1 RCA 85, 438 A SYNCHRONI ZED SW TCH MODE PQAER -SIPPLY:The invention
relates to switch-node power supplies. Sone -television receivers have |nput
sigmal 5 termnals for receiving, for exanple, -external video input

signal s such as R G and Bgi:nput spgnals, that age wgﬁgevel oped rel atlve
to the common conductor of the recei ver. Such si S nal s and t he:

recei ver common conductor may be coupled to correspondi ng signal term nals
and common 10 conductors_of external devi ces, - such as, for exanple, a VCR
or a teletext -doduBXNCERONTZED SWITGH-MODE) RORER,SURBINal s bet veen t he _
external devi ceawd_ﬂ@ﬁmﬁwamgwlsﬁtcﬁ%@@mﬁonductors of the
receiver rig of the external devices are 15 connected together so that all
are at YR potential. The signal lines of each external device are

coupled to the SometElkatrixion gredejt\ens' have dnpute signa’l/er. I n such an

arr e tel evi sion
'rec%ver mayl%' %%a? cdn?’&tlvgy |g%ate relative to
t he coﬁ%ﬁﬁ\@b&@%mﬁ B inpatc signalsensheitz @re o deice. Wen
the comlwwmaﬁquw tled ddnitidn %da'ﬁﬁ{ctUiU@f he? deiefiviad. that is

at the ential ,of the commn conduct or WI not suffer_an electrical
Shook. St Vigharl” tesminaln s Ehfms eINERT COMIOR CORINCEET TAY | 1o
pot ent bad Tofpliehe ﬁd?rdbﬂﬁéspdlfdw sAgnaEl) rt%mimallys and onindeat  provi de

p r t teIeV| recel ver J caII a ranf T | oati ng
oﬁiwlssol anch écﬁﬁr}f cg g‘r%%ér ?riee’" olh'g:gground

conducioar a s@letext decoden:'.a t ypi cal swi tch m)de povver supply (SMPS) of

t el evi si on recelixépr Im.lé”l% n3§ WE lsa! |1§ AT AR t@{gypl ed to a
bridge rectifier, for exa ut usi ng transforner co ng. An
unr eguileRteFndly daviqes elsisd@sp rpcedvexge the Imﬂmd that is,

for eg@&t;'d%ct%'i'sr inertﬂiEQgedélv%zf?@H@%fog@U%ﬁ&Ernraﬂf SevBEelsd &lfe “hot "
ST BERAEe Hodstrll AP XGOUR et BT sl Y source. A
smntchThhaBigmpUIaﬁndsaof each external device are coupled to the
corresponding signal terminals of the receiver. 1In such an
arrangement, the common conductor of each device, such as
of the television receiver, may be held "floéting“, or

20 conductively isolated, relative to thé 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.

25 A floating common conductor is isolated from the N
potentials of the terminals of the AC mains supply source
that provide power to the television receiver 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 directly
coupled to a bridge rectifier, for example, without using
transformer coupling. An unregulated direct current (DC)
input supply voltage is produced that is, for.example,

}5 referenced to a common conductor, referred to as "hot" "
ground, because it is conductively coupled to the AC mains
supply source. A pulse width modulator controls the duty
cycle of a chopper transistor switch that applies the



2 RCA 85, 438 unregul ated supply vortage acnoss a ptlﬁary
'mﬁndlng of an isolating flyback. transfornmer. A flyback voltage, at a
frequency that is determ ned by the nodul ator, is devel oped at a secondary
wi nding of the transformer, and isectified 5 to:produce a DC output
supply voltage such as a B+ vol taggthat ener gi zeRCA 85:43%ntal deflection
cirquit of the television receiver. The primary w nding of the flyback
transforner is, for exanple, conductively coupled to the hot ground

colnfluctﬁhre&hmaﬁeaoadpplvaadtalgefhg&]?esf hyb&ahati:@ windihar T a?xnd E+ o
vol t age, ma co e ated frgm c ctor e
hot - ch&SB¥PE?89 %gyﬁﬁﬁxngﬁ PFQﬁ§?or%bF& %ﬁc% H& %Pa%f %?thIrCUI¥S B +

vol t agefrequensydthatséssdegerminetaby &hnehoﬂadahyra ﬁsadcbedmpedactlon at
2 1o SCBEr B! Sothndhly Qloklind LIORR LoaBsiOLIRE, Bhiedyoseasseusly, such

sensed vOl Tage nma rac Ian o VO
accdr acpo Pnodnaeratbcpouupu& suppdy NOQ&B@Bl6ncbfas+avbﬁt&9ét899 nay be

desi rabgﬁa eﬁ€§§Qz§§ Xohbﬁ-i‘ioﬁhéﬁch&ﬁfctiohe @1‘:%'1&“’6@ enel it is

produce ccor e 1 nvention here 1s prOV| a_swtch node power
suppl y, Géﬁﬁiﬁépﬁgreﬁeﬁwﬁﬁsfo?ﬁérpﬁémﬁﬁg pinging,@fs £hen #LybAGKNgs: first

sw tchi ﬁﬁaﬁQQBEmEQUB’.E?deQ a&hﬁp&u St:owa&d:ta@eflgr codl b&t t&gthefi rst 25
current_in said fI rst w ndi ng energl ze sal q ﬁcon ?(apam tor,;

second BRFt SRPRBINEQREVEEQS!ed TRE SECYNSBEYN ¥R BSN§ta %q§5F& capaci t or
f ol @eneransBgraercandl Bedvoltaget mhlyomesasoddmmdnem nldloagtbklat devel ops a

first cgntrol,volt ge in_said cit | 0 fir rol vol tage
bei ng ¢ ﬁﬁpeghfo 8 grPPaRs Pﬁgg%P r%3e3§% %o% 1$Z§8n r'Jt'I(-?tontroI vol t age
t hat ch&pgmedlbyatherﬂaansfummbrsald first control voltage;, neans

responsive 10 anzgusBe BUABLY av8l KAGLuRA CBUPLEcudeSalnd kiRl Lor Tor

controlling said Tirs r ol such ange in a
magni t UB¥ 8ensing suvpitage developed by a transformer action at a

15 separate winding of the flyback transformer.
Disadvantageously, such sensed voltage may not track

variation of voltage B+ with sufficient accuracy. In order

to provide better regulation of B+ voltage, it may be

desirable to sense B+ voltage directly at a terminal where
20 it is produced.

According. to the invention, there is provided a
switch mode power supply, comprising: a transformer
having first and second windings; first switching means

o coupled to said first winding for generating a first
'&55 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 generating
a rectified current from said'second_winding that
develops a first control voltage in said capacitor, said
30 first control voltage being coupled to said transformer
for developing a second control voltage that changes in
accordance with said first_chtrol voltage; means
responsive to an output supply voltage and coupled to
said capacitor for controlling said first control voltage
35 in such a way that a change in a magnitude of said output
supply voltage from a nominal value thereof produces an
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supply voltage froma nom nal val ue t her eof’ produbés an **3 -
RCA 85,438 anplified change in a nagnitude of said second control voltage;

a source of input supply voltage; &ahd means energkéed@/ 3 id input supply
vol tage and responsive to said second control vol d% ? generating from

said 5 input supply voltage said output supply voltage, said output supply
vol t ageagpbif bédnghaRges innel wdigrd tiidd Q¥ Hai®ascondicontylt ched at™

timng poi determned in ordance with id amplified change of said
second @3%?%%?'vo?t§8@rpﬁr°F33§P¥¥lﬁfnégXi €snp @ émﬁﬁ?nﬁoltage. In a
SVMPS enémeygigedhbyi saddt inputasupplytveltaye and txegponsjpvedtoed i n ’

contr or Saaf ebdofia“8Bhkaol Witaqil Eld dhpdlile iy Thcn Wil YL ®

cont rol tage IS | the 15 val ue.
of Bhe Mt}tcgupplvf vofisagensadd suppit erpply velkaged $aidregul ating the

Out put SHEPhY %G gigevo&ta éﬂ%iyﬁ‘%&%ﬂ NAEfudihgut supply vol tage

I s capabl e of ,cau g a portlo al éqreat%{ﬁchange in the control

vol t ageSW3tching means qﬁiﬁqhg % voltages are, for
exanpl egetérmifnéacdnt acbbe-d%@idé Gfi%lﬂfbaﬁimmmfiédlecﬁuﬁgecwl e indicative

control ta pl.i e a switgchin ra enen acr Ss, a mnndlng of
o' soi 88£3,885and; BRRtral, Yalshee dar T e1d, oubBik
ar Langesuapplyhedblyager.at es the control S|gnal for varying t he duty cycl e of

t he control signal, The f QI mers at L voltage and the
out put supply vol#gg gﬁﬁﬂﬁ 'Tiﬁgi; éﬁ% ribéé“@lng arrangenent t hat
i s ref eannoutipud shpphm vgibagg ésnnuoducedsan accordance| withppeferred
enbodi Ngghtrd es%gﬁg? Ving' a bBﬁEEQSiaPEeadﬁkgcggaﬂe05Ch'ESBQEplThe

transformer o |ng IoScillator a regenerative sign
pat h |nv?ﬁﬁaﬁéciﬁlHF@ﬂucﬁﬁrﬁétPOASVGﬁ Fhetcéﬁti@#ivsFéﬂgeOSréche

cofkespgatih8do¥athat 8Gey eychiecofUtheCronerel 58§nal that is
required for regulating the output supply voltage. A
proportional change in the output supply voltage is capable

of causing a proportionally greater change in the control
voltage.

20 Both the control and output supply voltages are,
for example, referenced to the cold ground conductor. The
duty cycle indicative control voltage is applied-via a
switching arrangement across a winding of an isolation
transformer and coupled via the transformer to an

25 arrangement that generates the control signal for varying
the duty cycle of the control signal. The transformer ~
isolates the control voltage and the output supply voltage
from the control signal generating arrangement that is
referenced to the hot ground conductor.

30 In a preférred embodiment, the transformer
is included in a blocking oscillator. The transformer of
the blocking oscillator also provides a regenerative signal
path in the oscillator. Variations of the control voltage
produce corresponding variations of the duty cycle of the

35 oscillator control signal. The oscillator output signal is
produced at a second winding of the transformer. The
oscillator control signal is referenced to the hot ground



.35 ‘_oscillator control signal. The oscillafdr'nutpub signakiié:produced
at a second winding of the transfornmer. The oscillator control signal is
referenced to the hot ground RCA 85, 438 conductor and is conductively
i solated, with respect to an electrical shock hazard, %rggg&h% %ytput
suppky voltage by the t ransfor ner of qne blocklng*030| F ?
osciy J ator output signal, that is a pulse-width modul ated signal, is 5

l-i ed h d I dul f
PPl SRR IRPREY ek aLoL 15} CUab0PEACUGE UL BERULE! Dorggul 2t on o
Swtch eiecsedcadrspocﬁuhangrdhefuampuhesapppytvsuppgg voltagenhgr that
reQU|at@ﬁng§aB$EB%h §UBE|¥ ﬁobiggginﬁoosc llator. f* aopg%ifét r

under st an resen inven erence’ w NOW
- of exan9F§PutoS@EBaéec&hp&niﬁng HﬂéﬂﬁngidthnNQﬁubhtedlaighélEx&&nngs .

FI QURE &p bhh&&tEétﬁscﬂggB@Frt§HHQk¥t89bQ€¥t8ﬂ €4 %5?6688 ethe

I nventi on; | ustrate waverorns use for exp al ni- ng t he run

mode op¥idthomognlakdon pEutheofutycERele Qfickhe c@RPRBeS ari es: Fl GURES

3a- 39 i tkHaEisteragaiticanal rmvenggérZQraﬁgi&oéowsfse&ai@lageahe run node
a

operat| n_of ta gglrcu t of FIGU i cog;tant | oadi ng condition;
Fl GURE °FIPE§ peiog the QBHEPFUEPPBEYO OLFRIE 1N -2 | MANREL EBAF ner s t hat

are usedegnl&hesctheuahtpﬁtFthEEylvofﬁage. FI GURES 5a-5d illustrate
wavef ornms useful for ex ni ng a, standb eratjon of the power supply of
FIGHE 1; FI GURESTEE @d%ﬁ% FnAexSLARd LAY 9B VERS, BESRSBEI f or
expl ai ningentdomeréferene WELL inswi be Ghadd, FbpUkky loguekampled t - Up;
to the accompanying drawings, in which:-

In the Drawings:

T

FIGURE 1 illustfates a power supply embodying an
15 aspect of the invention; '
FIGURES 2a-2d illustrate waveforms useful for
explaining the run mode operation of the circuit of FIGURE
1 when loading varies;
FIGURES 3a-3g illustrate additional waveforms
20 Uuseful for explaining the run mode operation of the circuit
of FIGURE 1 under a constant loading condition;
FIGURE 4 illustrates the construction of the
isolation transformers that are used in the circuit of

. FIGURE 1; _ .

W~ o5 FIGURES Sa-5d illustrate waveforms useful for
explaining a standby operation of the power supply of
FIGURE 1;

FIGURES 6a-6d illustrate transient waveforms
useful for explaining the operation of the.circuit of
30 FIGURE 1 during start-up;



RCA 85,438 FIGURE 7 illustrates the circui t- o? *FI GURE 1 thé-‘t mcorporates a’
nodi fication to increase output power; FIGURE 8 provides a table of
performance data of the circuit of FIGURE 1 and also, for conparison
purposes, 5 of a conventional power_supply; and FIGURE 9 provides a table
of additional performance data of €he circuit of RQAAS$HK438and al so, for
conpari son purposes, of a conventional power supply. FIGURE 1 illustra¥es a
swi t ch- nrode power supply 10 (SMPS) 200, enbodyi ng an aspect of the

i nvention. SMPS 20C produces an output B+ supply voltage of +145 volts at

term nal 99 t habrdtiaioP 4 I NistiIeH A cirip 1t I ESGUREIY! ekl on ci roui

222 of, a television recelver, an out put supply vol tage V+ of
+18 vOMGOTROEAt %@M%‘e‘tﬁﬂ &'t‘bé“cr,&% RUEPREHPPYESIit age [err] is

rectified in a preuks sqsx.tdﬂdﬂs W@y igd m&wu&heéﬁ/ol tage VUR

at ter nal, | 00 pr| WI nd a RCA
55, 13 EhE FLATAE (9 '2nd sy, o’ o son, PUFROSESEn and
dra n ot ectd:dxtiﬂemtfimewéi‘lWle led effect transistor (FET) QL.

The source ele nsi @) LGQURE 1 is coupled to a
common conduct %f"oﬁgr‘ﬁi"f%é Str‘?%&? q‘Fota'd%F §The gate el ectrode of
FET ije'sfmqned dita of tihsd |cig'cuals:| <ifH FIGURE: A am!eaﬂ:acal fox1 where a

pul se-y4 %F n I oduces a swi tching
oper atl o I'n %& %cgén%;érs éo?bﬁmlbgﬁq %&@s ¥§IS{JI ation transforner
T2, across whi c?i@%ﬁnal mustm @p@!’iﬁ@‘mﬂﬁ PovWes PP LYer ni nal 104

angg t hespims N e RGP lqgfek en?“p@ s Z18A and
ZQ%OB pﬁ)w e%g%?le pr ot ectl%nu% ?rﬂ%ét Q;f -iweb‘%%lén\fm ndi ng \%ﬁ FET Q1 a‘_n'd

si gnal PRRAYGRS An 10utRik Bt | SRPIh Holfhage éTfer* ¥olEs L hot ground
conduct eXmind BNG9 OENEE Sid lused fok adrfe ’filind|CiREt iekatp )Ny

deflection circuit 222 of a television receiver, not shown,

and an output supply voltage V+ of +18 volts, that are botk
15 Tregulated. A mains supply voltage Vo is rectified in a

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



.shown in FIGURE 4. ‘Sinilar symbols.and nunerals in FIGURES 1 and 4
indicateYsimlar itens or functions. FIGURES 3a-3g illustrate waveforns
useful M-or 20 explaining the normal steady state operation_or run node of

the SMPS of FIGURE 1 under a constant Mading condi Eﬂoﬁn 8%A38I ar synbol s

and munerals in FIGURES 1 and 3a-3g indicate simfar items or functions.

During, for exanple, interval to [err] of FIGURE 3b 25 of a

cor r espondi syl iom t:ya:ﬂusform@er'i‘bd,s tdm:p/.téd dptwderp Hexminiahal006 i s

positive r tiv O Uct t of

FI GURE 1 ae'L%u%t‘?r%f%u?f%%@ %@éer Val f&{ﬂ‘;@.?rle@)g lnrgé&e%ﬁ':‘i Ql
current[ertl}'anslistm-jl (BETEr@}. of FI GURE 1 is upranping, as shown 30 |n

FI GURE 3d, during i r ¢ r is stored in
D onetorm ' 09 PAE Hreg dlect rﬁp'bel RE s}%legl%yl of FI GURE 1
beco ndEGRRECE | §2. CWPlﬁdF‘ET QCW £arredh&Q nducti ve 35
energy st Hiéfein d%ndhég"[g‘féﬁnd§ e et @!Léatzfddebw HERIGT ofgTer action

Cor rosponGrIRPAER T HAI S SRRPLIRS FERR TR Ui S hezae (44 YRR oces

RCA 85, 43% mélsercwidth me@\pla%md/es:ygnaslndlg idist mr@du@pdoapﬁmls V21 and

d | h
ire respg‘?’g‘# ‘?é%s %%"ﬁi‘g’g*ﬁ% %%txio‘*c'%n P EEY o o & adca fae*ré.enyast !
"col d ‘Wlew:ccﬂ’%l an ip rl“\?éﬂ 2,5 BCXOSS h he hot

ground CO W tis rMpécD, 6153 @d wedeelnatarzdlmn noesiandgrers T1
and T2. FET %%transforrrer T1 and di odes 106 ‘and 107 form an out put stage

of the Swvithe | GEOYRY t SORARER QM or PP OD RRckrhiarhack 28ne| ocki ng
osci | | at orafddes eZPOAlYARG ZISBPERSFidd ddte ﬁl‘dﬁ”ﬁdt@.‘bn tfoxt FEOQIcEeS
swi tching ﬁil%ﬂ%\’c?y d%ix?&’ %' | R p'i Wl g%gglogergggoggof FET QL.

Gsci |l | ator es a sw t dMi ng 't ransi st hav I Ng a base
15 potentials that are referenced to the hot ground conductor.

Transformers Tl and T2 are constructed _in a manner
shown in FIGURE 4. Similar symbols and numerals in FIGURES
1 and 4 indicate similar items or functions.
FIGURES 3a-3g illustrate waveforms useful for
20 explaining the normal steady state operation or run mode of
the SMPS of FIGURE 1 under a constant loading condition.
Similar symbols and numerals in FIGURES 1 and 3a-3g

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

. 25 of a corresponding given cycle or period, the voltage of
hod pulse signal Vg5 is positive relative to the hot ground

conductor for maintaining FET Q1 of FIGURE 1 conductive
during interval ty - t; of FIGURE 3b. Consequently, a
current i; in winding W, of FIGURE 1 is upramping, as shown

30 in FIGURE 3d, during interval tg - t;. Therefore,
inductive energy is stored in transformer Tl of FIGURE 1.
At time t; of FIGURE 3d, FET Q1 of FIGURE 1 becomes
nonconductive.

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

transformer action to a secondary winding Wg of transformer

Tl. Flyback pulses developed at corresponding terminals
108 and 109 of winding Wg are rectified by diodes



el ectnode that is also controlled or switched by signal V5.- 15 Wnding W
of tywansformer T2 provides positive feedback in oscillator 110 by

devel opi ng signal V5. Transforner TZ/ has a primar *%%ﬁ§ WL that -is
coupl ed between voltage [err] and the collector o or @ such that

wi ndi ng [err] Is referenced to the hot greound conductor. A secondary 20
wi nding W2 of transformer T2 that is referenced to the cold ground

conduct oA0Psapendldri ¥eppectipriy, tang fiiltered by caRacitRFsS 121yt 120

enbodyi ngnaneRer :a&peeueélyhefbﬂfoéd@einghm véweig@s r®F edediced, to the
cold ground co cat hode of dl%ﬂidc? IS coupled to

t he coIdr§F85ﬁgg¥8hHﬂcF€FtvFﬁe aéﬁpﬁ%%%ﬁﬁ“?ﬁd WR 2 3tSR on, a DC
control eohﬁageoﬁ4 rdeecbeﬂeﬁoahenetncapatcbbd“CyroumdzeSThhecmbmconduction

timeg an efqr y each period. 30
A capac g Eé ﬁg ggha cg!%é%geELs%ﬁée%aseE%F%@%rodeq%bhpﬂan5|stor @ and a
tern1na|¢994a¢tﬂrr8ét t sespectsteocepectrbecalcshocierhazard JMa and ternina

104 \Ahererahgtah:m}ﬁsl g1dgnal eped. r@wgﬂg tPARS FEImé R T1 oénEI&iREes»b a
current g of EIGJRE 3c is produced In reS|stor R2 of 35 FIGURE 1 that

i s coupl PRedR7: EPFPN AR OUBRYUE (3LAgR Of (the B¥PPerr] of FI GURE 3c, that
i's produced by si nnphlya-eldEthE&S&oehefgmsazWI1m1£a’esfa FIGURE 1 in

8 |

Cer 110 of DApekipasgsciaiaber iy CRReRRLPG AR AhReer ot (08190 o F e 1
i's conduénweetiancuthéﬁt predapesl hing ns&gnad Vs kPX er r | of FI GURE 1
'”CreasegothSE&kxﬁ uns'%w&e§gingga§aﬁgekaaggﬁg§s§r Ps'ﬁégéiﬁ¥?t693t IS

el oped across a nt | O lnitiate a
rapi d t uRdOoiincdpdest Foﬁ"étchﬂ-aﬁstsﬁeﬁiiﬁorFﬁ%db%l'éikn?e%l%%%? R4 is coupl &
bet ween ellectrodecthat isaaisst contfolledndrt Switched vy nsignaliues or .

ReSil% Orw@ﬁcﬁﬂase‘lg gfg{:ggﬂgkorn‘e: T2 provides positive feedback in
oscillator 110 by developing signal Vg. Transformer T2 has
a primary winding W; that is coupled between voltage Vygp
and the collector of transistor Q2 Such that winding W; is
referenced to the hot ground conductor. A secondary
20 winding W, of transformer T2 that is referenced to the cold
ground conductor is conductively coupled to a diode D3 of a
control circuit 120, embodying another aspect of the
invention, that is also referenced to the cold ground
conductor.
25 The cathode of diode D3 is coupled to the cold
' ground conductor via a capacitor C4. As explained later
on, a DC control voltage V4, developed across capacitor C4,
varies the nonconduction time, and therefore the duty cycle
of transistor Q2 during each period.
30 A capacitor C2 is coupled between the base
electrode of transistor Q2 and a terminal 104a. A resistor

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

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

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

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



o

.decrease.of current {err] of FIGURE .3c when transistor Q2 of FIGURE 1 is
conductiive until transistor 2 ceases to conduct at tinme [err] of FIGURE
3c. ResisStor R4 of FIGURE 1 al so serves,to optim ze t%& Wﬁh@h' ng condition
and to 15 provide current protection r transisto® result is
that . the voltage across winding [err] reverses pokarity. The turn-off
operatsi on is rapid because of ,the itive feedback caused by winding WB in
devel opi ngtBRENENERS onstrapsistey ngoﬁﬁF ipgninkerval pFQV|déS‘Hﬂlse 20
drive signpkghRErBgthat controls also FET QL. The conduction interval in
each cycle of FET C% and transi stor 2 remai ns substantially constant or
unaffect ed by | oadi RYFingepeFBad, cREYARLQBeoWREY, tERRSLEPERERE gy in

t ransf or neFIGUREWhe kst candiuet dveg)labouorest nbycofi REGURE, 3d st

S“bStaBt'aMX stwanéffPiG@RE'YeﬂnéPé(&ée fli’x?éé@ ﬂz{gﬂi er, the

conducti on |n when a varration in occurs. Wen
tranS|storeﬁﬂtteasveltageooﬂutranaidbmnrQZplngatuisemsvexbpédFadiﬁﬁs3e S

produced i 3 o] 4
causes di og V\%ﬂ?gfl %Eﬁg?[g{:ok g%n f'%/_%e&t'lﬁg %rﬁ es capac oréc4,
during intsapid FurnrofftopgratingEf3era5518bog|Q%n Iﬁﬁeﬂbaﬂkvoltage [err]
of FI GURE éesﬂgéoiomaie' ESHgﬂH&ybéﬂﬁééﬂoéhér&ﬁﬂéé:?rofptréﬁ'@i gg2 added

to cag?f|tor t he sane I n eac During I nterva $ﬁgr]
contr voﬂ!ﬁg‘éhwhet gropng gonduckpr. foﬁ*eﬂa%t%r%r%ﬁ%ﬁﬁ Ry I%H
di ode D3, decszeaseaafi ahkyentvi} ope FIGURE S3oviviemg néhsistd2CABNEI38 | n

fenotn of FREEREAT FEPEshaftul B RUED EERae tGE 0 SedfiSth ire [he
magnet i ¢ eﬁ@ﬂ§93§téte§imﬂ t1 0f f BIGERE T3¢ of Resdsyor RAvedh FIQURE e Jerr],
of 5 1 OREdeeofUkbopb bELLM DEPHESSAE On il cAALIdY g ygnal Lor]

of FI GURE changes as a resonance rons i1 n e w ndi ngs
of trhdsf opnevicre cynrent oprotectionyEor kramsistor |02 FIIGURESILY S

gener at ed. id#sthat the voltage across winding W; reverses polarity.
The turn-off operation is rapid because of the positive
feedback caused by winding W3 in developing signal Vjs.

As indicated before, winding W3 provides pulse

20 drive signal Vg that controls also FET Q1. The conduction
interval in each cycle of FET Q1 and transistor Q2 remains
substantially constant or unaffected by 1oading..
Therefore, advantageously, the stored energy in transformer
Tl, when transistor Q1 becomes nonconductive, is |

25 substantially constant for a given level of voltage Vyg.

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

When transistor Q2 ceases to conduct, a
downramping current i, of FIGURE 3e is produced in winding
30 W, of transformer T2 of FIGURE 1. Current i, causes diode
D3 of FIGURE 1 to be conductive, and charges capacitor c4,
during interval t; - t; of FIGURE 3e. For a given level of
voltage Vyr of FIGURE 1, and for a given duty cycle of

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

of FIGURE 1, except for the forward voltage drop in diode '
D3, is substantially developed across winding W,.
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expl 'ned before, when current [err] is positive, it causes 10 transistors-
Q Q@ to be conductive. During the aforenenti oned nonconducti on

|nterval [err] of FIGURE 3b of tranqstors QL anq}éx ?BMJRE 1, signal
R

[err] is negative, as shown during interval t, E 3b.
Consequently, a current in the opposite 15 poI arity, as shown in FI GURE
3c, flows through capacitor C2 of FI GURE 1, durlng interval [err] of HReGURE
3¢ and through dilSd@cSerdancewithepn aspect; 9f the| dppentionshe resul ting
char ge mld:amcivuoﬂeCérpd.néacehealenbthgefl Jhntepualtb{ -€2l:4 ro§uch a

olarit en otur SIS r at time t4
of Bl GU kég@#% 3‘2‘5}‘: Pr‘? ed's% BBFH& ENS38Y o Fi CLRE
1, that stones émert@@@stfow 68| @ng(;GHBEcénduE‘!‘SPf abnti®pstahectiuty cycle

of @ci lFrdiune BE) lRariand seebmes !ekbﬁgﬁhgﬂpgﬁari %réfssféﬂiﬁltOF CA.
A transistor % of circuit 120 is cougﬁgggl n_a_comon base anplifier

conf i guVst PEn FIGURE, 3be Changggcass a; ¥ t 8F ¥R/SPRARER i ned via a
:ggﬁf;?g&kﬁJgﬁﬁﬁﬁﬁﬁfgfﬂ%u&%?%ﬂain sadetthQQoEﬁeErQ!‘a rﬁ3¥éfekéage A
re5|stoPQQ§F% (§¥ﬁ5<§} ﬁétﬁgeﬁxgﬂgh th?8r¥8 %gﬁgrst%? A and term na
99. As &xm@mﬂnedﬂbeﬂurecomMnm haseenpedgtisnpoaitbveenit[ean;esn resi stor
R51, 4 ro ortlonal VQ table resistor R5, that is used
oﬁ gdj n3jstersy ‘"t%h%gl aé@ §9“%1“J§% coupl ed between the cold
ground conductornmninyJtmncumumeMenmﬂnabdbabueendubEieni1nbervaltransistor
-4 and rchL-Srtqr olB5i-mBaal QBOEfRééahswesﬁls 1 &RatQD| of rlgmmlpvel of the

current iI,n tran5| tor g;& Thus, an ad g Ereset RCA 85, ﬁ§8 portion
of curréﬁﬁ 0W§ ivge 2§ gt 8 BAAIRERFVRh Bugh Yed5tor R5,
and an @fmwonmﬁa{@ﬁmw a[%rr.-]reUtOWﬁ Ehéouggobk!%em tter of

“tr i stor The col.l ec current of transi s s coupl ed to the
bades of EPYABAEro AR RaPHL AR, BHGORY 3%y £100%| EheQRh capacifor c

of FIGURE 1, during interval t; - t, of FIGURE 3c and
through diode D1 during interal t; - t4 of FIGURE 3c. The

resulting charge in capacitor C2 produces a voltage in

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

signal Vs reverses polarity.

Control circuit 120 of FIGURE 1, that is
referenced to the cold ground conductor, controls the duty
cycle of oscillator 110 by varying control voltage V4

25 across capacitor C4. A transistor Q4 of circuit 120 is
coupled in a common base amplifier configuration. The base
voltage of transistor Q4 is obtained via a temperature
compensating forward biased diode D5 from a +12V voltage
regulator VRl. Regulator VRl is energized by voltage V+.

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

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



.current of transjstor (3. The collector of transistor B, form ng a high

- out put Anpedance, is coupled to the junction between capacitor C4 and di ode
D3. W ransi stor 2 becones nonconductive the stored energy in
transformer T2 10 causes: current [err]l@o fl ow vi aRQABS,888i nt o capacitor
C4, as indicated before. Regul ation of the power Supply is obtained by
controlllng control voltage V4. Voltage V4 is controlled by controlling the
| oad™ng acpextionnofnguyeent ig aﬂs:fw;rrm the poldeground comdtictioar (B. 15

The col | eciREcGYh! £8518€0f TRES! ,Q%rggpt Jngﬂ%ﬁ:[ %g{roper q__ur.ce havi ng

a high output 1nTpedance, 1s coup to capacit ates &as a
fl ywheel . thUSehhlyoughtEhetémimmf dfraxteispod Q. i s added to capaC| tor

A duri ng interval fg&rdo ﬂeg&%aﬁ%erﬁdc%ﬁﬁ? s%fttbﬁ' ?Egli%t led char ge

t hat renmoved %Btran3|stor iven p By [err].
FI GURE 2atodthe | base o€ mmaﬁ#mt%amlfqmrcmqm@mmat e ldegticxt i on

operati on @hri&ft Pt PAnsis¢SE @3 Undiie (HJJTSJ.@&Q;Z:' |d§g‘i'z‘&gls(i@%‘3f s

Simlar sy numer a 3a-39g i ndi cat e

, a-
sinmilar it w&gf%rﬂef%reutmﬁ e#mpemn%s«aﬁm coupled te Sherjungtdom- 24,
t he power hewéqncwpae@itéf)ach r&macam watmiew tkahsdistorCdaE 1 decr eases

d vol d |t 30 f th
Vol tage Beetomed Montdndiel AR tnd oehaskl Enexgy 157 traRBSotBEr, A ent .
Ther e?@r e, C%ﬂ’%g%umeraﬁ H GlgRF_fl’R!' adeosidodepRdi dproCsapRCitaERESL becones

| T, | f qr. depl et
e o odif A Fucdy SO Tl o 0, B PSR g 000 1

the stored i.n ve ener |ng oscill ator
110, after® ??#&?étl&' eon J\Fégel Vaf ol VOh&agRaVat h& | engt h

of_the i ntesmatolléd -by Ei:oﬁrdalwaEtzﬁ loaddng \a%li'o@éc'w&nd\ﬂﬁgnw&r aESI stor
02 of OSCI|{$§é¥ 110 of  FIGURE 1 i s nonconductive, increases
RCA 85, 43" OXREK, ER R RAINF @ FrENSESteQ3esult is that t he duty

cyclel Sthat is the Tié icollsowan durren®n 'oft itFanisdstbe Q3, that forms
a current source having a high output impedance, is coupled
to capacitor C4 that operates as a flywheel. 1In steady |
state, the amount of charge that is added to capacitor ¢4'
during interval t; - t; of FIGURE 3e is equal to the amount
20 of charge that is removed by transistor Q3 from capacitor
C4 in a given period ty - t4.
FIGURES 2a-2d illustrate waveforms useful for
explaining the regulation operation of the SMPS of FIGURE 1
under different lbading conditions. Similar symbols and
25 numerals in FIGURES 1, 2a-2d and 3a-3g indicate similar
items or functions.
After, for example, time t, of FIGURES 2a-2d, the
power supply curfent IOading'across capacitor 121 of FIGURE
1 decreases and voltage B+ tends to increase. As a result'
30 of the increase in voltage B+, transistor Q3 conducts a
higher level of collector current. Therefore, voltage V4 of
FIGURE 2c¢ across capacitor C4 of FIGURE 1 becomes smaller.
Therefore, a longer time is required in each period for
depleting the stored inductive energy from transformer T2
35 of blocking oscillator 110, after transistor Q2 becomes
nonconductive. It follows that the length of the intetval,
ta - tp, of FIGURE 2a, in a given cycle, when transistor Q2
of oscillator 110 of FIGURE 1 is nonconductive, increases



"of f . time of transistor QL decreases, as required for proper regulation. 5.
In steady state, voltage V4 is stabilized at. a | evel that causes an
equi ['"bri um between the charging dnjd di scharging

urr of capacitor C4.
The increase in voltage B+ is capable of causi ngg%\ﬁaigeousl y, a
proportionally greater change in voltage [err], as a result of 10 .

anplification and current integration of the collector current of —
transi seddergredugedalpadingicondition aBhe meaMdits dhataheng as vol tage
B+ is, 4@tycsgaRes tHaeals’ th8apatid pehdén v P [tmd t¥ ldnglecr ease. )

The result . is that voltage,[err f FIGJRE 1 tends to 15 hange in a
ooy PREERTELRE oFHEARSLCORL0L deerentetn P RRRIHER okl age B+ to

i ncr easpropéer régdlaefionoadi ng. Thus, regulation is obtained in a negative.
f eegback manner. ¢hn X SPorig @ i W ndi ng W2
Ih FEQﬁd btate, f??g%%?e A %%gtrﬁilti s 2

could inhibit oscillatioh 1n osc us providing,
advant ajevell ghatincansescan éequilibsiuh detwesn tthelahandiow ladr on.

Conver S8l ¥enel PAY°HGLBheUOLE ABRp BELL O AOF] POfife Middrddlid PO 1O duly
cycle of transfstors an rn a manner that provides regulation. Thus,
t he non¥ehtagei B is capable\gf erusingsiadwntageouslsy @ th current

I oa]gi ngpgbporttonatdy &?eubletecmhgegﬁn B#oiﬁaqlbw,glm.a Iirmﬂasidﬂlg vol t age
B+ r pro i n ontrol, voltage V4 is acgonplj shed, vant ageously, in a
ool B RERLLELREr L80: ARAoFOF FERE, RS SFACIOR B Bhe SO FCES Y hange | n 50
vol t agecBrreatcofiabransistonsQBgin eapacitoncd) v Iy eattaramsierge i n vol t age
[err] tRhusal Vi rror_senshilvit |y, t er | n.vol tage B+
i s anpl |(§lgwéﬁé g ﬁlof' §e8§e9§%#£§%n i %’d fl# ﬁ%{%?’eéé\i%ﬂ‘{%e V4 is
transf oFRBR $14ACVeALSy cWolbagef ¥etWihll dRGXRASK-dth 35 nodul ation. The'=

conbi nation of swhe kesultess ERADVES1tdGe 'CYWRFIGURE 1VAdmus . Anot her
wa L#jy whi ch an arrangenent simlar to control circuit 120 is used for
reé at FBANGEr ABsasmagner that tends to nullify the aforementioned -

tendency of voltage B+ to increase under reduced loading.
Thus, regulation is obtained in a negative feedback manner.
In the extreme case, a short circuit across winding W,
could inhibit oscillation in oscillator 110 thus providing,

20 advantageously, an inherent fail safe feature, as described
later on.

Conversely, a tendency of voltage B+ to decrease
will increase the duty cycle of transistors Q1 and Q2 in a
manner that provides regulation. Thus, the nonconduction

25 interval of transistor Ql varies with current loading at a -
terminal 99 where voltage B+ is developed.

Processing voltage B+ for producing control
voltage V4 is accomplished, advantageously, in a DC coupled
signal path for improving error sensing. Also, a change in

30 voltage B+ is capable of causing a proportionally greater
change in voltage V, thus improving error sensitivity.

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



12 ¢ RCA 85, 438 shown and expl ai ned | o copendl ng P.at e’nts
“Application GB- A-2230659, (USSN 424,353, fil ed 19 Oct ober 1989, ‘entitl ed,

A SYNCHRONI ZED SW TCH- MODE PONER SUPPLY) . There, lQIg,a gagthat is produced
simlarly to voltage [err] 5 of FRGURE 1 is trans orner coupled to a
sawt.oot h generator. The transformner coupl ed voltage varies a sawmooth

S|gnal th IS U f produci ng a e-w dt dul a ontrol signal. A
Cene di BREVRIaRS” Camiadipar Lt cbugnd ing Ha et kbRl SPation, Barcen t he
base andaepRBeéser, qnssmwwﬁasaﬁs;rﬁ&meatxa OBtob&ento8dj, ode D4,
advant ag i L ordance with a
feature %ﬁeikéephv?nw&ﬂzdgﬁz dlévgna%g% ‘%ﬁt%‘&{’ﬁﬁ ?ifqugg ¢y of oscillator
110, or bereheanwnﬂMasﬁcmMaﬁfis|pnpdncedamxmslarLYQBOavqlgage Ma this
way, st heogaﬁ&taﬁnpaw% ‘it (Godifed %89 4 Ssawddgehageous!y, i ted
e

for provi over -current protectlon éaeratlon it may be
desi rabIEePSrﬁEG’E-ZO T@&&ms;fqme%moumlﬂ vk 93 Yariesdacay to zero

bef ore téaﬂﬁbatar Pyniad itHate Qs)msw'fbr SaWEPNg 4 hphikBewdaeny tine of
current i3.s g ferabl shorter than the m nimum decay time of
288, Pontiay sud

current PEAR or 110. This condition can be net by a
proper 25 choi ceaokehée di.odarmmslucéwredcintsa‘ﬂsés)rw&Hh'@ and the val ue

of p@er rdifeEoPiR gt Bckve &P t?é ik d %ﬂd"édl%e%idﬁ’e%%ﬁ:’t@dd& YPS 200 in

a | ow power oper atPbh node. e | ow power operation e occurs when the
power detzansistortQ3d.SMeendrogiode| R4y advantsPeausly, limitexanple, when

a hori zoppptagé 'Jlleéogboa@mghedus,that is controlled by a remte control
uni.t 333, ceases operati na hori zontal deflection circuit 222, that is
a8

engrgi zed by vol t'&geaB‘FOE ge whth 2| featureef thedawentionne | oading at

term nal z@Qer €68 VHU! 28R1BS tﬁeBErW%fléséfmm oosegeently,
Volige B+ an he error curri mtrans*@é ten tO |ncre

Thet & orthep %‘F‘EPOF“EB°§§tE £ QT BE3RS @i rtRi t g%ross
wi ndi ng W&y pfthée anakOinGRr pdiert bfansHeBLEd to the load is,

advantageously, limited for providing over-current
protection. .
For safe operation, it may be desirable to have
20 secondary current i3 in winding Wy decay to zero before
transistor Q1 is turned on again. This means that the
decay time of current i3 should be, preferably, shorter
than the minimum decay time of current i, of blocking

oscillator 110. This condition can be met by a proper
25 choice of the primary inductance of transformer '1‘2 and the
o value of zener diode D4. '
Standby operation is initiated by operating SMPS
200 in a low power operation mode. The low power -operation
mode occurs when the power demand from the SMPS drops- below
30 20-30 watts. For example, when a horizontal oscillator,
not shown, that is controlled by a remote control unit 333,
ceases operating, horizontal deflection circuit 222, that
is energized by voltage B+ ceases operation as well.
Therefore, the loading at terminal 99, where wvoltage B+ is
35 produced, is reduced. Consequently, 'v'olt_age B+ and the
error current in transistor Q4 tend to increase.

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



RCA 85,438 voltage [err] to be approximtely zero. Consequently, unlike in
t he QJ}\ node of operation, a positive pulse.of signal [err] cannot be
generated by resonance oscillations I’ﬂ)transforrﬁ Tg 4 foll ows that the
regenerative feedback 5 loop is prevented fromi %i ?‘I r‘%the turn on of
transi stor 2. Consequently, continuous oscillations cannot be sustaineq.

Ho kSt ' ' | | tri d | 1 t.chy ' Bew st
mode. o SARAHE, Vi, 0, B8, PRRESRLBREETY Yerd, “FbRSRERACEYL FLIRe i o vort age
of a siignahevrunSimpdel of7 operatdoa;, ahposihtivefpulsencs, stgoala¥s50Hz.

Si I hs deri f ' tifi [ lied to th
base o Trek R SEasrafed BY, 2oedBinre nachiietirod FacTsor Rt and a
capaci ttaangforfexr I2. sdti Foldowangbatnthepregenerative dféédbacki at or t hat
r C &ﬁ:@v. ad | i LLI r efpr ' t andb
gpcesrjgt fic?r?% filrﬁil cat iéﬁleﬁjggdgsiggeiﬁggéhéweﬁéhle{r’\gn\cl)\gl‘érét?ig%gg%iggcc’?l | at o)r/ 110
occurs Quri @%?qqﬁ"g{lﬂal coatipugys osgildakdony eammatl Penme interval [err]
when ngdgtadgrid .pul ses of signal [err] are present in the blocking

oscillator. Sim]ar synmbols and nunerals in FIGQJRES 1 and 5a-5d indicate
ORI ar 1 tems oHCMETER o s anRLSLPH D2) L8, PARLETLARLEY SrigsREstor <o of

][:I GURE itito sWizvhing dn af burEt modeoopeedtionsbyi an upfku'npiﬂggde D2 tod
ae a inSyeC t e,h0 nductor an
|G SRACRAOUDE a1 W e 0RLE0480 YSThabEoR h LGNS GON L e Dl i 5
coupl ePgnddaVa oScuxs: Atckhecmpadns cfreqguency, such ap$03y. nornal run node

oper at igiignaRaNECiils0derive@ Eron BREAgEIréet PELOPSIGOan®! Lege V6 by the
positive voltage pul ses of signal V5 that is developed in w nding VB each _

tine taRRkiadtaythes hasedod: transiatperf @Reviaudi A9TA®8nal run node g

oper at is¥rangeRtt Of @3 reaistorcRicahd 85capueiegrstandbyneperation,

capac! tsoerr:iccze?’s Cgrsi-car}x%re eesntdlcj:rpler}%tes as a differentiator that

produces a current i,.
FIGURES 5a-5d illustrate waveform during standby

operation, ?mdicating that burst mode switching operation
of oscillator 110 occurs during an interval tjo-tis

20 followed by a dead time interval ti12-ti3, when no trigger
pulses of signal Vg are present in the blocking oscillator.
Similar symbols and numerals in FIGURES 1 and 5a-5d
indicate similar items or functions.

A parallel arrangement of a capacitor C3 of FIGURE

25 1 and a resistor R3 is coupled in series with a diode D2 to -
form an arrangement that is coupled between the hot ground
conductor and junction terminal 104a, between capacitor C2
and resistor R2. A diode D1 is coupled in parallel with
capacitor C2.

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

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

35 During standby operation, capacitor C3 discharges during

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



_the long inactive periods or dead tine, .as shown between tines [err] in
" FI GURE“5N. RCA 85,438 Imediately after tine [err] of FIGURE 5a of a
given iwterval [err] current i7 of FIGURE 1 that is produced by voltage
differentiation in capacitor O incredses from ZerpCiao 85,4381 num positive
value. As a result, a base 5 current, produced in transi stor @, causes
transistor 2 to be conductive. Wen tranS| stor 2 becones conductlve, a

positf ve pulse of aﬁ.@@)@ ) fée:prﬁ | Bevi9dliRE Y8 bah gewdars

ELZ?S'WSL"%% [ 8101 SHEERE oFp a# hefhEE %%g??@egﬁﬁ[ T
Tegn LUdG Pl e S SN A1 d am,s'c%;,%ci@%f £ Bty lestd o ntai ¢

t ransi st at ur I"ector current I's upranping. Then,

-coIIectorzmtfag@\maximmmi@ﬁw Sadmel . v@Sd@crr@@éﬁéé P Uit is that

15  tsanshilQindP o {l&EéEPChPftfran-gl%tw gage c%ﬁfs‘é%s tGapdidtdr @2 poduces
negative current |s t hat di scharges capamztAg’rq I qde D7 _and t hat

mai nt ai nPe repRdugtivey When txpnsistor Q §°§£ﬂf&3ﬁeudea
negat i ve mositeive [mulde iof |skgrexl tWardst paoduicedd ipowilndiagc War §H?t[ err],

t he base cur ent in transis ero an5| stor 2 remains

nonconduck$ %%Oé%%‘doié&?ﬁ 3" cfrrent [err] of FIGURE 1

becorres smal l er t fﬁmﬂarhyltto homtmlnsmm mode aperatdiend thatagw@sh and

p03| | tanti al
n ocfé%égﬂél (%eﬁé% TS I?i% tor | ofr emains con t iR Qnt4ds

port| con transi stor , current is flows
entirel y the magnitude QZQ the fhase ouraente of i txansigtor Qkilst or Q.

Craps ot (ReEFHEELERE (6 imd Sncdid N AT ¥box, 12 G dathuntt AP &8 vl Lage at
thE anod CHFIEFLTR FRETENY nﬁ’réﬁﬁ %r&ghe v tnég coé'gl%t r‘l’tog% #ﬁ di ode
D2 becomasz sirfdred s |and asigriade Vsdldod:e'eISeBegl ﬁ‘bec@)‘ﬁéué-tl Ad§. thagrefore, a
subs} gnti &l OIS & 4 ESMed it 1o diverted a

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

that maintains transistor Q2 in cut-off. As long as a
magnitude of negative current i5: is larger than that of

20 positive current i;, the base current in transistor Q2 is
zero and transistor Q2 remains nonconductive. When the
magnitude of negative current ig of FIGURE 1 becomes
smaller than current i;, transistor Q2 is turned on again
and positive current igs is generated.

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

capacitor C2 to form the base current of transistor Q2.
Because collector current i, is upramping, the emitter
voltage of transistor Q2 increases in an upramping.manner,
30 causing the voltage at the anode of diode D2 to increase.
When the voltage at the anode of diode D2 becomes
sufficiently positive, diode D2 begins cond#cting. o
Therefore, a substantial portion of current is is diverted
by capacitor C3 from the base of transistor Q2. The result
35 is that the base current becomes insufficient to sustain
the collector current of transistor Q2. Therefore, the
positive feedback signal path causes transistor Q2 to turn-



by capacitor C3 fromthe base of transistor 2. The result-35 is that the-
bas rrent becomes insufficient to sustain the collector current of
transi stor 2. Therefore, the positive feedback signal pat h causes

transistor @ to turn- RCA 85, 43§<sff. Thus, ,{)/?fy ggp! i tude of
current [err] is determned by the |evel of voltage acr oss capacitoff C3.

Duri ng interval [err] of FI GURES 5a-5d, capacitor C3 of FIGURE 1 is chasged
by posi tg J%E? AtntVq.0f o Recones
pr ogr ess+€€ Ty ﬁ%/(#?aﬁ ﬁmateel?efc/g!r#es pr‘.'ogé]i sis?l \t/’gl‘égﬁfnair ger causes
t he conde¥t¥Re 1-?1?%15\/% Mﬁ#ﬁf g harpase capaciseoruls i n |nterval [err] of-
FI GURES 53 5d to med tﬁrwﬁsltslﬁ/%l % h; ggsf ri«lemt:s _Sa-s5d, During ? |
corr espondi nonc uction portion cle occurs |n |n erva
[err] ca‘b%&?‘? %28€f°é Jrsiﬂlé'(ﬂﬁﬂ'dg(?yﬁ?e’ ‘gﬁ'@ [FURTefte
noncﬁndUmheﬁetE?féﬁrvoltwée tv Qs setmvn‘sz smmhe@ﬁmmsﬁaw:lm EEd by the
time re r a or tQ_su evel that causes
a magnit qiud{;%f negﬁﬁﬁig ‘?ﬁ rkg'rﬁ% c%"et’ %gggﬁgﬁcigﬁ"i#hiﬁrﬁa of positive
current {:ansés ﬂﬁnatcmmwbmtimrﬁlerdrﬁmgsums oyol@ amaitvel y | onger
because 5 f':‘.)f gfa,r of iggﬁggss*e%a 06 Bétont@! t a0e and al so
nagnrt 92[errf

because t cur econmes 2 progressrvely smal | er.
Ther ef orm;og)mssiveljuabmgnmr ent will begin flowing in the base of

trapg stor aft e £ﬂgf N (-TAY . At tine
[er?iBI of FI CQ;lzJRE cur %\té erérjiml 0. riéci):?"tg %&&ieor operation
that occtRFRL thak oce ‘['tﬁ’r‘]alcérhﬂoﬁ%()n??%% ie" ong dead
Eé??]'”t”‘fi“é%[?ﬁﬁeﬁf““& SULn e et d"%ﬁ‘g‘a‘ééﬁ“@s"lﬁ’ﬁ%ﬁf "Buret mode
swi t chi MPYetERy 9 OEHJ*#? %ﬂs{}ét @?cirfd ef¢rmine Duri ng

t he bur sthevtiime ntequited efos dﬁsﬁiﬁﬁﬁ@cbapduﬁmgmw §dash caonduct i on
intpsval 14ve £oha€YEAGses a magnitude of negative current is to be

smaller than that of positive current i;. That

nonconduction interval becomes progressively longer because

capacitor C2 is charged to a progressively higher voltage

and also because the magnitude of current i, becomes
20 progressively smaller. Theréfore, positive base current

will begin flowing in the base of transistor Q2 after

progressively longer nonconduction intervals.

At time t;, of FIGURE 5a current i, is zero.

Therefore, burst mode operation that occurred during -
25 interval tjg-t;, cannot continue and the long dead time ~
' interval tj;s-t;3 occurs in which no switching operation

happens. At time t,3, positive current i, is generated

again and a subsequent burst mode switching interval occurs
in transistors Q1 and Q2. '

30 During the burst mode interval t,p-t;» of FIGURE
5d, the length of the conduction interval in each cycle
increases progressively, as explained before. Such
operation may be referred to by the term soft start
operation. Because of the soft start operation, capacitor

35 121 for example, of SMPS 200 is charged or discharged

' gradually. Voltage Vg by being lower than during run mode
operation maintains the switching frequency of transistors
Q1 and Q2 of FIGURE 1 above the audible range in SMPS 200
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referred Yo by the termsoft start operation. Because of the soft start -
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operation, the eneg\gi consyned.,in SMPS 200 is mai ntai ned substantially
| oner, at 3WBEEaBtIALLX reduceduring normal run node operation. To generate

vol tage V+ at the rEhei beust cmede fopedatiapatmting indrextvalcdng-th ouni t 333,
a correspopdi rage._du cycle of transigst an that is
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conduct i onsufifbcienti hevelnto semably, tieropemaiplon chaembtiee dantgml t han
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burst node, the conduction rnterval o ransist or. In each cycle can be

mai nt ai nedMPdageperation: athe reneray reepsuyned | IWSMPS, &0yd sduty cycl e than

Lf continugafn€dtheéai 56bSPEAELA PIy NBSOE,C WY Ybdlit 19 wraticd)dRshanSuch _
capki nuous ,sw t chi ng ogeratlon in 25 transistors QL and 62 occurs during
nor mal rundRHHRI oRRFER{ oFUMBPAS PRRERL ¥9%he i nterval s such as interval

[err] of FlIGURE 5d mecyénediice IELtdpe W st almoideliatdd Wevedatfisre, as
will p5 operating remote control unit 333, a corresponding average ’
duty cycle of transistors Q1 and Q2 that is substantially
lower than during run mode is required. The length of the
conduction interval in transistor Q1, for example, should
be longer than the storage time of transistor Ql.

20 Accordingly, by operating in the burst mode, the conduction
interval of transistor Q1 in each cycle can be maintained
longer for obtaining the fequired lower average duty cyclé
than if continuous switching operation had occurred during
standby. Such continuous switching operation in

25 transistors Ql and Q2 occurs during normal run mode
operation when no dead time intervals such as interval t;,-

ti;3 of FIGURE 5d occur.

The SMPS has also a soft start-up feature, as will
- now be explained with the aid of waveforms in FIGURES 6a-
30 6d. similar symbols and numerals in FIGURES 1, 5a-5d and
6a-6d indicate similar items or functions. The start-up
mode is similar to the stand-by operation. When the power
supply is first turned on, capacitors C3 and C4 are
discharged and there is no forward bias on the base of
35 transistor Q2. Oscillation is initiated by feeding a small
portion of rectified AC supply signal V,; to the base of
transistor Q2. As illustrated by FIGURE 6d, the oscillator
duty cycle is initially very short, or the intei:val in each



now be explained with the aid of waveforns in FI GURES 6a- 30 6d. Simlar
synfﬁas and nunerals in FIGURES 1, 5a-5d and 6a-6d indicate simlar itens
or nctions. The start-up node is stfilar to theROAr85,4380peration. WWen
the power supply is first turned on, capacitors C3 and C4 are discharged
and there is no forward bias on the base of 35 transistor 2. Gscillation
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col | ector voltage roun e consequent | oadi of transformer T2
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t hat pro arran operate as a forward convert &7
in case rgﬁﬂ éhehlegﬁt&ﬁé'l Gfpgﬁéﬂsiéw r@3rentBase| ERFERRt shows a
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convertert Oa%esriasttlo?:n Q3 to saturate and to clamp its collector
voltage V4 to ground. The consequent loading of
transformer T2 causes SMPS 200 to operate in the
intermittent burst mode as described for stand-by mode
20 operation.

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

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

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

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

35 current flowing in an ultor electrode, not shown, of a
television receiver. Voltage B+ energizes the deflection
circuit output stage, not shown, for producing the ultor
voltage and the beam current. FIGURE 9 shows, in a table



resistor Rx and a diode Dy of FIGURE 7 serVvé as an tVerd*oattiprotection, as
expl ained later on. Sinmlar synbols and nunerals in FIGURES 1 and 7 :
indicate simlar itens or functions. Should an overl oad occur when the
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audi g-supply, resistor Rx senses the excess current and provides negative
bias to the emtter of transistor 3. FIGJRE 8 shows, in a table form the
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N 9301775.4 which is a Divisional Application derived from

this Application.



wi nding to energize said second w nding, a c'ab'aci toor; secohd shitching
means coupled to said second wi nding and to.said capacjitor for generating a
rectified 10 current from said seclqu wi ndi ng thGaA 5#@3)ps a first control
voltage in said capacitor, said fi'rdt control voltage being coupled to said
transfornmer for devel oping a second control voltage that changes in
accorGbAZYSwi th said.first control voltage; 15 means responsiwe to
an out put supply vagl nqu%:gg_u hq C ' Qr controlling said
first control \}o'l t;,\géq#%cgluc a \?g)?gtigﬁlgﬁaﬁggsﬁggn%égni tude of said
out put supply Poltxans Sormers hayitinga if Lxrgty and, sesendprdnddBISin anplifi ed

change in a ma@lrgtdgwlitchling HRenad cobplerd el sual! #g4esta source of input
supply voltage; and neans enérqi,zed by Said input ,supply. voltage and
res%or’fgi'\#e‘-‘-\qg)fé’oﬁ geaszatdng & Hdrsko o#“géﬁéf’a?gﬁétf rom sai d i nput
suppl wiiiingg e c nerYiizelisald BegRnd wilnddgy; sai d out put supply voltage

generating neans includi n& swtching neans that is switched at timng
poi nts determ fef dance with said anplified change of said second
control volt agsdamad ayitahing weiahsocouplesti ol gaid segond30 2.

A \ " : , ) \ I 't :
Conpl SR e ¢ el [Chod ey A et o FhckdBied Yo a0¢ 1S
reld i fourrenti From i9¥id senand winding that, deyedopscon&iwstdi ng. 3. A power

suppl YectGUd vl ey 131 @ﬂmfﬂﬂtﬁ Salad £ F39R cBntdbd Out put supply
voltage i s DC coupled, 1111111 111111 {1111 11111 111111 * C L M S
* XNpltage being qoupled A sgigdntransfarmer fox, deyslordigod supply

vol t agfeddnd RENHEN .vo Xt agd E1RC CHandeyifi0 actordaneeciwitupRaidaccor di ng
to d afﬂs]t m(’:hoenrtexionl voltage:; ™
15 means responsive to an output supply voltage and
coupled to said capacitor for controlling said first
control voltage in such a way 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
20 control voltage;

a source of input supply voltage; and

means energized by said input supply voltage
and responsive to said second control voltage for
generating from said input supply voltage said output
25 supply voltage, said output supply voltage generating
means including switching means that is switched at ~
timing points determined in accordance with said
amplified change of said second control voltage for
regulating said output supply voltage.

30 2. A power supply according to Claim 1 wherein
said first control voltage is coupled to said second-
winding via said second switching means that rectifies said
rectified current flowing in said second winding.

3. A power supply according to Claim 1 wherein
35 said change in said output supply voltage is DC coupled,
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said fir swi tchiing current stores’i.nductive energy in said transforner
during f)rst portion of a given period, said stored energy being renoved
fromsaidtransfornmer by said rectifiegbéyrrent, t hat gkﬁgs 4 sai d second
wi nding, in a flyback node of operatio said trans¥ ’ ing a second
portion of said given period. 5. A power supply according to Claim4

wherédln said anplified change in said second control voltage produces a
cor r espondi FF@hanFerminal dhene §oidyowtputosyrpdy: voAtagesdisd gi ven

peri od that deveitpdd,ctd Gaipetond Hinkdangd energy from said transforner.
6. A power supply according to Claim1l wherein said second sw tching neans

conprises a diode that is forward biased by said rectified current during a
first portion of a gi4.en pepowet isuppdycacicordingatd dladm lawhetedhi fied

current and | ack .bhi ased during.a_second rtion of i.d given
poriod o ARl Al H R e R 8RR ARAREE RO knBRaR VTN
vol t age genasdd nramsfiormeondinlag a flicski pgrtdonl bft er givenppeddodag a
First Cral i . i p and | C .
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control vol t{30q GAYHaEN ndidleRF DpePaeidhedfa satactdafstoenbri Busdhg a
capaci tor such that both said cfified and,second currents that are

r 3
coupl ed to SEGPALPRYTYIGN zﬂfesﬁeédc&ir‘@ﬂt Pexri28+f | ow i n opposite directions
I n said capacitor. RCA 85,438 9. A power supply according to

21
Cransi stor for generdtind FEvAnduREdy, ASRpeashauEe: GeaEhod: BRERHRS  cor a
ses@nd curr eaid fempldfiiests changecdndsadd sechndaconbuopuvodtipgey vol t age,
sai d second (ol iflds fd VYR PonnG SARAGE! 3h LN1ERGLAPBESkhEadsE86h4ON
portion of said given period that is required to remove
said stored energy from said transformer.

6. A power supply according to Claim 1 wherein
said second switching means comprises a diode that is
forward biased by said rectified current during a first
portion of a given period to generate in said diode said
rectified current and that is back biased during a second
portion of said given period.

7. A power supply according to Claim 1 wherein
said output supply voltage generating means comprises a
blocking oscillator for producing a first control signal
that is pulse-width modulated and wherein said transfoimer
provides a regenerative feedback signal path in said
blocking oscillator. '

8. A power supply according to Claim 1 wherein
said first control voltaée controlling means generates 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 opposité directions
in said capacitor. '
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to said rectified current. 10. A power supply according to Caim1l wherein
said fjrst control voltage controlling means is responsive to a |oad
current for providing an overcurrent rotectlon A 85.43gP0Ver suppl y
according to Claim1l wherein said fi t control voO tagé ontrolling neans
IS responsive to a run node/ st andby- node contr ol S|gnal for establishing

said first contraql | tage_at a leve reve t chi operati Q@
from occurring i sa aP8AEHuPVER §I§CQBF$%@£ ﬁ% %ﬁé& Buring a

st andbysaiddefdfstpeoatirod. vﬁltaﬁeponntrohhﬂbg meamsdcompttséiaan1l wher ei n
said se LLch e d rectified -
currentﬁgggﬁ%gﬁbglgggsgggggag gﬁ uélﬁﬁgg QF %%%&wgﬁéervéﬁ%%f said first
currenteﬁsctsndsrtbsrgoaugdeecgnducurnentlehat\xnwtgsSUmply according to
C'a'”‘1a&E6Eath§ah§tBe§Ll§ Sﬁgﬁﬂ%rgﬂb &0%§1£ &2 $h £§C ganding ina

ranpi ng manner at a rat varles n accordance with said
first cGHEFERtySLPHiRg §Hcﬁ‘#ﬁa€aﬁﬁ§ﬁﬁ?Fc RrithyorpRIite dirpekiom said

transf otoesaidl eectefdelll ¥ageknporti on of a given period is renoved during
said flyback portion of said given period, said flyback portion having a

|l ength that is determ ned by said output supply voltage. 14. A power supply
according to C aitf.13Anwpewernseppllyoacpordingpty Chaimgk weewedti ng neans

compr Sg84a Fiibi1LbbRJaH a0 L Ion 1 S8 06 2 Gl0RPRe ransi Stox

responsive to-a contro ced in ndlng of said
transf ofpep 3gad cuzreatdfiey pygvédbmgsemdov¢:swrzennrmrctsgpknnvarues in
accordance with variation of said rate of change of said 5 rectified

current. 15. A power suRpIy according to aim1l1 wherein
11. power supply according to Claim 1 wherein ~

said first control voltage controlling means is responsive
to a run-mode/standby-mode control signal for establishing
said first control voltage at a level that prevents
switching operation from occurring in said output supply
voltage generating means during a standby mode of
operation.

12. A power supply according to Claim 1 wherein
said second switching means comprises a diode and wherein
said rectified current forward biases said diode during a
flyback interval of said first current to render said diode
conductive.

13. A power supply according to Claim 1 wherein
said rectified current flows in said second winding in a
ramping manner at a rate of change that varies in
accordance with said first control voltage, such that
magnetic energy that is stored in said transformer prior to
a flyback portion of a given period is removed during said
flyback portion of said given period, said flyback portion
having a length that is determined by said output supply
voltage.

14. A power supply according to Claim 13 wherein .
said output supply voltage generating means comprises a
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sai“d. first sw tching neans corrprl ses a“ swi tchl ng ot ransi st or ‘rtavmg a main
“current conducting el ectrode that is coupled to ﬁéAdBB'tf?% w ndi ng, and a
control -el ectrode that is 10 couplegzto a third wnding of said
transformer, said switching transistor -and said transformer formng an
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wher ei rRGEPXdanCe ivikh m&aﬁiqmquag@i@orxtam I°|fn ﬁéﬂﬁsO@oﬁﬂli es a

'tran | Skt QR ect rode fornming a current source with a high output
i rrpe ance that 1s coupled to said capaci t or for di scharging said capacitor
at a rate of change that is determned in accordance with said output 25

sulppl yI vol t age ty) galmtﬁaﬁézs;g@ﬁﬂy %Tcdé(i:laiét.rr? t‘bOldlalﬁﬁt unm&&éiﬁapaci tor at
a leve i ndicatiyve of the ui,re ut e 0 ing
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out put vol tage from sai I spect to an
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I 11111l rlanlslilstor and said transformer forming an

oscillator such that said transformer provides a
\/ regenerative positive feedback signal path that sustains
oscillations in said oscillator.

15 16. A power supply according to Claim 15 further
comprising means for increasing the oscillation frequency
of said oscillator above an audible range during a standby
operation.

- 17. A power supply according to Claim 1 wherein

20 said first control voltage controlling means comprises a
transistor having an electrode forming a current source
with a high output impedance that is coupled to said
capacitor for discharging said capacitor at a rate of
change that is determined in accordance with said output

25 supply voltage to maintain said first control voltage in
said capacitor at a level that is indicative of the
required duty cycle of switching operation in said output
supply voltagé generating means. |

18. A power supply according to Claim 1 wherein
30 said transformer isolates said output 'supply voltage from
_said input supply voltage with respect to an electrical
shock hazard. '

19. A switch mode power supply substantially
as hereinbefore described with reference to the

35 accompanying drawings.
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