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MODE POWER SUPPLY This invention relates to switched node power supplies.

In television receivers having run and standby nodes and usi ng switched
mode power supplies) an unregul ated DC vol tage is deri vedﬁ'?%lg‘:%?o@ri dge
rectifier coupled to a mains source The dnregul ated DC voltage is then

supplied to a primary w ndi ng i sol ates the hot
ground side of the chassis frorg Wﬁ standby regul at or)
such as the SGS Thomson M croel'e 261, is located on

the hot side and cont r'bi§ wvsmt@mchgem@nssmmﬂ moda powwprpevpRliesnsi stor to
apply current pul ses o velevishire rmﬁnﬁcﬁSV\iaaiﬁxlilg amé  amep| stdnddy htbdbheanﬂri mary

wi ndi ng. Regul at %9m¥ok$vﬁgﬁ‘§d Fh&de gx@lno@s IR, Sﬁcqnlg@pateﬂ riﬁt%ita

ower transforne e wer e romth g Fated B+
\F;ol t age thn thedFBP’%qE/: 5e8n? %B@I '&c“ 167 FPP%‘F’ t8uﬁ|'3ﬂ“fosof'ﬁ°§ g? and

t hereafter provi aereguinsed dJUl veltagg isctheonsuppliad stpamcmynmdelmﬁng)mérfatl on
untl: :he appar atp@ﬁ'cl‘ Str&mbﬁﬂi&dtuamtl@olltatbf fHéN h60 Geounth 81dRUBO Nhé hﬂm%ﬁ-nd_bé
regul ator is con rLegu nd side.
Logds ot her thantf ﬁ? &%%? rbifil gjtgor% Q{an{j%%\ggﬁp &Pz E%E ﬁg s and run
nmode | oads such °ﬂ§8“hh@‘?@6‘?€gf’“'&éf’¥%‘ﬁ#£®n OFi 1, dsel 086'6 I%‘H"ﬂ"o
secondary w ndi nget clide hadpowerols raaswitohimgr medine snen aﬂode:hlopads trRngstor
inactive in the g BesTBf & arfABRS m%y WEdth Oatd %ﬂmﬂlﬁud&%' (it ed

vol t ages) but sw _tche b from
controller such zfé%& %‘chesse(%ﬁﬁ&g \YOAFE % &vgg’%ﬁ?em&oﬁf ?@quy

Al ternatively) rl}ﬁ‘l"ﬂﬁ'dé P bdhe renerpEaRdome t@%é%ﬁ%rfygwafﬂil Hgs of the
hori zont al fl ybagowerahdtamndre, vareguiated (Bywowrdragel whert hthe Stelavikiyn rmde

because) al t hougheddigerf Wl?ﬁﬁ!( cbﬁﬁl@afRf rt‘i?é rhaﬁn&oh’rm Qﬂc&?ﬂé’r peSHIA ek B

vol tage) no voltaggta@ nerate tﬁaﬂg § wi ndi ﬂ Qf thetflyback
transfornmer in tHEE4LAYRY 5’1" Hord 2 PY ?‘mq ﬁ%"sl{"éd %pgaﬁT 4 or
operates at a stamsevuqh@queneythsnwma%oqf p‘uh%feumrldtthp FAndbyt Engulater is

regul at es vol t agesnwolledebys ac andaegulavondocged afn thee hpoweourtd aidef or ner by
adj usting the pul se wi dhlyolortl! thaf e s fgdweregma& G nBraRfs (RPPI T ed to

t he chopper transjst st and he st r..is made
to free run at |t§anld§¥a‘°a§§c§'\dl 5?'6rm % gD cth chaF’l%I tﬁ% g“b@’fgegﬂg? ng the
vol tage on a hot Sific8itncire ceapliest yio vsaeandasy owindiegsp et peer diapsformahe
sensed vol tage i srheonni @ﬁbdeol@alslirﬁuhaaiveath ahi¢ Qtanabplmbd@r Ry imelea

4
APRI L 2003 2 secq |p&§ b8° ”e g¥ J ecau @nggitcﬁgﬂl&@qﬁ QFT of the

B+ scan supply vo tages on a

secondary wi ndi nd ga 8%5‘ £ %\ﬁns‘cg&ﬁ a Fﬂ“‘F rEHF b Ay ‘ﬁ@pé?cﬁﬁ%y
regul at or beconedJespoasiieate aofreraOteunom@jul a&lwnvmetlhenunlmb@' bopdd mape. The

run regul ator mabebeoupled W@ﬁdnﬁ aryt Réindieps 19O RO Rofikdritale fRbhcioNi CS
TEA5170. The st an f&%\ll aPeOQHPB%H?OSWJ thtltWexﬁ PRfadide ansi st or

on the, primacy trans or “produci regul at ed
vol tages on the saé@BHBg 'g‘és Y‘B@PB‘ trapsformey iy cPuplad 400 'ieg"hﬁ"?‘g@d' in the run
node by a pul se wodltlage.rmdutlaltagm stieg parierated einathed séoondamy mindingguifather . The

run regul ator i mypaekr @ahdfndf i m@eamheezcmt Rbrigliftdicetdriing) e o

hori zontal flyback pul B+ _vol ta Ll 29048
deflection circuit is ?ﬁa tﬁ%‘%y{ 59%1'f1latt°ﬁ%°rﬁtﬁf)ﬂt ? ta@ﬁ {rﬁg‘mm r‘g(gu at or
and conpared to & Pulssr sfidth mppdulaer ey megulaes paltagesan khersgeendaryn
signal that is cowuipdacgsbefkehtopdwer staastdomer d;guhdajmwing The pulbsewidth put of

the run regul at orgyes éy%%ﬂ dfNtHeNGolcaft BRAEs tap ﬁapnbame ERSp @Ht@mmr pul se
§u| at o eedbatck to

wi dt h nmodul ati on ci T,cUi andb n

whi chever of the lr"e {8¥Byt'ﬂé{$ ' @‘ céﬁf‘&%’f I%ﬁatoﬁl‘lsf'é'?g tPoEﬁe? Hen 4
appl i cabl e ref er dtfcdoqadvescillatpe freéagan@t, oinds repwlases \hydsensifed thatviobag ianc ui t
changes the pul sea Wodtgroand dietyndare | ®indlingd W Ptk Mae&anifemx&ry The power

through the powerg eBE&f‘%ﬁ&%ﬂs R pleaIly QBeiHBnteoPLﬁtnpgltle%H ag/(i)%‘rler to

avoi d generating too nuc rrent "1 n the chopper transi st
transforner) a nunber of safety features are built into the run apgbost andby
regulators and into the controller that swi tches between run and standby

roces, IR =< "2 ot ot eprcoemt g Freeurrent I - ll|||l
g p g

chopper and-goawzt he primary winding to a shutdown circuit in the stand

regul ator. The shutdown circuit of the TEA2260/61 has two threshold Ievel S.
If current passes a |lower threshold) the on-pulse of the pulse width

nodul ated output is imMmediately term nated but is redevel oped at the next
cycle of operation. If current passes a higher threshold) the standby

regul ator shuts down and will not restart until VCCis renoved, e.g. by



Y 4 APRIL 2003 3 The standby and run regul ators each include ot her
protective features and sensing circuits arranged to di sabl e operati on when
t heir VCC power supply voltages goes above or below internally defined
reference |l evels. Each regulator also has circuitry to |i4ARRILIZ®O0Faxi num
duty cycle of its output by substituting a2fixed duty cycl e out put when the
feodback 100k al LATBA ihBuCkouied R7 LVORM. AHtknfyC\ e RENRACR e B4

predetermned |im ectiv eat ur enera handl e

y
the | oad i ncrease$3aRhHtPP c‘[ﬂ"aﬁft%cgfsar“l‘{!f?cé‘ﬂid @Hcs\ﬂf’t& ar&jsf‘P‘bﬁml sthendby
to run) when the gabsdaryi siitdingdigoauprer Womind tegetlearwi se seek to increase

the duty cycle of the pyl&e Al Pilde! Qh@rdtmwhecgq%&uvoemhwsiﬁé stvet BF their

references) with possible e 0 it .renai

bose bl that undbyucbediafeh aﬁofh%.wt‘i‘)gfg%%" ot o AR polach PGS, ¢ o
changes in | oadi n@fc%i‘"tfd&s@q RESdihgmegrt Micteslessropiesi TBASAH-dI Tha 0 a poi nt
wher e the chopperstandbnsiragulatdrscantirues r ws seditch Tthe dlogpernrasistoc yoal ¢heof t he

TEA5170 run node t@tﬁh'dl'gt\‘?fndﬁ:?g JfOEhce?%mlretraﬁ'sqmrﬂé’rl e y@E@UCJ el mramal duty
cycle may be rela ece

ower ed
e.g., a large scr‘é O'bngaste’cﬂ'béadWBEr 4 ‘bﬁ ycB?ﬁi’i?Tmbﬁ drﬂfﬁh 'gs hi gh
pi cture bright nesdieamn ml Budr PYlsmdaridi "Wfbl @mw sigpel eapratrdby| thee
relatively high ifunt heguddtomai Mhevaint agaulater riel sinckhijzedowithT thes dofikdntal i ons

may cause the dutY.fyglR 8 & ehéﬁ%nruﬁgﬂ ﬁé&r E&Qesocoﬁl%' PP dd rl?ﬁ%lt'a%

upper limt. V\her{e ti,on ﬂ frfgglnt run éE\

for exanpl e when oﬁeBﬁ ?{]F‘@“Flné? ?fé’s"“ c‘éﬁ‘ﬁhdé l?ﬂc{;ewaﬂaquort BMPBHST | i ght
areas) the run refulthe onnategolatery andcgosapased He alureferenas| fornt genaratingphe
limt. This coul dpiigsUbidth 'mad@atiemtdigdal odhat Sk reoupRA BREK abi the ﬁ@lﬁtﬂi tion.

Anot her_pot ent i a egwﬁi,remﬁ%%n&gumtgmfvms%ﬁq Bal LR, e Lt uhen

operating in the r . oul age or
when the tel evi si BY4¢ etOeSYRRIANG then QUiRKy O BHISce W r&‘PfiH'(j"ioﬂ ‘E‘ﬁ“é"ffﬁnmnode
As the mains vol t dge standbyl Ireggdatorhe run regul ator increases the duty cycle

of the chopper in an atwREPithé OfeB@barkaid) viiehdver dfather pgpallabad dRt iQut put

‘r’a'nt o StTgﬁ dby 18 xﬁF{ﬁ!nggWegaﬁ'om“'%gui{ﬁpﬁ%blgrPe#%%hé V‘?e\‘;e‘?atcﬂé s Of thgoos

4 preventing over E"c&“&‘gr%dﬁﬂ?@( iidth |'H°4‘Hé“%‘hdﬂf?é‘l“ 8!}%“&36 gB?cB%‘FvE“qm
cycl e operation oor fdutictoyatd ofisoutfitteptloésviosivary thecpower thromgbmhocmur

whi ch generates t {gndbbdEr aﬁhgfb%hlaft@rthé%dtﬁﬁ'ﬂ %ltﬁ)&t Weﬁnn oFd«k!? ﬁﬁ(lvﬁdandby
nodes is typicall tects | oss

suppl i ed
of operating suppg‘f%%&p sﬂ‘é’ﬁhl%&ws"‘dzﬁ Cc[hgap%rntragm ior ﬁrf"naeke ¥ ne
i sol ated supply, trnesfﬁrrwopa Jusabes o@éa&tmfegtwma@ﬂmﬁt ap@ dhe rHe o OFF
signal and power swandbe regolat@guhsd cintd she ecomtedler Bihaassdtghencetivears | s
sensed from a secgppdamg ‘é‘lzﬁﬂbggmoﬂﬁi' vation of the reset circuit may cone

too late to avoi d oversjressi Ay t he §Per trﬁgﬁ gtor in an. AC povver | oss
envi ronment. Accor di ng ‘4 cCHFFRE rﬁ?@ﬂf‘gvfé’s T g SAwled 18 sefjes Wit Whde power

supply includes achopper. This resistor provides a voltage representing the current
level in the chopper and in the primary winding to a shutdown
circuit in the standby regulator. The shutdown circuit of the
TEA2260/61 has two threshold levels. If current passes a lower
threshold, the on-pulse of the pulse width modulated output is
immediately terminated but is redeveloped at the next cycle of
operation. If current passes a higher threshold, the standby
regulator shuts down and will not restart until VCC is removed, e.g.
by pulling the mains plug.



trapsformer with primary and secondary w ndings for supplying |oads with
controll ed voltages. An output switch is connected in series to the primary
wi nding. A regulator has an error anplifier and a pul se w dth 8 | at or and
having a input for receiving a sense signal and an out puﬁAFPd?mgg gl oping a
pul se nodul ated signal dependent on the sgase signal. The sense signal is
response for the duty cycle of the switchihg of the output switch. A

fﬁedback ﬁi rgui t COUpI THe bahn@sn dnberidde@aits OtHcRUinchitt duiBpdpiodé@ivei Nput
n t t t n sense,
changes the duty t%é{% %d &H\\Lya%‘?rcqﬂguéﬁﬁrf#dsw cg%%ﬂlé‘t@eké@ven 0y

in response to a erm ne
pul se wi dth from'§shk e \PONET SAPR ydé(t0 ?Eﬁsnéﬂcsvépﬂée °FI‘l§JPQE intgraally

general i zed scherrEtfucddm@,ramcsltmmlng a feedback limted duty cycle

swi tched node power SUEBJ:IY r@%{ﬂﬁfcﬁ“ 90 L Rast Bﬁcdnﬁ‘&eﬂi 'lﬁﬁ‘n tht GG ndinh Mty MO €
specific schemati¢ at or .or_hot @ound si de

g
of the power suppcly§°| ﬁ’ egtugfutdg?éupsmﬁf @JF\?E e% Hﬁtynﬁ)fcée soﬁ‘é’(’:lftfl
schematic of the thanfepég%ﬂkall‘lﬂp aftgmpts to dupye; |thq>,omptuadwamte bexyopdhr 4b
are timng di agr gpredereemanédglittie duty cycles of the swi t ched node power

supply during an AC naip ésooqwaroih%} xrowwenfea @%%15 *BQH%lethF‘e fi@f
t et

f eedback circuit .couple '5 he run (F;?lé at or 3. Fl

5a and 5b are dut‘?c'i?)‘?&?s t *}tn?ﬁﬁ"d?”éﬁ‘ré t“(?oﬁﬂﬁr?"’ﬁ@" 18 E%I é‘é"?ﬂ?’rl ng
vi deo | oadi ng vartcardmnwhen fthaspilse wisthemadutasorsmould dotherwise raedk stol ay
brightness, with iagfavé tthewWuty hecleotbmekpultd Gl 62 being e butsewi se

conpare duty Cyc'ﬁﬁta‘él:‘{ |19 T AR L ABRnRE, VRlth 2pQTbIU PR SR e Rhofpethi te
bl ock test patter ﬁowever. it remains possible that under certain conditions,

particularly in the run mode, that changes in loading can cause the

duty cycle to be varied rapidly to a point where the chopper

transistor is overstressed.

The maximum duty cycle of the TEA5170 run mode regulator
is, for example, nominally 78%. The normal duty cycle may be
relatively high when the television receiver is a high powered e.g., a
large screen set operating under high load conditions, such as high
picture brightness and high audio loading. The duty cycle also will
be relatively high if the AC mains voltage is relatively low.

These situations may cause the duty cycle of the run
regulator to occasionally reach its upper limit. Where operation is
such that loading in the run mode varies, for example when the
picture includes a change from very dark to very light areas, the run
regulator also may increase the duty cycle to its upper limit. This
could result in a potential overstressed operating condition.

Another potential problem is encountered when AC mains
voltage is lost when operating in the run mode. This can occur in
the event of a power outage or when the television receiver is
unplugged while operating in the run mode. As the mains voltage is
falling, the run regulator increases the duty cycle of the chopper in
an attempt to maintain the nominal regulated B+ output voltage.
The VCC sensing and maximum current protective features of the
run and standby regulators may be marginal or ineffective in



4 APRIL 2003 5 FIGURES 7a and 7b are voltage timng diagrans at resistor
R4107, representing the' chopper transistor collector current variations
during AC nmains power loss) with and without the feedback. FIGURE 1
illustrates a master-slave swi tched node power supply circuit based on the
SGS Thonson M croel ectroni cs TEA2260 or TEA2261 standby regul ator as the
sl ave regul ator and the TEA5170 as the run regul ator or master. A power
transfornmer T4100 has a primary wi nding WP coupled to an unregul ated DC
vol tage generated in a capacitor ClL and devel oped from an AC net Aprik¥3ce
21 that is coupled to a bridge rectifier CR4A001 via a plug 22. Regul ated
vol tages are naintai ned on a nunber of sécondary wi ndi ngs WE1 - W54, each
of which i r j ; L dLL: - pi ng
Fegul at od BEEOARPEEyaStrdh CERRAG KRR AET0 bleBiyCaYT thplb ShoaiR L
oper abl e i nflwtuationstode and/ or a standby node of the tel evision apparatus. A

chopper transistqr 100 forns a switchin ns coupl ed i mary. W ndi ng
W) oper abl 6. f or THEGFEY BIORABTGY o R EtORTORGS 0L PR EERF i hicO AP B BT D
vol tage souusRhidaHeRWER rBh bAREnMYIHAAS iWDypic_-ng sBHed GHI EPSwértedd Lt@iY

wi nding WP is control lably varied by pulsé w dth nodul ati on for coupling a
vari abl e arwhinh detectp bnse of operatinghsupphiess OncersuchassGg detagied by, e oan A€rmet s of

| oads on the .,power supply.vary. In the stand e 0 uirepnents are
ow and r SR Sprty 3R iR eeni A PRt e DERJRt o BE VY OB R B E R by
regul ator Wbl 1o the riub feglilifor TH el o vell EBeda0veio w et Udkis i £SBRBESTréh @ seteidagnd
preci se voltage regul ation is needed, standby regulator U4100 operates as

the slave ovindingugctivation ef ibe reset eitsaitinaasoeonsg wgdateima s®id gversteespinB dee wi dt h

nodul ation gi I Led 1@~ ndby. I ator through a transforner
T4101. The ‘i%\f\’g&?a}rtgﬁg#%??rle?ns&lzzp%gvﬁLoﬁagg%i(ﬁﬁ%%k'ovi de electrical shock hazard
i sol ation by di vAeioRrding Rearcinasstih e attahgérhés, Dativehed niode power Qipptly dickides a
associated with the upregul ated nmains vol tage side _and a_cold ground side

associ at ed tnsfermgewih pamgreand seserdagy windingsdgr suppbang opdayih captgolled
devel oped. VA . . i | CcC
supply vol t%dgtgg%ﬁiﬁ g‘ﬂ?@ Sf“?%ﬁﬁ% %%hgﬁrgggnu%g{gg%g%\% 'g}gg%ﬂ%}?e%? f%ﬁagﬁ// means
of a filterhasapaoot anpliZertandta puiseohidthgeddulatopayhhaving &linpPRiok r&8lngHa

resistor R4111 upon coupling of .the circuit to,the AC npins i.e.. by
connect | ng St B AR B Swaitder davelgiaed pilee wodWalkg Sl entenagine 1 o
oper at e andseR§OGMfE PHE §@iSe fibndlNerdpsife Fr the @Ry cleloRMR sHikhi a
secondary winding Ws 1 on the hot ground side develops a voltage that is
rectified byutputgivaidle HDfeedharksditcuisiceuplpy betweep theimedulapr ewpyrandiadeodulafaC f or
t he standby. r | at or n requl at or has, .an .err.or lifier 41
and a pul sg” &%ﬁgﬁdﬁfz%ﬁb&g%or@% ?‘ﬁ%%aoﬁ&{g%t%ggl@éﬁldg iar%bm]ttlﬁé S%g‘ tlzralges on all
t he secondakyponséth ygeddyriiaedivaaksaid palsy olidtage prexat saihpslecaididfiym\E 1.
The sense input, of the error anpljfier is coupled to secondary W6 1 via a
rectifier gAnpbeyogdspiddstermingdvalisy c3 and a vol t age divider shown by a
potentioneter R h : r i fi-er S | se
W dth modul ati oSG 110 Aot n s Bl TR (el By G
TEA2260/ 61 cyetpdvatobed modé poesr saplymesondingg tedhe weertemt ur es i nt ended to avoi d

excessive curre | ri.mary w nding WP and..in ch er 100,, Mai n current
T primary i ndi HG UL Zrtis B0 B S S B OR 0D O SEad SR ot o
sanpl i ng ret%it%’r&fnd@fdje%hﬁé@wér%u?@y% BftafeP &8l €s Wi th the chopper.

Resi stor R4107 produces a current Sense vol tagg coupl ed to the standby

regul ator. The CcEMGUERE 3deaswrespecidipsschematppofitheinmgegdgioc sider cuits in the
TEA2260/ 61) not shown in FIGURE 1, to disable the pulse output to the
chopper if excessive current is detected. Voltages on the respective
secondaries W52 - W54 are rectified and applied to power the run node | oads
and the standby node | oads on the cold ground side of the supply. Sonme of
the loads) R1L and R2) that are to operate in the run nobde but not in the

st andby node, are coupled to a horizontal deflection circuit 20, including
a flyback transformer) not shown) driven at the horizontal scanning
frequency of 2fH, where fHis a standard deflection frequency of) e.g., 16
kil ohertz. Horizontal deflection circuit 20 generates supply vol tages Ul
and U2 that power |oads Rl and R2. Voltage Ul may be the ultor voltage) and
Rl may be the picture tube anode which draws beam current. Voltage U2 may
be a | ow voltage which powers a |load R2 such as the vertical deflection
circuit. These voltages are generated only during horizontal scanning)
since the deflection circuit is 4 APRIL 2003



7 disabled in the standby node by the OFF state of an OV OFF si gnal
supplied by a controller 30. Qther run node | oads or supplies, including
VCC for run regul ator W150) are switched on or off by signals from
controller 30. Controller 30 may be, for exanple) a system control

m croprocessor that responds to control inputs froman infrared renote
control) not shown. 'Controller 30 swtches power to the switched run node
| oads via the ON OFF signal applied to one or nore sw tching neans
represented generally in FIGURE 1 by transistor 32. Controller BOPHL0Pso
coupled to a power reset circuit 34) thus gpsuring that the system cones up
in the standby node when initially powered)*®or after an AC power
interruption. Run regulator W4150 simlarly has an error anplifier 61 with
a sense input, for controlling a pulse w dth nodul ator and produci ng out put
pul ses Vnr wi t h FHGHRES 4y andA4ly aneitiming diageamfeepmparing dhe duti cydles efghe age Vin

at the sense . t. .The sense ipput of the.run reqgulator is.coupled to the
egul at ed. SHSHEDTpaq PEEERBEL) (kR AC RSERPE P Elmion, Riuf WEWERRHC, o

f eedback cithg YifbtyFBdRbadle 6iedua ddfipled t@ thel riN epulatér SAFIGWRES 1 bkd $ense input to
error anplifer 61 is also coupled to a second feedback nmeans FEBS for

f eedi ng back t heFIGHRES §p aahSherg bt exleoimpg diagrpms fomparinedge dutysiveley an
i nput such . i . of t . j M . y cycle
of the out s eaarofRag it by iR AR mardllh ant Ribal BB Y O
Q4100 i n t Neighwens, with andswideten tHeofaelbanler ease yr | oss of AC mai ns vol t age.

By providing this safety feedback, the power supply reduces. reliance. on the
overcurrent protJQURES ba prd Pl bkewise Pféngqra\siétyaya@a 99“?%&‘@?%1@%“%%8”&%%%
undesi red il 4 al : -1ime. Feedback circuit FBS includes a
means for g&%&é&?ﬁagg%f%%% ggy%ﬁﬁxgﬁg%ut of the regulator U4150) nanely an
integrator 100 which integrates PWM voltage Vnr. Integrator 100 is forned
by a series resistor R5003 and a parallel capacitor C5001. The voltage on
capacitor C5001 ) varies as a function of the duty cycle of the variable

wi dt h pul se out put, because the DC conponent of the output is) e.g. higher
with a higher duty cycle. Resistors R5003) R50 04 and R4156 affect the gain
of this negative feedback | oop. Advantageously) a bl ocking di ode CR5001 is
coupled in the feedback loop in series with the output of integrator 100.

Bl ocking 4 APRIL 2003 8 di ode CR5001 is reversed biased when the average
of the pulse wi dth nodul at ed out put voltage, as represented by the voltage
on capacitor C5001, is belowthe |evel established at the sense input of
error anplifier 61. Accordingly) feedback | oop FBS is disabled at |ow

| evel s of duty cycle and run regulator U4150 is able to respond rapidly to
| oad changes for maintaining good regulation of the regul ated B+ voltage.
When the duty cycle is high enough to forward bias di ode CR5001, the safety
feedback |l oop is enabled. It then noderates the extent to which the run
regulator will increase the duty cycle of the pul se nodul ated out put upon
sudden increase of |oading or other stressful conditions. The increased

| oadi ng requirenents sensed by the run regul ator may be due to a change in
operation of the television receiver due to the brightness of the picture
bei ng di splayed or due to audio |oading increases. The run regul ator also
senses an increased requirenent for power that indicates a need for an

i ncreased duty cycle when the supply voltage fromthe AC nmains is reduced.
A severe circunstance occurs when AC power is lost while in the run node)
e.g., due to an AC mains power failure or due to unplugging of the

tel evision receiver fromthe AC nains source. During the interval before
falling VCC | evels signal a controller reset and switching into the standby
node, and/or before the protective circuits built into the TEA2260/ 61
standby regul ator becone active, there is a danger that the output pulse
wdth will be rapidly increased by the run regulator in an attenpt to

mai ntain the B+ voltage | evel constant. This produces hi gher peak currents
and ot her potential damagi ng operating conditions for chopper transistor
A100. The inventive feedback circuit FBS reduces or elimnates this
problem FIGURE 2 is a schematic showi ng a detail ed enbodi nent of the
standby or hot chassis side of the power supply of FIGURE 1, and FI GURE 3
is a detailed schematic showing the run side or cold chassis side.
Correspondi ng reference nunbers are used to identify the sane conponents

t hroughout the figures. In each case) specific conponent val ues and pin
nunbers show t he coupling of signals to the pul se generation and protective
circuits of the two regulators U4100 and U4150.



4 APRIL 2003 9 In the enbodi nent shown in FIGURE 2, the standby regul ator
i ncludes a pul se width nodul ati on el enent 40, responsive to the output of
error anplifier 41 and coupled to chopper 4100 through a push ul | out put
stage 70 and a pul.se shaping circuit 71. The inverting i AgRRIbROB?ror
anplifier 41 is coupled to the voltage onssecondary w nding W1, via
rectifier CR4103, capacitor C3, resistor R4'120 and potentioneter R4121.
The noni nverting i nput FIGURBSpI&dndoTtarire nolagrarinving t Bigeramst atr easistor42, of
e.g. 2 volts. Pr®ag vieptaahungsthenchoysirr atrstvidtorl 0l ldcagi eusrestul e 43

coupl ed to curre%ggfeﬁse FRSIEY A0 DoeR BSOSl ERghA (9105 The

shut down | ogic els algo coupled o a capacit

accurul ates a ch resentl ng the current |evel in chopper @100 Shut
down nodul e 43 has t\/\oFKHﬂBEhéI tibistrates onemasten-daymsvitchedguedagopgr se wi dt h
modul ation | ogi ¢ séPplyocirciedbazédlon tier 8GSAThonbén Midpbdle@rdriies MEAR2G0VEN

cycle and to chargeTRange! Qhndtl i8R dIPARS sfde IRLERLoCURE'AY I O

current cond|t|onlf 0, Rersis ‘% curren I ons or
i nst ant aneous curtedt Q&5 eh{USn EFBUHPE GF ofmastes. i gB?Y"ﬁb qa&@{%m&b | at ches
to disable the ouf4d®0 bay mapemdry, windind WEC vol tage is renoved from

regul ator U4100 bkéodbl%lﬂ%nﬁﬁtddi'ggufﬁeﬂrﬂbﬂsv& \%gr gen¥N@IL AT of BEpacidbs Qﬂ:
sensi ng arrangenegnt, e ar verLcurr n events via
184Gy ofifeh BC, fE udy 28 BICHCHOMRY

capacitor C4122) Phel€ dtHown in
responding to hi gttﬂclﬂﬁrteéﬁf'e[:wqqloﬁb“ aPleg Q%e R ed [yoliagesl are A VCC
nonitor 46 i s couphiadtinad ‘ohea sumiley ofoké¢cagdaryhwindihgsa WEEi-sW84, R4tH Sfand

functions as a VQLIM@H%"JH ﬁ:'%ptdj aORlsp&tie - on-Ehﬁf Y6 nD1 934, afor | east
tenporarily disabje 3 the ou tﬂgteg éﬁi requl ator upon sensi ng | aw vol t age
v

at VCC pin 16. HOW&gleping feg V8’fta% t oss o8t YREAEEH REVEbWAFPY he

vol tage at pin 1doads wdhielk poneoncrabile vinad tanrmpde aadiorn randby miede |ofadi ng
of capacitor C2. theuselMagioionipparatdf al so has a bUI It in tinme delay. PWM 40
al so includes |ogic that ch%etés“%&st Htoya fooc RPRhg { MBER %E\gﬁlc 100

to val ues bel ow a predeter )i)é l) St co necti

tel evision recei V&rP 'E'B‘aflhewﬂ@%l ) RTERRE | §'a°q“ér|° Ya b FEICREGU FYRERNt for
char gi ng storage fzepathiet yncegatated h‘éCI vadsageeveurce.hthrghgh Higimenyewisdippl y i s
arranged to star twm’p i'Thet peals tcandhy ifgitemard &diding tWP! isC comrdilabliyt vlaﬁed

coupled to PW @eLw?Q&Snloldumﬂ“l for*Qdu é;lﬂ]gcﬁmw;zfrﬁlbler muﬂg (}fp
anpl i tude of the 0 I,rst en ?,gi g Efr The
anpl i tude is cont Ltp q tgustgring F Hie eANTERSa S  Sload ot (85 1108,

whi ch char ges uparoveassepmdy meany. ofInopit;r atandhy mndct,hpoweanddpyrmns are

regul ator U4100 Opes, adms régileRende Nddcymplistividl SR $idbpahdentt I 6pPritivh lofina

regul ator. Local s%ﬁ:dﬁyl ?égﬁﬁat%? ‘gﬂddﬁeslgt Itft?c %rqugd}cy ﬁcf:n 'lti% dt h- nodul at ed
eterm

pul ses. The free netvvork of
resistors RO1 andeFRE‘Zc'E‘B'HﬁI étf th(‘ngla and, precisgpyeliags trmﬂ@%@t |15 AAsdand a
capaci tor CO coupdtentittyo regudstoorid410(p wperates asiahdasiaveodf tram trefelatonren t he

oscillator is opemgi@didit scdgé GLLRY ViaCHURIsY vh&éh' ?t%drufaiiﬁt ?fgnﬂ%oﬁﬂ@@' ed

to ground via an jnitiall ransi rtup)
after a del ay |nt't°oh'lfcé*f é?yt'r?éug’g?rt Z}:ﬂg"%‘h aa"@ﬂ gﬁmfhr gbl?o ‘§1
t hrough resi st or str¥asfamness dTRIA® ando T4dPE prexide; wlectigalashpokabazasdi t t er

vol tage of transiisbltio”d8y dividiveg tth@ﬂﬁmﬁis)rcnrbuim&)eﬂnt:enRQShat ground 1sids t hen

coupled in parallgl m Q W e un E;\ gaﬁaggi Ehg ddige running
osci |l I at or frequenc r startu % ra es e run ul at or
in detail) and al %r8 tar‘fé°‘ii‘é‘r° ?'Qnt“é’é'nt"lfotlhcat?é E\’\‘chhl ng

arrangenent s thatprithderef oievstoapdup in the standby node and swi tching
bet ween standby and rumn nmdescanzﬂwe rﬁbdé;USthﬁdbyOfre 1£i!dREU$10<B odpgnglitse to

switch VCC to they wé{'ﬁqz %pﬁa{}‘%?w% tggqn, {3@ %ﬁaﬁlﬁ @pplication

of the run regul ator or V|a ran f or mer
T4101. The svmtchﬁ"ﬁift\‘yurhi't msi4as eagfél‘f'ér%?tpéﬁ ‘B’y Centhanly ehareed gthequehy g m
system control mcroprocessor 30) that is programmed to switch between the
on (run) and off (standby) states as required) for exanple, in response to
control signals received froma renote control and infrared receiver) not
shown. Run regul ator W150 senses the regul ated B+ scanni ng vol tage

devel oped from secondary wi ndi ng W52 by di ode D2 and capacitor C5. This
voltage is coupled to error anplifier 61 via regul ator negative feedback
circuit FBR that conprises a voltage divider of resistors R4144) R4159 and
potenti oneter R4156. The B+ voltage is conpared to internal DC voltage
reference VREFI of e.g. +2Y. A gain stabilizing AC negative feedback path
i s provided by capacitor C4154 and by an RC conbi nati on) C4163 and R4150.
An 4 APRIL 2003



11 internal resistor R61 establishes the DC gain of the B+ regul ating)
negati ve feedback | oop. The run regul ator has two pul se wi dt h nodul at ors,
72 and 74. The first PW 72 is coupled to the output of error amplifier 61
and the second PWM 74 is coupled to the output of a soft 43“&"61?“-253%1 duty
cycle limter 65. Limter 65 charges a cap@acitor C4151 for gradually

i ncreasi ng the out put pyl anpl i tude upon, conmencenent . of operation in the
run node) sinmil ar'cfﬁt‘frhg4i]§'f {ip ‘fﬁ?t’glbllfer"gttpﬁrf”(ﬁfms‘t"a b@erg‘@ at bf- ®¥100.
Addi tional |y, |intaraecdsg diug r?dsirdo ngonrgeudl duOnceydieestamtbyt frgubateput . The
out puts of PWM 72bédifls 14 épeRateomid peoduteapdloes at hhodasd Bf Eppesel ect s

between the two o i rti et | n he _ngarr r l,s Thi s
pul se is coupl ed %‘p %z?%/e(?ﬂog@? a\/\/l%%:at?ﬁérgﬁ, ‘5‘2“‘5 gluégh?)ﬂuﬁ'lc §¥§ reo%;dfim?i 4 to
that of the standB§¥eleRjuf atddiase that FsuFFcr"é'ﬁQI%Xd‘rdlﬂ@o‘)ﬁa@daﬁéﬂeds%@i ng
circuit 66, operabdpacitor K206k prinddo W @Gt farnthehaasdtgntegd@tof. al | s) bel ow a
mnimum | evel or rises qbity ?e,%g_mbmumlo@vahs a{CErrBP i AiiieP 641 Singoxpl ed to
?h?\(/)\n tching el 'enelr’]‘télﬁgfﬁg{#ﬂ gﬁ%(&fclgt'i@gﬁt Qe.&ouﬁ(gull.r Thel ggt pEt 0%92“ ver 2)
ugh swi t chi ng e picBY viTa 18T J&pYaUnE Uy SYOPERY PB7Y 0 a
col d side primaryth& serondanyr windjngs byr fepstbacknaf amadtage tlneels e oisgendary
wi ndi ng being coupt$id tThea semset inphit iofiptht efort mpklifienddyousied |tat condanyt he
run mode) the runwe0wiaAhOrcRREN ERAT05Y BAMAGiALNor CaNd¥0h ] vigbe! - scanni ng
the television re gLyer. An }sm | a}tor. Sttapi%l]q I ngl udin g{; @ lifier 78)
a | ogi c- synchr oni 9879 75aNP DY 3RPERYABPET Rthal o Bﬂt‘?ﬁf i ff&serror
triggering pul sesamglifiepicontglid tirs palse Pddihc modatasion vigcuird 49y aedrtbi ze the
oscillator w th hduiyzopdlal ofschoppengp4100e oscill ator stage receives positive

goi ng AC horizontal flyRackEns ae gb%p&d img&ig '\ﬁﬁtoi:?n%r%lcrcﬁ%t 20. The

flyback pul ses are reduced i.n.,a It volt I vi di res), st

RA155 and RA151 affRUIGH| RIS (ohavol, FRPSssP Girent i) RUMDAR YIS inh YR

bl ocks the negat i eed goi ¢hppper Q4UA00f Miia qurrengésin pribanbivdodinggWPapadi t or
CA153 is coupl ed bréppeenrimitei Qa0B4ik>semrd Ripla sAmplRACiesRiorCR4BOT &
resistor Rt defing,a {r ﬁ{lérﬁnl?ﬁ NGrikd SAUE MY cthQBé?gSrl?ets{sgds} F@l(w réfRggoce of

flyback pul ses. System co 0 Cropr ocessor ra roma standby

+SV suppl y) whi ch?®i SUEHEsERse W@ﬁé@é&“ﬂ&dp&\épciséa“éjsﬁpﬁgéb‘?fy tH¥ mai ns.

The standby +5V sopmeént sensdevaliagpeid apmindt be legic\circultsARRIte TBWAR260/6dt andby

source via a reguhat Showd in IGTURBVE tol ishbilk [tha! fulses i &6l thed chbyshee iRSSI S)

reset circuit 34 RROMLAES cArPAVS! dlediEfet Via transistors @501 and @502,
ut, to mcro )

hol di ng the reset 1Thp processor, 30 | ow for about 100 mlIlisecond

after power is initiallYOUARES | Abthe JesPeRlve sseRNprissy WaHp1 WS4HTE prevent s
t he m cropr ocessoredtifizd epdrapplied tonpowet ke shanuibge Jvadsaand théastamibyo

stabilize. The regafideCloaddioh MeSEbIPYrbend BRie’ 66 fle Suphly.! O3brkkIbE e RONRT
o i g dows ¢ o R PEIRBECIROLg Bpelsls 4F'hs st ypdsbROAS] ke Y
stoppi ng the mai nsandex, madel areoppypled de|a deizantab deflsetiomeirgpigr Ypr ocessor .
Reset circuit 34 imdsdingeal Rytedckofrandfermié€ry mdtastoiwyn, Sdeivere at rihen lsgizonchdr y

wi ndi ng W83, whic el a i sanegul at or
23. The 16V sour Cgcﬁﬁe\?ﬁéﬁgkﬂﬁs of Z‘Vg?r%gﬂs\g% a?/l(yz:l&{ ngﬁ)i ggge%l?,dhand a

e n
capaci tor C7. \e reﬂﬁ“"b"d\/\@k’ ‘§"aL§I€iﬁqié’£A°ﬂ'ﬁd the standby sources are rijsing,
the emtter of transi stiderizsall deegtiand circuid. 20 \gsneratds suppinevoltagestldhdby
source, by a zenemndi2lan£iReEPer Wads RI aad RN Valfaké. UThaapasehy allicrge of

SRS oo DA SHLIRE Y MciASe (b e g o

and R3502, and initl y ]
transi stor Q3501) Ct'ﬁé?‘ebwaﬁ'ﬂﬁ;ﬂﬁﬁ By Maﬁi?‘gtfﬂl‘a@%@c RewsEnar e R2 t he
reset by pulling doein ashther eertical dpflectidw cirghita Theste vaXREgES larangereratedi st or
R3118. Wen the 1QWIySAuking hé$zdnitdlesaningd MincedVhe FBfECkidnS cirvdit Ghed of f,
removi ng the base voltage at B502 and swtching it off. The reset line to
the m croprocessor then rises via a resistor R3137 coupled to the 12V
supply. Diode CR3102 is then reverse biased and the crystal Y3101 can
resunme oscillation. The reset line is pulled |ow nonentarily if a nomentary
| oad variation such as a trine arc is detected. Two capacitors, C3612 and
C3613) couple surges or glitches in the standby 16V source to transistor
@B501. If a surge or glitch exceeds 1.2 volts) @501 conducts and pulls the
reset line low. During power |oss, the reset circuit pulls the reset |ine

| ow before the standby 5V source falls to a point that results in erroneous
operation of control mcroprocessor 30. To trigger a reset before the

st andby 5V source beconmes undependable) the reset circuit nonitors the
standby 16V source at the base of transistor 4 APRI L 2003



i3 (B501. The 16V source is used to devel op the standby 5V source) and w ||
mai ntain the 5V level until the 16V source drops substantially. Thus a | oss
of 16V is detected before the 5V source drops. A drop in the 16V source to
about 9V turns on transistor Q8501 due to the vol tage di $AFRILEPO3 esistors
R3501 and R3502. A reset signal is also generated if there is a power |oss
in the run 5V supply, due e.g. to an overload. The run 5V supply is
devel oped from &RQQ@P@W the s\anghyr @eds by ther OFT gawroan GNEOGE signgbur ce i s
devel oped from sagpetiddrly w ronmgllatb30vi a a di ode D4 and a capacitor C6. |f
the standby 7.5Y sourefindr ARP niideCWads 4 @PIiL: inERlaffs" veid RYE pd the

I dls u t 2

[

!
m croprocessor 30 is h ch that, transi { s.conducting from
The 16V suppl y vicguiaei 84350, ety s ishid 8,95, off 3 SEalsntiom CHETPIN mode) a
transi stor QB60130.s €arwelibrod® miaje beo fommexampleagesystonm cdontrot resi stors
R3623 and R3624. mfcrdprstessor3fia8 respdrdentd QonabH ikp@setbmt WhNinfeared

transistor B502..304. IERHR LAY sﬁn&r?.sef:ong)ﬁﬁgr KR Vééj%‘? {oS Ryl | ed Low)
the system control M croprocessor s praced in a 1 ow sover fode 5 ts
osciliator is stYpiddaptn sode; loads \yig the QNQEE sigaalABRiEd 10,088 Fduces t he

load on the 5 V swpplsyitching mdaossreptestited t goneedblyy én FUGURE L dyV for a
subst an]El al peri@gnsistet N2l TdagrolIBE I0aisaalbOoéRPlddnd Repskér %&fféﬂ%ﬁﬁz )
menory for resunpji 0 ra c n .S e.g.
channel nunber)n@%'l &t}nrr"é’é%sg‘?ﬁ‘ﬁgmagﬁ é'g)ggfcq’lﬁoc\%ﬁéé%i islgslﬁlo.r ﬁ&ﬁgs odpg%.s The
ON/ OFF si gnal geWBeatBitialhyo Podsrtd: off After A9 dle SO8ET JDIGTRIRION| ed, via a
resistor R3119) to swRuh reguiatoct UétsMfsinilarby/lafkf ad rearsi sphifi€BB04)vithi t h

the tranbistor opponst dhpet, (0F ALy  plile SRRl Modililor dric pralieide” 14"
si s . ) suppl i y IS
an emtter resi s?‘bﬁpué@f&a"si' "y bﬁ?'i 8&5‘@;%‘%?%2" bvfﬁlggsasggﬁ%l °|dt &3 r@% , The

ON/ OFF signal dethel splétgeain rd tpisengs inguty ¢ Thejsensy ingpoAf the BBuUpl ed to

the base of a tranpalabcors @bupledvim thegegilated B4160ibphy dviikddl Potentiometar | ect or
of Q4104 is couPRagsé anki fift\or dAREIAArRIERE! St BhRZ4 and to the base
of a transistor 4105 yvia ‘ﬁﬂr esi stor R4126.f To pl ace t he .sw{ﬁqhed node
power supply into st_arm'tff' 8e'® ARINIEIMR BT F‘e;{ﬂfseat‘ﬂi’“ $6"%s pul | ed
down by turning amplifger$l igGd® taupledirtaiasecondy fegdbasks meaes FlkShfoerg
transi stor Q4105fee@inglbask P! puldevwidihemedilpied bltpatma ¢fi e réfddbd. The

OV OFF signal al 0 bBP'sﬁctf%Hpt'hU&nFJ é.}/@? SO tHeNFegutillor, €l &lifdhied fiyn the
16V supply. The gf&:@ SI I'S cou o turn Fa transi st.or &151 in
the run node, vi “?yegygfo‘%gt 4?5@“&ng‘“§d‘15}2ﬂm°ﬂﬂ%’ (g}lfl agﬁ't SYaFo%fdtq”or Q4151
is a resistor RAtEIppeRdiransiston 4100 in kNP eventnof ot sudden1kad ingeeage| arage at

the base of trankjsstelr AQHHRAnd Volthed. eiBy [Pprbdidthgdaid sifety0 desdback, ethb St or

R4160 turning th i r n I h p r .
regul at or W4150 E?/&’%ﬁg?‘ ?ﬂ?g rg&;lie?t gﬁlﬁggga%'?tg (l)lé %‘g\b‘réﬁr gt&g‘%étg) nr_ggicgr%r
R4156. The ON OFIN dhe ptlEve sfandhy regulaton r st sedices rundgsired joseidlatian) §

configured as a the giubdee omstipet . The high state is a | ow source i npedance,

active state at a +5V pe¥BAck &i6uit PBS liRd18désS admbay ﬁﬁ%«é?aéiﬂ’f%dmﬁ ofCtive

state, at a 0OV | gvel . The rd _state hi gh edance_ st e the
source irrpedance?hoFT Y e“Qt 8# R*'%arfg\'@;“fepélﬁ?'gﬂgmﬂ?'gg?p‘r??%?ilgf o‘ﬁ’-s% e of
the ON OFF si gnaintegatasnP¥Mprokiagss im0 Integrafer 100 iscformednhbya $eHe®. The
normal , standby edsistet 5003 0@k aapadllély cspagitoo@5081i oThefvdlhageramnot e
control, is the @ ﬁftbk?ddi‘,"’.v%i@&eas 4 Hin@idn Bt)alﬁ@d'ug 2L gepry ated when a
reset signal is s E e JE mcrgcgé'oce sor 30 by reset Tircuit 34. In this
situation, nicroBPBeRiesyidtBopylse Quipyt, begqyserthe; DO Fampongnt 0of, s, | rpedance
state) enabling phtpubdsecegt higharswithoa higroaduty dyelepulResistate iSH3. gr ound by
a resistor R3153R5004Sarid!R#I 56f dffédiether gdifi Sft Eiis fmgaﬁﬂj fféedback tibep.sequence
F

of events, previously i i C h L SJ LHeReLwer in a
st andby node ofmﬁgeratggﬁﬁﬁ%§§gga¥ﬁgstgg#ﬁ%ﬂ?ﬁ#cﬁ ?%gé%§%%§bgh$f‘%five
circuits as showfreshackiileerdBetprics n¥itR e cOuPYL Pf dptpertord(Q. | i%h t he
run and standby regul ators are coordinated in their operating nodes.
However, this coordi nation depends on tim ng considerations such as the
falling of particular power supply voltages and the like. In the interval
bet ween the begi nning of a power | oss and the point at which the run

regul ator is disabled, the regul ated B+ voltage tends to drop, causing the
run regulator to increase the duty cycle of the pul se output voltage Vnr.
This creates a situation with potential danmage to chopper transistor 4100.
Reset signal generator 34) being | ocated on the cold ground reference side,
cannot detect too rapidly power outages on the hot



4 APRIL 2003 15 ground reference side, such as |oss of AC nmains supply.

Thus the reset signal generator cannot be relied on to place the run

regul ator in standby before stressful variations in duty cycle are

encount ered. Another potentially damagi ng situation may KSRRIEZO083 with a

sudden increase in |oading requirenents. The run regul ator may react by

driving the duty cycle to the maxi num perr?itted by duty cycle limting

Circuit 65 0n SUGhd CRAOBY HOr&le&a® plales Wit e AGeALE! G0 i gitel nventive
fee co t i

’
arrangenent) saf et,é ck ,circult FI%l ) risi n% reési stor 3,

capaci tor C5001 )¥iflifAROqitalsd 1 outRYt liage o @s REBEEF e BdnBEnte: NeltRgss 98nse of
the run regul at orcapEitonchSeAindist belaw. thehdevel restablishpedeabrthe sersrednpureofor t oo
rapi d increases iefrofUiripléfyér 61. OActb@inplpdesedbik Wop i FBSSiy ditabledrave _
oscillations to yjg ﬁU?RPG{ d%E@%?H%t Qhd rhf) rteEﬁa{og”UHP?@)is R ‘{6":%\?/;91%\’” 'S
a bilevel voltage, cyclical at frequency; and swiching in |evels

bet ween e.g. 0.8 '%ﬂi{y andoad occhagees fon dnajgiaining gpod,Eceddatin ohghevm is a
posi tive val ue whegtlated B+fwltageon Vlient te gutlyseyclritiy higiclespugines easi ng in
magni tude with i fereaai kids dbde QRSGVIQN hE NsafdtPEreedORREI0oP isVBnablddM Vie! t age

Vnr is applied tq.integrator 100 of fety. feedback circuit EBS to devel op
this average val Ege%sfngé%%eété'ef 8@‘5553& Vgﬁlag‘ee) r%fr?g"légqfog’él?i lrﬁ‘f;gé?eati ng
capaci tor C5100. Urnddute ¢ycke afotha pyiscomadylagst sugput]ppen Supderydn@adiggh t o
substantial |l y el iofi lvatlingt be &hét fstasdalecbaditiand har noni ¢ conponent vol t age
frequencies of voltageryliTincidiSed 18RdIRENAIANemEHA! sBAMAVEY AR F@st enough
to enabl e feedback gl rcult FBSdto resp%}nd Q changtes 11 th e iiut cycl e of
vol tage Vir under®8Y!MLINAY B 4BHSr AuihaBBR 81 PRIGEEThALL S.nEC.CVI'%i("f he duty
cycl e of PWM vol tragpiverrdue xioe dhps baightnessiaf ther pishspdbeing displayett o5 due B+
vol tage |evel) faedhaiik lvadinggincxases)eCTHee surg réfilaton Qg sekses ainvar d bi as
bl ocki ng di ode CRE&QQSQd\Mé{mg%ag FOp8HeC RAURldioAds feagbacle: vl t age Vst
u 7 0

is appliedthroq resisto %o e negative | nput tﬁrr&a of error
amplifier 61. |n BTG4 AUl FELELABRN HaHAUPPLY, Voltage QA AR e

out put voltage Viredupedsafety feedback circuit FBS, error anplifier 61,
with its high gain, capAsssverbeifumstangelcols WWbA VACT p@oerViy 1450 wieild finm t ed
to a val ue which , 'rGﬁ%H&e,t&E.,V@Jct ﬁg‘ip\(&é ﬁ&inkgtng%‘?gﬁ' ¥ of UL ol €1 M nal
equal to Vrefl, the refere cg.gvo tage [ evel ezt 'i')Shg at ,the positive
Cnput terminal | UNPYEEHE Slothe RICHSIOR| HEBHCR AN Ve Ale Mk SRR t F138
supplies a decr ed3uring th¢ dewbedkbafote &gling r'6GCt lewelsi signalaancantroRdd 56setn an
attenpt to maint aind SANShiAE! intde thedlstdndy Bmodd)| aadRr!| Bafle thé mbiRApEs to

do thi~ by increagihg.t cl V. e_V e feed Kk
operation of saf }?quﬁéeg'glgcﬁﬁé ?%eui Omposg%{s@ghéeé@%tﬁg%?gﬁe? Y%n of
regul ator feedbadke®i iscai dangsr thapdhe \gueputapylse, width wikle be arapid}y f eedback

circuit overri dedsntieasedebyl dicorurf gegidaok ini aw wttemgpodcol mairtgint ke B4ty cycl e

of voltage VT inygiagel RyEPRBRItant: CHRESprbdbdesOHBher [RARVEdEeTdnact s Of

fety feedback t . EBS g | t . it f th
Lel evi si on rece Sé‘ﬁ'g;é’eﬁ“r'ﬁ&!'rﬁﬁﬂs‘ﬁ%'&e}ré% AR L odtiors Tor | dnbBRer srandfior:
showi ng various pfaftlfet cFhe dnvantivesfgedbackd cisenie FRSwaeduags pery eligginaes he

inventive safety thiseireblensi rcuit FBS in-circuit, whereas FI GURES 4b-7b
show tim ng di agrans w Uit . K inel PR : are
the on-tinme and dyty \(,:\m(?lé'ﬁoﬁ QPl oﬁﬁgagaggﬁgzﬁ% Vi P@i\iﬁﬁéﬁgﬁlﬁﬁfﬁg&
safety feedback) QfriHE P ABChEPASISIREO] Besprer; stinply Pt c r?'[%g at
approxi mat el y ti nIQURE Thés dqudgtaiod |seh¢matiy sherwing athe vilunhsideifast gold echassisck
ranmps snoot hly upsid® aCebrespordiaitiéfer¥fdet nafbsist hRd ubyd dut ddeidey @hd i ni ter

65 in the run re t i J j | SE jrcuit 34
is activated at ?glﬁ% ???ﬂpﬁﬁg}tégtrﬂgéﬁggg t@%%%@% ng?éﬂ tcﬂgeé? -°S cat e of

t he ON/ OFF cont r ofOmRQHREL v Scﬁ"‘ﬁi@&b‘!‘é‘éber‘&rfhf’éfg catOEPlINE 9 SiBRALE8ps t he
duty cycle and t htheppilse gandtdtionf ahdepmtective cticcuisr of the cova esgudamrng pl ot
of the pul se wi dty4yed hedt 1sakety feedback is shown in Fl GURE 4b, wherein
the pulse width also increases to the maxi mrum after AC mains interruption
occurs at tinme t0', but the increase is characterized by substanti al
undesirable oscillation in the pulse wdth, and therefore the duty cycle,
over an approximately 10 mllisecond interval) tose) before reaching the
maxi num Reset generator 34 is incapable of responding rapidly to a power

| oss. M croprocessor 30 does not supply the OFF state of the ONI OFF command
signal until tinme t2', atime after the duty cycle oscillations have
commenced. In contrast) in FIGQJURE 4a) safety feedback circuit FBS

advant ageously conmes into action early enough) before the reset signal is
generated, to provide snooth duty cycle limting of pulse nodul ated signa
vnr .
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di agrans conparing the two paraneters during video |oading variation
occasioned by switching froma flat field of m ninmum brightness |evel to
one of maximumlevel) 0 to 100 IRE, with feedback in Fl GARPRIE28A3 wi t hout
feedback in FIGQURE Sb. The difference i n9power supply |loading is about 40

to 50 watts) as conparedq to_the power supply | ut put , power | evel of
277 watts in this exgﬁpﬂ@. cﬁ*hg@gpc&ﬁrv'é’é‘”\/\g’f J[mg%nﬁfaﬁéw ursgHdatgr
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di spl ay) settli HyS5HRK iPBUaOhicHIo8r 2BRM ‘é’t 41 & reunled 4ptle YH@epedk. In
correspondi ng Fk@dREaSh)wihdinvgvBi9l,ttie cbatifiec yCR4103], atapacicora€l hesigroxi num
fﬁr a |toer! oddfgkl«xqmngnd KRt d q{'ltl%ilﬂe_’l'fh%":l}\oé’i'ﬂdc&ﬂ)%r ﬂﬂi‘u% 8% &%oﬁjtpllcd .
characterize re a i particularly as the
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pul se width fal ) 0 représent _operation at the
hi gher 1 oadi ng | evel . Profestinefegtiresn dnelyde j & st dopdningie module i i nes and
duty cycl es of ootupletd sooktaget Senmsedresisngr R4d0D Viaadi segicy aesistor OR4 LGFON

di splay of a re i i Qf i i j dback
display of a d@%‘é %Hu‘(%cﬁ!rtp(hlf%l@%&@lﬂg i3f a1 S8 TP | §MHaBE@for dg\ifdig I‘)a oot

2 t he gu se du}]% CXC| e mcreasei vvljt.h gh
but the durati oA BITBRIS AnkhAIBE SEPHTFDHRL e BUret feyihdn: ShaPRe: ¢ ot ched
out and to reacR4d00onshupaiown, madale £3cbapawvedireshelstsy & oyerwibresbold
f eedback as showiggering @uRe @idthThsodudstidt lbgici 4Pr av dthmudidtelgt teamindtet he
chopper circuit [Wepelg o eg i f I f t of
f eedback circui ttﬁélgg)gk%ﬂrg @ﬁ%’?é’%? .\g/gv?ha%}cl)ér)\s?n?gﬁt ﬁ%;;ggicw?fm\g\n%izg £§% in
the chopper 1raMAS o E5tFEh OREelE hishoSuten seaditiphy,  FlePersistedd JiER Ny
from a conpari sGHITENt MogdiBs7er avidh 7instagtangpus qureensiavesra gl i s coupl ed
to primary \é\/i nditﬁ@smldpqm@geﬁrt@msgielrm@rlaﬂéﬁwao Eﬁsﬁaetn@ éupuent in thi00
primary wi nding, [ n e [
conducts. Wt hogte %@%@cﬁ@%@%&ﬁ@ﬁ%ﬁéﬁ@%g ﬂ?ﬁc?%&iﬁﬁg "fﬂgbou put
pul se width al | GHEONREFtHNG AntmAiBS (RATPTup WHEISAE \IBF LUTIENG SKAHABT whi ch
i ncreases the pasangemesntrelies tihepaioppeaccumalaing aveamerntiavgntso vihe sl ope
of the current eapyglieRecsimnmeie s akeill iiNeime 4deM3IRitb piPdnd ENV 1. In
FI'GURE 7b) wher gy} wihh arre%[?c{ﬁdhgk Qﬁ' xgp"‘é\ﬂ%é}g'g%ddi%&stu “toPthel FRERACK
circuit FBS on tEe run, regulfator)” the Sl ope 0 € 1 ncreasing current
envel ope ENV2 i $hT&l®lY- such that a |ower peak current is reached by the
time the reset circui Ar YCthanondor st6i i koupleditocthet supphevaltaget thréughca t he

powler s]yppl?/ in&&i&@etﬁawawmﬂ&@o@ay% R@1tage ARASKoIdOdétedtbt. t M1Re duty
SRR U e DR g .
regul ator U4150 UpRB wmsingclow vltagecale VIGGipin A 6; n@b‘&ﬁ%ﬁ“r@@tﬁ"&@b?f #4100.
Thi s provi des arlossddeACanging piwesatied yolslngen at Ipén 464 fatls exkponelriatigvsstr asuppl y
encounters extr ggRS d&ferrhined WL 18HIR R Bpatitor C24 ARR WEEonitor
46 also has a built in time delay.
PWM 40 also includes logic that limits the duty cycle of
chopper transistor Q4100 to values below a predetermined fixed
maximum.
When first connecting the television receiver to the AC mains,
there is a large power requirement for charging storage capacitors
and the like, even though the power supply is arranged to start up
in the standby mode. A soft start circuit 44 is coupled to PWM



19 CLAIM5S 1. A switched node power supply conprising a transfornmer with
primary and secondary w ndings for supplying |loads with controlled

vol tages; sw tching means (Q4100) connected in series to said prinmary

wi ndi ng; a regulator (LJ41 SO conprising an error anpli #ARRIE@E0Y and a
pul se wi dt h nodul ator and having an inputyjgpin 5) and for receiving a sense
signal (Vin) and an output (pin 3) for devel opi ng a pul se nodul at ed si gnal
(Vir), dependent meduei4d. stensentselgrampiagdipveérispyarsplideiafndic ¢utpui of s

E(e;ggg)a bl e }‘oa ?h@ r@Fﬁlﬁd{cﬁYGﬂhEnOﬁrst Rgaying CthieN®adf IAk dardiplitugdiing nmeans
coupl e e r oyp r at or
(U4150); charact e(ralngg E{) Q § ﬂlgg‘g‘%ﬁt& thé %?@%é & H a%cht&ntég?;&at‘gﬁ%houpl ed
from the out put &ﬁ‘a%Sd"P‘é@u?%[PB}c"EWTHOP t‘EPeé&‘l“H‘ | nput of said regul ator
(U4150) for changing the thet stacdly enode,sedgdlqtot &4 10t lopemadksl at ed si gnal

\(M V(Ttr% Itn a Ilmtltlﬁaep%aaém y idf bg?@oﬂﬁﬁaﬁ Cfr@mp{h%dﬁhﬁrr m@t@rvaty@dlsalg pu: se
1 o2 e ORI P LM
first feedback cu”»?lmuftce(mmns S%Wgﬁ:)(/ést t@&\tﬂe R&1 matyeork of
generating sai d gesisprsiRPlabnd RO evipled reegul firki dxtpuit herexefoscnllator and a
capacitor CO coupled to a second input. As another soft start feature,
the oscillator is operated at a reduced frequency having resistor ROl
coupled to ground via an initially nonconductive transistor Q4101.
At startup, after a delay introduced by the voltage on a capacitor
C4120 charging through resistors R4118 and R4120 to more than
the forward base-emitter voltage of transistor Q4101, the transistor
turns on. Resistor ROl is then coupled in parallel with resistor RO2,
thereby increasing the free running oscillator frequency after
startup.

FIGURE 3 illustrates the run regulator in detail, and also
shows the particulars of system control and switching arrangements
that provide for startup in the standby mode and switching between
standby and run modes. The circuitry of FIGURE 3 is operable to
switch VCC to the run regulator and also to enable and disable
application of the run regulator output back to the standby regulator
via transformer T4101. The switching functions are generated by
the ON/OFF signal from system control microprocessor 30, that is
programmed to switch between the on (run) and off (standby) states
as required, for example, in response to control signals received
from a remote control and infrared receiver, not shown.

Run regulator U4150 senses the regulated B+ scanning
voltage developed from secondary winding WS2 by diode D2 and
capacitor C5. This voltage is coupled to error amplifier 61 via
regulator negative feedback circuit FBR that comprises a voltage
divider of resistors R4144, R4159 and potentiometer R4156. The B+
voltage is compared to internal DC voltage reference VREF1 of e.g.
+2V. A gain stabilizing AC negative feedback path is provided by
capacitor C4154 and by an RC combination, C4163 and R4150. An



said limting neans conprising a second feedback circuit (R5003, R5004,
C5001, CR5001) coupl ed to said nodul at or whi ch opposes said first feedback
circuit. 3.The power supply according to daim1l characterized in that said
liniting nmeans conprises means (R5003, C5001 ) for devel dARRILZ09B gnal
representative of the duty cycle of said bul se nDduIated signal and neans

(CR5001, R5004) fo pl yi b | e pr esent yE 8! nal to said
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r n n ri n i 003
averaging nmeans Csant ogcergugn of staﬂdgy rcg ator ddntlonalfb\. limiter 65

defines a maximum duty cycle for the output.

The outputs of PWM 72 and 74 are coupled to a logic block
76, that sclects between the two outputs, in particular selecting the
narrower pulse. This pulse is coupled to driver 82, which can be a
push-pull stage similar to that of the standby regulator.

The run regulator also has a VCC sensing circuit 66, operable
to block the output in the event VCC falls, below a minimum level or
rises above a maximum level. VCC monitor 66 is coupled to a
switching element 84 for blocking the output. The output of driver
82, through switching element 84, is coupled via a series resistor
R4157 to a cold side primary winding of signal transformer T4101,
the secondary winding being coupled to a control input of the
standby regulator.

In the run mode, the run regulator operates synchronously
with horizontal scanning the television receiver. An oscillator stage
170 including an amplifier 78, a logic-synchronizer 77 and a
controllable oscillator 64 provides triggering pulses to PWM 72 and
74 and logic element 76. To synchronize the oscillator with
horizontal scanning, the oscillator stage receives positive going AC
horizontal flyback pulses developed by deflection circuit -20. The
flyback pulses are reduced in amplitude by voltage' dividing
resistors R4155 and R4151 and applied to the oscillator via a diode
CR4155 which blocks the negative going portion of the pulses. A DC
blocking capacitor C4153 is coupled between resistors R4155 and
R4151. A capacitor Ct and a resistor Rt define a free running
frequency for operation in the absence of flyback pulses.

System control microprocessor 30 operates from a standby
+5V supply, which is present whenever AC power is supplied by the
mains. The standby +5V supply is developed from the +16V



21 8. The power supply according to Claim7 characterized in that said

I ntegrator has a tinme constant which renoves the fundanental frequency
conponent of said pul se nmodul ated signal. 9. The power supply according to
Claim8 characterized in that said applying neans conpri éé’?% L gP@Rie (CR5001
) coupled to said integrator and to said gwpdul ator input. |Q The power
supply according to Claim1l characterized in that said nodulator is
responsive to an sCNAOFFsasesraidl asirggidhtogedfer aVddn bpoveerc intinitihllersuppliyd sai d
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during a standb sal ntrol, circ ere I n
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generating the reset by pulling down the reset input through a diode
CR3101 and a resistor R3118. When the 16V source has risen to
about 9V, Q3501 is switched off, removing the base voltage at
Q3502 and switching it off. The reset line to the microprocessor
then rises via a resistor R3137 coupled to the 12V supply. Diode
CR3102 is then reverse biased and the crystal Y3101 can resume
oscillation.

The reset line is pulled low momentarily if a momentary load
variation such as a kine arc is detected. Two capacitors, C3612 and
C3613, couple surges or glitches in the standby 16V source to
transistor Q3501. If a surge or glitch exceeds 1.2 volts, Q3501
conducts and pulls the reset line low.

During power loss, the reset circuit pulls thc reset line low
before the standby SV source falls to a point that results in
erroneous operation of control microprocessor 30. To trigger a reset
before the standby 5V source becomes undependable, the reset
circuit monitors the standby 16V source at the base of transistor
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run 5V supply, due e.g. to an overload. The run 5V supply is
developed from a standby 7.5V source via a regulator 25. The 7.5V
source is developed from secondary winding WS4 via a diode D4 and
a capacitor C6. If the standby 7.5V source drops below 5.4V and the
ON/OFF output of the microprocessor 30 is high, such that transistor
Q3204 is conducting from the 16V supply via resistors R3119 and
R3220, i.e., when in the run mode, a transistor Q3601 is turned off
due to the voltage divider of resistors R3623 and R3624. A diode
CR3608 is then forward biased, turning on transistor Q3502 and
generating a reset.

Once the reset line is pulled low, the system control
microprocessor is placed in a low power mode, its oscillator is
stopped and all its functions are suspended. This reduces the load
on the 5V supply, and allows it to stay above at least 1V for a
substantial period, maintaining the data stored in the
microprocessor memory for resumption of operation according to
the same conditions (e.g., channel number, volume setting, etc.) if
power is shortly restored.

The ON/OFF signal generated from control microprocessor 30
is coupled, via a resistor R3119, to switch conduction of an on/off
transistor Q3204, with the high, ON-state turning the transistor on
and the low, OFF-state turning the transistor off. A collector load is
supplied by a resistor R3220, and an emitter resistor R3155 is
supplied with a bypass capacitor C3114.

The ON/OFF signal developed at the emitter of transistor
Q3204 is coupled to the base of a transistor Q4104 via resistors
R4102 and R4119. The collector of Q4104 is coupled to the +16V
supply via a resistor R4124 and to the base of a transistor Q4105 via
a resistor R4126.

To place the switched mode power supply into standby mode,
the output of run regulator U4150 is pulled down by turning



100 100. 100 910%0% () - 9710%0% ()- W -} oP1&L1094& () - MLOY& ()-M 10"" 10""
10""1L0O@10% " & ()- .!>0@10%b& ()- .!00@10%bé& ()-

. kBa} [ 90oP1! ! 0, FMLO%IT& ()- .!0, FMLOYAT& ()- .!!0, FI\/IlO(Vd"?T’?&'éL-

1, FMLOYIT& ()- .Y 109F& ()-!S109& () - ecdef sur S4f ! 109 ( &ABRI2P08%4| & () -
%40%| & ()- 10TT 10TT 10TT! 90, FMLOYT& (). . !+0, FMLO%TE! ()-

transistor Q4104 off and turning transistor Q4105 on. This pulls
down the output through a diode CR4111.

The ON/OFF signal also controls coupling of VCC to the run
regulator from the 16V supply. The ON/OFF signal is coupled to turn
on a transistor Q4151 in the run mode, via resistors R4153 and
R4154. The collector load for Q4151 is a resistor R4161 and the
base of a PNP transistor Q4150. The voltage at the base of transistor
Q4150 is thereby pulled down through a resistor R4160 turning the
transistor on and coupling the 16V supply to run regulator U4150
by charging a filter capacitor C4160 through a resistor R4156.

The ON/OFF output terminal of microprocessor 30 is
internally configured as a tristate output. The high state is a low
source impedance, active state at a +5V level. The low state is a low
source impedance active state, at a OV level. The third state is a
high impedance state, where the source impedance of the terminal is
very high.

The run mode, on-state of the ON/OFF signal from
microprocessor 30 is the +5V active high state. The normal, standby
off-state, generated by e.g. operation of the remote control, is the 0V
active low state. The off-state is also generated when a reset signal
is supplied to microprocessor 30 by reset circuit 34. In this
situation, microprocessor 30 places its ON/OFF terminal in a high
impedance state, enabling the base of transistor Q3204 to be pulled
down to ground by a resistor R3153. This turns off the transistor
and initiates the sequence of events, previously described, which
places the television receiver in a standby mode of operation.

According to the ON/OFF, reset and protective circuits as
shown and discussed, there are a variety of ways in which the run
and standby regulators are coordinated in their operating modes.
However, this coordination depends on timing considerations such as
the falling of particular power supply voltages and the like., In the
interval between the beginning of a power loss and the point at
which the run regulator is disabled, the regulated B+ voltage tends
to drop, causing the run regulator to increase the duty cycle of the
pulse output voltage Vmr. This creates a situation with potential
damage to chopper transistor Q4100.

Reset signal generator 34, being located on the cold ground
reference side, cannot detect too rapidly power outages on the hot
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ground reference side, such as loss of AC mains supply. Thus the
reset signal generator cannot be relied on to place the run regulator
in standby before stressful variations in duty cycle are encountered.

Another potentially damaging situation may be created with
a sudden increase in loading requirements. The run regulator may
react by driving the duty cycle to the maximum permitted by duty
cycle limiting circuit 65 in such a way as to stress the system,

According to an inventive arrangement, safety feedback
circuit FBS, comprising resistor R5S003, capacitor C5001, diode
CR5001 and resistor R5004, dampens the response of the run
regulator to such conditions. The circuit prevents excessive or too
rapid increases in duty cycle, or the production of undesirable drive
oscillations to the chopper transistor.

In the run mode, PWM voltage Vmr is a bilevel voltage,
cyclical at 2fH frequency, and switching in levels between e.g. 0.8
volt and 6.9 volt. The average value of voltage Vmr is a positive
value which is a function of the pulse duty cycle, increasing in
magnitude with increasing duty cycle or on-time chopper drive.

PWM voltage Vmr is applied to integrator 100 of safety
feedback circuit FBS to develop this average value as a safety
feedback voltage, Vsf, across integrating capacitor C5100. The RC
time constant of integrator 100 is large enough to substantially
eliminate the 2fH fundamental and harmonic component voltage
frequencies of voltage Vmr. The time constant must however be
fast enough to enable feedback circuit FBS to respond to changes in
the duty 'cycle of voltage Vmr under stressful or abnormal operating
conditions.

If the duty cycle of PWM voltage Vmr exceeds a certain
threshold due to a drop in B+ voltage level, feedback voltage Vsf
becomes great enough to forward bias blocking diode CR5100. With
diode CRS5100 conducting, feedback voltage Vsf is applied through
resistor R5004 to the negative input terminal of error amplifier 61.
In a negative feedback manner, via a loop that includes output
voltage Vmr and safety feedback circuit FBS, error amplifier 61,
with its high gain, causes the duty cycle of PWM voltage Vmr to be
limited to a value which maintains the voltage Vin at the negative
input terminal equal to Vrefl, the reference voltage level
established at the positive input terminal.



1098 ()-S/! 03 109%& ()-S/!103 10% ()-S/! 03 10%&' ()-S/'3 10% ()-S/!c
S109%90& () - z0{ 0| 0} 000236xV4! | 40S&10%& () -.! 00S&L0%& () -. S&L0%& () - .Y, S10%&
()-1S109%& ()- 10 10 1067x9y9z9{9999r S4! 10%&Z& ()- S/ 351ocyz8£f8%-‘!§ 09@& () -
10 10 10! QUS&LOY& ()-.! COS&LOY () - . 9V<==@ A=BBwX6r S4! | xd Atz 28 ’\}) -S/0
109Z& ()-S/ ' [0 109%ZZ& ()-S/! Q0 L6

Regulator negative feedback circuit FBR supplies a decreasiiy
feedback voltage from the wiper arm of R4156 in an attempt to
maintain constant the falling B+ voltage level. It attempts to do thi
by increasing the duty cycle of PWM voltage Vmr. The feedback
operation of safety feedback circuit FBS opposes the feedback
operation of regulator feedback circuit FBR, and, when activated, the
safety feedback circuit overrides the regulator feedback circuit and
limits the duty cycle of voltage Vmr in a safe manner.

FIGURES 4 through 7 show the effects of safety feedback
circuit FBS in several operational conditions of the television
receiver, during run mode. FIGURES 4a-7a are timing diagrams
showing various parameters of the switched mode power supply,
with the inventive safety feedback circuit FBS in-circuit, whereas
FIGURES 4b-7b show timing diagrams with circuit FBS removed.

FIGURES 4a and 4b compare the on-time and duty cycle of
PWM output voltage Vmr, with and without safety feedback, during
an AC mains power loss or interruption occurring at approximately
time t0. The duty cycle in FIGURE 4a, with safety feedback, ramps
smoothly up to a maximum duty cycle permitted by duty cycle
limiter 65 in the run regulator, and remains at the maximum until
reset circuit 34 is activated at time tl. Microprocessor 30 then
outputs the OFF state of the ON/OFF control signal, which disables
run regulator U4150 and drops the duty cycle and the pulse width
of the output to zero.

A corresponding plot of the pulse width without safety
feedback is shown in FIGURE 4b, wherein the pulse width also
increases to the maximum after AC mains interruption occurs at
time t0', but the increase is characterized by substantial undesirable
oscillation in the pulse width, and therefore the duty cycle, over an
approximately 10 millisecond interval, tosc, before reaching the
maximum. Reset generator 34 is incapable of responding rapidly to
a power loss. Microprocessor 30 does not supply the OFF state of the
ON/OFF command signal until time t2', a time after the duty cycle
oscillations have commenced. In contrast, in FIGURE 4a, safety
feedback circuit FBS advantageously comes into action early enough,
before the reset signal is generated, to provide smooth duty cycle
limiting of pulse modulated signal Vmr.
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FIGURES 5a and 5b are pulse on-time and duty cycle timing

diagrams comparing the two parameters during video loading
variation occasioned by switching from a flat field of minimum
brightness level to one of maximum level, 0 to 100 IRE, with

+  feedback in FIGURE S5a and without feedback in FIGURE Sb. The
difference in power supply loading is about 40 to 50 watts, as
compared to the power supply maximum output power level of 277
watts in this example. These curves were also generated during a
condition of low AC line input voltage of 99VAC, thus placing the

' normal duty cycle of the run regulator in the higher portion of its
range.

In FIGURE 5a, the duty cycle passes a peak just after the
transition, at time t2, between the 0 IRE flat field display and the
100 IRE flat field display, settling back to a higher but stable level
after the peak. In corresponding FIGURE 5b, however, the duty
cycle plateaus at the maximum for a period following the transition
time t2', and thereafter is characterized by greater oscillation than
in FIGURE 5a, particularly as the pulse width falls from the
maximum to one representing operation at the higher loading level.

FIGURES 6a and 6b likewise compare the on-times and duty
cycles of output voltage Vmr during video loading variation upon
display of a repetitive block pattern of maximum brightness. With
feedback as shown in FIGURE 6a, the pulse duty cycle increases with
added loading, but the duration of each increased duty cycle pulse
tends to be stretched out and to reach a lower peak value as
compared to operation without feedback as shown in FIGURE 6b.
The result is improved protection of the chopper circuit and
improved regulation of the B+ voltage.

The effect of feedback circuit FBS on current variations in the
primary winding and in the chopper transistor Q4100 after a loss of
AC mains power is apparent from a comparison of FIGURES 7a and
7b. Chopper transistor Q4100 is coupled to primary winding of
power transformer T4100. Thus the current in the primary winding
ramps up exponentially when the chopper transistor Q4100
conducts. Without feedback, as shown in FIGURE 7a, increasing the
output pulse width allows the current to ramp up each cycle in a
manner which increases the peak current in the chopper transistor
according to the slope of the current envelope shown by broken line
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current is reached by the time the reset circuitrty and VCC switching

circuits operate to force the power supply into the standby mode.

By using feedback to limit the duty cycle of pulse modulation

voltage Vmr, safety feedback circuit FBS advantageously operates

independently of the duty cycle limiter in run regulator U4150 and

of the duty cycle limiter in standby regulator U4100. This provides

an added margin of safety when the switched mode power supply

encounters extremes of its operating parameters.



10 10 10![0 9109% ()-S/!HO 9109%& ()-S/j]~_wuc4! 10

10! x0$109%&' () - 1! nO$L0WNE' () -1!i 0$10%&' ()-1! [ 0$10%&' ()-1! [ 0$10%& ()-1_ npt>
voMr4! LO MLO%GGE' ()- .!190 MLO%GGS ()- .!00 MLOYGCGCS ()- .!& MLOYSGS () -
LS 10%& ()-s! f10%& ()- 10vwxy@V5LO0 4 APRIL 2003

8&@ 1096 Of & () -"00F10%@& ()-:!VF10%& ()-:S 10%@ ()- ! S10%@&& () -

19

CLAIMS

1. A switched mode power supply comprising :

a transformer with primary and secondary windings for supplying loads with controlled
voltages;

switching means (Q4100) connected in series to said primary winding;

a regulator (U4150) comprising an error amplifier (61) and a pulse width modulator and
having an input (pin 5) and for receiving a sense signal (Vin) and an output (pin 3) for
developing a pulse modulated signal (Vmr), dependent on said sense signal and whereby said
signal (Vmr) is responsible for the duty cycle of the switching of said switching means (Q4100)
coupled to a further regulator (U4100) coupled to said regulator (U4150);

characterized by:

feedback means (FBS) with an integrator coupled from the output of said regulator
(U4150) to said input of said regulator (U4150) for changing the duty cycle of said pulse with
modulated signal (Vmr) in a limiting sense, in response to a predetermined value said pulse

width, to prevent said pulse width from going beyond said determined value.
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2. The power supply according to Claim 1 characterized by a first feedback circuit (FBR)
responsive to said supply voltage for generating said sense signal to provide regulation thereof,
said limiting means comprising a second feedback circuit (R5003, R5004, C5001, CR5001)

coupled to said modulator which opposes said first feedback circuit.

3.The power supply according to Claim 1 characterized in that said limiting means
comprises means (R5003, C5001) for developing a signal representative of the duty cycle of said
pulse modulated signal and means (CR5001, R5004) for applying said duty cycle representative
signal to said modulator when said duty cycle goes beyond a predetermined threshold.

4. The power supply of Claim 3 characterized in that said applying means is responsive to

the duty cycle representative signal and to the sense signal.

5. The power supply according to Claim 3 characterized in that said applying means

comprises a diode (CR5001) coupled between said modulator output and said modulator input.

6. The power supply according to Claim 3 characterized in that said duty cycle
representative signal developing means comprises means (R5003, C5001) for averaging said

pulse modulated signal.

7.The power supply according to Claim 6 characterized in that said averaging means

comprises an integrator (R5003, C5001).
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comprises a diode (CR5001) coupled to said integrator and to said modulator input.

10.The power supply according to Claim 1 characterized in that said modulator is
responsive to an ON/OFF command signal generated by a controller (30), said controller
generating the OFF-state of said command signal responsive to a reset signal generator (34)
which generates a reset signal upon detection of a power loss, and wherein said limiting means,
upon occurrence of said power loss, provides limiting of the duty cycle of said pulse modulated

signal prior to detection of said power loss by said reset signal generator.

11. The power supply according to Claim 1 characterized in that said modulator includes

a duty cycle limiting circuit (65) operating independently of said limiting means.

12.The power supply according to Claim 1 characterized by a switch control circuit
(U4100) coupled to said modulator for supplying said switching signal to said switching means,
and means (R4107) coupled to said switch control circuit for developing a signal representative
of main current in said switching means to disable normal operation of said switching means

under excessive main current.

13 The power supply according to Claim 12 characterized in that said switch control
circuit includes a first duty cycle limiting circuit (40) operating independently of said limiting

means.

14 The power supply according to Claim 13 characterized in that said modulator includes

a second duty cycle limiting circuit (65) operating independently of said limiting means
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and of said first duty cycle limiting circuit.

15.The power supply circuit according to Claim 14 characterized in that modulator is
operative during a run mode to provide voltage regulation and is disabled during a standby mode,

with said switch control circuit thereafter being operative to provide voltage regulation.

16. The power supply according to Claim 15 characterized in that said modulator is cold
ground referenced ("COLD GROUND") and said switch control circuit is hot ground referenced
("HOT GROUND").



