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SWITCHING POWER SUPPLY

The present invention relates 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
.trgnsformer,is interpo#ed a cu;rent 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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Rowever, lJ.\e above conventinal art ha; a' few problems
described below; .

Firs!_,' in {(he event of using a reslsLér as a current
detector, power coansumption by saild resistor {tself causes the
--large loss of said Power Supply.it.self- Secondly, specifically

in the case of Power Supply with a large output current, the

" current flowing through the resistor also increases, thus such

. resistor requires larger permissible power capacity, which

prevents the saving of spa.ce' of Power Supply.

On the other hand, in the event of using a current
t.;'ans‘fomer as a current deLecLor, said loss of Power Suplply
becomes less t_ha'nin using a resistor, however, Power Supply- for -

Super Power needs a large transformer as well as in using said

' resistor, which prevents the space savin§ and low-cost

ma.m'xg_':'act.urlng of Power Supply..

Accordingly, it 1is the main object of the present
invention to provide Switching Power s_ugpl.y_ 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 low-cost
manufacturing eve'n.for;'.-a l_arg-er output current.

| In acc_o.rdance with a major feature of the preseﬁt.
invention, there is provided a st.ruc-tiure for Switching Power

Suppl—y. c<;mpris ing:
one Or more Lransformers. isolated between the primary

side and secondary side thereof;
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switching elements for on-off control of D.C.input

" voltage applied to the primary winding of sald Lraqsformér;'

one or mdre current detection circuits to output
current detection signals in proportion (o the secondary load
current of the transformer, detecting voltage drop caused by the

secondary winding resistance of said transformer.

Other objects,.featufes and advaniages of the invention
will be apparent to those skilled in the ért from the following
description of the preferied embodimeéts .0f the invention;
wﬁerein reference is made to the accompanying drawings, of
which: . | ’ .

FIG.1 is a.'ciréuit diagram showing the first embodiment of a
Switching Powex Supply.of the invention.
FIG.2 is _a. wavéfofm illustrating Lhe primary and. secondary

voltage .of a transformer of the invention.

FIG.3 is a circuit diagram showing the second embodiment of a

Switching Power Supply of the invention.

PIGTQ is la Qaveform 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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'H'erelnaft.e'r' is explained a first embodiment oOf the
finvention with reference to FIGS.l to §S.

In FIGS.1 and 2l shouinq a first embodiment - of the
anéntioﬁ, reference numerals 1l and 2 designaLeILransformers, 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 element or MOS FET
3 in order to apply D.C.input voltage .V—IN Lthereto. Furt.ﬁer.,
series circuit of a_-bloc.:king cépacitor 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
d.iodes therein, and dfiving signals .from pulse vidt.!\ control
circuit 9 are alternately subpli;d to discrete gates of FETS3.S6,
#o that out;put_; voltage V;OUT can- be held éonst.ant. by controling
pulse width of said driving siganis. |

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
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detection «circuit connected Lo opposite terminals of safd
smoothing capacitor 12, which supplies deLeeLed voltage Lo pulse
width control clrcq(t 9, corresponding ‘Lo variatfon of said
p.C.output voltage,v;our. |

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 15 detects voltage drop in the secondary windings 1B, 2B

'of transformers 1,2 in order to output current detection

signals in proéortiou to the secondary load current iL of

transformers 1,2. In other words, to the connngction points of

the secondary winding 1B with diode 10 and the secondary winding .
2B with diode 11 are connected respectively one of terminals of

resistors 16,17, while the other terminal thereof are connected

Lo each.othe;. FPurther, between said other terminal of resistors

16,17 and the connecgion pdint of the secondary windings 1B and
2B is interposed cépacitor 18 to form filter circuit comprising
resistors 16,17 and 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 resistors 20,21 LQ output the same as

cufrent'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 voltége
is applied to the positive input Lermigal thereof, thus, higher
electric potential of current detection signals compared to said

reference voltage perhits the duLpuL terminal of sai§
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operational amplifier 23 to supply High-level control signals to
pulse width control circuit 9. And said control signals force

pulse width control circuit 9 to narrow the pulse width of the

driving signals to each FET 3,6in ;)rder to limit load current {L.

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 I-‘E':T ‘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
circui?t. g 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 turning-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

smoothed by diodes 10,11 and smoothing capacitor 12 to supply

' predetermined D.C output voltage V-OUT to load 13. And pulse

width control circuit 9 controls the pulse widt.h' of driving

signals supplied - to each FET 3,6- with réference to detected
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voltage from voltage detection circuit so that said D.C.output
voltage V-OUT will be held constant. |

On the " other hand, a-t. the both terminals of the
secondary windings 1B,2B of transformers 1,2 symmetrically
emerge output voltage V1,V2 having such waveforms as shown 1.n
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 sald'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
voltage VI1,V2 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
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circuit 19 amplifies sald D.C.siqnals; from said f{lter circuit
in order to obtafin current detection signais in proportion to
load current {L.

In accordance v;ith Lﬂe structure of the present
embodiment, sald current det.éct_ion signals can be ut_ilized for
protection agalnst excess currént.. That 'is, . if load current (L
exceeds predetermined val;xe because of, for example,
short—circuitlng of load 13, electric potential of said current
detection signals {s alsé to become high in proportion to said
load current iL. Therefore, High-Level control siqnals from sa:id
operational amplifier 23 will Dbe output. to said pulse. width
control circuit 9, which immedi_at.ély narrowl:s the pulse width of
driving signdls to FET 3 in order to limit the suppiy of load

current iL.
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As  hereinbefore described, the present embodiment

empl.oys Lhe‘windlng resistance {n the secondary wvindings 18B,2B
of transformers '1,2 as current detector, so that load current {L
can be monitored by means of the voltage drop'ca{xsed in said
secondary windingé 1B, 2B. 'Acco.rdinqu, conventional tesist.o'rs; 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.
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At both t.ernf.inals of cl;oking coil 31 emerges terminal
-voltage V3 having such wavefprdx as shown ln.PIG.d in accordance
with on-off control of FET 3. AL this time, winding resistance
in safid choking coil 31 itself <causes voltage drop VA {n’
pfopo:gt..lon Lo’ load current iL in turning-on/off of said FBf i,
thus terminal voltage V3 {including said- voltage drop VA 1is
detected by .currenL 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 invention,
current sharing function is  applied Lo. sa_id Swit;_ching Power
Supply. Again, t.h_e__s#.'me portions as those of the forgoi_ng
embodiments are des}gnaf.ed as com;non reference numerals,fand'
their repeated detail description will be omit.t_.ed.

'.lfhe current detection signals .'from said current
detection circuit 15 is divided 'l;y resistors 41,42 to be
supplied t.o' negative inpu.t. terminal of the operau.onlal amp_li.fie-r
43. On the ot.her.. hand, to the positive input terminal of said
opera-t.iogal anplifier 43 is connected current sharing terminal
PC and is supplied 'said cur're'm. det.eét.ion siganls divided by
resistors 44,45. Further, between the negative terminal and
out.pt.xt. Le;.'minal' of said operational amplifier 43 is interposed
re#ist.o'r 46, while said 6ut.pti_t. terminal of operational amplifier
43 is connected via dicde 47 to the positive terminal of
operational amglifier 48, to which is supplied reference
voltage.-hadlt.ionally, ~to the -ne:gat.ive input terminal of said
operational ampliffer 48 are suppl_ied detection signals from

voltage detection circuit 14, while the output terminal thereof
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fs connected to pulse width control circult'e-

Since. each Power Supply device allows the current
detection circuit 15 Iintegrated therewith Lb output current
detection signals in proportion to load current iL thereof, the
‘electric potential at sajd current sharing terminal PC varies
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 electricl_potential at current
sharing terminal PC of such Powgr Supély with larger load

-current 1? inevitébly falls. ‘.; |
| 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 othex hand, each éower Supply having 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
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the electric potential of reference voltage is held constant at
the positive Lnéut termfinal of safd opérational ampllfier-48¥

Consequently, each Powér Suéply having smaller 1load
current 1L permits. the reference potential of operational
amplifier 48 to rise, uhereby pulse width control circuit 8§ can
control the driving sigﬁais to each FET 3,6 in order to permit
more load current iL to flow Lhe?einto in accordance with the
cutput signais from said operational amplifier 48.

Incidentally, the present Iinvention should not be
}imited to .the aforeméntioned emb;diments thus far described,
but can be modified within Lhe‘scope of the invention.

For examplé,.besides Zero-Voltage-Swithichg or Forward
Switching Power Supply, the present inveﬂtion may be applied t;
Push and Pull or Full Bridge Switching Power Supply. Further,
current detection siénals from cﬁrrent'deiectign circuit may be
utilized for such fnnctigns_ other than for said protection

“

aganist excess current or current sharing.
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CLAIMS

1. A switching power supply comprising:

one or more transformers (1,2) of which the primary
and secondary windings are respectively isolated from each
other;

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 freqnéncy

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.




