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THIS SHEET HAS BEEN 
REPLACED 

SWITCHING POWER SUPPLY 

The present. invent.ion relat.es t.o Swit.chin9 Power Supply 

equi.pped wit.h current. det.ect.ion circuits bot.h for prot.ecllon 

_against. excess current. and· current. sharing funct.ion in paralell 

operat.ion. 

In general, c~nve~t.ional _Swit.chinq Power Supply for 

st.abilizin9 D.C.out.put. volt.age ~y swit.ching element.~ t.hereof is 

coupled wi.t.h excess c;urrent. prot.ect.ive circuit.ry for suppressing 

t.he secondary exces~ current. of· a t.ransformer in an overload 

condit.ion. On t.he ot.her hand, in t.he event. of parallel operat.ion 

of mult.iple Swit.ching Power Supplies, it. is -desirable, for 

reliabilit.y•s point. of view, lhat. a current. sharing fu~ct.ion may 

be int.egrat.ed t.herewit.h in order t.o equalize load current. from 

_e~ch Power Supply. For t.he· aforement.ioned excess cur~ent. 

prot.ect.ive circuit.ry and curren·t. sharing· funct.ion, current. 

det.ect.ion circuit. is indispensable t.o mQnit.o~ the secondary 

out.put. load current. of a t.ransformer, which, fo_r example, is 

disclosed in Japanese Pat.ent. Applicat.ion Laid-open No.61-231875 . 
. 

Said Japanese· Pat.ent. Applica_t.ion discloses such circuit. 

arrangenrent.s t.hat. bet.ween t.he primary or secondary lines of a 

. t.rans-former _is int.erposed a current. det.ec.t.or such as a resist.or 

or a current. t.ransformer, . and t.he current. flowing lherel.h:r"ough 

is s·uppl.ied t.o a current. det.ect..ion circuit. t..o out.put. current. 

det.ect.ion signals-in proport.lon t.6 load current. t..hereof. 
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THiS SHEET HAS BEEN 
·REPLACED 

However. the above conventlnal art has a· fe"" proble~s 

de·scribed below; 

First.. in lhe event. of using a resistor as a current 

det.ect.or. .power consumpt.ion by said res 1st.or 1 tse l f causes t.he 

large loss of said P?wer Supply it.self. Secondly. spe!=ificalLy 

in t.he case of Power Supply wit.h a lar9e output current.. t..he 

current. flowing t..hrough .t..he resist.or also increases.· thus such 

. resist.or requires larger permissible power capacity. which 

prevent.s t.he saving of space of Power Supply. 

On t..he ot..h'er hand, in t..he event. af us in9 a current.. 

' t.rans·former as a current.. det..ect..or, said loss of Power Supply 

becomes 1ess t.hanin using a resist.or, however. Power Supply for 

Super Power needs a large t..ransformer as well as in using sa.id 

res 1.s t.or. which prevent.s t..he space saving and low-cost.. 

manutact.url.ng of Power Supply •. 

_Accordingly, it.. is t..he main object. of t..he present.. 

invent.ion t..o provide Swit.ching Power Supply which can realize 

t..be saving of space even for a larger out.put.. current. 

It. is anot..her object. of t.he present invent.ion t.o 

provide Swit.ching Power Supply which can low-cost. 

manu~act.urinq even for a larger out.put.. current.. 

In ac~ordance wit..h a major feature of t.he present. 

invent.J.on, t.here is provided a st..ruct.ure f.or Swi Lchlnq Power 

Supply comprising: 

o~e or mo~e t.ransformers isolat.ed b~_t.ween Lhe primary 

side and secondary side t..hereof; 
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switching elements for on-off control of D.C.inpul 

voltage applied lo the primary winding of said transformer; 

one or more current. detection circuits to ou(pul 

current. det.ect.1on signals in proport.ion t.o the secondary load 

current. of the transformer, det.ec(ing volt.age drop caused by the 

secondary winding resis·t.ance of said transformer. 

Other o~ject.s~ feat.qres and advantages of the invent.ion 

will be apparent. t.o those skilled in the art from the following 

description of t.he preferred embodiments .of the invent.ion, 

wherein reference ~s made t.o t.he accompanying drawings, of 

whicli: 

FIG. 1 is a circuit. diagram sbowinq t.he first. embodiment. of a 

Switching Power Supply of t.he invent.ion. 

FIG. 2 is a waveform. illust.rat.inq t.he -pr~mary c,.nd se"condary 

y~lt.aqe.of· a t.ransform.er. of (he invention. 

FIG·. 3 is a circui:t. diagram showing- the second emQodiment. of a 

Swit.ching Pow~r Supply of the invent.ion. 

FIG.4 is a waveform illustrat.ing the primary and secondary 

volt.age of a transformer of the· second embodiment. of t.he 

invent.ion. 

FIG.S is a circuit. diagram ·showing t.he third embodiment. of a. 

Switching .Power Supply of the invention. 
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Hereinaft.~r· ls explained a first. embodimenL o~ the 

invent.ion wit.h reference t.o FIGS.I t.o S. 

In FIGS.I and 2 showinq a first embodiment.· of Lhe 

invent.ion, reference nu~erals 1 and 2 desi9nat.e t.ransform~rs, of 

which t.he primary and secondary sides are isol~t.ed. wherein t.he 

_primary windings IA and 2A are connect.ed in series, while · t.he 

secondary windinqs 18 and 28 are connect.ed in series 

respect.ively. Said primary windings IA and 2A are connect.ed in 

series t.o D.C.power supply 4 via a swit.chinq element. or MOS FET 

3 in order t.o apply D.C.input. volt.aq~ V-IN t.heret:o. Furt.her .• 

series circuit. .of a -blocking capacit.or 5 and switching element. 

or MOS FET 6 is connect.ed in parallel with said series circuit. 

of said primary. windings 1A,2A. 

Bet.ween each drain and source of said FETS 3, 6 are 

provided capacit.ors 7-., 8 having discret.e inherent. capa·cit.ances. 

Alt.hough ·not.. shown in FIGS, each FET is int.egrated wit.Ji. body 

diodes t.herein, and driving si"gnals from puls-e -widt.!1 cont.rol 

circuit. 9 are alt.ernat.ely supplied t.o discret.e gat.es of PeTs3., 6. 

so t.hat. out.pu~ volt.age V-OUT can be held const.ant. by cont.roling 

pulse widt.h of said driving siganls. 

On t.he ot.her hand, the volt.age Vl, V2 induced in t.he 

secon(Jary windings lB; iB of 1..ransformers 1, 2 are . rect.ified by 

rect.ifier circuit. of Cel)t.er_:t.ap t.ype fabrica·t.ed by connect.ing 

·diodes 10, 11 t.o said s~condary windinqs 18,28 respecq.vely. 

:Aft.er t.hat.,· saidvolt.a9e Vl, V2 are smoot.hed by smoot.hinq 

-capacit.or 12 t.o be ~upplied t.o road 13 as D.C.out.put. volt.age 

Incident.ally,reference numeral 14 desi9nat.es volt.aqe 
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detec.t.ion circuit. connected lo opposite t.erminals of said 

smoothing capa·cit.or 12. "'h1ch supplies delect.ed volt.age t.o pulse 

widt.h cont.rol circuit. 9. corresponding "t.o variat.ion of said 

o.c.out.put. voltaqe.V-OQT. 

Reference numer.al 15 desiqnat.es current. det.ect.ion 

circuit. for prot..ect.ion against. excess current. provided on t.he 

secondary sides of t.ransformers .1 .• 2. Said current. det.ect.ion 

circuit. 15 det.ect.s volt.age drop in t.he secondary windings 18,28 

of t.ransformers 1,2 in order t.o out.put. current. det.ect.ion 

signals in proport.ion to the seconda~y load current. iL of 

t.ransformers 1, 2. In ot.her words. t.o t.he connn~ction point.s of 

t.he second~ry winding lB wit.h diode 10 and t.he s~condary ~in4ing 

2B wit.h dl9de 11 are. connect.ed respect.ively one of t.erminals of 

res·ist.ors 16. 17, w~j,le t.he ot.her t.erminal t.hereof are connect.ed 

t.o each. o~her. Fort.her. be~ween said ot.her t.erm.inal of resist.o~s 

16,17 and t.he connect.ion point. of t.he secondary windings lB and 

2B is int..erposed capacit.or 18 t.o form .. fill.er circuit. comprising 

resist.ors 16, 17 and capacit.or 18. Refe·rence numeral 19 

designat.es convent.ional amplifier circuit. comprising resist.ors 

·20,21 and operat.ional amplifier 22, which amplifies out.put. 

siqnals from said filt.er ci.rcuit. at. predet.ermined ampli_ficat.ion 

·fact.or defined by said resist.ors io. 21 t.o out.put. t.he same as 

current. det.ect.ion signals. 

Said current. det.ect.ion s,ignals from current. det.ect.ion 

circuit. 15 ar~ sup.plied t.o negat.ive· inpu~ t.erminal of t.he 

operat.ional amplifier 23, while predet.ermined reference volt.age 

is applied t.o t.he posit.ive input. t.erminal t.hereof. t.hus. higher 

elect.ric pot.ent.i~l of current. det.ect.ion signals compared t.o said 

reference volt.age permit.s t.he out.put. t.erminal of said 
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operat.ionaL amplifier 23 t.o supply High-level cont.rol signals t.o 

pulse widt.h cont.rol circuit. 9. And said cont.rol signals force 

pulse widt.h cont.rol ·circuit. 9 t.o narrow t.he pulse widt.h of t.he 

driving signals t.o each FET3,6in order t.o limit. load current. iL. 

Hereinaft.er is described t.he act.ion of t.he st.ruct.ure 

t.hus far described. 

First., FET 3 is on-off . cont.rolled by means of driving 

. siqnals from pulse wid_t.h cont.rol clrcui t. 9 on t.he primary sides 

of t.ransformers 1, 2, whereby D.C input. volt.age V-IN is 

int.ermit.t.ent.ly applied t.o t.he primary windings lA, 2A of 

t.ransforme~s 1,2. 

On t.he ot.her hand, FET 6 is t.urned-on/off alt.ernat.ely 

wit.h respect. t.o FET ~, while each FET 3, 6 is so cont.rolled t.hat. 

t.here exist.s cert.~in dead band in ch~nging over from 

swit.ching-on t.o swit.ching-off of each PET 3,6. 

At. t:his t.ime, driving signals from pulse widt.h cont.rol 

circuit. 9 are supplied in order t.hat. capacit.or 7 may be 

discharged by accumulat.ed energy in t.he primary win~ings IA, 2A 

of t.ransfo.rmers 1, 2 prior t.o t.urning...;.on of FET 3, while 

capacit.or 8 . may ·be discharqed by accumulat.ed, energy in t..he 

primary windings lA, 2A of t.ransformers 1, 2 prior t.o t.urning-on 

of FET 6, whereby .swit.ching· loss can be minimum t.o at.t.ain so 

called •zero-Volt.age Swit.ching•. 

Wit.h t.he above serial act.ion of FETs 3,6, t.he volt.age 

induced in t.he secondary windings IB, 2B is rect.lfied and 

smoot..hed by diodes 10, 11 and smoot.hin9 capaci t.or 12 t.o supply 

predet.ermin~d D.C out.put. volt.age V-OUT t.o load 13. ~nd pulse 

widt.h cont.rol circuit. 9 cont.rols t.he pulse widt.h of driving 

signals supplied· t..o each PET 3,~· wit.h reference t.o det.ect.ed 
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volt.age from. volt.age det.ect.ion circuit. so t.hat. said D.C.out.put. 

volt.age V-OUT will be held constant.. 

On t.he ot.her hand, at. t.he bot.h terminals of t.he 

secondary windings 18,~B of t.ransformers 1,2 symmet.rically 

emerqe out.put. volt.age VI. V2 having such waveforms as shown in 

FIG.2 · respect.ively. At. t.his t."ime. elect.rical nat.ure of 

t.ransformers 1, 2 shows t.hat.. product.s of out.put. vol.t.age Vl and 

~ime, out.put. volt.age V2 and t.lme in t.urninq-on of · FET 3 are 

respect.ively equal t.o q1ose in t.urning-off of FET 3. However, 

·winding resist.ance in each secondary windings IB,2B causes 

volt.age drop VA when elect.ric current. flows t.~rouqh said 

secondary ~indLnqs IB,2B. 

That. is t.o say, if t.he ou.t.put. volt.age Vl, V2 are 

neqat.ive, current. supply t,.o load 13 is int.errupt.ed by diodes 

10, Ii, t.hus no elect.ric current. flows t.hrouqh said secondary 

t.herefore, no volt.age drop caused by t.he 

resist.ance "t.herein occur. On t.he ot.her hand, if t.he out.put. 

volt.aqe VI, V2 are posit.ive, current. supply t.o load 13 is 

pe~it.t.ed by diodes 10, ll, t.hus elect.ric current. flows t.hrough· 

·said secondary windinqs 

in proport.ion t.o load 

lB, ~B, whereby volt.age drop will occur 

current. iL at. bot.h t.erm.inals .of t.he 

secondary windings lB, 2B. 

In order t.o det.ect. said volt.age drop VA caused in each 

secondary windings 1B.,2B, t..he current. det.ect..ion circuit. 15 

eliminat.es fltUCh signals included wit.bin ·a swit.ching frequency 

region from each out.put. volt.age. VI, V2 b:yc means of said filt.er 

circuit. comprising resistors 16, 17 and capa~it.or 18, whereby only 

lhe D.C.siqnals corresponding' (o said volt.age drop VA is 

supplied t.o amplifier circuit. 19. ThereaftE!i:, said ampllfi~r 
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circuit. 19 amplifies said D.C.si9nals from said fil.t.er c1rcu1.t.. 

in order t..o obt.aln current. .. det..ect..lon signals in proport..1on t..o 

load current,. iL. 

In accordance wit.h t..he st.ruct.ure of t.he present.. 

embodime~t... said current.. det..ect..ion si9n_als can be ut..ilized for 

prot.ect.ion aqainsl excess current... Tha·t.. is, if Load current. iL 

exceeds predet..ermined value because of, for e~ample, 

short.-circuit..ing of load 13; elect.ric _pot..ent..ial of said current. 

det.ect.i-0n signals is also to become high in pi:-oport.ion t..o said 

load current. iL. Therefore, Hiqh-Level cont.rol signals from said 

operat.ional amplifier 23 will be output. t.o said pulse. -widt.h 

:cont.ro~ circuit. 9, . which immediat.ely narrows t.he pulse wid·t.h of 

driving siqnals t.o 'FET 3 in order t.o limit. t.he supply of load 

:current. iL. 



As 
9 

he~einbefore described, t.he ~~esent. embodiment. 

employs t.he windin9 reslst.ance ln t.he secondary windin9s 18, 28 

of ~ransformers 1,2 as current. det.ect.or. so t.hat. load current. lL 

can be ·monit.ored by means of t.he volt.age drop· caused ln said 

secondary windings lB, 28. Accordln9ly, convent.ional resist.p·rs or 

t.ransformers for det.ect.ion of elect.ric current. are no longer 

necessary, and as a result., part.s· can be sav~d .. Especially. t.he 

_present.. embodiment. enables ~arge-Power Power Supply t.o easily 

realize t.he saving o~ space and low-cost. manufact.urinq t.hereof .· 

Fort.her, said current. det.ect.ion circuit. 15 det.ects t.he current. 

. in· t.he secondary wi~dings IB, 28 of t.ransformers 1, 2. of which 

t.he det.ect.ion is approximat.ely equal to direct. ·det.ect.ion of load 

current. iL. There~ore. c~nst.ant. current./volt.age drooping 

charact.erist.ic can ~e easily obt.ained in ut.ilizing said· current. 

det.ect.ion circuit. 15 for prot.ect.ion against. excess current.. 

Be:r::einaft.er is explained a. second embodiment. wi t.h 

reference t.o FIGS. 3. 4. in which t.he same port.ions as t.hose of 

the first. embodiment.. are designated · as common reference 

n~merals, and t.heir repeat.ed det.ail descript.ion will be omit.t.ed. 

The present. embodiment. relat.es t.o so called Forward 

swit.ching Power Supply. in which on-off cont.rol of FET 3 allows 

D.C.input. volt.~qe V-IH t.o be int.ermit.t.ent.ly applied t.o .t.he 

primary winding IA of t.ransfonv.er 1, and t.he volt.aqe induced in 

t..,he secondary· winding . IB o.f said t.ransformer 1 is rect.ifj.ed and 

smoot.hed by means of diodes 10._11. c~p~cit.or 12. and choking 

coil. 3.1. whereby o.c.out.put. volt.age V-OUT can be supplie·d t.o 

load 13. And t.he connect.ion PO!nt. of said choJc;ing coil 31 arid 

secondacy winding lB of t.ransfoaner 1 
.. 

fort.her ·connect.ed t.o l.S 

resis~or 16 of current.·det.ect.ion circui~ 15. 
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At. bot.h t.erminals of choking coil 31 emerqes t.erminal 

·volt.age V3 having such waveform as shown in PIG.( in accordance 

wit.h on-off cont.rol ·of FET 3 .. AL this t.ime, winding resist.ance 

in .said choking coil 31 it.self ~auses volt.aqe drop VA in· 

propo':t.ion t.o · load current. iL in t.urning-on/off of said FET 3, 

t.hus t.erminal volt.age VJ including said volt.age drop VA i"s 

det.ect.ed by current. det.ect.ion circuit. 15, whereby current 

det.ect.ion signals can be out.put. t.o opei:"at.ional amplifier 23 t.o 

at.~ain t.he same act.ion and effect as those of t.he first 

embodiment.. 

In FIG.S showing a t.hird embodiment of the invent.ion, 

current. sharing funct.ion is . applied t.o said Swit..ching Power 

supply. Again, t.he same port.ions as t.hose of t.~e forgo~ng 

embodiment.s are de~ignat.ed as common reference numerals,· and 

t.heir repeat.ed det.ail descript.ion will be omit.Led. 

The current. 

det.ect.ion circuit. 15 

det.ect.ion signals from said current. 

is divided by resis~ors 41,42 to be 

suppl~ed t.o negat.ive input. t.erminal of t.he operat.ional amplifie·r 

4}.. On t.he ot.her. hand, t.o t.he posit.ive input. t.erminal of said 

operat.ional amplifier 43 is connect.ed current.. sharing t.erminal 

Pe and is supplied. ·~aid current. det.ect.ion siganls divided by 

resist.ors 44,45. Fort.her, bet.ween t.he negat.ive terminal and 

out.put. t.ermina1· of said operat.ional amplifier 4~ is int.erposed 

resist.or 4.6, while said out.p~_t. t.eahinal of operat.lonal amplifier 

43 is connect.ed via didde 47 t.o t.he posit.ive t.erminal of 

operat.ion~l ampli.fi.er 

vol t.a9e. · Addi t.ionally, 

operat.ional ampli.fier 

48, t.o which 

t.o t.he · negat.i ve 

4 8 are supplied 

is supplied reference 

input. t.ermlnal of said 

det.ect.ion signals f°rpm 

volt.aqe det.ect.ion circui-t. 14, .while t.he out.put. t.erminal t.hereof 
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is connected lo pulse width control circuit 9-

Since each Power Supply device allows the current 

delect.ion circu.it. i·s inleqrat.ed t.herewilh lo out.put. current. 

detect.ion signals in proport.ion lo load current. iL thereof, t.he 

elect.ric pot.ent.ial at. said current. sharing t.erminal PC varies 

dependinq upon t.he variat.ion of said load current. iL. Therefore. 

in t.h~ case of single operat.ion, such Power Supply having 

smaller load current. iL has corresponding smaller elect.ric 

pot.ent.ial at. lt..s curr::ent. sharing. t.erminal PC as compared wit.h 

t.hat. of such Power S~pply having larger load current. IL, 

On t.he ot.her hand,. in ~he case of ·paral;l.el operat.ion, 

as each current. sharing terminal of each Power Supply device is 

connect.ed to one anot.her, t.he pot.ent.ial at. current. sharing 

t.erminal PC of such Power SUJ>ply wi t.h smaller load current. iL 

inevit.ably' rises, whereas t.he elect..ric · .. potential at. current.. 

sharing t..erminal PC of such Power Supply wit..h larger load 

.current.. iL inevit.ably fa1ls. 

Accordin9ly, each Power Supply having smaller load 

current. iL- permit.s t.he elect.ric pot..ent..ial at. (he posit.iv_e input. 

t.erminal of operat.ional amplifier 43 t.o rise, t.hus t.he out.put. 

t.erminal of said operat.ional amplifier 43 becomes High so as t.o 

raise t..he pot.ent.ial at. t..he posit..ive input. t.erminal provide~ on 

t.he reference volt.age side of operat.ional amplifier 48. 

On t..he ot.her hand, each Power Supply having larger load 

curi;-ent. iL allows U~e pot.ent.ial at. t.he posit.Ive input. t.erminal 

of operat..ional amplifier 43 t..o ineviLably fall, Lhus Lhe out.put. 

Lerminal of said each operat.ional ampli(ier 43 becomes 

Low-Level, nevert.heless, current.. flow from Lhe reference volLaqe 

inLo opera~ional ampl~fler 43 is int.errupt..ed by diode 47 so LhaL 
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t.he elecLrlc poLenLial of reference volLage is held consLant. aL 

t.he poslt.ive input. t.erminal of said opei:at.ional amplifier 46. 

Consequent.1y, each Power Supply having smaller load 

current. iL permit.s t.he reference pot.ent.ial of operat.lonal 

amplifier 48 LO rise, whereby pulse widt.h cont.col circu.f:.t. 9 ca~ 

cont.ro1 t.he driving siqnals t.o each FET 3, 6 in order t.o permit. 

more load current. iL .t.o flow t.hereint.o in accordance wit.h t.he 

out.put. siqnais from said operat.lonal amplifier 48. 

I~cident.a1ly, t.he present. invent.ion should not. be 

limit.ed t.o .t.he aforem.ent.ioned embodiment.s t.hus far described, 

but. can be mOdified wi~hin t.he scope of t.he invent.ion. 

For example, besides Zero-Vo1t.aqe-Swilhichq or Forward 

Switching Power Suppiy, t.he present. invent.ion may be ap~lied (o 

Push and Pull or Fqll Bridge Swit.ching Power Supply. Fur1.her, 

current. det.ec1.ion signals from current. det.ect.ic;>n circui.t. may be 

ut.ilized for such funct.ions at.her t.han for said prot.ect.ion 

aqanist. excess current.· or current. sharing. 
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* C L M S * 

CLAIMS 

1. A ~witching power supply comprising: 

one or more transformers {l,°2) of which the primary 

5 and secondary windings are respectively isolated from each 

other; 

10 

switching elements {3,6) for on-off control of DC 

voltage applied to the primary winding of the or each 

transformer (1,2}; 

one or more current detection circuits ( 15) for 

detection of voltage drop caused by the resistance of the 

secondary winding (lB, 2B) of the or e~ch transformer (1, 2), 

the or each current detection circuit cis) outputting 

current detection signals proportional to the secondary 

15 load current of the or each transformer. 

2. A power supply according to claim 1, wherein. each 

current sharing terminal is connected to each transmitting 

. line of said each current· ~etection signal for parallel 

20 operation of each switching power suppiy. 

3. A power supply according to claim. 1, compr:i:-sing a 

pulse width control circuit (9) .for controlling switching 

of the switching elements (J,6) and narrowing the pulse 

25 width of control signals supplied to the switching elements 

(3,6) to limit the supply of load current when the current 

detection signals reach a predetermined level. 

4. A power supply according to claim 1, wherein said 

30 current detection circuit is coupled with a filter network 

(18) for rejection of signals within a switching frequency 

region. 

5. A power supply according to any of claims 1 to 4, 

35 .further comprising one or ·more choking coils (31) connected 

to the secondary side "of the transformer. 


