %ﬁFEFﬁé | FOBE1SE BYBGDFOPLZdBoVE1883L: anisf or mer
or Athoﬁpﬁeeopﬁrwﬂndpﬂgawg VIhetb@hbiﬁaﬂeth%¢ faem VebtagesB%nproves t he

o 3ty Lee B, phale . kel Dol ihoad ALLARIRIRRL S A to

tro CIFCUI ron= pur: oses shown™ and . :
|a|f11\’é'& PPty sigvadeifu ABF VE&PPSE 5243354159?-F'§ﬂd19"®§¥10ber 1989; in the

nare Yes Y et c2158hECk NeDE-BOVERomURREXs (BYPaged38/fil ed

her ewi, h) . In accoﬁﬁknce Wit h anot her feature of tﬁe i-nventi on,
transf@firer T1 coupl es bot h:synchroni zing signal. VH and control voltage V3,

that is derl ve@vfﬂt@nm@l th@etaievaéﬁ.eﬁsré&eﬁ.%kaihea BéehidBky. The coupling
I s done re isolated, with

bot,h  si naI F gng e B+
respe@F’ qa%§§§59§aﬁssﬁ8 ?mﬁ&}§ & Vogp FEARY VS?tﬁge [err]. Swtching
t1h@ te:lransmscm:r aseitwdr gent oThteandli)lenbde of tpenstisbori swatchnpl i shed by

turni pg fo ec%u%ﬁe& NS el %:%QPQQnaFT@‘é ng-lnS&t 8& gf sbyangi stor switch

Q6 is coup & current patn FeS-arrangenent of..a
zener aFrgagerent of eegienear dkedeaid .2, daoygsngoor B&Bhasdres arrangemeqy)

s couloud BRioreeBUe s62iledChoangdnehE @aseoaﬁlsaasét%% bRe
collector and the base of transistor Q3. :

15 When transistor Q6 is turned off, the_negative
feedback current flowing in. zener diode 29. l,hresistor R60

and diode D60 to the base of transxstor Q3 'establishes
voltage V3 at approxzmately +12 volts,_that is lower than

during normal operatron. The result is that voltage Vg is .
20 maintained at +15 volts, and level Vbc of voltsge Vizo at

the inverting input_terminal of_amplifier.U4 is maintained

at about +7 volts. Consequently, the peak voltage of

sawtooth voltage Vi3 cannot exceed voltage Vpgp.

Therefore, advantageously, transistor'QZ remains

25 nonconductive throughout standby operation. :
Throughout normal operation, voltage VGa produces

C

a base current 1n a transxstor Q7 via a zener diode 218B.
When conductlve, translstor Q7 couples the anode of a diode.
D110 to the hot ground potentlal Therefore, voltage Vi
30 at the cathode of dlode D110 malntalns diode D110
nonconductive. o _ _ _
The free running frequency of the oscillator that
is formed by ampllflers U2 and U3 is de51gned to .be. lower
. than the horizontal frequency to allow for synchronlzatlon
35 Because voltage VG becomes lower durlng standby operatlon,
trans;stor Q7 is turned off Therefore, capac1tor Cll is
charged by an- additlonal ‘current that flows v1a ‘a collector - -
pull-up resistor R110 and diode D110. Consequently, the



15 When transi stor Cﬁ I's turned off t he negative feedback
current flowing in zener diode Z9.1; resistor RBO and di ode D60 to the base
~of transistor B establishes voltage V3 at approximately +12 volts, that is
| ower "t han during normal operation. _The result is that voltage V6 is 20
mai nt ai ned at +15 volts, and |evel VB of voltage [err] at the inverting

I nput term nal of anpllfler U4 is maintained at about +7 volts.

Consequentfyee tflfhrpﬂﬁk_{f ﬂﬁéé@éﬁe?foﬁaﬁﬁ@%ﬁbﬂpié@@ﬁ, \ﬂ&ﬁh u@w:eed
vol t age [e.rlv]er. Ther for s dHant a(g I’ISI st or remalcp
nonconducttReFT3F oYend: the iy ’S‘% %b]e? ation,

vol t age [emxilsq:mmiuces a base current |n a transi stor Q? via a zener- di ode

Z18B. When conduct i Qr. h e D110 to
t he hot ground pot eﬂn'sl a‘}é Ei%%églﬁ% % i\)%? %;‘gﬁ %@%}9% QIasféac% #e&gat hode of
di ode D11ccnrrgtzing momfmlmdaommmmwolrmeqezéeemumqmgptrqmmency

of the oscid |saigpliddtby svéDtagel vy wigld fsvﬁnfcwzwwé 200 dow c_tmu@d to- be
| ower than the horizont al frequ ncij to all ow for nchr oni zat i on.

Because vt rPRRFaL 18Ry R3%h 15 back st or Qs

t urned of fbla%wra&i@r@olw@@cv-tois ﬁﬂe&&edyar;g@téad,arfﬁidlai onal current
that flows via a c to pII-u reS| tor I ode Q. .
EConsequent’T t]t%eeé) v gtaq? :ﬁ? Otcﬁ rmer qul and

“osci 1@t ortlah/eirﬂ amaplked viancz emﬂsckbe:;mdb mﬁﬂlaudlﬂsicmusmgﬁ tthepr event an

di bl |
Zﬁelrgl gl 2 an N rcg\Hri &dg éeér%fgt%%%tarlglé%gse%ver rtﬁtﬁ't Iaﬁ]‘}&%dqgfegsu sd[dpl i ed by

vol &ag QM Powemi lessel ceecwoturing standstier hand, duri ng nor mal
ration,

ope di ode DZ£0; ¢ h DRG ke thd aseck ARck valé@%eﬂal sc;ﬁez%a;rﬁrﬁchs i nst ead,

froma - rectlfled vol tage 1hat |s r oduced l:Q/ sansf%rrrer T2 and
accomplished b turnlng o transist r ereby,

15 voltages V3, Vg and the DC level Vpe of voltage Vijq
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, between
20 times tgg and tg; of FIGURES 4a-4c followed by a relatively

long dead time interval, tgi;—tgz. 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 °

\_S flows through winding W6 of transformer T2 of FIGURE 1,
causing a higher negative voltage Vg¢ 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 tgy; 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 tg; of FIGURES 4a-4c; transistor Q6
becomes conducting again and decouples zener ‘diode Z29.1 and

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



10 that is coupled via a swtch diode D201. Because of the sw tching node -
operation of transistor Ql, advantageously, |ow power |osses occur during
stand-by. Switching the receiver into nornal operation is acconplishedil
turning on transistor Q. Thereby, 15 voltages V3, V6 and the DC | evel -VDC

of voltage [err] increase, t husl pabl i ng transistor Q2 to becone .
conductive. If a fault condition occurs, for exanple, if capacitor C66

becomesoadetbest L) éedtuﬁé/ﬁgz?ﬂ&ﬂw&mmwtdmrrmvm intermttent node,
for exanple, between 20 tinmes [err]- and [err] of FlI GURES 4a-4c foll owed by

a rel aEPRRRGLS ongHEWRVEF i rue @ the SheFyTCiteyit n kb8 ols and nuneral s
i n Fl GaRESndaapdside Fbﬂff&ndﬁetmerhm ceepi time ucdy fosfu IRIQURETI4tG,0on i ndi cat e

siml |te n, case of short cjrcuit, a higher current
L b rebEBron SH G AR S RN Ay G 1. causi ng o
hi§herenpgainee beforge [err] to be devel oped across a resrstor'R66'that S

coupl ed bet veenrih€ql ¥ By da £ e M 1k '}Ebv)@raé‘ﬂ G&@té‘gﬂé dzaroynd. Thereby, for
exanple, at time [err] .of FI QURES 4a-4c, diodes D62 an 3 of FIGURE 1 30 -

"t hat ampbbe@r e bepaebrox He3WRsks o#hﬂlr%ﬁm@uoirnm BRrtien abra R66 become
conduqtnrz:rﬁ:;wjltd&ﬂnemsté)gc-:(303A oez:dm;tea;uaﬂthrf, volltGger a}@,gl skor B cl anps

- voltage V3,t0 abput + ent plalned with respect to
The crdnvetyBedert einacisan Sy " elredle Vi dy Saerisd B 1" TOSPR o
t10e [espicitor! SRR 4d- f&sliﬁ@msammrt&&m@m@amw iqe, again and-
decouples zener drodf Z9.1 a resrstor R60 fromthe base of transistor (3.
Ther eb)* 138 SRARTPAL FP *vol tage V3 increases slowy. 14 o
Consequent |y, aAntampliﬁie# UIrhasi&ncxnﬁgrtﬁngqiﬁﬂﬂi:texmth&ms. However,y
due tothde $HOEbnSisqUES ot Ss,e‘,ccaiﬂﬁray n%rpiexmrctir@%yd@r T2, at tine
t53 of FIGJRE 4c, transistor of " FlI GURE S sv%tched of f again, as

terminal that is coupled to voltage REF After voltage Vpe - -
15 1is initially applied, and after voltage Vg in capacitor C6

becomes sufficiently iarge to exceed a predetermined

minimum level that is determined by voltage REF, the output

voltage of amplifier Ul is pulled down to the hot ground

potential. The result is that a transistor switch 08 is-
20 turned on into saturation and couples voltage Vg to

capacitor Csé In this way, operation of SMPS 300 with a
proper level of voltage Vg properly begins. _
FIGURES S5a-5c illustrate waveforms useful for:
explaining the afo:ementioned-start-up'operation in the -
25 circuit of FIGURE 1 after voltage Vo of FIGURE 1 is first o/
applied. Similar symbols and numerals-in FIGURES 1 and 5a-—
5c indicate similar items or functions. ' -
At time tgo of FIGURE 5c, when voltage Vg of
FIGURE ‘1 becomes - suff1c1ently high, transistor Q2 begins to
30 conduct.  Capacitor C66 is in a discharged state, during
- the first interval tgg-tg; of FIGURES 5a-5c. Therefore,
SMPS 300 of FIGURE 1'opefates in an intermittent mode, as
in the case of a secondary short-circuit that was explalned
before. However, 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
S5a, voltage B+ is high enough so that transistor Q2 of
FIGURE 1b receives.a proper base drive. The turn-on



5- expl ai ned before. Imediately after the power or ,voltage [err] s

appl ired, a capacitor C300 is charged duri'ng a portiom of asperfod of. * :
voltagg.VAC Consequently, voltage [err] is devel oped in capacitor C300.
Voltage [err] is coupled to 10 capacitor C6 via a resistor R300 to charge
capacitor C6, prior to nornmal operation.één anplifier Ul éghégverting
input termnal that is coupled to volta& V6 and a noninverting I nput
termnal that is coupled to voltage REF. After voltage VAC 15 is initially
applied, and after voltage V6'in capacitor C6 beconmes sufficiently large to
exceed a predetermned mninmum |l evel that is determ ned by valtage REF, the .
out put vol PRRFRS ddIterminated swhen | veltram B hak W%fbd‘r&f potenti al .
The resul t Aormadatvaluearss sshoows wid CIGERE SS2Gt timendgzen i nto saturation
and couples voltage V6 to capacitor C6a. |In this-way, operation of SMPS
300 with a-proper level of voltage [err] properly begins. ‘FIl GURES 5a- 5¢

i | | ustrate wavef or ns Akkentienr igxpnwikedgtoheozPending: pprddcatdan yp
operation pR-ale dpaaid Ctui1i15] HRmichl §8r avplivigiohanr] of FIGURE 1 is

first applied., Simlar_sypbols and pugeral s_i,n FI.GURES .1 and,5a- 3¢

| nd car & sARPLiCAtIaR et YR Fore. Thts, ApBLigarion: aRACHRAC Seglh
vol t age V6pgbtelctidn Edyecones sufficiently high, transistor 2 begins to
30 conduct. Capacigtor is_Ln a disc St . inlg the first
interval [err] of F@bﬁﬁﬁég%%-%8¢3T3893?o?gggzgpsggégr%gaéngRE 1 operates
in an intermttent Qo as inet A .Short-circuit. that
SN ey ok W SRR Horbaspogaiagy short oot

was expl ai ned before. e “SU g rgy sFowy charges 35
capacjtor C66 of FlBeRBsL enengieestduncaid dnputasypplferotiagenandoy
| ncr €asi 1 r¥ebbAgEvE da t&é&][aeééd Qndddi Ragaa1 Yek! gaReBachnghi on
enough so that transistor of FIGURE I b recei'ves a prQper bhase drive.
The turn- ofxom said input supply voltage an output supply voltage :

that is regulated in accordance with a timing modulation of

said modulated control signal;.

'a transformer including first and second windings:;
15 first switching means coupled to said first
winding and operating at a given frequency for generating a
first switching current-in said first winding to energize
said second winding;
a capacitor;
20 " second switching means coupled to said second
winhding 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 -

25 interval, said capacitor being coﬁpled via said second

;switching‘means to said second winding for applying said
first control véltaée to said second winding to produce in
said second winding a second control Goltage when said
rectified current is generated; :

30 o means responsive to said output supply voltage and
coupled to said capacitor for controlling said first '
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

35 voltage that is developed in said second winding;



15 RCA 85439 process is term nated, when voltage B+ has reached -
its nornmal value, as shown in FIGURE 5a at ti rre[serr] Aet estsion i Pnvited '
to co-pending application GB-A-2266813 (9314415.2) which is a Divisiona] 35
Application derived fromthis application and which seeks protection for: A
Switch node power supply, conprisingf,a source of an Jnpu ply voltage;
nmeans energi zed by said i nput suppl 3{9\/.()' tage and 10 .‘@‘Bo‘#&f% to a :
nodul at ed control signal for generating fromsaid i nput supply voltage an
out put supply voltage that is regulated in accordance with a timng -
nmodul ation of said nodul ated,control|  signal, ra transfaornmer including first
and second wi ndFIfRPS @PuPled to said fransiommer ahd favdimisaid o sai d
first hwemmnb mm_rmiﬁaf:gatcmgizﬁm'ﬁémm@- fs&i@ﬁijﬁﬁfd?e’a—;”f_id rst
sw t chi 8nt, | _ wpal.ng to energl.ze.sdld second w nding; a
capaci-td%%;i%%s ta ﬁﬁ%‘%‘e_cior%%é?ﬁfcﬁ?%b 'ﬁ%’gfgsr%%tlfp#%é {PEEY detond
wi ndi ngeaesatedaifbr aectiifyingrsaidt tfanstommenreampledatedord ows in said
. secgnd Wntdigig ég\d@rf : oma feetl{i £ ' ffows in said
capaci tc‘(g’rn to dg\?eil op a ﬁ%s%%ﬁé o%n\?;% fgg%‘;é%s%wdé@agp%%%riduri ng a -
fl ybackeMeli ghatydls determipedihyrsabd ngecont| eehtuiel saXtayerond swit ching
neans to said s L G NG Lng.sal i rols yoltage to™
sai d secqond wi n%%mﬁ%&%%‘%@%a‘gﬁ'%%ﬁ#ﬁ\é%ﬁ%&%e%)lr% control
vol t ag&PifFeh contF e toktage kRF aproducipgict 3awtoPth signal  neans o
responsut@ilde S3iih Ooptl yidcis Uit Vo1 t fiYea sk &MY adidip Sj¢l capacitor for -
coyérol ling said first control voltage such that a change in a magnitude of -
sa .Olﬁeﬁt??"dsﬁ?&%lr%l‘f%\lg’?Q‘?brﬁ%-nom'-.nal val ué thereof produces an .

veltage that is

anplified change in a magnitude of sai.d second contr ol 35for

devel oped in saitfatt iRy to said sawtooth 'signal
generating said modulated control signal with a timing

modulation that varies in accordanceé with said first
control voltage to regulate said output supply voltage." "



16 RCA 85439 neans coupled to said transforner and havi ng said
second control voltage coupled thereto via said transformer dH“Imumm IL“J'II”“I |
flyback interval when said rectified current is generated, fot wirREEnG 1
said Transfornmer coupled second 5 cgntrol vol tage to generate”a fhi'td _
control voltage at a level that is déterm ned by said second contro
vol tage; a sawm ooth signal generator responsive to said third contro
vol tage forcpspdsici ng a sawt oot h signal outside said flyback interval in
accordance With saiqd 10 second contraol vqltage: .and neans responsive to
sai d sawt ooth signal®fo nﬁ5e§a§ﬂlﬁﬁ uWﬁP@dPEUﬁFrﬁPpgignal with a
ti mng nodwomprdisimeat varies in. accordance with said first control voltage
to regulate said outpyl SRl foetOba96y £1,4{ ShA! WBrodu fiSUEGHLONI 2ed
swi tch node power supply, “coOmprising: g Fransforner ﬁaV|ng rrst”and second -
wi ndi ngs; first sw tfdirstg swidehingupeadst covpladf tossahdnfingtfor -
gener ati NgAnkiny M eliedd Wy aNleiireS3kdebhinl Whpding LR peryodical ly
energi ze sai,d second wi'nding; asource of a synchronizing input signal at a
frequency tHESY ¥indingfo pexipdicaddvofneredgenepidssecrndsiiRehisy neans
respog_si ve to sa: d iamwulrsﬂ'egw agrsqm@wahgdihg _igbdtSEQQﬁdéV\éﬂdé ng f_ord_
peri odi ca applying.a.lqw i npedance acrqss.sajd energized second w ndi ng
t hat by trgﬁgﬁgFﬂéW % toﬁspfg3658 °saba?gﬁ?FgF°Pn§Fgggﬁn?ﬁ;said first
sw tching current; meaond egwigehdnhgt megna pespodsdvéei tot sabdtimput

signal and coupled to said second winding for periodically

v applying a low impedance across said energized second
winding that by transformer action produces a substantial
increase in said first switching current; |

meahs for generating a periodic first control
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 input
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
W said input supply voltage an outpﬁt supply voltage in

accordance with said first control signal.

2. A power supply according to Claim 1 further
comprising, means responsive to said output supply voltage.
for generating a second-controi signal, in accordance with
said output supply voltage, that is coupled to said first
control signal generating means via said transformer for
modulating said first control signal in accordance with
said output supply voltage in a manner that regulates'said
output supply voltage.

3. A power supply according to Claim 2 wherein
said second control signal generating means comprises a



: signal ; means respon5|ve to sald flrst smntcthg_ggLLenL_anéseeuﬁled to
said first control signal generating neans for sensi n sai mﬁﬂmedse '

said first.switching current to synchronl ze sai ﬂ“\luﬁ \“ i gnal °
said input ‘signal; a source of ag.-nput supply
responsive to said first control gnal and coupled to said I nput supply

vol tage for generating from said i nput supply 'voltage an output supply.

vol t age dae)aeqwzd%ae aW'rTeli':tS.%'i@rf corple@ntboh thepal widdifgheger supply
accordin Claim1 further r|S|n% neans responsive to_sai d output

suppl y i@a&&%f%watsﬁﬁ& §e§§é€r’+& cGﬁFF&FfYQ:PQnQI trapsier®flance with
sai d oulcewipled Rutreit! dhat tflletwsl dnceaflkdethiedssiddingstocppbdakesi gnal

generatin via said tr fQrmer faQr ula 4N i L.rst .contro
danar 1 iece e Fukteht iR denseobsd o sheayepRetenknRbe L hat

regyg at chataideveldigpst i salid mpaa:g.corBsaAdpsueondupph;zralceidneg to Caim
2 wherein said second control signal generating neans conprises a

capacitor and a rectifier coupled to a third wi nding of said transforner,
said rectifier rdotifyipoyex suppdvorssorddng &9 €inimn2 whareinows in sald

third wigdig %é& Gl r.e,aaw i gdnerbitany haahsl $sCRUBpBHskEYesai d

capaci tor t hat evelops n sald capacCitq salg second .control
signal . %@ §Q|ﬂﬂﬁﬂf Gomtyodc sdoaady fo5 @F&Fﬁ?ﬁlﬂﬁeﬁé A sgc@ndecond control
si gnal gRRil REgiRANdn Sar esospscﬂeoan&naop&:eaéteMnea segeal for

d I ined
Povan” 16Nk Ftaiahes SParaeBro nasn. oad FREBEE P BhaS: JoTERbE e (o not
gener at € not genemded,r ¢ @xwildegeflrloat a yodtageopbdti dssai d capaci t oNe/
a st andijeRYHId 1% ‘é@i@%"ap‘l@i‘t?& sy Qﬁh%@bxpas}si%goeonage

during said standby operation.

5. A power suppiy according to Claim 2 wherein
15 said transformer isolates, with respect to an electrical
shock hazard, each of said source of said input’signal,
said second control signal and said output supply voltage
from said input supply voltage.

6. A power supply according to Claim 1 wherein

20 said first control signal synchronizing means comprises a
current sampling, second impedance coupled in a current |
path that includes Said'firSt winding for conducting at
least a portion of said first switching current in said
second impedance to develop in said second impedance a

25 current samplinQ-signal.such that, after said low impedance
is applied, said current sampling signal is at a
substantially higher magnitude, said current sampling
signal being applied to said first control signal
generating means for synchronizing said first control

30 signal to said input-signal.

7. A power supply according to Claim 1 wherein =
said first winding is electrically nonisolated from said
first switching means with respect to an electrical shock
hazard and wherein said second winding is electrically



5 A power supply according to aim?2 mhereln 15 said transfortier . . * ¢

isolates, with respect to an electrical shock hazard, each of said source

of sald input signal, said second trol signal and said u u Hl _
vol t4ge from said input supply vol f%e. 6. A power suppl yH! w , luﬂ) ’“II,
Claim1 wherein 20 said first control signal synchronizing nmeans conprlses
a current isslpkiedgbyseagadt ranseopmerCceromedaid 2ieyt’ SRitERLAg hat

i ncl udes a%a§ first winding.for conducting at |east a portion of said first
swi t chi ng Pént in said s&cond | npedance to develop in said second

| npedance a 25 current: sanpllng siignal such that, after said |ow inpedance

Is applied, said cgrre t S ng i hi gher
magni t ude, said cu?ren gggf% ?é%gﬁﬁg&agp Efgiﬁcis§+%¥?+?st cont r ol
si gnal geﬁéﬁétpﬁgpnﬁaﬂgppbr s9hthgengenegaténd heass compribseglasignal to
sai-d ignpupowedNahopBer éwﬁ??ﬁin%“??éﬂs%ﬁ&?%&%ﬁ? & gbfitdoyherein said

first MAngln | ectric nisolated fromsard first swtching neans
with resp EFgPBaéntBPEciﬁlEG?PQh%%YeHEQa?GiﬁnﬁiﬁﬁEr@?ﬂtg%ldsgi%%hd wi ndi ng
is el ectranal hnereinsehaaeéwbucﬁﬁagl éfmi&aﬁrﬁerc@&;m@é swi t chi In@l
means. ply acco erei n said -outpuj  supply
vol t age ggﬁgFgf’Hﬁﬁtirﬁg gxﬁﬁnfﬁ'ig %\°%d P hi:ﬂ%p‘ﬂ%?“%vﬁ?‘é?ﬁ%ggﬁ*%nm st or
havi ng a &émstoswitchingl cabhmént sto cspcesdva predetermined IevéX ol signa
and wherein said switching transistor is switched into nonconduction when

said second sw tching nmeans causes said first switching current - to exceed a
.predé@rnined | eveP: 18 power supply awmgsﬁppﬂ:]ﬁmcbmhe@im daimil

erein sgaddf Eighe COBhELO1 Sk HGRA 9:5‘&@‘% e&ir?fs oscillator
rﬂéf S sxn Qignlzed I n accordance W t sald |nput Sl #fgg%égh

ator that is synchronized in accordance with said
input signal.

10. A power supply acccrding to Claim 9 whereih
15 said oscillator is free running during a stand-by mode of
operation.

11. A power supply according to Claim 9 wherein
said first winding of said transformer is coupled to a
regenerative positive feedback signal path of said
20 oscillator to effectuate synchronization of said
oscillator.

12. 'A power supply according to Claim 1 wherein
said first winding and said first control signal are _
nonisolated with respect to an electrical shock hazard from

25 said input supply voltage and wherein said transformer )
isolaces, with respect to the electrical shock hazard, said
second winding, said output supply voltage and said input
signal from said input supply voltage. |

13. A power supply according to Claim 1 wherein
30 said input signal is at the horizontal frequency.



10. A power suppl y according to Caim9 wherein 15 sai d «OSCi I I'ag or |s free
runni ng during a stand-by node of operati on. 11. A p'ower’ suppl y aceor di ng
to Claim9 wherein said first w nding of said transformer. is coupled to %;
‘regenerative positive feedback signal path of said 20 oscillator to
ef fect uat e synchroni zation of said o0l ator. 12. A pRGx 85488 y accordi ng
to Gaim1l wherein said first winding and said first control signal are
noni sol ated with respect_to an electrical shock hazard from 25 said input
supply vol tage and r b rFehtehed MOAS, REVersSURPAY, sphstandsialdy to t he
el ectri cals uuteldﬂwmmé Sescr ibe@ndithngefgrencedtouithe supply vol tage
and sai dg &% r}@vé] r?&%d i nput supply voltage. 13. A power supply
accordi ng to al m ST 30 said i nput “signal is at the horizontal
frequency. RCA-85439. 14 A -sw-t-ched node power supply
--substantially as herei nbefore described with reference to the actonpanying.
dr awi ngs. _
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