1 POAER LI M TI NG REGULATOR The invention relates to the fiel d,Qf p9weré
limting in power supplies. The. amount - of it he spaci ng b’étx(wegnét’ He®
conductqrs of -5 a printed circuit board for consunmer electronic circuits
such®*as, for exanple, a television recei vey, are establisheg -y egulfat ory
organi'zations. The regul ations inpose strict requirenents, for exanple, on

t he spaci ng between adj acent H . ne of the
conductors is connected to an iodiglgfﬁﬂmmb@%%bégode of a supply
vol tage capabl e of suppl’ljhmgmrvsngonhwiam vatthe figld ofopowerhligniting in

‘spaci ng betwe?'@)vg&nd i85l S reqw red to be | arger than when the power -
supply node i s not c“'glg

e of suggégltj g -l east, 15 watts. £
requi rements are referretf§ c2ROU 14N6\a8Racing cbetERenr dhe ganductors of
Di Sadv?nL afgegtas Ipylntbbecirawerbohrdi forseaﬁstmﬁef eglgtirsnicn cﬁ‘ch@ﬂsggﬁcﬂgfas“ 5k ;
circui oard area. o] u n a televi receiv e require
to supply a t&?‘gfnlbl(?weg ﬁgylﬁlggs %ﬁﬁlWrCaﬁWy %?@ﬁ?%fi“cf% %’é{ws The
power may be dirganiZanioss.vi T hcwrelgula(omst mmpeuseonsrum n‘@qmﬂrsmeﬁ@sre fof the
Circulls are lgynhoEerof! lﬁ%’stp%ci LG Gdfacbnt EERRBRN Whethldis

order to reduc e print clrcul hat s ot herw se. needed for
conpl ying wi t ﬂe@&ﬁeoms %ttlhenéﬂé F%‘iﬁ’ﬁi? r'énﬁﬁﬂ%eﬂpfl R QUM tebminal oor i i t

the maxi nugn pewRie blfah e védtageeda dlbwbléusb é@plymgerm@w ¢HhhS1S 0w|a@t§5

than 15 watts, eve e nor . al con short . circui,t or 5
failure of co Oﬁewoggﬁps the spacing tbe:?ween con@uctors is required to be

larger than when the power supply node is not capable of -
supplying at least 15 watts. S'u(_:h requirements ‘are referred to as
the 15 watt node requirements. Disadvantageously, the larger
15 spacing results in a larger printed circuit board area.
A power supply in a television receiver may be
required to supply a total power that is significantly greater than
15 watts. The power may be distributed via conductors to various
circuits. Some of the circuits are low power circuits that require
20 less than 15 watts. In order to reduce the printed circuit board
area that is otherwise needed for complying with the 15 watt
node requirements, it may be desirable to limit the maximum
power that can be derived by such low power circuits to less than
15 watts, even when abnormal conditions such as short circuit or
25 failure of components occur.

' When the maximum power that can be delivered via a
given power supply node is limited to 15 watts, the 15 watt node
requirements are not applicable. Advantageously, cost and circuit
board area can be reduced. It is also desirable to attain such

30 power limiting without sacrificing regulation in normal operation.
In a power supply embodying an inventive feature, a
regulated power supply is energized by a DC input supply voltage..
A first regulated voltage is produced at'a first output terminal of
the regulated power supply. The power that can be derived from
,, 3'.5 the output terminal can be, for example, greater than 15 watts.
' - - Therefore, -conductors that are connected directly to the output
| terminal are, for example, subject to the 15 watt node
requ;‘f;:r_,x_}_,e__:nts;; “The. input. supply, voltage is also coupled via a
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When t he maxi mum power that can be delivered via a given power supply node
is limted to 15 watts, the 15 watt node requirenents are not applicable.
Advant ageously, cost and circuit board area can be reduced. It is also
desirable to attain such 30 power limting w thout sacrificing regulation
i-n"normal operation. In a power supply enbodying an inventive feature, a
regul at ed power, supply is epergi zed bf a_DC’inaut supply volt%ge. A first

i de

regul at ed voFeH§ton shat puovidesapower; limiting: pad via @ glampimg rhiodegte at ed

power supplythe THigstpowgut! B¥mipal o theriegalhted opoweb supple. OUtThe term nal
can be, for gx&@lg, g[e ter th('ﬁm t15 V\ﬁtts. Therefore condyctors.g hat are
connect ed di f'& yl t B t8uf% UGte AR ‘éﬁ'o‘éﬁlg,”} d}or@?gm?ﬁeé? lgﬂbj ett®to the
15 watt nodediedgi ¢clampst ©or regdatespat seaomal wupply apdtage thatoisoupl ed via a
2 resist t i dgs pﬁéﬁﬂ{-- | TR b Vi I ' dj ' e
- first outg|rout 'Elt@ g??nfﬁr}f%g ddgfat e ruelkgihlraatt gyp‘%@\g%’ ggggﬁ_tg.ﬁgﬁlrﬁgedﬁggg dlvlgp%gl'ed
to conduct c&fﬂlmﬁéuslg‘mdﬂﬂﬁﬁrﬂf 8 plovat paswer 'Ph@“d{éh@ épélNﬁslIbrmP%ﬂI at es
a second supehurmbﬁa&ssthﬁn I15 Swaley&h esbaénea\gi&awwlthef tdrisindl OOF,

remote fromthe f]rst oytput termnal. nductoi, .Qf a | ow power ¢jrguit
0

that derive Hné 1afgFemenuoned Pawehtimitingy aganggEIgt, dunifs a t he
termnal of the Miaxi@und hpowkerdiaenédm il dbeuined ivia tthegpewezntienigitig | i mits

the maxijgim poNGlaenidte E5MaRE AR 13 ath® dViR RAMEH o 'fabft' Q8ndition
occurs. _
The diode is poled in a direction that prevents the flow
of current from the first output terminal, that is subject to the 15
watt node requirement, to the low power circuits Therefore,

15 advantageously, the terminal of the diode where the second
supply voltage is generated is not subject to the 15 watt node
requirement. Advantageously, the second supply voltage tracks
and is regulatec_i by the first regulated voltage because of the
clamping operation of the diode. -

20 . A power supply, embodying an inventive feature
includes a '\}oltage regulator for applying a first regulated supply
voltage to a first load. A power limiting impedance is used for
applying_' a second supply voltage to a second load. A clamping
arrangement is used for clamping the second supply voltage to the

25 first regulated voltage to regulate the second supply voltage.
Power transfer from the voltage regulator of the first sﬁpply
voltage to the second load via the clamping arrangement‘ is
prevented. : '

FIGURE 1 illustrates a power supply, embodying an
30 aspect of the invention; and
FIGURES 2a and 2b illustrates family of curves useful
for explaining the operation of the arrangement of FIGURE 1.
- A conventional switch mode power supply 101 shown
) in FIGURE 1, regulated by a pulse width modulator PWM,
35 produces at a terminal 112 an input supply voltage VIN for
energizing ‘a power supply 100, embodying an aspect of the
invention. '



10 arrangenent -to | ess than 15 watts even when a fault condition occurs.
The diode is poled in a direction that prevents the flow of current from
the first output termnal, that is subject to the 15 watt node requirenent,
to the I'ow power circuits Therefore, 1 5 advant ageously, the term nal of
thé di ode where the second supply voltage s generated is not subject to

the 15 watt node requir ey a a&ﬁ,gﬂ Yvial B€ U&?u | t age
tracks and is regul at edegsnthﬁ% ‘fe?rrq?'l[fgreg licilfv&avgl ?%ggél@ggiu gz%'?he '

cl anpi ng oper dfausistor Thefogaolpad 114, A regulating haﬁ%vb@?flt%&?, Anbodyi ng
an inventive feaisistori Tt!igddevélopettiaga pagubftzenef diodep! Z1 ndndr Z3 rehhat :

regul ated supply voltage.to a.first |oad. ower ,limting I npedance.is
used for appl VANGCCUREEC i Yefiss: o A eTier RE M Gintige s ERSEGHERIC
arrangenend i szemeeddiodes cZinandgZ2he Gonsequentlpplap -ovtpwgsupplyt velags
first regul at egoier a : u | t wer
transfer frome?he vgﬁg%@regggﬁgt éf t%)%ﬁ????&% g%p‘%ﬁ/éa\'/oﬁ?gug teo t he

"second | oad vi Y¥OUE! cisadgvelopsd: ahdgesaaplY fodecfermiaal “HQshat 1s capableat es

a pover suppl yforegRadpleld ofNsiplyims iR6fe ThahNe5i Wt i on; and FI GURES 2a
and 2b illustrates fam ::é of .curves -usef ul ffor exw ai ni ng the g etation of
the arrangement of FI GURE ISH$S RMSHIPERGCLsfi PN ChoOE PHRERt Ffﬂb@?glol

shown in FOGUREsistor RyLIl and:ca lamping stiode dDH , nemtbbdying RAWin8eftiver oduces
at a termnal glhgan jsnRYhpitP Hetwteh! Amidhl 192 and 110, across the
| collector-emitter junction of transistor T1. A level shifting and
temperature compensating diode D2 couples a supply voltage VD1
developed at a terminal 113, between resistor R1 and diode D1, to
15 a load 114 for producing an output supply voltage VOUT2.
Voltage VOUT?2 is cbupled via a conductor 50 to load 114 for
energizing the load. _ ' . '
' In normal operation, diode D1 continuously conducts.
The continuous conduction is assured by the selection of a
20 sufficiently small value of resistor R1, such that a current IRI in
resistor R1 equals or exceeds a load current ID2 in diode D2.
Therefore, voltage VOUT2 tracks and is clamped to voltage VOUTI.
Diode D2 provides temperature compensation with respect to
forward voltage variation of clamping diode D1. Voltage VOUT?2 is
25 approximately equal to voltage VOUTI. _

. In normal operation, all the loads that are energized
via diode D2, together as depicted by an equivalent resistor RL,
consume less than, for example, 15 watts. The value of resistor R1
is chosen such that power consumption in the loads that are

30 energized via diode D2, is less than, for example, 14 watts. Such
value is selected to be smaller than ‘15 watts under any loading
conditions via diode D2.

A current iD1 in diode D1 cannot flow in a direction

_ opposite to that shown by the arrow, from transistor T1 to load -

35 114. thus, power cannot be supplied via terminal 110 to load 114.
The entire power supplied via diode D2, referred to as POUT?2, is
supplied via resistor R1. It follows that diode D1 isolates terminal
113 from terminal 110 with respect to power delivery. - Because




energi zing a power supply 100, enbodying an aspect of the invention. 3
Voltage VIN is coupled via a series-pass regulator transistor Tl to a |oad
111. A regulating base voltage VZ for transistor Tl is developed in a pair
of "zener diodes Z1 and Z3 that are coupled in series. Aresistor R2
supplies a reverse current in 5 zener diodes .Z1 and Z2. Consequently, an
out put supplof the tcagrenyChil poawert ﬂtﬂnﬁmg tactionf of r psistet dR1,T power egul at ed.

for exampl e f’bwgugéﬁbﬁ%%%t GRARUZ, s 8RR el ﬁ"?z%%tﬁénf B
power or cufthenefarepicondyctar S50eds srodr sElijeatidoathe aifpiwattdhode D1
aCross the cstERents | oMuently Hly ERaBELISE] wTHBRRE 10 A g

across the collector-emtte shifting

and t enper agiweenndRRAAORSGiat any ather <o “é‘r&?fpls}lcboﬂﬁage VD1
devel oped atoaduetdF 33! nkéd, nbetmesn thes sEier 181 vaand ﬁb@@leréahuéxﬁeﬁé a

| oad 114 for producin n_ou vol tage VOUT2. VYol t 2 1s
coupl ed vi a apconduct gyﬁ% FB‘pFBE\ﬁgﬁ‘?W%gﬁ@eﬁ?W& t%& EﬁgeloérﬁBr mal
operation, dcpsky BPésistwrt Rlu@askys codetdspondineg jmmpcmdvcltags is =
assured by t‘@@}rﬁm'?chékn-mses 310%3 ﬂiff"f‘hentflo}/e,saao e of resrstor R1,

such that a ecomes
10 nonconductive and the regulation of voltage VOUT2 is no longer

. effective. Whereas, advantageously, as long as diode D1 is
conductive, voltage VOUT2 is clamped by diode D1 to voltage
VOUTL.

FIGURES 2a and 2b illustrate a family of curves of

15 voltage VOUT2 and power POUT2, respectively, as a function of
resistor R1 and an equivalent load resistor RL of FIGURE 1.
Similar symbols and numerals in FIGURES 1, 2a and 2b indicate
similar numbers or functions. Resistor RL of FIGURE 1 represents
the entire or equivalent load that is energized via diode D2.

20 Power POUT2 is the entire power that is dissipated in the load
represented by resistor RL as a result of the current in diode D2.

As shown in FIGURE 2a, for resistor R1=3.50Q, voltage

VOUT?2 varies by less than 10% over a substantially large range of
variation of load. As shown in FIGURE 2b, power POUT2 cannot

25 exceed 14 watts for an entire range of values of resistors RL and
R1 of FIGURE 1. When power POUT2 of FIGURE 2b is excessive,
such as, for example, when it is equal to 14 watts, voltage VOUT2
decreases such that diode D1 becomes non-conductive. Diode D1
prevents power transfer from transistor T1 to, for example, load

30 114. In this way, diode D1 prevents transistor T1 from supplying

' any ‘'portion of power POUT2. Thus, terminal 113, diode D2 and
conductor 50 are not subject to the 15 watt node requirements.
Whereas, terminal 110 may be subject to the 15 watt node
requirements. This is so because diode D1 prevents powér

35 transfer from transistor T1 to, for example, load 114.



resistor Rl equals or exceeds a load current 1D2 in diode D2. Therefore,
vol tage VOUT2 tracks and is clanped to voltage VOUT1. Diode DZ provides

temperature conpensation with respect to forward volt

cl anpi ng di ode D1. Voltage VOUT2 is 25 gpproxi nat el yaﬁﬂmﬂdljﬂnlﬁ@"%
VOUT1. |n nor mal operatron aII the | oads that are eperygi zedtvia so
t oget her as qu$ Ygval ent resistor RL, consune | ess than, for
exanpl e, 15 wa he va ue o _resi stor RL is chosen such that power

consunption in the | oads tMapPowies SIPpl¥n«ogprsing:a di ode D2, is |ess than,

for exanple, 14 watts. 3Sygitay@lreguldtor rchtzpl m)bfms 1ﬁﬁgtgaf£r stD watts
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to load ¥5 114. thusa power Lismios pedanté e(RY) ot €4 pplyiig lalee‘cOnkload
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fromtermnal 110 withar figpeciode @dWerhaving vaarfyl.'st ®aminak (113) Qﬁuplhd
current or p [ tan@N 20 r ed via
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spaci ng 1160 voltage by clamping said second supply voltage to said first
supply voltage and for 1solatmg said voltage regulator from said
second load to prevent said voltage regulator from energizing said
second load.

15 2. A power supply according to Claim 1 further -
charcterized by, a second diode (D2) that is coupled between said.
second load (114) and said first diode (D1) to provide for
temperature compensation with respect to variations in said first
diode. '

20 :

3. A power supply according to Claim 1 characterized
in that said impedance (R1) comprises a resistor.

4. A power -supply according to Claim 3 characterized
25 in that said first diode (D1) and said resistor (R1) are coupled in
series.

5. A power supply according to Claim 3 characterized
in that said second diode (D2) is coupled in series with said
30 resistor (R1) and between said resistor and said second load (114).

6. A power supply according to Claim 1 characterized
in that said regulator (T1, Z1, Z2) comprises series pass regulator.

35 7. A power supply, comprising:
a voltage regulator (T1, Z1, Z2) for applying a first
regulated supply voltage (VOUT1) to a first load (111);



5 between conductor 50 and any ot her conductor such as—ﬁ'mw
not neet the strict 15 watt node requirenents. \Wen cur m\m
excessive, the voltage drop across resistor Rl causes aim &Eﬁ‘

voltage drop in voltage VDL that back-biases diode D1. Ther af ote, *di ode D1
beécomes 1 0 nonconductive and the regul atifon of voltage VOUT2 is no | onger

Vol tage VOUT2. | Eail armpe BSVEP inliing] ﬁ@@%ﬁ% BYTiCr PRI S Seddnd,,
il lustrate a supplyyvelt ag@réég\lbft01a5seqm1d elga VAUR); schargetesizedoby?,

respectively, as a fungf 'f?z%totflloﬂéstmwc Iéﬂdt@%aﬁﬂq cﬁ%e'ﬂﬁ‘&’ troes'.StOr
RL of FIGURE 1, Si.mlar synbqgls and s in FIl GURE 2a and 2b

i ndi cate si msaid Hotoaegulated  supp nsV° F%ﬁ’stor RL of FI GURE 1 represents
the entirg or equival erdajd ofiéistt didde beingr GoAGdctive il adfirbP.mafe darag

PQUT2 is the entire | S, di SSi n the load f rsnted by
resi stor RL d¥F glqleeﬁffﬁﬂ“ t(ﬁi s@\ﬁ’r SEHPR &afod‘l%od'é‘ Iffgh hs &ﬁ’ rfﬁ e&URE 2a,
for resistor dmpsShaid Jsecondt aypplyOviiltage ites shid |ferst ‘tégmiated sapply a
substanti al | yvdl?%%e gﬁage of variation of load. As shown in Fl GURE 2b,

’2

power POUT2 ca exceed 14 watts for an entire range of val ues of
resistors RL and R of seidufEst digwe bginge nopexomdugtive GoRe secord mode

TR e e NEF SRR Wil S o fy OIS s e
prevents powsECORE nSPEPLY rmt@g%rm@p@sema& gurrept éheqﬂﬂle saidapoxer 114.
In this way, lghodeg Dimpeaures Sidcredsdssidie T kakin sbHurhydln@peration,
thereby limiting the power delivered to said second load to a
_ predetermined maximum .value. '
15
8. A power supply, comprising:
a voltage regulator (T1, Z1, Z2) for applying a fn'st
regulated supply voltage (VOUT1) to a first load (111);
a power limiting impedance (R1) for applying a second
20 supply voltage (VIN) to a second load (114); characterized by
_ means (D1) coupled to said impedance and to said first
regulated voltage for clamping said second supply voltage to said
first regulated voltage to regulate said second supply voltage such
that power transfer from said voltage regulator of said first
25 supply voltage to said second load via said clamping means is
| prevented.

9. A power supply according to Claim 8 characterized -
in that said clamping means (D1) comprises a diode.



any porti.on of power PQUT2.. Thus, termnal 113, diode D2 and conductor 50
are not subject to the 15 watt node requirenents. \Wereas, termnal 110 may
be subject to the 15 watt node requirenments. This is so because di ode D1
prevents power 35 transfer fromtransistor Tl to, for exanple, |oad 114.
5 WHAT IS CLAIMED I'S: 1. A power supply, conprising: a voltage regul ator
(T1, Zz1, z2) for applying a first regulated supply voltage (VOUT1) to a
first load (111); 5 a power limting inpedance (Rl) for
appl ying a second supply vol t age Liwrang agentatorad (114);
characterized by a first diode (Dl) having a first termnal (113) coupled
to said i npedance and a second term nzﬂBé oupled to said first
regul ated supply voltage for regulati. cond supply 10 voltage by
cl anpi ng sai d second sufpBguics ofigen timpusi supply syokage| (VINY isgeupbed f or
i sol ating saivia V! dutént' ﬁﬁﬁ'tﬁégoi-esfigﬂm 1§l € 'PP@ to Qr&vant (5. d
vol t age regul at or ﬁrrom ener gi ﬁf&sahd%eggﬁdgﬂggg. 1 .)’ {Q&%QQ .(ﬁﬁz. A
pover suppl y 128car & i ) fthat Harceupled: &9 iy dunptionateraoal di ode
(D2) that5is (td0plbetvesinvahe fevistozeanddileoadad 1144 eerdnd@itsrrhina3t di ode
ggllzj 1Ei0r g: OV'(gﬁh%ﬂE)t_SmﬁEaﬁi&Fe ¢ ”&’&u”pﬁ%&' &' an torlllt[rn?ts% c; }e%u :?tgldatl ons in
power supply where a regulated supply voltage (VOUTI1) is
developed. The diode clamps a second output supply voltage
(VD1) developed at the first terminal of the diode to the regulated
10 supply voltage. When the power in the load exceeds a '
predetermined value, the diode ceases conducting. In this way,
the conductor that couples the second output supply voltage to the

load need not meet the strict 15 watt node spacing requirements.
15

FIGURE 1



~di ode. 20 3. A power supply according to Claim1l characterized in that said
i hpedance (R1) conprises a resistor. 4. A power supply according to Caim3
characterized 25 in that said first diode (Dl1) and said resistor (Rl) are
coupled in series. 5. A power supply according to Caim3 characterized in
that said second diode (D2) i's coupled in series with said 30 resistor
(R1) and between said resistor and said second |load (114). 6. A power
supply according to Claim1 characteriz&®in that said regulator (T1, Z1,

Z2) conprises series pass regulator. 35 7. A power supply,
conprising: a voltage regulator (T1, Z1, Z2) for applying a first regul ated
supply voltage (VOUT1l) to a first load (111); a power limting inpedance

(R1) for applying a second supply voltage (VIN) to a second |oad (114);
characterized by a first diode (D1) cou%ﬁed to said i npedance and to said

first regul ated supply vol tBge; 5 Vv — said first diode being
‘conductive in a first node during norn?+-eg§Tation of said second load, in
s said sec Eg uppl I'voltage to said first
S -___1
—d . .

which said first diode cla
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said first di ode being non-conductive in a second node 1 O during abnor nal
operat'ion of said second |oad, in which said second supply voltage
decr.eases as current through said power limting i npedance increases due to
sai d abnornmal operation, thereby limiting the power delivered to said
second | oad to a predeterm ned maxi mum val ue. 15 8. A power supply,
conprising: a voltage regulator (Tl, Z12/222) for applying a first regulated
supply voltage (VQUT1l) to a first load (111); a power limting inpedance

(R1) for applying a second 20, supply volt hb tq g second | oad (114);
characterizgd py| neans {( D1)lgeioupl ed to said| i Lo~ o said first
regul ated vgltjage to I g said second 4.e o said first
regul ated vqgltjage tolr at ¢ said second s :gqgsuch t hat power
transfer frgmisaj d| vl e Irejgul ator of sai Bpply voltage to
sai d second--oetvta €t %ﬁing nmeansgj ! ower supply
according tgq deg m arlact efri zed in thdt ans (D1)
conprises a digode =~
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