1, SWTCHI NG'PO/\ER SUPPLY The present invention relates to Switching PW coRL
Suppl Yy equi pped- with current detection circuits both for protection against
excess current and-c—bHLr—eanJ:lwnCt ion in parallel operation. ln

general, conventio Swi t chi ng Pomer Supply. for Sth1||L n
vol tage by switchi ?\lﬁ is coupled wjtI@REE gd%‘j%%rﬁ
protective circuitr ﬁ ng t he secondar yliex
transforner in an o on On the other hand, in the event of-
paral |l el operation of nultiple Smntching' Power Supplies, it is

w,

desirable, for reliability's point of view  that a current sharing
-function may be integrated therewith in order to equalize |load current from

T oui Lry and ourr ent shari ng. PUAGEFNG BORPEnBUBEECti on Cirouit 15

I ndi spensabl e to nonitor the secondary output load current of a
transfornmer, which, for exanple, is di scl osed i n Japanese Patent
~Application Laid-open No.61-231875.

The present invention celates ‘to Switching Power Supply

equipped with current detection circuits both for protection
.against excess current and current sharing function in paralell

operation.

In general, conventional Switching Power Supply for
stabilizing D.C.output voltage by switchi;g elements thereof is
‘coupled with e#cess current protecti#e circuitry for sﬁppressing
the secondary excess current of a transformer in an overload
condition. On the other hand, in the event of paraliel oPération
of mﬁltiple Switching Power Supplies, it is -des+ra$1e, for
_reliability;s point of view, Lha; a current sharing function may
be idtegrated therewith in order to eéualize load current from
each Power Supply. For the aforementioned excess | current
protective circuitry and current sharing~ function, currenL
detection circuit' is indispensablé to monitor the secondary
outpui. lOad <.:urrem. 6f a transformer, which, for example, is
disclosed in Japanese Patent Application Laid-open N6.61—531815.,

Said Jhpanese-batent'xpplieation disclbses Such_circuit
arrangements (hat between the primary or secondary lines of a
v - transformer  is interpo#ed a current deteqtér such_as a resistor

or a current transformer, -and the current flowing Lhe:eth;ough

is supplied to a current detection circuit to output current

detection signals in proportion Lo load current thereof.
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Sai d Japanes®e Patent Applicationdi-scloses such circuit arrangenents that

bet ween the pri melihis Sbeet HBMRGRHNMcel | N€S Of a transf ermer-izs it a
current detector s tor or a current {jr ANSIIHERTTHASBEENN
current flowng th supplled to a curijent dBEBEACER circit to

out put current detectlion in proportion to Toad corrent -t
2 However, the above conentional act ha® a few probl ens described bel ow
First, in the event of using a resistor as a current detector, power
consunption by sai dabesiekor thésebbveausasehtndarga l0ss of rsai ¢BOYVEL S
Supply itself. Secondly, specifically in the case of Power Supply with a
| ar ge out p¥escwibedt bethe:;current flow ng through the resistor also
i ncreases, thus such resistor requires |arger permssi-ble power
capacity, which prEsats the (dgidHpnsf ehaeelnd PosrsisSepplas. 2 current

detector, power coansumption by saild resistor {tself causes the
iarge loss of said Power Supply.itself- Secondly, specifically
in the case of Power Supply u;th a large outputl current, the
'currgnt flowing-tﬁrough-the resigtor also lncrea;es[ thus such
. resistor requires larger permissible poher. capaclity, «which
prevents the saving of spéce'of Power Supply.

On the other hand, in the event of using a current
transformer as a current deLecLor, said loss of Power Supply
becomes less Lhaﬁin using a resistor, however, Power Supply-for-
Suéer Power neéds-a large transformer as well as in using séid

' resistor, which preVenL; the ;pace savin§ and low-cost

manﬁfacturlng of Power Supply.

Accordingly, it 1is the main object of the present
inventiop to provide Switching Power $ugplx which can realize
the saving 6f spacé.even for a larger output current

It is another quéct of the present invention to
provide Switching Power Supply which can realize lou—costl
manufacturing even . for a ;arger output current.

| In acqofdance with a major feature of the preseﬁt
invention, there is provided a erucéure for Switching Power

Supply.cémprising: -
oge Oor more Lransformer; isolated between the primary

side and secondary side thereof;



¥

On the-other hand, in the event of using.a current transforner as a
current detector, said |oss of Power Supply becones |ess thanin using a
resi stor, however, Power Supply for Super Power needs a |arge transforner
as well as in using said resistor, whi ch prevents the space saving
and | ow- cost manufacturing of Power Supply. Accordingly, it s the main
obj ect of the present invention_to provide Sw tching Power plg whi ch can
real i ze the savi ng (ﬁ""s‘ﬁé’c}é‘gevéﬁe’l"ﬁ?‘%l Ifé’r’ger"“oﬂfﬁutc‘t'l}rﬁ”ént Ft & input

anot her C of t reg nventi.o roy ch| Power
Suppl y- WhIC %éaﬁ 8MFC§§tp ?ﬁﬁ ﬁﬂwiﬁ gvef’® 4éjtranfa?ﬂg$ ‘out put

current. In aCCOfda%Qmee WJ..h FdB Ol g Hredé’ieéél%npr%i%hu'vetr& | QJuegdier e
is provided a structure for Swt chlng ower Supply conprising: one or nore
transfor merg, /a0l at @81 DL Y& N sk BRa PE | HRAM b ropde L 254! $£6CQNdarsecvnde riy haoaa ;

current of the transformer, detecting voltage drop caused by the

secondary winding resistance of said transformer.

Other objects,. feat.ufes and advani.ages of the invention
will be apparent to those skilled in the ért. from the following
description of the prefer.red embodimex;t.s .0f the invent.ion,.
wh.erein reference is made to the accompanying drawings, of

which:

FIG.1 is a 'cim':uit. diagram showing the first embodiment of a
Switching Powex Supply.of the invention.

FIG.2 is a. waveform illustrating _t.he primary and.se'condary
w_rpltag.e .of- a transformer of the invention.

.f'IG'.B is a circuit diagrani showing the second embodiment of a
Switching Power Supply of the invention.

PIG.'Q is la ;v'aveform illustrating the primary and secondary
voltage of a transformer of the second embodiment of the
invention.

FIG.S is a circuit diagram showing the third embodiment of a

Switching Power Supply of the invention.
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3 swi tching etenments for on-off control of D.C.input voltage applied

to the
rcuits

prlnary wi.ndi ng of .said transforner; -one or nore current detection ci

to output current detection signals in proportion to the secondary | oad

current of the transforner,

wi ndi ng resistance of said transforner. Qther objects, features and
- advantages of the invention wll be apparent to those skilled in the art
. fromthe follow ng description of the 4 preferred enbodinents of the

i nventi on,

wherein reference is made to the acconpanying draw ngs, of

‘which: FIG1 is a ciggplingiag a’ﬂkSWﬂﬁnfege i rétrs’é‘”%oﬁ‘m&né’f & the

Swi t chi ng Power Supply of the invention. FIG a waveform

i FlustratingnvbRA€io® B Yre RéncEECONELEY. 1Vth age of a transforner.
i nventi on.

FIG3 is a circuit diagram show ng the second enbodi nent of a

Swi t chi ng Power Suppiy afrdshe iawenti oshowing a first embodiment - of the

invention, reference numerals 1l and 2 designate transformérs, of

which the primary and secondary sides are isolated, wherein the

primary windings 1A and 2A are connected in series, while 'the

secondary windings 1B and 2B are connected in series
respt_act_-ively. Said primary windings 1A and 2A are connected in
series to D.C.power supply 4 via a_.swit.ching elemen.t. or MOS FET
3 in order to apply D.C.input voltage .V—IN Lthereto. Furt.ﬁer.,
series circuit of a_-bloc.:king capacitor S and switching element
or MOS FET 6 i-s conﬁe?:t.ed in paral:lel with said series circuit
of said primary windihgs 1A, 2A.

Between each drain and source of said FETS 3,6 are
provided  capacitors 7,8 having A1sctete inherent c'apa-cit.ancés.
Although not shown in FIGS'., each FET is integrated with body
diodes therein, and dfiving signals .from ,puls-e width control
circuit 9 are alt.ernat.ely supplxa‘d to discrete gates of FETS3,6,
sOo that out.put_ voltage V-OUT can be held constant by controling
pulse width of said_driving sxganls.

On the ot_hér hand, the voltage V1,V2 induced in the
sécondary windings 1B,2B of transformers 1,2 are .rectified by

rectifier circuit of center-tap Lype fabricated by connecting

-diodes 10,11 to said secondary windings 1B,2B respectively.

‘After that, said\}qltage Vi,V2 are smoothed by smoothing

Capacitor 12 to be supplied to load 13 as D.C.output voltage

" V-0UT. Inéidentally,teference numeral. 14 designates voltage

detecting voltage drop caused by the secondary

of the
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FIG4 is a waveformillustrating the primary and secondary vol tage of a
transfornpr of the second enbodinent of the invention. FIG5 is a circuit
di agram showi ng the third enbodi nent of a Swi tching Power Supply of the
i nventi on. 4 Hereinafter is explained a first enbodinent of the
I nvention with reference to FIGS. 1 to 5. In FIGS. | and 2 showng a
first enbodiment of the invention, refserence nunerals 1 and 2 designate
transforners, of which the primary-and secondary sides are isolated,
wherein the gédd@rnbdM reli iga JAcendededr aoC0BRP6E Ak | NeF@thabs v | esaive
secondary wndings 1B and 2B are connected in- series respectively.
Sai d pri marysweotdiings clabarid-oXA 13k evbbfinetired Lea derdaaedt goBL W HovR Pl y
4 via a switching elenent or MOS PET 3 in order to apply D, C.E'n ut voltadge
V-1 N theret0¥i¢¥h1:ﬁ€P}f°1 clrcq(t 9, corresponding o variatio of sai

p.C.output voltage,v;OUT. |

Reference numeral iS designates current detection
éircult for protection against excess current provided on the
secondary sides of transformers .1,2. Said current detection
circuit 1S detects voltage drop in ;he secondary Qindings 1B, 2B

" of Lransformer§ 1;2 in order Lo ouLp;L c;rrent detection
siqnais in proéo?tiou to the secondary load current iL of
transformers 1,2. In othe; Qords,.to the connnection points of
the secondary windiné 1B with diode 10 ané the secondary winding .
2B with diode 11 are_conaected respeciively one of terminals of
resistors 16,17, uhilg the other términal thereof afe connecgeq

'Lo ea;h.othe;. FPurther, between said other terminal of resistors
16,17 and the connecgion pdint of the secondary windings 1B and
2B is interposed Eépacitor 18 to form;fi;ter circuit compfising
re#iStors 16,17 éna capacitor 18. Reference numeral 19
designates conventional amplifier circuit comprising resistors
-20,21 and operational amplifier 22, which amplifies output
signals from said filter circuit at predetermined amplification

~factor defined by said reskstors 20,21 LQ output the same as
current detection signals.

Sajd current detection signals from current detection
circuit 15' are supplied to negative inpul .términal of the
operational ampiifier 23, while predetérmined reférence voltégg
is applied to the positive input terminal Lhereof, thus_ higher

electric potential of current detection signals compared to said

reference voltage perhits the duLpu; terminal of sai§



series circuit of a blocking capacitor 5 and switching el ement or MOS FET 6
i S connectsed in parallel with said series circuit of said prinary w ndings
1A, 2A. Between each drain and source of said FETS 3,6 are provided
capacitors 7,8 haV|ng di screte i nherent capacitances. Al though not shown in
FI GS, each PET Is integrated with, body diodes therein, and driving
signals from pul se width control circuit59 are alternately supplied to
.discrete gates of FETS3,6, so that output voltage V-QUT can be held

‘const ant b?PGGHP#GPPhgaﬁaﬂééiﬁfd?h P swpRilyrg A QESPQaﬂ?%tfq}1%4%§aéﬁhéP

hand, the voltage V1, V2 induced in the secqondar ndi n s 1B,
transforme\lé’é‘ fez whdth e‘é?ﬁ"f‘lfj%’d 8|§7r?‘é{:’t| ret’“‘g %d\flivlt C(S‘IF‘ 8ht érlgf‘ﬁg Jg&ce

fabr ! cat od gy £OUNGRL) Nl oS Ayl o 1 AR, SGSOUALY Mol BES L

1B, 2B respectively. After that sai dvol t age are snoot hed
snoot hi ng aggpaagt Qigﬂ.&&otbeesappﬁ-@d d1h |dl%@rlaoa§1ﬂ.§ HP Hareht 298 .

V-QUT. Incidentally,reference nuneral - 14 desi-gnates voltage

Hereinafter is described the action of the structure
thus far described.

First, FET 3 is on-off  controlled by means of driving
.signals from pulse width control circuit 9 on the primary sides
of transformers 1,2, whereby D.C input voltage V-IN |is
in;emittently applied to the primary windings 1A,2A of
t.ransforme_ré 1,2. -

On the other hand, FET 6 is turned-on/off alt.efnat.ely
with respect to FET 3, while each FET 3,6 1s so controlled that
there exists certain dead band in - cﬁ_anging over from
switching-on to .swit.chin-g—off of each PET 3.,6.

At this .t_ime, driving signals frém pulse width control
circuit 9 are supplied in order that capacitor 7 may Ee
discharged by accumulatéd enexfg.y in the primary windings 1A,2A
og transformers 1,2 prior to Lu_i:ning-'-on of FET 3, while
capacit..or 8 m-ay "be discharged by accumulated energy in the
primary winding;s 1A,2A of transformers 1,2 prior to turning-on
of FET 6, whereby switching loss can be minimum to attain so
called “Zerxro-vVoltage Switching;‘ .

With the above serial action of FETs 3,6, the voltage
induced in the secondary windings 1B,2B is rectified and
smo;>t,hed by diodes 10,11 and smoothing capacitor 12 to supply

-'predeterm'in,ed D.C output voltage V-OUT to loaa 13. And pulse
width control circuit 9 controls the pulse'width' of driving

signals supplied - to each FET 3,6- with réference to detected



5 .detection circuit connected to. opposite termnals of said
snoot hi ng eapacitor 12, which supplies detected voltage to pulse wdth
control circuit 9, corresponding to variation of said D.C output

vol t ageV- QUT. Reference nuneral- 15 designates " current detection
circuit for protection against excess cugrent provi ded on the secondary
sides of transformers .1,2. Said current " detection circuit 15 detects

‘voltage drop jn the secondary wi ndings 1B, 2B of transforners, 1,2 in
order to ‘gﬂt"pﬁ?{e LRt eﬁ?lt%‘é‘f egﬂ‘(’) Hay it fFopdrat off i 1 ife-cutput

.secondary Iggg{ﬁﬁg’g@ngigin Bﬁaﬂéié"égaéia%tz' In other words, to the
o n

connnection poiits the "Secondary winding TB with diode 10 and the

secondary wi nding. 2BaWi { Redi 8dfetl B, CARNECLED JATPECLENBAVI ONGOf Lhe
termnals of resistors 16,17, while the other termnal thereof are

connect ed tecadargt heiindiwgkhenp, bet veen eaddk @lRekst el 2 Nadydide U AL Qr S

16,17 and the connection point of the secondary windings IB and 2B is -

i nt er posed awpge tartplB t voloage ¥il¥Zrhavimgi sucdonpavefogus as shown 1in
FIG.2  respectively. At this time, electrical nature of.
transformers 1,2 shows that produ-ct_s of_ 6uLpuL voltage V1 and -
time, 'ouLput. voltage VZ2 and time Iin turning-on of FET 3 are
respectively eqgual to those in turning-off of FET.' 3. However,
‘winding rgsistance' in .each secondary windings 1B,2B causes
voltage aroé VA whén electric current flows through said
secondary windings 1B,2B.

That is to say, if the output voltage V1i,V2 are
negat.i.-ve, current supply to 1load 13 is int.errupt.ed. by diode;s
10,11, thus no electric current flows through said secondary
windings IB;Z_B,_ therefore, no voltage drop caused by .t.he
resiét.ance therein occur. On .t.he other hand, if the output
'volt.ag-e Vi,Vv2 are positive, é.urrent suppiy to load 13 is
per.:nit.t_ed by diodes 10,11, thus electric current flows through
-said sec.ondari.(- windings 1B,2B, whereby voltage drop will occur
in pfoport.ion_ to load current iL at both terminals .of the
secondary windings 1B, 2B. |

In order to detect éaid voltage dlrop VA caused in each
secondary windings' 18',2i3,_ the current detection ci—rc-uit_ 15
eliminates such signals included within 'a switching fréquency
l'egién from each outpﬁt. voltage VI1,V2 by means of said filter
éii‘cuit qomprisi'ng resistors 16,17 and capagit_c;r 18, whereby only
the D.c.sigﬁals corresporiding‘ to said voltage drop VA is

supplied to amplifier circuit 19. Thereafter, said ampl'ifi.'_er



resistors 16,17 and capacitor 18. Reference nuneral 19 designates
éonvgntional anplifier circuit conprising resistors 20,21 and operational
anplifier 22, which anplifies output signals fromsaid filter circuit
at predeterm ned anplification factor defined by said resistors 20,21 to
out put the sanme as current detection signals. Said current detection
signals fromcurrent detection circuit €5 are supplied to negative

input termnal of the operational anplifier 23, while predeterm ned
reference Vol fAA | fo agibi £Fl 49 LHEAPOSEL kYgnk 19Ut cd!dH 1R € (INSCWrrckilys,
hi gher electric potential of current detection signals conpared to said
reference 1wobtage top&sblaisn ddereniut@Petect@nTigiginalsfl in paogortion to
operational anplifier 23 to supply High-level control signals to pul se

wi dt h cont ridadiqwrent9LLANd said control signals force pulse width control

circuit 9 to narrow the pulse width-of the driving signals to each FET3, 6in
‘order to linmt |oadXeoyrreaeordence with the structure of the present

embodiment, salid current detection signals can be utilized for
protection agalnst excess currént. That is,.if load current {iL
exceeds predetermined valﬁe because of, for example,
short—circuitlng of load 13, electric potential of said current
detection signals {s alséix>beCOme high in proportion to said
load'current iL. Therefore, High-Level control siqnals frog séid
operational amplifier 23 will Dbe output. to said pulse. width
control circuit 9, which immedggtély narroés the pulse width of
driving signdls to FET 3 in order to limit the supply of load

current iL.



Herei nafter is described the action of the structure thus far descri bed.
First, FEJ 3 is on-off controlled by neans of. driving signals from pul se
w dth control circuit 9 on the primary sides of transforners 1, 2,
whereby D.C input voltage V-IN is intermttently applied to the

" primary windings 1A 2A of transfornmers 1,2. On the other hand, FET 6 is
turned-on/off alternately with respect t PET 3, while each PET 3,6 is so
controlled that thefs heastnbefarert diescrieed bl presaitangrbgdiowet
fromsw tching-on to switching-off of each PET 3,6. At this tine, driving
si gnal s frofffHtR%e Wt Kiedhrg olreEtFdAAe ol ar S upfiaed Wn “dPreEPIs haB. 28

capacitor 7 be di scharged by accunul ated energy in the primry w ndings
TA oA of tr2hor e ey AR JOEEM RS M Srathe Spkert ot "8

may be di sghar gad By 6cLAVIR! GhkartN GO nd nvag};_a&rims,y;g!% uNgS 18, 24 of
transforners 1,2 prior to turning-on of FET 6, ereby switching 1 oss can
be m ni MuM {&caidAy" vidadRlglsed 8, 281 OAYEY tAGRLPM ESHL &G fonal resistors or
u:ans.formers for detection of electric current are no longer
necessary, and as a res;ult., pari_s' can be saved. Especilally, the
.present. embodiment enables Large-Power Power Supply to easily
.realize the saving of space and low-cost manufacturing thereof.
Further, said current detection circuit 15 detects Lhe. current
Cin th secondaxy windings '1B,2B of tlfansformers 1,2, of which
t_t_xe detection is approximately equal"t.o d.i..rect_ ‘detection of load
current iL. Therefore, constant current/voltage drooping
characteristic can be ea's.lly obtain'ed in ut_iliz-ing said current
detection -ci.-rcui-.t. 1S5S for protection against excess cur_:rent.'
I Hereinafter is ‘explained a second eml;odiment with
reference to FIGS.3,4, in which the samé portions as those of
the first embodiment -are designated - a# common reference
ﬁgmerals, and their repeated aetail description will be'omiu_ed.
. The present embodiqent f_elat.es to so called Forward
switching Power Supply, in which on—off. control of FET 3 allows
D.C.input vo:.l.t;age V-IN to be intermittently applied to .1__he
primary winding 1A of transformer I, and the v_olt.a.ge~ induced 1in
't-.h'e'seconiiai:y' wi.n.ding-l-B.of said transformer 1 is rectified and
smoothed by means of dibdes- 10,11, capacitor 12, and choking
cbil 31, whexeby _D.'C.out.pdt voltage V-OUT éan be suppl_ie-d' to
load 13. And the connection point of said chok,i'm;.; coil 31 and

secondary winding 1B of transformer 1 is further connected to

resistor 16 of current detection circuit 15.



Wth the above serial action of FETs 3,6, the voltage induced in the
secondary wi ndings 1B, 2B is rectified and snoothed by di odes 10,11 and
snoot hing capacitor 12 to supply predeterm ned D. C output voltage V-QUT to
| oad 13. And pulse width control circuit 9 controls the pulse width of
“driving signals supplied to each PET 3,6- with reference to detected 7
vol tage from voltage detection circuit 51(9 that said D. C output voltage
V-QUT wil] be held constant. On the other hand, at the both
termnals of the secondary wi ndings 1B, 2B Ofcoitlr gqsfeor rregg L&l nal

symretrical |y erergetbubpt® §7‘6FT‘6fb’els\/I°f\/2°’h°a'§/i|"ﬂ Such “wave as shown in
FIG 2 respegtively,y AL Lhis, i I ggt E-,hsa.l. 1N R mf EESPSI L dTRr S
1,2 shows tﬁap’ab od‘ﬂ%téao n%ut put ‘{/%1"5352‘ VI and tinme, output \a/ol tage V2

and time in,juENbR%oe? @bnEEJL 3ofr PefeSPERti (ALY equel dmdihgseesDstance

t ur ni ng- off of FET 3. However,
in .said choking coil 31 itself causes voltage drop VA in’
pfopogtlon Lo’ load current iL in turning-on/off of said FBf i,
thus terminal voltage V3 {including said- voltage drop VA 1is
detected by current detection circuit 15, whereby current
detection signals can be output to operational amplifier 23 to
attain the same action and effect as those of the first
embodiment. -

In FIG.S showing a third embodimént of the invenLiqn,
current sharing function is  applied Lo. s;id Switching Power
Supply. Again, th__s#me portions as those of the forgo;ng
embédihenxs are deglgnaied as com;on reference numerals,~'and'
their repeated detail description will be omittéd.

The current detection signals :from said current
detection circuit 15 is divided 'gy resistors 41,42 to be
;upplied L6 negative inpuL terminal of the operational amplifier
43. On the ot.her.. hand, to the positive input terminal of said
operaLional anplifier 43 is connected current sharing terminal
PC and is supplied 'said cutr;nt. deteétion siganls divided by
resistors 44,45. Further, between the negative terminal and |
outpﬁt Le?minal'of said operational amplifier 43 {is interposed
re#istor 46, while said 6utpﬁp terminal of operational amplifier
43 is connected via dicde 47 to the positive terminal of
operati;nal amglifier 48, to thch is supplied reference
voit.age. . Aadltionally, ~to the -ne:gat.ive input terminal of said
operational ampliffer 48 are supplied detection signals from

voltage detection circuit 14, while the output terminal thereof



mﬁnding resistance in each secondary w ndings 1B,2B causes voltage
drop VA wwhen electric current flows through said secondary w ndi ngs
1B, 2B. That is to say, if the output voltage V1,V2 are negative, current
supply to load 13 is interrupted by diodes 10,11, thus no electric current
fl ows through said-secondary w ndings |1B 2B, therefore, no voltage
drop caused by the resistance therein occur. On - the other hand, if
the output voltage V1,V2 are positive, -current supply to load 13

is permtted Rpieedea 10, ddisd @l eehiis1 calf &t §Lows through said
secondary wi ndings |B, 2B, whereby voltage drop will occur in proportion to

| oad current -ilL aminbetheaéernpaaés sﬁppnyhed&eceadaiylausndmngs tcredd I N
order to.detect said voltage drop VA caused in each secondary w ndi ngs

| B, 2B, trmadnyeoadpndetec¢¢tﬂ1 diSr ciptedfntedd nmitharesitgucitosieuigiug | el xrietd
within "a switching freq uencX regi on fromeach output. voltagé V1, V2 by

means of sa#eteGYiesr sdigPpelst BoRﬁPPQth"'P e's? stepk crFreptafl éhﬁé‘t‘?ﬁ-orthl%

wher eby Onle_ylecq_erllg c[:)ost!egnﬁlai CaOJ rgngnghgge ﬁézdinvqm ;[.eazqnein%rlopl’cvp\valrsies
depending upon the varilation of said load cqrrent.in. Thereque,
1nl th case of sinéle operation, such Powe; Supply having
smaller 'load current iL has corresponding smaller electlric
pétential at its current sharing.tetmlnal éc as comphred'yith
. that of such Power Supply having larger load current iL,

On the other hand,. in the case of '‘parallel operQQIOn,
as each current sharing terminal of'each.fower Supply device is
connected Lb "one another, the potential -at current. sharing
terminal PC-of subh_Power Supély ;ith smaller load current iL
inevitably’ rises, kﬁereas the electric: potential at current
sharing terminal PC of such Power Supply with larger load

.currxent iL Lnevxtably falls. |

Y

Accordingly, each Power Supply having smaller load

.

cgrrent iL. permits the electric potential at the positive input
terminal of operational amplifier 43 to rise, thus the output
terminal of said operational amplifier 43 becomes High so as to
.raise the Potenﬁial_at the positive input terminal provide@ on
the referenée voltage side of operaiional amplifier 48.

.On the other hand, each éower Supply haviﬁg larger load
current iL allows the potential at the positive input terminal
of operational.amplifier 43 to inevitably fall, thus the output
terminal of said each operational amplifier 43 becomes

Low-Level, nevertheless, current flow from the reference voltage

into operational amplifier 43 is interrupted by diode 47 so that



Supplied to anplifier circuit 19. Thereafter, said anplifier circuit
19 amplifie&s said D.C.signals fromsaid filter circuit in order to obtain
current detection signals in proportion to load current iL. In accordance
with the structure of the present enbodi ment, said current detection
signals can be utilized for protection aga nst excess current. That is, if
| oad current iL exceeds ' predeterm ned val ue because of , for
exanpl e, short-circuiting of load 13, electric potential of said current
det ecti on st@ﬂaﬁ%@¢%¥kﬂsmpﬁqytbeéoné B¢ fhrenrprvpdegieodst bekdi ePrsdad ey ent

I L. Therefore, h-Level control nals fromsaid operational anpllfler
23 will be‘%%tBﬁ ifbvﬁaﬁﬂpbhl§§‘mfﬂgh gn 8? OpeLattom !l \dedi fihediat el y

narrows the pulse w dif)0hudhi] N0e2LdNBbSelO Slghid MhvahgClonb1blMbab®
supply of load current iL _
current 1L permits the reference potential of operational

amplifier 48 to rise, uhereby pulse width control circuit 8§ can
control the driving sig.nal's to each FET 3,6 in order to permit
more load current iL to flow Lhez"einto in accordance with the
cutput signais from said operational amplifier 48.

Incidentally, the present Iinvention should not be
limited to .the aforem;ant_ioned emb;adiments thus far described,
but can be modified within the ‘scope of the invention.

For examplé, .besides Zexo-Voltage-Swithichg or Forward
Switching Power Supply, the present inveﬂtion may be applied t'.c:
Push and Pull or Full Bridge Switching Power Supply. Further,
current detection sighals from current 'd'e.t.ect_it_)n circuit may be
utilized for such fnnctigns_ other than for said protection

“

aganist excess current or current sharing.



9 As hereinbefore described, the present enbodi nent enploys the
Wi ndi ng resistance in the secondary wi ndi ngs 18,2B of transforners 1,2 as
current detector, so that load current iL can be nonitored hy means of
vol t age drop caused i-n said secondary w ndi ngs 1B, 2B. Accordln

conventi onal
are no | onger
t he present.

the

the saving of space and | ow cost manufacturing thereof.' Further, said
current detection circuit 15 detects the current in' the secondary wi ndi
1B, 2B: of transhornenss&ﬁtchﬁanpdﬁeﬁfﬁhmﬁmﬁcbmpoiSSngpprOX|nately equal to

di rect

"detection of | oad curren
current/vol t age drdbp.ﬁb‘EﬁE a%f@?sg?r%eﬁ ?% eﬁﬁl@h %éalnedprimary
utilizing $ai d'arslsesonddeyestindingsr evet rdSpéatriyalyt dsoiletedgfironteasliess
Hermlggﬁéy;is expl ai ned a. second enbodi ment with

current.
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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 wiﬁding (1B, 2B) of the or each transformer (1,2),
the or each current detection circuit (15) outputting
current detection signals proportional to the secondary
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' detection signal for parallel

operation of each sw1tch1ng power supply.

3. A power supply according to claim. 1, comprising a
pulse width control circuit (9) for controlling switching
of the switching elements (3,6) and narrowing the pulse
width of control signals supplied to the switching elements
(3,6) to limiﬁ the supply of load current when the current
detection signals reach a predetermined level.

4. A power supply according to claim 1, wherein said
current detection circuit is coupled with a filter network
(18) for rejection of signals within a switching freqnency

region.

S. A power supply according to any of claims 1 to 4,
further comprising one or more choking coils (31) connected
to the secondary side of the transformer.

resistors or transformers for,detection of EMH IIH@ u m“l
necessary, .and as a result, parts' can be

enbodi nent enabl es Lar ge- Pom;ﬁ’gmer Suppl y to easil y real | ze

i ngs



reference to FIGS. 3,4, in which the same portions as those of the first
enbodj nentsare designated as common reference nunerals, and their
repeated detail description will be omtted. The present enbodinent
relates to so called Forward sw tching Power Supply, in which on-off
control of FET 3 allows D.C.input voltage V-IN to be intermttently
applied to the primary winding 1A of transdorner 1, and the voltage

i nduced in the secondary winding IB of said transfornmer 1 is rectified and

snoot hed by neans of ‘di odes . 10, 1SRIFEHRNG 1 ROWER SURRAYchoki ng coil 31, .
wher eby D. C. out put voltage V-OUT can be gpepid®d to load 13. And the
connection point of said choking coil 31 and secondary wi ndi ng | B of
transforner 1 is further connected to resistor 16 of current detection -
circuit 15. 10 At hoswitchingaavesf soppky ip< @nle 3t wormy geansfonmens

vol tage V3 having, sych Wavel oL heSiP1haky Rl 4sLfoBiy Wffings are
respectively isolated from each other. Switching elements
(3,6) provide on-off control of DC voltage applied to the
primary winding' of the or each transformer (1,2). A
current detection circuit (15) detects voltage drop caused
10 by the resistance of the sécondary winding .(1B,ZB) of the
or each transformer (1,2), the current detection circuit
(15) outputting current detection signals proportional to
the secondary load current of. the or each transformer.

Figure-l.



with on-off control of FET 3. At this time, winding resistance in said
choking ceil 31 itself causes voltage drop VA in proportion to |oad
curtrent iL in turning-on/off of said FET 3, thus termnal voltage V3
including said voltage drop VA is detected by current detection
circuit 15, whereby current detection signals can be output to _
-operational anplifier 23 to attain the sane action and effect as those of
the first enmbodiment. In FIG5 showing a_third enbodi ment of the invention,
current sharing function is applied to sd/& Switching Power Supply. Again,
the sane portions as those of the forgoing enbodi nents are.designated as -
common reference nunerals, and their repeated detail description will be
omitted. The current detection sighHhls from said current detection
circuit 15 is divided by resu§1  41,42 to be supplied to negative
arpl i f

i nput term nal of the operational {a | 43. On the other hand, to the
positive input term nal of said opgrationall anplifier 43 is connected
current sharing ternminal PC and i#«squ i said current detection siganls
di vi ded- by e >
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resistors 44,45. Further, between the negative termnal and output term nal
of said operational anplifier 43 is interposed resistor 46, while said

" output terminal of operational anplifier 43 is connected via diode 47
to the. positive termnal of operational anplifier 48, to which is
supplted reference voltage. Additionally, to the negative input termna
of said operational anplifier 48 are supplied.detection signals from

vol tage detection circuit 14, while the output term nal thereof is
connected to pul se width control circui2/9. Since each Power. Supply device
allows the current detection circuit 15 integrated therewith to output
current detection_signali:ig roportion to load current iL.thereof, the,

el ectric potential at saitd ¢ugrent sharing term nal PC varies-dependi ng
upon the variation of said load current IL. Therefore, in the case of
singl e operation, such Power Supply having smaller load current iL has
corresponding snmaller electric :




potential at its current sharing termnal PC as conpared with that of such
Power Supply having larger load current iL, On the other hand, in the case
of parallel operation, as each current sharing term nal of each Power
Supply device is connected to one another, the potential at current
sharing term nal PCof such Power Supply with smaller load current ilL
inevitably rises, whereas the electric potential at current sharing
termnal PC of such Power Supply wth larger load .current ilL
inevitably falls. Accordingly, each Power Supply having snaller |oad
“current iL permts the electric potential,6 at the positive input term nal of
operational anplifier 43 to rise, thus tHe output term nal of said
operational anplifier 43 beconmes Hi gh.so as to raise the potential at the
positive input. terminal provided on the geference voltage side of
operational anplifier 48. On the other nd, each Power Supply having

| arger load current iL allo he ntial at the positive input termninal
of .operati onal anplifier:iS o I nt ly |fall, thus the output term nal
of said each operational anpl igfier 3 becones '
. 8 . .
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Low Level, nevertheless, current flow fromthe reference voltage into
operational anplifier 43 is interrupted by di ode 47 so that 12 the ]
el ect’ric potential of reference voltage is held constant at the positive
input termnal of said-operational anplifier 48 Consequently, each Power
Supply having smaller load current iL permts the reference potential
of operational anplifier 48 to rise, whereby pulse width control circuit 9
can-control the driving signals to each FET 3,6 in order to permt nore
load current iL to flow thereinto in accordance with the output signals
from sai d operational anplifier 48. Incidentally, the present invention
should not be Iimted to -the aforenent 4gded enbodi ments thus far '
descri bed, but can be nodified within the scope of the invention. For
exanpl e, besi des Zero-Voltage-Swithichg or Forward Sw tchi ng Power Supply,
the present invention nmay be applied to

+9%




Push and Pull or Full Bridge Sw tching Power Supply. Further, current
:detectiop signals fromcuirent detection circuit may be utilized for such
functions other than for said protection agani st excess current or current
shari ng. * C. L M S * CLAIMS 1. A swi tching power supply
conprising: one.or nore transforners (1,2) of which the primary.5 and .
secondary wi ndings are respectively isolated fromeach other; swtching

el ements (3,6) for on-off control of DC voltage applied to the primary

wi ndi ng of the or .each transforner (1,2); 10 one or nore current
detection circuits (15) for detectios/sf voltage drop caused by the

resi stance of the secondary wi nding (1B, 2B) of the or each transforner
(1,2),
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tfie dr each current detection circuit (i5) outputting current detection .
signals proportional to the secondary 15 | oad currentprafstd o3 o po_—
transforner. 2. A power supply according to claiml, ﬂﬂéﬂﬁ%ﬁaggﬁk‘_l
current sharing termnal is connected to each transmttynjg™line of sai
each current- detection signal for parallel 20 oper ati pnj ofp'EMAR 1698 t ghi
power supply. 3. A power supply according to claim 1 onprising a pul
width control circuit (9) for controlling., swtching of [heswtThTg

elenents (3,6) and narrowi ng the pul se 251 width of ‘coptrol signals
supplied to the switching el enents - (3,6) tolimt the supply of |oad

ng
se

current when the current detection signals reach a predeterm ned | evel. 4.

A power supply according to clai BWITCHINGcPOWEBRISUPPAY 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 clains 1 to 4, 35 further conprising one or nore choking coils (31)
connect ed - ' :

The present invention relates to Suitch1n§ Power Supply

equipped with current detection circuits both for protection

against excess current and current sharing function in parallel

operation.

In general, coaventional sﬁitching Power Supply for
stabilizing D.C.output voltage by switching elements thereof is
coupled with excess current protective circuitry for suppressing
the secondary excess current of a transformer in an overload
condition. On the other hand, in thesevent of parallel operation
of mﬁltiple Switching Power Suppyies, it is des;rable, for
reliability's point of view, that a current sharing function may
be integrated therewith in order to equalize load current from
each Power Supply. For the aforementioned excess current
protective circuitry and current sharing function, current
detection circuit is indispensable to mgnito: the secondary
output load current éf a transformer, which, for examplé, is
disclosed in Japanese Patent Application Laid-open No.61-531875.

Said Japanese Patent Application discloses such circuit
arrangements Lﬁat between the primary or secondary lines of.a
transformer is interposed a current deteqtér such as a resistor
or a current transformer, -and the current flowing Lherethpough
{s supplied to a current detection circuit to output current

detection signals in proportion to load current thereof.



to?t h}e secondary side of the transforner. | REPLACEMENT SHEET
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Rowever, the above convencioml art has a3 few probleas
described beiow;

Fifrst, fa the event of usiné 3 resistor as «i curcent
detector, power consumption by safd cesfistor (tself causes Lhe
large loss of said Power Supply itself. Secoadly, spegifl-call,y_
fa .(_he case of Power Supply with a large output curr;:nt., the
carrent flowing through the resistor also increases, thas such
. resistor requires larger permissible pover capaclty, which
prevents the saving of space of Power Supply.

On the other hand, in the event of using a current
transformer aé_a current dét.ect_or, sajd loss of Power Supply
becomes less thanin using a resistor, however, Power Supply for
-Super Power needs a large transformer as well as in.usi.ng said
resistor, which prevents the ;pace saviné and Iow-cost

manufacturing of Power Supply. “

Accordingly, it is the main object of the present
invention to provide Switching Power Supply which can realize
the saving of space even for a larger output chn:ent

It is another object of the present invention o
provide Switching Power Supply wvwhich c¢an realize low-cost
manufacturing even for a larger output cirrent.

In accordance with a wmajor feature of the ’present
invention, there is provided a eruct:ute for Switching Power
Supply comprising:

one or more transformers isolated between tLhe primary

side and secondary side therecof;



