SwaCHED MODE PONER SUPPLY HAVI NG A DI SCHARGE CI RCUI' T FOR AN AUXI LI, ARY
PONER SOURCE The present invention relates to a switc d nmode power supply

(hereafter

di scharge circuit for causing’the output voltage of-an aUXI|

referred to as SNPS) and in particular to §$aV|ng a

= mwer

source (for supplying an operating power to a swtching signal generator
and a protective circuit) to drop quickly on turning off the power source.
An SMPS includes a power supplying device for rectifying the comercially

supplied alternating voltage.
transf or ner

SUPP

general ly adopted a voltage node type of a kind of pulse w dth nodul ati on

met hod, but recent|yhéSpsbaégt Nndnienddopt ra18¥eEeRG @dewiﬁ/&?ed TREaP" bSer
art SMPS of current node type has a dlsadvantage

supply (hereafter referred to as SMPS), and in particular to an
SMPS having a.discharge circuit for causing the output voltage
of an auxiliary power source (for ;upplyiﬁg an operating power
to a switching signal generator and a protective circuit) to drop
quickly on turning off the power.sourée.

An.SMPS includes a power supplying device for fectifying the
commerciélly.supplied.altefnatipg voltage. Currené in the primary

winding of a switching transformer is switched on and off

‘according to the rectified output voltage of the secondary

winding of the transformer. Since such an SMPS has a low ripple
content in its output, it is widely ﬁsed in computer systems or
a machinery where a precise power supply is necessary.

Such an SMPS has generally adopted a voltage mode type of

- a kind of pulse width modulation method, but recently is changing'

to adopt a current mode type.

The prior art SMPS of current mode type has a disadvantage

Current in the primary wi nding of a smntch[ﬁg
I's swtched on and off according to the rectified output

vol tage of the secondar&ﬁﬁigg f the transforner %lnce such an SMPS has
alowripple content in =24 ] e Ac QARG y St e
or a machi nery where  a preci " stuj’-fhgi,uﬁ Fr~an SMPS has

¢
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that, in the case where a person turns the power source off and then on
honentarily or operates in response to a disorder of various systens which
&re connected to the SMPS, and thus the power is turned off, it takes
considerable tinme to re-operate the system The prior art SMPS of a .
current node type will be described belowin detail, referring to Fig. 1.
As ildustrated, the SMPS of a current node type includes a prinary
rectiysfying circuit 1 having a bridge-type rectifier BDL for full-wave
rectification of alternating voltage applied through a plug PL1 and a
capacitor Cl conggﬁsgﬁl tween the ou e rectifier BDl and ground.
nal"’ of  t
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The out put termnz:
primary winding T1l of a switching transfornmer T1 of which a secondary

winding T12 (onthbg bRagomeHdriBy CONNSSEAftdd th SREYINALY thed ididdider of

circuit 2 for supplying operating power to the |oad side and including a
forward di ode D1 and a capacitor C2 connected between the anode of the
di ode D1 and gr yardlous nsesfeins orhichherer znsheched Hd the tSMPS .copl itdes dhe?

power is turned off, it takes considerable tjme td re-operate the
system. The prior art SMPS of a current.mode type_will be
describgd below in detail, referring to Fig. 1.

As i;lustrated. the SMPS of a currgnt mode type includes a
primary rectifying circuit 1 having a bridge-type rectifier BD1
for full—waye rectificatiop pf altérnating .voltage applied
fhrough a plug PL1 apd a capacitor Cl connected between the
output of thg rectifier BD1l and ground.

The output terminal of the primary rectifying circuit 1 is
g_} ..connécted to a primary winding T11 of a switching transformer T1

of which a secondary winding T12 (on the load side) is connected
to a secondary rectifyihg circuit 2 for supplying operating power
to the load sidg and includihg-a;forward diode D1 and a.capacitof
C2 connected between the anodé of the diode D1 and ground.

In addition, the transformer Tl further comprises an



auxiliary secondary winding T13 which is connected ‘to an auxiliary
power source circuit 3 for supplying an auxiliary power source and
including a forward di ode D2 and a capacitor C3 connected petween.the anode *
of the diode D2 and ground. The output voltage fromthis auxiliary power
source circuit 3 is supplied as an operating power source to a swtching
signal generator 4 and a protective circuit 5. And the output signal from
the swtching signal generator.4 is supplied to the gate of a field efhgxt
transi stor FET1 connected between the primary winding T11l of the '
transformer T1 and ground, so that the field effect transistor FETL turns
on and of f alagukil8keyy. .sekonbakyi NGindivigst D13 Rawtithi N$er tethreettedentd han
output of the primary rectifying circuit 1 and the power source term nal of
the switching signal generator 4. This starting resistor Rs forms a

suppl yi ng paeuxéliany ipewerasoyrsserizeuitd for WERIVAREL #R ayill $AFT Pasiegnal
generator 4 on the initial operation. A voltage divider 8 conprising

oSt STOTS Rl R SOUNCUSH 1l RET o Sro b SBLIET FUURE e USRI o3
connéqted bgtwgéh the anode of the;diode D2 and gfound.'
The output'voltage_froh-fhis #ukiliary'power:sburce circuit
3 is.sgppliéd as an operating:poﬁér'éburge.to;a SWitcﬁing signal ;;
generator 4 and-a.proteciive ¢ircuit 5. And the output signal
fr§m the switching signal generator 4 is supplied'to the gate of
a field effect tfansistbr'FETI connedtgd'Bétﬁegn the primary
winding T11l of the trahsformer'Tl énd'ground. so that the field
effect transistor FET1 tufns”on-and 6ff'alternate1§;

A starting resistor Rs is inserted betﬁéen.the.output of the
primary rectifying circuit 1 and the ﬁoﬁer'soqrce terminal of the o/
switching signal generator 4. This'étafting rééistor Rs fgrms
a supﬁlying path of an'initial'POWéf sourcé for dfiving_the
switching'signal generatbr 4 on the initial'operétidn.

" A voltage divider 8'comprising fesistorslk};.RZ connected

in series is inserted_Vbeﬁween. the dﬁtput terminal of the



secondary rectifyipg circuit 2 and ground. The voltage applied between the
resistor R2 of the voltage divider 8 and ground is supplied to a voltage

ol uct uati on, sensing section 6, and this voltage fluctuation sensing section
6 drives the light emtting portion of an optocoupler PCl connected to the
out put side, according to the input signal fromthe voltage di vi der 8.
Furthernore, the output of ‘the light receiving portion of the optocoupler
PCL connected to the switching signal generator 4 so that the

swi tching signal generator 4 can control the field effect transistor FET1
according to the operating state of the optocoupler PCl, and is also
connected to trReqandesdt reet Eiving cirvudt opeand igneungt  The vodimge amnlird
the above- nentloned constructlon i s explained below in detail. The

al ternating voIt theg %g%$¥a%gtg% Rkl |31E§§%K§V q%ln th g@gy is

rectifying CIFCUI o ou RctreurPan age. BTNt
output fromthe prlnary rectlfylng circuit 1 4

supplied to a voltage fluctuation sensing section 6, and this
voltage fluctuation sénsing section 6 drives the-light emitting
portion of .an optocoupler PC1 connected to the output side,
according to the input signal from the voltage divider 8.
Furthermore, the output of the light receiving portion of
the optocoupler PCl -is connected to the switching signai
generator 4 so that the'switching signal generator_4 can control
the figld effect transistor FET1l according to the operating state
‘of the optocoupler PCl, and is also connected to the protective
circuit.
gj _ The operation of the SMPS having the' above-menti&héd
construction is e#plained below in detail.
- The alternating vol;age ;pplied to the pPlug PL1 is rectified
in the primary rectifying circuit 1 to output the direct current
DC voltage.

DC current output from the primary rectifying circuit 1



supplies the switching signal generator with an initial power source
through the starting resistor Rs to drive the field effect transistor FET1
and flows through the prinmary winding T11l of the transformer Tl to induce a .
vol tage to the secondary w nding T12 of the |oad side and t'o the secondary

wi ndi ng T13 of the auxiliary side. AC voltage induced in the _secondary

wi nding T13 of the auxiliary side is rectified to DC voltage through t he .
auxiliary power circuit 3, which.is applied to the power source tern1naLjof
‘the switching signal generator 4 and the protective circuit.5, and
accordingly the switching signal generator 4 nornmally works to output

pul se - si gnal sipplidie the edwdtehfingt sigwdi géwerdiokl withelatf Angtibkhepbwerd
effect transistor FET1 turns on and off alternately according to the pul se
signals which are output fromthe swtching signal generator, and these
reiterations BPUERR ShFoBgh the shastingaesisrer s serdrive dhet Hie vt faatke

the output voltage of the prinary rectifying circuit 1 applied to the

primary wndi E'Qar}ré'ijst‘gr FBf1 LA P 8L nd gk tRE o A WRhhing T11 of the
transformer Tl to induce a voltage to the seébnd;ry winding T12
of the load side and to the secondary .winding T13 of the
auxiliary side. AC.voltage_induqed.in'the SeCQndary winding T13
of the auxiliary side is rectified to DC vo1t§ge through the
auxiliary pqwer circuit 3, whiéh ié appliea to the power source
~terminal'of'thé switching éignai génerator 4 and the protective
circuit:5, and'accordingly the switching signal generatbr.4
normally works to output pulse 'sigqal to the field effect
transistor FETI1.

-Therefore, the field effect transistor FET1 turns on and éff o/
alternately according to:the pulse signals which are output from
the switching signal generator, and these reiterations of on-off
_operation of tpe field-effect'transistof FET1 make_the.output-
voltage of ihé- primgry rectifyihg ¢ircuit 1 .applied to the

primary winding T11 of the transformer reiterate on and off.



The voltage |s |ntern1ttently i nduced in the secondary w nding T12 of the
joad side and to the secondary winding T13 of the auxiliary side by said
rei terations, and the voltage induced in the secondary wi nding T12 of the
| oad side is rectified through the secondary rectifying circuit 2, thereby
supplied. to the operating power source of the load side. In such a state,
since:the voltage applied between the resistances R12 of the voltage
diviqer 8 and ground is input to the voltage fluctuation sensing

sectio 6, the voltage fluctuation sensing section 6 changes the
brightness of the light emtting portion of the optocoupler PCl in
accordance with the Theelvoltage atisorinteirmithentbpeindueed powethe ssggrindsay
from the secondary rectifying circuit 2 to the |oad side. The |i ght
recei ving portio

which is recei vé’d 8? ‘?Cﬁfeiszsfﬁgt%ﬁ Ing‘”’s“{| Of he lttb htie‘g\ %‘h’gg'ﬂggf‘ﬁﬁtﬂ\;’e“
circuit 5. In consequence, the SMAtChIng S|gnal generator 4 controls the
operating cycl et hieififlysehbasy daianphsioatilohk, 2648 Hd G0l tage induced
in the secondary winding T12 6f the load sid; is rectified
through the. secondary rectifying circuit 2, thefeby supplied_to
. the operating power source of the load side.

In such a state, sincé.the voltage applied between the
resistances R12 of the voltage di§ider 8 and ground is input to
the voltage fluctuatipn sensing section 6, the voltage
fluctuation sensing section 6 changés'the brightness of the light
emitting portién of the optocoupler PCl in accordance with the
level variation of. the - operating po?er supplied from the

&,é _ secondary rectifying circuit 2 to the load side. The light
receiving.p§rtion detects the brightness of the light emitting
portion, which is received by.the-switching'signal generator 4
and the protective circuit 5(

In consequence, the switching signal generator 4 controls

the operating cycle of the field.effect transistor FET1 according



to the level variation of the operating power supplied to the |oad side,

t hereby preserving the operating power supplied to the load side at a
certain |evel. If the | evel-variation of the operating power is too |arge:
to be controlled, the protective circuit 5 works to stop the operation of
the switching signal generator 4 so that the operating power for the |load.
may not be at an excessive |evel, thereby protecting the nmachi ne connect.ed
to the |oad side fromdamage. In such an SMPS of a current node type, whgn
the power turns on again after a nomentary turn-off resulting froma sudden
power stoppage or when the user cuts off the power as the operation of the
protective citeuthe Slerelacariatioh ap 8he06pEra O FoweR Gupbheehosd shde

causes a stop of the switching operation of the switching signal generator
4, a residual_electric charge will remain in the capacitor C3 of the
auxi | i ary powk?adpide; itherepy prpganyiagcthe cpersvbes dowernsuprpbidd tnt the t he
residual electric charge is discharged to a voltage |less than a certain
| e_\/el , . since M!fu pgi%éecéé V'3 gélrtcal'yr} 15ev%9;r;]t'i Tfestl'iteo 1o Yéé‘riggrgrg;./g{]og' of the
operating powér is too large to be controlled, the protective
circuit 5 works to stop the operation of the SWiféhing signal
gengratqr 4 so that the operating power for.the'lo§d may-nbt be ;:;
at an excessive level, thereby‘prdtecting the machine connected
‘to the load side from damage.
In such an SMPS of a”current-mode:tjpe;;wﬁen'the power.turns
on again after a mémentary turn?off resulting from a sudden powér
stoppage or when the user cuts off the_powgr as the operation.of'
the proteqtive ci?cﬁit 5 on account of an abnormal operation of
thg load side causes a stop of fhe switching operation of the_C:L
switching signal generator 4, a fesidual”electric charge wil;
remain in the:capacitdr C3 of the.auxiliary power circuit 3.
In consequence, the SMPS does not work until fhe residual

electric charge is discharged to a voltage less than a certain

level, since the protective circuit 5 continues to operate even-
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after turning on again the power swtch. Accordingly, there exists a

di sadvantage that it takes about 5 to 7 seconds to discharge the residual
el ectric charge of the capacitor C3 and to reoperate the SMPS. An object of
the present invention is to provide an SMPS having a discharge circuit of
an auxiliary power source for bringing an end of the operation of the
protective circuit by di'scharging the residual electric charge in the
mninmtime, thereby allow ng rapid recommencenent of a nachi ne connected
to the SMPS. According to the present invention there is provided a
swi t ched node power supply conprising: a primary rectifying circuit
connected to anefterrtmtming cur ragainpdiber paNerceswidchr ectAdopirdgnahy, there
alternating voltage into a direct current voltage; a swtching transforner

connected to an out put t of th ri,mary .recti C|rc ;o a
secondary rectl?ﬁﬁﬁé}cﬁr h?? dﬁﬁﬁ@@tégago1Fhe5§ﬁﬁ(ﬁﬂ%*§ % sFB?ﬁ&SSfEﬁ

rectifying a swtching output fromthe sw tching
discharge the residual ele¢tric charge of the capacitor C3 and

to reoperate the SMPS.

An object of the presenf invention is to provide an SMPS
having a diécharge circuit of an auxiliary power source for
bringing an end_éf the operation of the protective circui; by
discharging the residual electric charge in the minimum time,
thereby'allowing rapid recommencement of a machine connected to
the SMPS.

.According to the presgnt invention there is provided a
switched mode power supply comprising:

Nkt : a primary rectifying circuiﬁ connected to an alternating'
current power source for rectifyipg an alternating voltage into
a direct current voltage;
a switching transformer connected to an output terminal of
_tﬁe primary rectifying circuit;

a secondary rectifying circuit connected to the switching



transformer into a direct current voltage; a voltage divider inserted

bet ween an output term nal of the secondary rectifying circuit and ground;
a voltage fluctuation sensing section for receiving an input voltage from »
t he vol tage divider and sensing the fluctuation of a DC out put voltage; a
switching signal generator for generating swtching signals according

to an output of the-voltage fluctuation sensing section; a protective ...
circuit for detecting whether the DC output voltage supplied to the quglis
normal or abnormal according to the output of the voltage fluctuati-on =
sensing sectjon, _and sgo pinqa%he operat.ion of the smﬁtching signal -
gener at or whtFARSHOTRSE %E.? AdPEed swdtchipg) ubRut fRop the e tehing 1

connected to the switching transformer, for rectifying a voltage

i nduced fromadd® e%”%BQB”Erdﬁﬂﬂ§§%BBEX&@9v§Tk£EE¥E“i”9 voltage to the
switching 9 signal generator and .the protective circuit; - '
a voltage divider inéerted_bgpween;an Qutput:tgrminal of the
secondary rectifying circuit and ground;
a voltage fluctuation sensing section for receiving an input
voltage from the voltage divider anq”sqnsing_thé.flﬁctuation of -
“
- a DC output voltage; '

a switching signal generator for - generating switching

signals according to an output of the voltage fluctuation sensing

section;

a protective circuit for detecting whether the DC output
voltage supplied to the load is normal or,abnopmal according to

- the output .of; the voltage fluctuation sensing section, and ::;

stbpping the.operatipn pf the switching signal géneratorrwhgn the
volﬁage is abnormal;

ﬁn auxiliary'power.source circuit connected to thé.switching'
transformer, for réétifying' a .voltage _induqed_ ffom fbe

transformer and supplying an opera;ing_voltgge”tp the switching



a smntchlng tran5|stor i nserted between the switching transforner and
ground, for executing switching operations repeatedly according to

sw tching signals of the switching signal generator; an AC power cut-off
detecting circuit connected to.one input termnal of the AC power source
for detecting whether the AC power is on or off; and a discharge circuit
for foermng a discharge path for the residual electric charge held by the
auxi l,i ary power source circuit according to AC power cut-off signals from
saidsﬂt power cut-off detecting circuit. Oher objects and features of the
present invention will be described belowwth reference to the
acconpanyi ng dr adigngd, genmendioxh;and ghelprstecttivecueiitreditigramillustrating
an exanple of a prior art SMPS, and Fig. 2 is a circuit diagramof an

enbodi nent of the SMPS 10 according to the resent inventign. ) ,
a sw1tch1ng tranSLStor erted between the switching

.transformer and ground, for executing switching operations
repeatedly according to switching signals of the switching signal
generator;.

.e' - an AC power cut-off detecting circuit connected to one input

S’
terminal of the AC power sdurce for detecting whether the AC
power is on or.off; and

a discharge circuit for forming a discharge path for the

residual electric charge held by the auxiliary power source
circuit according-to AC power cut-off signals from said AC power
cut-off detecting circuit.

ij Other objects and features of the present invention will be

despribed below with réference to the accompanying drawings, in
which;

Fig. 1 is a circuit diagram illustrating an example of a
prior.art.SMPS, and

Fig.. 2 is a circuit-diagrém of an embodiment of the SMPS.

10



A preferred enbodi nent of an SMPS according to the present .invention wl|

. now be explained. Figure 2 is a circuit diagramshow ng a construction of
an enbodi rent of an SMPS of the current node type according to the present =«
i nventi on. The SMPS illustrated in Figure 2 has a construction generally .
simlar to the prior art SMPS, but it is different in which there are added
(a) an AC power cut-off detecting circuit (indicated by reference nunber.,
17) and (b) a discharge circuit (indicated by reference nunber 18). Gbgg;al
construction of the circuit except for the AC power cut-off detecting ** .
circuit 17 and the discharge circuit 18 is the sane as that in Figure 1, so

its detail ed gxpbaialg @8 thé! pREsdit linednt 188, AC powver cut-of f detectlng
circuit 17 according to the present invention conprises an AC power cut-off

moni tor 170 for nonitoring whether the AC power applied to the AC input
termnal is on or Apfrefindred emhockimeot of rewiSMPS/Bctording crd ithg piresent
out put of the AC power cut-off nonitor 170. The AC pomer cut-of f nonitor

170 includes a resistor {
: invention will how be expla1ned.

" Figure 2 is a circqiﬁ diagram showing a construction of an
embodiment of an SMPS of the current mode type according to thg
preseht-invention; | The Sl{PS il'l'ust'r?o;:ted in Fi'gﬁre 2 has a v
constructibn generally similar to the"priof art SM?S, but it is
different in which there are added (a) an AC power cut-off
detecting circuit (indicaﬁed bylreferencé'nUmber 17) and (b) a
discharge circuit (indicated by reference number 18).

General.ccpstruction of the circuit except for the AC.power
cut-off detecting circuit 17 and the discharge circuit 18 is the
same as that in Figure 1, sé its defailed'explanation will be
omitted.

The AC power cut-off detectihg_circﬁ;t 17 according to the
present inventibn cdm?rises an AC power cut-off monitor-i70 for
monitoring whether the AC power applied'to_the Ag inﬁut terﬁina1 

"is on or off and an inversion circuit 172 for inverting the

11



a zener diode ZD, a forward-connected di ode D13, and a parallel circuit of
.d capacitor Cl4 and a resistor Rl4 connected in serial between a terninal
of the plug PL11 receiving AC power and ground, AC power cut-off nonitoring
si gnal s being output fromthe connecting point A of the diode D13 and the
resistor. Rl4. The inversion circuit 172 conprises a common emtter NPN type
transistor TR11, a resistor for limting base current R15 inserted between
the pase of the transistor TR11 and the connecting point A and a
resistor R16 inserted between collector of the transistor TR11 and the
output termnal of the primary rectifying circuit 11. This inversion
circuit 172 receautpstt hé the Al nowerheubt» pbvmonitar df7P.nonitor 170 t hrough
the base resistor R15 and inverts the output of the AC power cut-off

nonitor 170 fromthe_conngcting point qof the, col tor .and the resistor
R16. Therefore, the A epﬁ&e?°%§h- 4o thSPfﬁ%rc+f§Lﬁq° °f & resLitUS:
t he high-1evel output when the AC power is off, but when the Ac power is

normal , it prodyceanbhealoye |AY,ela 2utRatd-dbHidted diode D13, and a parallel
circuit of a capacitor C14 and a resistor R14 connected in serial
between a‘ . .terminal bf the plug PL1l1 receiving AC powér and
.ground, AC pbwér cut-off monitgring signals being output from thg
connecting point A of the diode D13 and the resistor Rl4.

The'inversion'circuit 172 comprises a common emitter NPNJ
t&pe-transistor TR11l, a resistor for limiting base cﬁrrent R15
inserted 'between the base of the transistor TR11 and the
connecting point A, and a resistor R16 iqserted betwgen collector
of thé transistor TR11l and the output terminal of the pfimary
rectifying circuit 11.

.This inversion circuit 172-:éceives the output of the AC
power cut-off monitor 170 through the base resistor R15 and
inverts the output of the AC power cut-off monitor 170 from the
connecting point of the collector and the resis?or RIG;.

Therefore, the AC power cut-off detecting circuit' 17

12



the detecting signal is not output In addition, the dlscharge circuit 18
I's conprised of a coomon emtter NPN type transistor TR12, its base being
connected to the output termnal of the inversion C|rcuit 172, its
collector is connected to the output terminal of the auxiliary power
circuit 13, and the enmitter is-grounded. Accordingly, when the AC power
cut-of f detecting signal of the AC power cut-off detecting circuit 17 is.
supplied to the discharge circuit 18, the transistor TR12 is turned on
“form a discharge path for discharging the residual el ectric char ge heldcgy
the capacitor Cl13 of the auxiliary power circuit 13. Now, the whole

oper ati on of produthkPIhedbpghnbetdic ouspet rwitn thefal rdweppis e fifhebutitwhen
voltage of the auxiliary power circuit 13 according to the present

invention will be explained hereafter. AC volt app]ied to. the plug PL11
is rectified thg ActRR¥er is norgel. it,prodyces, & r11 iﬂ‘f“gcﬁ“it Phy 'é?‘"?"t:’lﬁt

11. ThIS DC voltage is applied to the primary mﬁndlng T111 of the switching
the detecting signal is not output.

In addition, the discharge.éifcuit 18 is.éompriséd of.a_
common emitter'NPN-type tranSisto: TR12, its base being connected
to thg output terminal of- th§~3invefsion' circuit 172, its
collgctor is connected to the output terminal'of-thé auxilia?y
:power circuit 13, and the emitter is grounded.

Accordingly;-when the AC powér'cut-off dé£ecting signal of'.
the AC power cut-off detecting ciréuit”17 is supplied to the
discharge circuit 18, the trahsistor TR12 is turned on to form
a discharge path for. discharging the residual eléctric chargg
held by the capacitor C13 of the au#iliary power ci:cuit 13. \“;

"Now, the whole qpération "of the SMPS adopting ihe
construétion.fdr drdpping the output voltage Of.the auxiliary
power circuit 13 according to the present.invention will be

-‘egplained hereaffer.

. AC voltage applied to the plug PL1l1 is rectified into the

13




transformer T grounded through the switching field effect transistor FET11.
The switching signal generator 14 is already in the turn-on state by the
applied initial power source through the starting resistor Rs, and the
switching field effect transistor [err] reiterate the state of on and off
according to the control signal of the sw tching signal generator 14

" supplded for the gate. Therefore, the rectangular wave output 1is
trangnitted to the secondary wi nding T112 of the | oad side and the
secondary winding T113 of the auxiliary side, whereby the voltage is _
i nduced. The induced voltage in the secondary wi nding T113 of the auxiliary
side is again rdvéleagd\int hire prdmaryr yeoidying ctreditl 3 1t.0 Theiss DPpvo Pichgdeo
the switching signal generator 14 and the protective circuit 15 as the DC
operating power, while_ the induced voLta%p in the secondary wi nding T112 of

the load side is®il 88PhEEH n Weckhti RF IRPTIheV iRt al Yt e ] fitde 13vitehins

supplied to the load side as the DC operating power. 1 4 I n addition,
the DC operatli NG \olsrB8fesURP! kE0ulded NEntBAEn HHe' shiclPld A%eld effect

fluctuation sensing section 16 detects

transistor FET11. The switching signal generatérl14 is already
in the turn-on state by the applied initial power source through
the starting resistor Rs, and the switching field effect
transistor FET), reiterate_the'state of on and off according to
the contfol signal of the switching signal generator 14 supplied
for thé gate. . Therefore, the rectangular wave output is
transmitted to the secondary winding T112 of the load side and
the secondary winding T113 of the auxiliary side, whereby the
voltage is induced. The induced voltage in the secondary winding
ivj T113 of the auxiliary side is again rectified by.the auxiliary

power circuit 13 to be supplied to the switching signal generator

14 and the protective cirguit 15 as the DC operating power, while

the_induced.ﬁoltage in the secondary winding T112 of the lo;d

side is also agaig rectified by the secondary rgctifier 12 to be

supplied- to the load side as the DC operating ﬁower.

14



1 . L, b
ri pples, supplies the output in proportion to the ripples for the switching,
signal generator 14 and the protective circuit 15 through the optocoupler
PCl11. The swi tching signal generator 14 controls the operation of  the , N
switching field effect transistor FET11 according to the ripples of the
out put voltage, to nake the DC operating voltage applied regularly toe LQe
| oad, while the protective circuit 15 makes the operation of the SMAtChIng
3|gnal generator 14 stop in the case where DC operating power suppli ed;
the load is abnormal. In the operating process as descri bed above, in the
case where the DC operating power for the load:is normal, the AC voltage-

applied froma terf Radieioh)and vg sbdratinpovelitide suppiseart&ishd Qoblip AC
voltage cut-of f nmonitor 170 is controlled through the resistor R13 and the

zener diode ZD in a constant level, andis rectified and snoot hed t hrough
the di ode D13afhert hbe caphtn@rfmmtu%l@@nmmeolsmgeoouﬂpu@etscbbt theed
fromthe connecting 1 5 point A of the diode D13 and the resistor R14.

IQ;?s'fgﬁp”t ' 2i 8PP é-',eduggﬁhe asgudfud N8 Héé‘osgéfo%rtmle thrgygh ghe. .

switching signal generator 14 and the protective circuit 15
through the optocoupler PCll. The swifchin§~signal'ggne;ator 14
controls the operation of the_sﬁitching fie;d éffect transisforxﬁ)
FET11 according to tﬁe fipples'df“thg output vdltagé,'té make the
DC operating voltagé applied’regulariy to the load, while_thg
protective circuit 15 makes thé operation of the SWitching signal
generator 14-st6p'in the case where DC operating'power'supplied_
to the load is abnormal. In the operating"bfocess-as désc:ibed
abové, in the case ﬁhere'the DC operating power fo:-the load is
normal, the AC voltage applied from a terminal of thé plug PL11 i:;.
through the resistor ﬁ13 to the ACfvoltage.Cutéoff.monitor 176
is-controlled-thfough the resistor R13 and the'zéner diode ZD in
a constant lévé;; and is rectifiéd'and.smoothethhrough.thé diddé
D13 and the capacitor Cl4.

A constant voltage output is obtained from the connecting
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R15 of the ihvefsion circuit 172, thereby turnlng on the transistor TR11.

.Accordingly, the base of the tranS|stor TR12 in the discharge circuit 18 is

at a low potential and this transistor TR12 is turned off. Thus no

di scharge path for  discharging the electric charge held in the capacitor
Cl13 of the auxiliary power circuit 13 is provided. Therefore, the output
voltage of the auxiliary power circuit 13 will continue to be supplied to
the sw tching signal generator 14 and the protective circuit 15, so that
the SWPS will continue to operate normal ly. However in the process of such
a normal operation, should there be a nonetary power cut-off or should an

abnormal state iPPiMe 4 9fqthecdiade M ﬁPStE@?lRR?%ﬁtP€uF3415 o oasPyt is

once to stop the operation of the swtching signal generator 14 as

explained  abovegpp1idf thQQHIse 42" EneS Yehil] Dor WRT1 IenfOl B uild %%'1%%81-

FET11 is turned no vo he Secondary w
T112 of the switching transforner T. In the 16 consequence, supply of
the DC power to RI® lb#adthéonnaeeediéw checaitpul7nf thers®cordahyng on the

rectifying circuit 12 is stopped.
transistor TR11l. Accordingly, the base of the tr#nsistor TR12 in
_the disﬁharge ‘ecircuit 18 is at a low potential and this
transistor TR12 is turned off. Thus no discharge path for
discharging the electric charge held in the capacitor C13 of the
auxiliary power circuit 13 is provided. Therefore, the output
voltage of the auxiliary power circuit 13 will continue to be
supplied to the switching signal generator 14 and the protective
circuit 15, so that the S&Ps will continue to operate normally.
" However in the process of such a normal operation, should
v o, | " there be a mometary power cuteoff-or should an abnormal state in
the load occurs, the protective ci#cuit 15 operates at once to
stop the _operation of the Sﬁitching signal generator 14 as
ekplgined_ above. Accordingly, thg. switching field effect

transistor FETll is turned off) and no voltage is induced in the

secondary winding T112 of the switching transformer T. In the

16



When the user interrupts the power source knowing this stoppage of the.
power supply, the AC power cut-off detecting circuit 170 outputs an AC
power cut-off detecting signal to the discharge circuit 18. As is explained?
in detail, the capacitance of the capacitor Cl4 in the AC power cut-off

nmoni tor 170 connected to a terminal of the plug PL11 is only enough-tq_
apply a bias between the base and the enmitter of the transistor, so the-

el ectric charge held in the capacitor Cl4 will be at once dlscharged *%

t hrough the resistor R14. Therefore, sufficient voltage to drive the

" transistor TR11 will not be output fromthe connecting point A of the diode
D13 and the capeEduenc€lisupply lod thaskGpower, t¢ hehe laadi sommedtRil tonthée
inversion circuit 172 is turned off. The snoothing capacitor Cl1 of the

primary rectifying circuit 11 has a capagitance rel.atiyel reater than the
capaci t or C149%%PW BoWRT ORI Vo e ﬁ?f?ﬁ GERFUY 9% gn%&ﬁ?ﬁ capci tor -

" Cl3. of the auxiliary power cirecuit 1 7 13 has, and its tine constant for

di scharge is set GjRal qid haged h%@&&&% capRChbnsr Cléuple Cﬁﬁowmélstnwe
transi stor TR12 of

stoppage of the power supply, the AC power cut-off detecting
‘circuit 170~9utputs an Ac'powef cQt—off'detecting'éignal to the
~discharge c;rcuit 18, As is explained in detail, tke'capacitanée \~)
- of the ¢apacitor Cl4 in: the AC power cdt—éff .monitor, 170
connected to a.terminal-of'the plug PL11 is only enough to apply
a bias between the base and the emitfe: of the transiStor, so the
electric charge held ‘'in- the capacitor Cl4 will be at once
discharged through the resistor R14. Therefore, sufficient
voltage to dfive the transistor TR11 will not be dutput from the
connecting point A of the diode D13 a§d the capacitor Cl14. | -/
In the consequence, the transistor TR11l in the inversidn
circuit 172 is. turned off. The smoothing capécitor Cll of the
prihary rectifying circuit 11 haé' a capéqitance relativelyl
greater than the capacitor C14 of the AC pdwer cut—6ff moﬁitor

170 or the smoothing capcitor C13 of the auxiliéry'péwer circuit

17



the discharge circuit .18 is turned on by the electric charge held in the
capacitor Cl1. Accordingly, the residual electric charge hald in the
capacitor C13 is rapidly discharged through the transistor TR12 to ground.
As a result, the output voltage of the auxiliary power circuit 13 falls
rapidly,-and the power supply for the protective circuit 15 and the

swi tctfing signal generator- 14 is stopped, thereby ceasing the operation of
t he pggtective circuit. Therefore, the SMPS returns to the initial state.
As deSCri bed above in detail when the power source of the SMPS is

pnrerrupted, the fhoCAOG b 295k SEORatldd B MULOREAD SO SECekRLE ARG O

in the capacitor 1n the prinmary rectifyrng circul scharg
residual electric charge left in the capacitor of the auxiliary power
circuit, therekyapredetiid rapaketopercati e ¢if3.t hEhay stehe fvramsistsg TRl Ayed
as in the conventional case after cut-off of the power. 18 CLAI M5 1. A
swi tched node power supply conpri sing:

the discharge circuit 18 is turned on by the electric charge held

in the capacitor Cl11. Accordingly, the residual electric charge
hald in thg_éapacitor Ci3 iﬁ_répidly discharged ‘through the
transistor TR12 to ground.

As # result, the outﬁut_voltase of the aﬁxiliary power
circuit 13 falls rapidiy. and the power supply for the protective
circui§ 15 and the switching signal generator 14 is stopped,
thereby ceasing 'the operation of the protective circuit.
Therefore, the SﬁPS'returns to the initia; state.

As described above in detail when the po&er source of the
L SMPS is intérrupted; the discharge transistor w;ll be turned on

by the voltagé held in the capacitor in tﬁe primary rectifying
circuit to discharge thé residual electric charge left in the
capacitor of the auxiliary power circuit, thereby preventing the
'oﬁeratioh of the éystem'from being délayéd as in the conventional

case after cut-off of the power.
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a primary rectifying circuit connected to an alternating current power
source for rectifying an alternating voltage into a direct current voltage;
a switching transforner connected to an output termnal of said prinary
rectifying circuit; a secondary rectifying circuit connected to said
swtching transformer for rectifying a switching output fromsaid sw-tching
transforner into a direct current voltage; a voltage divider inserted '

bet we ‘M“ﬂ“ﬂiﬂ'ﬂnal -of said secondary rectifying circuit and grQuAd;
a vol'fgmn ensi.ng section for receiving an input voltage from
said voftage "di Vi d&r and sensing the fluctuation of a DC output voltage. a
swi t chi ng si'gnal generator. for ‘\genc®AIME switching signals according to
an output of said voltage fluctuation sensing section; 19 a protective

circuit for detepting, whebher f fe, DG,QuEPUL NGl 39G,RLPRIg.ed 1o the load is

a primary“?ectifyiﬁg‘ﬁibcuit connected'£o'an alternating
current power source for rectif;;ng ah al;érnétiné'?oitage into
a direct current vbitage;

a switching transforherzconnécted-tc1an 6utpu£ teéminal of
-said pfimary-féctifyiﬁg circuit;

a secondary rectifying circuit édnnécted'to said switching

" transformer for :ectifying a switching output frbm'said sw;tching
transformer into a di;éét current vditage:

a voltage divider inserped between an output terminal of
said secondary rectifying circuit and ground;

" a voltaﬁe’fluctuatidn'sensinj section for receivihg'an input o’
.voltgge.ffom said'voltage divider andfseﬁsihg the flugtugﬁion of
a DC oUtpﬁt-vdItagé{“

a switching: gignal' generator for generatiﬁg gwitching

signals according to an oﬁfpﬁt of  said 'voltage- flﬁctuation:

sensing section;
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tbé output of said voltage fluctuation sensing section and stopping the
operation of said switching signal generator when the DC output voltage is
abnormal ; an auxil.iary power source circuit ctonnected to said swtching

transformer, for rectifying a volt ' t he transforner and
suppl ying an operating voltage to $ﬂﬂ"lu m " ';ﬂ)ﬂ!lgnal generator and said
protective circuit; a switching transistor s nse d between said swtching

7

trans%?rner and ground, for executing switching operations repeatedly
accortrng to switching signals of said switching signal generator; an AC
power cut-off detecting circuit connected to one input termnal of said AC
power source for deta&cPrageohiteharingudtaCopoletecsing vhether they D output
di scharge circuit for form ng a discharge path of the residual electric
charge hald in said auxiliary

pover cut - of f sivé’h'gfgeﬁm aeidgg\ég‘ﬁgat%g{ui’??ngmg;%{‘g%it_altbﬁg’%gn? g:‘]‘? ‘."t'é)i’éct"
the output of said voltage fluctuation sensing section and
stopping the operation of said switching signal generator when
the DC output voltage is abnormal ;

an auxiliary power source circuit connected to said
switching transformer, for rectifying a voltage induced from the
transformer and supplying an operating voltage to said switching
signal generator and said protective circuit;

a switching transistor inserted between said switching
transformer and ground, for executing switching operations
repeatedly according to switching signals of said switching
\,/' signal'generator;

an AC power cut-off de;ecting circuit connécted to one input
terﬁinal of gaid AC power source for detecting whether the AC
power is on or off; and

# discharge circuit for"forming a discharge path of the

residual electric charge hald in said auxiliary power source

20



2. The switched node power. supply as clainmed in claim]l1, mhereln said AC’
power cut-off detecting circuit conprises an AC power cut-of f monitoring

means for nonitoring whether the AC power applied to said AC input

termnals is on or off and an inversion circuit for inverting an output of
said AC power cut- off nDn|1ﬂ|HN£"EﬂH H'E"n The switched node power.
supply as clained in claim C power cut - of f nmoni toring -

means conprises a resistor, ‘a zener diode,” a forward-connected diode, ‘Qd
a parallel-connected CIFCUIt of a capaC|tor and a resistor connected |ni

I es bet weg ft Al t t d d, d t
et 1 or R vabeatbitaf (i dh ot iR PR Jan PR bt

connecting point of said diode and said capacitor. 4. The swi t ched
node pover suudse JFetekbeiABdcifcwidi m 1, wherein said auxiliary power
source circuit further conprises a 2 1  snoothing capacitor ‘and said

di-scharge circuit conprises a comon emtter transistor wherein the
col l ector of saidd tr®hei svbtchexd mode power supply as claimed in claim 1,

wherein said AC power cut-off detecting circuit cémprises an AC
power cut-off monitoring means for monitoring whether the AC

power applied_to:said AC input terminals is on or off and an

.
- inversion circuit for inverting an output.of said AC power cut- '
off monitoring means. ’

3. The switched_modé pbwer sﬁpply a#.qiaimed,in_claim 2,
wherein said AC power cut-off monitorihg méans comprises a
resistor,_ a zener diqde, a forward;connécted diode, and a
parallel-connected circuit of a capacitor and a resistor_conneéted in
series between one of the AC input terminals and gréund, énd | \_)

an oquut signal from.AC power cut-off'monitqring means 1is
derived from the connectjng point of gaid :diode_.ahd said
capgcitor.

4, The switched_mer power supply gs.claimed:in claim 1,

wherein said auxiliary power source circuit further comprises a

21



cohnected to the smoot hing capacitor of said auxiliary power source
.Circuit, the base of the transistor is connected to the output terminal of
said inversion circuit, and the emtter is grounded. 5. An SMPS having a
di scharge cCircuit for auxiliary the Iike, substantially as
described herein with referenclll“mmluimw"“ﬂmntrat ed in the acconpanying
Fig. 2. 22" - SC LN s . -

e

smoothing capacitor and said discharge circuit comprises a common
- emitter transistor_wheréin the collector of said transistor is
connected to the smoothing capacitor of said auxiliary power
source circuit; the base of the transistor is connected te the

output terminal of said inversion circuit, and the emitter is

grounded{
o/
5. An SMPS having a discharge circuit for auxiliary power
source or the like, substantially as described herein with
reference to and as illustrated in the accompanying Fig. 2.
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