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ThlS 1nventlon relates to a paower supply circuit of

ﬂ“-—~—§’sﬁrtch1ng 1nverter type and, moré particularly, to a

5

power supply; circuit of this type capable of reducing

gswitching loss to the maximum and improving conversion

10.

efficiency by utilizing both voltage resonance and
current rescnance as well as-reducing noise bj _énabling
opération waveforms of voltage and current appéaring'at
respective component parts qf the circuit to simulate a
sign wave to a maximum degree.

Conventional power supply circuits are designed

normally by using a large power transformer, connecting

15

"~ small, 1light and highly efficient conventional power

20

an AC power éource to its primary winding and smoothing

its_secondary'output.by rectification. Tﬁere is also a

supply circuit called a switching power sdpply source.

As this type of power supply  circuit, there is a

_s%itching inverter type power supply circuit of a half-

~bridge type, a full bridge type or a push-pull  type

using ‘switching elements which alternately turn on and

off (e.g.,'trgnsistors; thyristors or MOSfFETs). In the

- 25

‘switching inverter type power supply circuit, operation

vbltége_ én& operation current are both —-of square

Ty

waveform and this poses a problem of‘ generatxon Tof

l
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bpéfatTdﬁ ywavef orms of voltage and Surdr ént appearing at respective
conponent ‘parts of the circuit to sinulate a- sign wave to a maxi num
Conventi onal power supply circuits are designed normally by

degr ee.
using a large power transforner,

primary w ngiRgeand mqtd@sng gltn%eseqq}cgar Yy PUS £ DYpd Rt 1 T Ok 00

There is also a smal Ilght and highly efficient conventional power

connecting an AC power source to its

supply ci FCUIper&leEe(ilﬁld%Mdrﬂfﬁlﬂgr AGel HIEW $r sPaeey, Atetdisrigpe of

power supply circuit, there is a swtching inverter type power supply

circuit of a hek'bbllem ddfe hetatpeeneratfivin due dige Togxe mecused s h-{ha |
usi ng SMAtchlng el ements which alternately turn on and
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facts that recovery ‘time of a rectifying diode and off
time of switching transxstors are of a limited value.
In the switching inverter type pewer' supply
cirecuit, there has recently been made an attempt to
reduce generat1on of higher harmon1cs, reduce noise and
reduce also loss in cxrcult elements by causing exther a
current or voltage waveform to simulate a sign wave by
utiliiing'resonance.' . '
In the resonance type switching power supply

eircuit, however, on-off timing of switching elements,

i.e.;.timing that each switching elemeht is turned on or

turned off, of the circuit must be accurately set and if

setting of the timing is incomplete, improvement of

efficieney cannot be hoped for. Therefore, it sometimes
becomes necessary to detect a current in the éircuit for
determining the timing with resulting necessitY. for a
complex circuit design. Moreover, in the resonance type
switching power supply circuit, resonance is mostly used
for causing either eurfent or voltage to approximate a
sign wave. Stnce noise in the resonance type circuit is

generated by both voltage and current, the conventional

resonance type power circuit is incomplete in the-noise

reduction. -

This Sheet Has Been Replaced -

L

type



off (€.g., ransistors, thyristors of M36-FETs). 1In the switching

I nverter type power supply circuit, operation voltage and operation
current are both of a square waveform and this poses a prablem of
generation REPLACENENT SHEET

- 2- n0|se qigldes nce, this ty g o] circ .0 erates
fundanental 'y in Hhe f ré‘b f:g,ret het® g’??ﬁﬁ °g Sng?ﬁeB ﬂéat
generation que, o d 09 cabRelo Ve i PE plachSshBBly" BERUREY bE™R Ohign

rectifying e an
_eff1ciency and low noise with a simple circuit

construction.

A power circuit achieving the object of the
invention cdhprises a dc powef source, switching means
including switching elemehts capable of switching an
input from the dc power source'fo COhvért the input to
ac and outputting ac from an output terminal thereof,

10 the aé changing between two.different potentials, séries
resonance means provided in series to current flowing
from the output terminal of the switching means, the
series resonance means being capéble of generating
resonance'curfent, parallel resonance means provided in
15 parallel to voltage produced. at the outpnt terminal of
the switching means, the parallel résonénce means being

capable of generafing résonange vol tage and potenfial at

the output terminal of the switching means being

. converted from one of the two different poﬁentialé to
20 the other_by using the parallel resonance voltage of the
parallel resonancé7means, swtiching control meéns for
"controlling the  switching elements‘of the switching
' means so- as to'intermittently turn on the switching
elements, and dd oﬁtput means for full-wave rectifying

25 _ .
: -and smoothing a supplied ac input, the dc output means’
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time df swi't ching transistors are of-atl+nited val ue. In t he

swi tching

inverter type power supply circuit, there has rece

been nade an attenpt to reduce generation of higher harnonics, redu

noi se and

reduce also loss in circuit elenments by causing either a

current or voltage waveformto sinulate a sign wave by utilizing

resonance.

circuit, however, on-off tinyng,of switching elenents
each smﬁtcmqﬁf?ﬁiﬂﬁﬁnc?ﬁr?ﬁ}ngﬁ gh F

accurately
efficiency

being| caPghbe @EonkAkEnet ypBE 3ui fEhi AY tP¥dwet rosupShye
Imn

_ _ Sob S BFnEASBRAN l'"telr?'é‘%éi nbgres
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to detect a QUi i&hifg Ché&hk'al@ performed substantially at a
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voltage 2ero state or suhstantialiy at a current =zero
étate and harmonic contents in operation voltage and

operation current in the power':supply . eircuit  are

- reduced.

_'According to the invéntion, all switching

- operations of the switching elements are performed

eithef at a voitage zero or a curfent zero state ani.
therefore, a switching loss becomes nearly zero and thé
efficiency df the circuit és a whole is improved nearly
to a theoretic limit excebt for loss in a recéifying
element. The loss in a rectifying element is inevitable
in this type- of <circut but even this 1loss can be
neglected when the output voltage of the pdwer circuit
is relatively high. | Moreover, both series reson#nce
current and parallel resonance voltage are both .of a
spectrum which resembles one of a éipgle frequency and,
therefore, possibility of generation of ringing or
overshoot due to buffering with resonance dip occurring
ih respective component parts of the circui is reduced.
Accordingly, unnecessary radiation such as harmonic

contents is remarkably reduced. Alternatively stated,

" by causing both current and voltage waveforms to
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detern%n}ng‘the timng with resulting riecessity for a conplex circuit
design. Mreover, in the resonance type sw tching power supply circuit,
resonance is nDstIy used for causing either current or voltage to
approximpte a sign wave. Since noise in the resonance type circuit is
generated by both voltage and current, = the conventional resonance type

power circui BPPLORIIRRS et |5n‘&“né‘aﬁ’(ﬁ$ Y&t yipnance, noise is

- REPLACEMENT SH %Led and SW1tching loss is alé% reduced The on-off

timing of a switching trans;stor may be a fixed timing
and the circuit design therefore may be facilitated and
the powver ci:cﬁit és a wholé can be'designed in a simple
manner. .

An  embodiment of the invention will now be

described with reference to the accompanying drawings.

In the accompanying drawings,
10 iFig.' 1 is a block dlagram shQW1ng schematically a
basic principle of the 1nvent1on,
Fig. 2 is a circuit diagram showihé a basic
' construction of the circuit aécording to the in%ention;
Fig. 3 is a timing chart for explaining operation
12 of the basic construction of Fig. 2;
Fig. 4 . is a diagram for explaining an equivalent
circuit of a transformer;
Fig. & 1is a circuii.diagrém showing a modifie&
example of the basic construction of Fig. 2;
20 Fig. 6 is .a circuit diagram éhowing an embodiﬁent
which 1is a mod;fied.form'of the basic construction of_
Fig. 2; |
_Fig. 7 is a circuit diagram showing a prior art
circuit which constitufes a'base of ?he'tiying control

25 :
means in the embodiment of the invention;

e
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It is,” ther'efore

power supply circ
sinple circuit
object of the
i ncl uding swtchi
power source to. c

term nal thereof,

resonance nmeSABLH

an object of the inovgntion to provide a resonance type
uit of a high efficiency and low noise wth a
constructi on. A power circuit achieving the
l.nvention conprises a dc power source, sw tching neans

ng el ements capable of switching an input fromthe dc
Bhgert 8t hdsi ngucirguiicdiggram sinomimg adhier orhiav n@ut put

the ac' changing between two different potentials, series

PovrdEguid darithe empbediment Pifovtingg invention;

Fig. 9 is a waveform diagram f{for explaining a
em of the prior art circuit of Fig. 7;

Fig. 10 is a circuit diagram showing a circuit for
ing the timing control means ;

Fig. 11 is a waveform diagram -showing duty

r correction in the timing control means of the

abbve embodiment;

Fig. 12 is a circuit diagram showing a circuit for
rming duty factor .correction in the above
iment;

Fig. 13 is a waveform diagram showing duty factor

correction in the timing control means in the above

iment;

Fig. 14 is a waveform diagram_sﬁowing duty factor

‘correction in the timing control means in the above

embodiment;

Fig. 15 is a circuit diagram for'performing duty

factor correction in the timing control means;

Fig. 16 is é waveform diagrém for explaining the

operation of the &uty factor correction circuit;

Fig. 17 is a waveform diagram showing the operation

of the duty factor correction circuit in the timing .

control means; and

-probl
5 _ :
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facto
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: perfo
embad
embod
15
20
.25

Fig. 18 is a circuit diagram showing a specific
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fromtthe. odt put terninal

means provided in
the sw tching neans,

of the switchyng neans, the series resonance

nmeans bei ng capabl e of generating resonance current, parallel resonan
parallel to voltage produced at the output ternina

the parallel resonance neans being capable of

generating resonance voltage and potential at the output term nal

ce
of

of .

the - switchi agnskEBasionpeindhecpavert edrrid.one of the two different
potentials to the other by using the parallel resonance voltage of the
paral |-el resonance neans, swtiching control nmeans for contrOIIing t he

swi t ching el enent
the swtching
snoot hi ng a-SypglLegeac
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" ac and providing

dec output,

‘which

.described with reference to the flow

the switchin nmeans so as to intermttent tur
104 adbsnBratkaglaatedy shaM Neve thest A e

nQH t he dc.ou
e’ power supp

Ehﬁnt

9”c1rcu1§ according to the

invention.

This power supply circuit includes a dc¢ powver

source 1, switching means 2 including switching elements -

which are turned on and off at desired timing, switching

a dc input from the de powef sburcé-l to convert it to

it as an ac output from an output

terminal thereof, dc¢ output means 3 which full-wave

rectifies and smoothes a supplied ac input to provide a

series resonance means 4 provided in series

to current flowing, from the output terminal of the
switching means 2, parallel resonance means 5 provided
in parallel to voltage produced at the output terminal

of the switéhing méans 2, and swtiching fcontrol means 6

‘controls the switching elements of the switching

means 2 so that the switching elements turn dn

respectively intermittently.
the basic

Fig. 2 is a circuit diagram showing

construction of the power circuit of the invention
shown in Fig. -1 somewhat more specifically. The
operation of the basic construction of Fig. 2 will be

chart of Fig. 3.

When switching elements S1 and S2 are being _tufned
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‘REPLACEMENT SHEET - g - -4 being capable of
taking out a dc output from the resonance current of the series
resonance means, whereby all sw tching operations of the swtching

el enents of the switching neans are perforned substantially at a voltage
~zero-state or substantially at a current zero state and harnonic contents
“in operationonol andeodddrepgatadilyn adurr dimiing tsthoWovidr SppEnd citeuit are

of Fig. 3, power source voltages u VI, - VI are
converted into ac having substantially a peak value of
' VI at a point A of the circuit of Fig. 2. This ac is
rectified h? diodes D1 and.Dz thrdﬁgh an inductance L2.
and a capacitor C2. The rectified signal is smoothed by
capacitors C3 and C4 to become dc and the dec current
flows through a ioad RL. As the diodes D1 and D2 and
the. capacitors C3 and C4, fhe elehents of.sﬁbstaniially
the s#me characteristics are used.
o When the switching element SI is in the on state,
‘the diode D1 is in a forward direétion so that charge
current iDl flows to the capacitor C3. Since a reiation
that the capacitor C3 is much iarger than than the
capacitor C2 (C3 >>'c2) and impedénces of the switching
1o element S1 and the diode D1 are sufficiently small is
estaﬁlished, this -currenf iD1 becomes'series resonancé
current-of a sign waveform dué to the inductance Lz .and
the capacitor C2 (see (b) Of'Fig.' . Since reverse
vol tage - is-applied to the diode D1 and the diode D1 is
20 turned off. when the direction of reverse current  is
reversed upon lapse of half cycle,._series'resonance is
stopped. 1In other words} when the resoﬁance current has
finished its half cycle and has ‘become =zero, the
resgnance is éutﬁmatica!ly stopped.

- 25 :
At this time, charge corresponding to the resonance
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reducéd.. * According to - the Lngeation, all switching operations
of the switching-elenents are perforned either at a voltage zero or. a
.current zero state and, therefore, a switching | oss becones .nearly zero
and the efficiency of the circuit as a whole is inproved nearly to a
theoreti'c limt except for loss in a rectlfyln% element. The loss'in a
rectifying eteneenti swhaebhit higse f1omnt Kios thyse tdmeci Pedm tbuhasveheeni s | oss

can be neglected when the output voltage of the power circuit is
relatively h%@%umukﬁFéévein tb&tﬁagépﬂégr Fes@mdnyal tager dh2 aAgrpseal | el

resonance volta e are spect rum whi es nbles ne of a single
frequency an 9 capac?? 8 rema@ns (see (e% % ? Since 9

this charge QC2 = C2 +VC2 is discharged to the load
during a next cycle during:which the switching element
S2 is on state and, theréfore, there is no energy loss.

_ Since eﬁergy stored in induétance is proportional to
current'flowing tﬁrough the inductances, energy stored
in the inductance L2 is iero when the resonance has
stopped at the current zero siate. This signifies that

10 genefation of harmfull noise in this circuit portion is.

very small and also siénifies aﬁ important condition

under'which a'voltage resonance mode is.established;'

| In order to feduce the magnetic energy of the

inductance L2 completely to zero, it is necessary to.

13 keep the swftching element SI_in_the dn_state until the

resonance current has become zero. It will be no use to

keep the switching element S1 in the oﬁ state after the
resonance current has become ‘zero but it will be
inefficient to simply prolong a time period during which

20 energy is not transmitted. ~The switching element Sl

-therefore may be turned off with some allowance of time
(TQL - Ti). Since the resonance time (a cycle of

resonance current) by the inductance L2 and tﬁe

capacitor C2 is constant, a time periéd during which'the

25 . _ -
switching element S1 is on state may also be a constant
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therefbre p055|b|I|ty of generatlonJﬁldLﬁglng or overshoot due to
buffering with resonance dip occurring in respective conponent parts.of
the circui is reduced. Accordingly, wunnecessary radiation such as

harnonic contents is remarkably reduced. Al ternatively stated, by
causing both current and voltage waveforns to '
- 5- appr yRilmgt.e a sign wave by using resonance, hoise is

When the switching element S1 is turned off, the
current resonance has already finished and the current
becomes zero and, therefore, current flowing through the
switching element Sl_ at .this time is onlyl current
fiowing to the .inductance L1. The value _of the
inductance L1 can be set independently from the values

~of the -inductance L2 and the capacitor cz and, by
establishing a. relation that 1nductance Ll is mﬁch
larger than inductance L2 (L1 »>> L2), current £flowing
.'10. throﬁgh the indﬁctance L1 can.be of a value sufficiently
smaller than the resonance current of the inductance L2
and the capacitor C2 aﬁd, therefore, the switching
element S1 is turned off in a nearly zero current state
.and, aé a.result, loss in turning off of the switching
L element S1 is extremely small. When the switching
element S1 is turned off (since the switching element S2
‘has not beén turned on, both switch1ng elements S1  and
S2 are off), the diodes DI and D2 are also off and,
therefore, thg-elements which are in electric operation
20 at this time are only the inductance L1 and the
capacitor Cl.
| Magnetic energy (current) stored in the induc;ance
Ll during the on state of the switchiﬁg ‘element S1
constitutes energy which operates parallel resonance

25 _ )
with the capacitor Cl which causes voltage at the point
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‘reduckd- ant sﬁdtching | oss is al so reduced.” The on-off timing of a
switching transistor may be a fixed timng and the circuit design
therefore nmay be facilitated and the power circuit as a whole can be
designed in a sinple manner. An  enbodinent of the invention
will "~ now be described with reference to the acconpanyi ng draw ngs.

I n the accodpaeyidrgrdrianiangsi,gn wave Horm land apmiaath ditegreot shbiahg
schematically a basic principle of the invention; Fig. 2 is acircuit.
di agr am show Vg #3fesdd ng o ragitd @Pigtt « he e mqrmtm dPﬂngUnedhe
|nvent|0n during this time period is the voltage resonance' mode.

The vol tage résonance waveform in principle assumes a

form as shown in (a) of Fié. 3 which is a vertically
symmetrical 'fo;m with respecf to a point crossing the
reference potential (i.e., the'pofential designated by

"0" in (a) of Fig. 3).. Depending, hqwever; upon -an
actual circuit design, déformation will take place
(e.g8., a case vwhere a timing control circuit- to Dbe

;0 descfibed later. consﬁmes a part of energ? df voltage
resonance through its windings).

When the potential at the point A has dropped to
nearly - VI (i;e., below the potenti#l at one end of
capacitor C4), the diode D2 is turned on and thereby
e causes energy charggd in thé capacitor C4 to discharge

to inductance L1 through ﬁhe diode D2, the capacitor C2
and the inductance L2. 'Since the current flowing through
the inductance L1 is set a small value, a large change
in the current value does not take place but the
20 potential at the poiht A remains at a value near - VI.
If the switching elements S1 and S2 are Kept in the off
state, the magnetic energy-(current) of the .inductanéé
Ll will be reducé& to zero in a time length which is.
about half of the time perio& during which the switching

25 : .
element S1 is on and voltage across the inductance L1

-_—
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Fi g. "8 is & tini ng chart for explai ni-ng.ZJperat.i on of the basic

construction of Fig. 2 Fig. 4 is a diagram for explaining an
equivalent circuit of a transformer; Fig. 5is a circuit diagram
showi ng a nodi fied exanple of the basic construction of Fig. 2; Fig.

6 is a circuit diragram showi ng an enbodi ment which is a nodified form of.

t he basic corstr capasi tofr (li)y.drdps fronrithe 7pd semt tal cuedr d+ agl antshow ng
a prior art «circuit which constitutes a base of the timng control neans
in the enbodized®t. of Altennatdmelon; stated, since the point A can be

held at the potential near - VI by the magnetic energy

of the inductance L1 during aﬁout half of the time

period during which the switching élement S1 is on, if
the switching element S2 is turned on within this time

period, i§ can perform -a switching-on operation in a

state where voltage acraoss the switching element S2 is

extremely small. Loss dufing the switching—on_df the
switching element S2 therefore is extremely small.

10 .The vol tage across the, switching element S2 when it
is tﬁrned on (i.e., differencé between the above
described potential near - VI and - Vi) is exactly not
zero but therle_ exists voltage due to Vc2 (which is.
voltage across the capacitor C2) left after the current

1 resonance: during the on state of the switching element
S1. The voltage Vc2 becomes a differeﬁt value depending
upon the value of the capacitor C2. '.Since the value of
c2 c;n'bg set with a relatively large degree of freedom
in relation to the inductance L2 and loss is generally

20 smaller when the value of C2 is large and the value of

L2 is.small within a range in which series resonance can

take place, the value of voltage VC2 consequently

becomes small which can be almost neglected as compared
with the voltage VI. |

25 _
Upon turning on of the switching element 82,
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'-_6- r_* . *Fi g.. 8 is aci rcuit_di_ag{ftm_showi ng the timng control
circuit in the enbodi ment of the invention; . Fig. 9 is a waveform
diagram for explaining a problemof the prior arf circuit of Fig. 7,
Fig. 10 is a circuit diagramshowng a circuit for starting the timng
control neans; Fig. 11 Is a waveform diagram showi ng duty
factor correntnmant n réxonamceigornothhe chegabihgeosidhetakbsvplanbodi bknt
a result that charge current flows to the capacitor C4.
Subsequently,. as shown in Fig. 3, the above operation is
repeated with the switching elements S1 and S2 taking
their place in turn. ‘ a

Time between turning off of the switching element
S1 aﬁd'turﬁing on of the switching element S2 may be set
at a slightly lénger time length than a time period
during which the point A reaéhes thé potential near - VI
‘ due to the voltage resonance by the inductance L1 and
10 capacitor Cl after turning off of the swit¢h£ng élement
s1. It_'will be inefficient as well to take a longer
.time. This time period need not he set so strictly but
a certain fixed value may be used.

Some more consideration will be given for the time
15 period during_whicﬁ the switching elements S1 or S2 is
on and the time period from turning off of the switching
element S1 or S2 till turning on of the switching
element S2 or S1. It may be basically said that the on
period of each switching element should be set to a
20 longer period-than_half cycle of resonance of the series
resonan&e means and the off period of both switching
elements should be set to a shorter period than half of
the resonance period of the parallel resonance  means.
In this case, consideratioﬁ should however be givgh. to

25 .
the amount of energy which is previously given to the
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Fig. 2 is‘a CIrCUIt di agram showi ng_ gerU|t for performng duty

factor <correction in the above en%odlnent Fig. 13 is a waveform
di agram showi ng duty factor correction in the tinming control means in the
above enbodi nent; - Fig. 14 is a waveform di agram showi ng duty factor
correction in the timng control neans in the above enbodinent; Fi g.
15 is a circudttdgegr assbornger cdreuid dut \thef dndarc temcreedtli @md n thiee
timng control neans; Fig. 16 is a waveform di agram for explaining the
oper ati on ofcapeciitey E€icbeforer sderitdmgcitheuiviol tage resonance mode.

Consideration should also be given to the manner of
determining values of the inductance LI and the
capacitor C1l even when.tﬁe parallei resonance frequency
is set at a certain value. ' The on period of. each
switching element &etermines_the amount of the given
eﬂergy and the off-period of both switching: elements
should be limited to detérmine by the given energy
10 (i.e., the valﬁé corresponding to thg on period).
According to analysis made by .the inventor, it has been
found that, in actuality, once the on period_and the off
period have been determined, the switching frequency is
determined at tﬁis time and the parallel resonance
15 (voltage: resonance) frequency satisfying the operation
of this invention and a-uséble portion of the_-parallel
resonance waveform are solely determzned. When. for
example, _ the on period is set to infinite small
(substantial zero); the voltagé resonance waveform in
20 this case seems to change substantially.in the shape of
a sign waveform with substantially the same frequency as
the switching fregquency. It should be_noted, however,
that, in SOme_cases, a desired output terminal Qoltage
_change of 2VI is not realized notﬁithstandipg that the
-25 valtage resonaﬁce has reaghed its peak value.
- Further, as will be apparent ﬁfqm the above
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ﬁig. 7 is*a waveform di agram show ng ghe-operation of the duty factor

correction circuit in the timng control neans; and Fig. 18 is a
circuit diagram show ng a speC|f|c _ : o
REPLACEMVENT SHEET . ' -7- construction of the
power circuit.- Fig. 1 is the block diagramshowing the basic

description, it 1is desirable that there should be the
relations L1 >5 L2 and C2 >> Cl as condition for setting
the values of the respective resonance circuits. The
rectificajion should be ma&e by the full-wave

rectification system. Aé the .smoothing_ system, a
capacitor input system should be used for the current
resonance. The capacity of the smoothing capacitors C3
and C4 shquld.be.muqh larger than the'capaciﬁor used in
ihe series resonance means'4 so as .to prevent decrease
in Q of the current resonancg;

10 'Soﬁe practical aspects,of the power suppl§ circuit
designed in accordance with the above described basic
-principle will now be considered. Determination of
output voltage in the basic construction shown in Fig. 2

'will  first be described.. The illustrated basic

s construction has no voltage conversion means sﬁch_aé a

transformer and-theréfdfg may seem to Ee .iﬁcapable- of

adjusting the outbut vdltage. However, by constructing
the outpui rectifying circuit as a voltage multiplier
having voltage which 1is double or more the- inpﬁt

20 'voltage, the outpuﬁ voltage changes in an integer

multiple relation wi th the  input voitage._
Alternatively, by using the inductance of the paraliel
fesonanée means as a transformer for self inductance, a
desired voltage output .can be obtained. More

25
specifically, by providing an intermediate tap at a
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princispl e *of the power supply circuitjgccording to the invention.

This power supply circuit includes a dc power source 1, sw tching neans 2
i ncluding switching elenments which are turned on and off at desired
timng, swwtching a dc input fromthe dc power source 1 to convert it to
ac and providing it as an ac output froman output termnal thereof, dc
out put meansdgsuiriegh plogliltigayd n ridet iviindd ngh @ 5 nide rekerestippledasica i nput
to provide a dc output, series resonance neans 4 £rovided in series to

current flowtF@nsifogmamhe WihPut wodshiddites tihe nduehrnee nekhs ond

arall el resonance neans 5 provi ded n arallel to voltage produced at
?he out put p@pmeﬁaing the %utpu terminé% of fie switchghgpcircuit

and one terminal_on the side of the switching circ;t of
the series resonance éircﬁit. betweenl necessary
terminéls, a desired voltage output can be obtained.
Thus, the circuit shown in Fig. 1 or Fig. 2 has a
-considerabie degree of freedom as to the output voltage.
Description will now.be made about an isolation
function Dbetween input and output. This iypg of power
10 -suppiy circuit generally has, as.one of its functions, a
function of isolating tﬁe priméry side of the powver
supply circuit from the secondary side thereof.. In the
basic construction of Figs. 1 and 2;-'this function is
not disclosed. According to .a more specific
'15 ~construction using an intermediate transformer to he
described later, however, such isclation iﬁnction is
performed. |
'Outﬁut regulation against load variation in this
power supply circuit will now be described. In the
20 basic construction shown in Fig. lhor.Fig. 2, there is
ne particular constant veltage function is disclosed.
This is because one of contemplated-épplications.of the
power supply circuit of the invention is a power supply
circuit uséd for a power amplifier in an audio deviqes.'

25 . : :
In such application of the power supply circuit, if a
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v t

of the sw fching means 2, and swtichi-ng7fsontrol means 6 which controls

the switching elenents of the swtching neans 2 so that the

swi t chi
is a
circuit

ng

of

g elements turn on respectively intermttently. Fig.
circuit diagramshow ng the basic construction of the power

the invention shown -in Fi 1 sonmewhat nore

2

A . g. .
speci fi cal | yloadThghighe i iegtregrelpnsmaddier dhdn the irgtest mad 8 wil |

be described with reference to the flow chart
svi tching of ERBRESIER arkd oA RI AT ({in PPl

10

15

20

25

f. Fig. 3. When
i£§é¥, an overpower

will take place in the circuit with resqlting occurrence

-o0f burning. For preventing such overpaower, it is

generally considered to be preferable not to provide

constaﬁt voltage means at the output stage of the

circuit. When this powér subply circuit is wused for

applications other than audio deViceS or when constant

voltage means is required for some reason in using the

power supply circuit as a power source fo an amplifier,

such constant voltage means, may be additionally provided

or suitable means such as a series regulator may be

provided in the posterior stage of the power suppiy
circﬁit. As to the Dbasic load-pbwer foilowabilitf
(i.e., a function according to wﬁich, when load current
changes, the output voltage remains substantially
constant and the output current only changes with the
load ‘current), the circuit of Fig. 1 or Fig. 2 has such
function as in a conventional power supply circuit using
a transformer. - More specifically, voltage drop in a

capacitor for taking out the output is determined in

response to . the load current and voltage difference V

caused by this voltage drop is applied to impedance Z
across the series resonance means (this impedance is
theoretically zero but actually is a finite small value)

and, as a result, series resonance current which is
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-8- .« on and off repeatedly at a timng shown in (f) and (g) of Fig. 3,
power source voltages + VI, - VI are converted into ac having
substantially a peak value of VI at a point A of the circuit of Fig. 2.
This ac is rectified by diodes Dl and D2 through an inductance L2 and a
capacitor C2. The rectified signal is snoothed by capacitors C3 and T4 to
becone dc andetiesmigedysuhatanyiald vt digh Sl 9wad RITheregoree. whenles DI
and D2 and the capacitors C3 and C4, the el ements of substantially the
sane charact & i dTEE a@HRFed S consufrdy t NS WSTIRFRCR| FRTEEe™YE &S n the

on state, ' _ :
large and when a small power is consumed, . the resonance

current is sméll.

In realizing the above-descriﬁed basic construction
as a specific circuit, as will be apparent froﬁ the
above described principle, the relations L1 >> L2 and C2
>> C1 are desirable as actual condition fof setting
vélues; of the respective' resonance circuits. For
_ ‘satisfying these relations, primary self inductance of
10 the = transformer is effegtively wused as Ll? an
indenpendent inductance or ieakgge inductance between
the primary and the secondary of the transfofmer is used
as L2. | Sénce the réctifying circuit is positioned:  on
the secbndary side of thé transformef, either a center
-15 tap type rectifying circuit or a bridge type one may be
used. In any éase, it must be a fulléwave rectifyinc
circuit because the current resonance must be performed
wjtﬁ .both positi&e and negative currents. As the
smoothing circuit, a capacitor input type circuit is
20 ~used fof the-currept resonance and the relation C3 >> C2

is ﬁaintained sa as to prevent drop of Q (quality)
factor in the cﬁfrent resonance. |

“The transforﬁer Qiewed froh the primary side js

shown in Fig. 4. Since .the 'iransformer "has geli

25 : _
- inductance and leakage inductance, these inductances may

This Sheet Has Been Réplaced .

AR




the di‘ode Dl is in a forward direction go_that charge current iDL flows to
the capacitor C3. Since a relation that the capacitor C3 is nmuch |[|arger
than than.the capacitor C2 (C3 >> C2) and inpedances of the sw tching

el ement S1 and the diode D1 are sufficiently small is established, this
current i Dl becormes series resonance current of a sign waveformdue to the
i nduct ance Lipe aitill ined @aphti aod L2 o£eBigb) &f bFi gror®yly Siedddnareverse
voltage is applled to the diode D1 and the diode D1 is turned off when the
directi on oftheveYatuegrpénthpese ipduesancegpdn IthgsEigewidl - depdiea.

series resonance is _stogPe | n other words, when the resonance current
has finisheth its EFBEF yérénséﬂﬁmeﬁas tBécSﬁéatéépoLl the L2 1is

satisfied.

The basic circuit of Fig. 2 can be modified in the
form shown in Fig. 5. 1In Fig. 5, the current reéonance
is .perfofmed by the inductance L2 and the capacitor C2
which 1is divided in two capacitors whereas the fﬁolfage
resonance isl'pefformed by the inductance Ll and the
capacitor Cl which is divided in two capacitors and the
1 induétance L1. The circuif of Fig. 5 may seem to. be
different from the circuit of Fig. 2 in that the loop aof
the voltage resonance includes both the inductancé - L2
and the capacitor C2 but since there are the relations
L2 << L1 and C2 >> C1, the presence of L2 and C2 does
e not substantially affect the voltage resonance and,

accordingly, the voltagé resonance is virtually
peffofmed by the capacitor C1 and the inductance L1 in
the same mannef as in the circuit of Fig. 2.

' Fig. 6 shows a moré speqific circuit using a
20 transformer Tl hgving'self-inductahce L1 and leakagé
indnctance L2. The center tap type output circuit is
used as the output éircuit. ~ The center tap winding is-
adopted because the number of diodes 'in the rectifying
path in each rectifying cycle fhereby can be redqced

25 o
and, as a result, loss due to these diodes can be held

I
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resonance i*s automatically stopped. . 39 At this tinme, charge corresponding
to the resonance ' -O- current which
has flown to this tine point has been accunulated in the capacitor C2
and voltage VC2 across the capacitor C2 remains (see (e) of Fig. 3).
Since this charge QC2 = C2 VC2 is discharged to the load during  a
next cycle.dbei n§henménione epdt edifdgieaicynedt the circuit as a whole

can be improved. Further, two transistors are utilized

as the switching élements S1 and S2. ~ Each transitor is

switchéd by a Qriving ciréuit having a fixed switching
timing as shown in (£f) and (g) of F}g. 3. Accordingly,

a power supply circuit with 1low noise and high.

efficfency.can be realized by a simple constfuction.

Benefits derived from the above described power
supﬁly circuit are summarized as follows:

10 First, as an advaﬁtageous result of the current
resonance, noise due to current is reduced; The current
noise is prbduced in a large amount particularly when an
abrupt change in current takes place in a portion where
a large current flows. The current resonance

: automatically stops when fhe'currgnt which changes in

1 the shape of a sign wave has been reduced to zero 'and;

therefore, very little noise is generated.' As to the

improvement of efficiency, the switching elements S1 and

S2 are turned off at the current zero state and voltage

ihrough the diodes D1 and D2 is also reversed after the

20 current has been reduced to zero, so that the adverse

effect to the efficiency during the recovery time is

reduced. |
Advantageous resu;ts of the voltage resonance alsd
are reduction of noise and improvement of efficiency of

25 : .
the circuit as a. whole, Since parts such as
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S2 is -on state and, therefore, there-igine energy |loss. Since energy
stored in inductance is proportional to current flow ng through the
i nduct ances, energy stored in the inductance L2 is zero when the resonance
has stopped at the current zero state. This signifies that generation of
harnful | noise | s _circuit portion,i very smal |l and al so signifies an

n t L S . )
i npor t.ant co%ﬁ?i?ﬁﬂguﬁﬁaéﬁ wWiBER alVol thGePP¥ESHSNPR 1 Fpd&irsuddt arieshed.

B 1 R R R I T A A T S
(L Lty IFSRPInERISH B, [RsiecBIBcATRe Wl DERIRRLSC, MggEh,
becone zero Qﬂéci?oﬂkhkige capacity. The part electrode is provided
with an ac signal and, acéordingl&, current flows to
° this capacity which becomes a main cause of a common
mode noise. The semiconductdrs have also a- junction
capacity and.the inductances and transformer also have
line capaéity. * These capaéities do not éppeaf in the
circuit diagram but actually exist in the -respecti?e
10 parté and the circuit board and, therefore, current
flows to all these capacities when the circuit is in
operation. Since this cﬁrrent is one flowing to the
capacity, it becomes larger when change in the.lvoltage
(dV/dT, i.e., ratio of change in voIfage V to time T) is
i larger. When switching is made with a square wave, this
current becomes a pulse-like current and generates a
cﬁrrent noise. Current flowing to the chassis causes a
puise-like common mode noise. ° Since.this pulse-like
current islsupplied to the swjtching transistors, 1loss
0 in the switching transistors is producéd with resul}ing
decrease in the efficiency. Besides, since voltage
having a - large dV/dT contains a high  freguency
component, a radio 'wavg radiated direcfly ffom the
circuit (unnecessary radiation) also beédﬁes large.

25 _ . _ .
By using the voltage resonance using a  waveform
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I nef fici ent to.sinply prolong a tine_pggiod during which energy is not
transmtted. The switching elenment S1 therefore may be turned off with
sone allowance of time (TQL - Ti). Since the resonance tinme (a cycle
of resonance current) by the inductance L2 and the capacitor C2.
I's constant, a time period during which the swtching elenent S1 i.s on
state nmay al 8ppbexamediasgand sign wave and reducing dV/4T, - these
pfobleﬁs can be overcoﬁg. According to the invention,

the voltage resonance is performed by the inductance L1

and the capacitor €1 only wheh both the switching
elements S1 and S2 are both on and, thérefore, loss in

the 'switching elements S1 and S2 is not produced. The
current flowing through the indﬁptanéé L1 lan& the
capacitor Cl is mere transfer of mutﬁal energy.sd that

only reactive power is consumed and loss due to the

10 voltage resonance is very-small_(theoretically-zero).
| For reducing a voltége,type noise, it is important
that dV/d4dT of voltage waveforms at all terminals of the
circuit is neglibly small. If there is a square wave at
one terminal only; it will become a noise source. Power
15 circuité of a conventional voltage resonance type mostly
contain square waves (e.g;, in the transformer ocutput),
thoﬁgh they have a sine wave at one spot in the
circuit. It is a final object of this invention to
realize a practical low;noise‘power circuit ( with
20 respect. to an ‘external circuit portion) and it. is a
feature of the invention that all voltage waveforms are
similar to the voltage reéonance waveform by the
inductanée L1 and the capacitor Cl. This is achieved by
performing the voltage résonance-at'a different _time
25 from the current resonance.  That is, after reduqing_

currents of the switching elemenis S1 and S2 and the
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value.” - * Wien the switching elenent2¥ris turned off, the current
resonance has already finished and the current becones zero and,
therefore, current flowi ng through the switching element S1° at this
time is .only current flowng to the inductance The val ue

L1.
of h [ ) b ' d I I f_th
f_’nguf;t ance (B RN 0 KRR bt SREETRG bebabhBoRPATSK T el 2REBRY. ha
[ t [ t | L2
owing oo Thel SRHEERECR 7Tkl 208 07 uhe ke g1 Eea BB R,

than the resgancg CLafENePinthiCe | N4lUSE2RE8d L4na2Ndby! BB 1 ngRECI ke C2

and,, therefore, .the SMAtthng _ |

switching elements S1 and S2 and the diodes D1 and D2 in

an off state énd thereby reducing current in the

in&uctance L2 and the capacitor C2 in. the voltage

resonance mode to zero, the wéveform at the point A and

the waveform at the point A’ become-éimilat to each

other.' The terminal voltage waveforms of the.indﬁctance

ld Ll and the capacitor Cl' thereby become similar to the

terminal waveforms-of the gwitching elements S1 gnd.szr

inductance L2, capacitor C2, and diodes D1 and D2 and a’

square wave disappears from the circuit.

| Description will now be made about the timing

15 ‘controi means for .cntrolling the'switching timing of fhe
switching elements Slland S2,

The circuit whiéh constitutes the base .of the
timing control circuit used in the invention will be
described with reference to Fig. 7. This circuit. is

20 disclosed in the Japanese Patent Publication No. Hei 3-
1914. - The operation for timing control is performed ih
£he foilowiné mannér: Upon application of an ON voltage
by a winding.21'or 22, a main switching transistor zs'or
26 1is tiurned on by resistance 23 or 24 and then, by
turning on of an auxiliary switching transistor 29 or 30

25 . : . _
by a time constant circuit 27 or 28 after lapse of a
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. L

element Sl+s turned off in a nearly-=z& o-current state and, as a.result,
loss in turning off of the switching element S1 is extrenely small.
switching elenent Sl is turned off (since the switching el enent
S2 has not been turned on, both switching elenents S1 and S2 are off),

the' i odes DAaid B2 itk Heiflod uneHbyn WA fe il R ESENYE g7 oD

When the

are in electrirc operatlon tinme are

and the
i nduct ance

C&E?CI

ance

19" tsbne eofé\/agan G recriﬁrﬁyccfrfg"trlrﬁﬁwnft ofed '{'uﬁgfg

uring t on state of t SW t enent

constitutes gagLey1WiedhsORA AHRS poded! Isqipm%m&ﬁ t VM hti depreg@rt tor C
mhlch causes voltage at the point

invention constructed by using the above described

10

15

20

25

timing control circuit as its basis is shown in Fig. 8.

In Fig. 8, capacitors 31 and 32 which are not

providéd in the circuit of Fig. 7 are necessary in the

circuit of this embodiment of the invention. The object

of

éontrol in the cirecuit of Fig. 7 is Dbasically an

inverter circuit using a square wave. That is to say,

when

current is cut off by turning off of the main

switching transistor 25 'or 26, vol tage of 'ihe

transformer T1 is instantanecusly inverted by self

inductance (Ll) and leakage inductancé . (L2) of the

transformer Tll and, accordingly, the main switching

" transistor 26 or 25 may be instantly turned on by

utilizing this voltage (i.e., by feedback'winding).

-_
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- 11+« . +Ato drop in a sign wave fggn.and approach the potential = - VI
exceeding the zero point.  The operation perfornmed during this tine
period is the voltage resonance node. The voltage resonance waveformin
principle assunes a form as shown in (a)-of Fig. 3 whichis a
vertically symetrical formw th respect to a point crossing the

reference potential (i.e., the potential designated by "0" in (a) of Fig.
3).  Depending.y, howeyery i £ &Ry s ince the circuit of Fig. 7 is

not a current resonance type circuit, the leakage
inductance (L2) of the transformer Tl is not utilized.
The léakage'inductance of the transformer'Tl_hoﬁevér:
5 cannot be reduced to zero and a certain value of leakage.
indﬁctance exists. When the main switching transistor
25 or 26 has been-turned off, current is flowing through
the leakage inductance L2 and, in the case of the
eircﬁit of Fig. 7, the tendency to causing the current
10 to flow cohtinuouSIY'causes valtage to be inverted with
a spike. Thus, swifching is pérformed with a wéveform‘
having a very large dV/dT. Since the Ieakage.inductance
does not serve for.aﬁy-purpose in a square vave
switching inverter, the transformer Tl is designed so as
15 to reduce it to the maximum extent possible. Besides,
since the leakage inductance is not zero, if, in the
ciréuit.of'Fig. 7. the cﬁrrent resonance was not made
but capac%tors 33 and 34 corresponding to.the parallel
resonance capacitor Cl wére added to perform voltasge
resonance with the self inductance L1 of the transformer
Tl thereby to reduce dV/dT of the waveform being
switched, the switching would be made while the.current
is flowing through the leakasge inducéanqe L2 and,
accordingly, the wéveform-Would be determined by the
25 = current of L2 which is much larger than the current

flbwing through the self inductance L1 and, as a result,
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actual circuit design, deformation w ldg t-ake place (e.g., a case where
a timng control circuit to be described Ilater consunes a part of
energy of voltage resonance through its w ndings). When the
potential at the point A has  dropped to nearly - VI (i.e., belowthe
potential at one end of capacitor C4), the diode D2 is turned on and
t hereby causes energy charged in the capacitor C4 to discharge to

i nduct ance L1 through the diode D2, the capacitor and t he inductance
152G hoe. BHen BT e Bl Rl gt ERr ohBH K e el T ot abb o @ oul % Bar
val ue, a '%5%%1%@&“&? In the current val ue does not take place but the
potential ‘at the point A remains at a value near - VI.

In the present invention, when the main switching
transistor 25 has been turned off, the voltage resonance
5 - mode is brought about and when the resonance waveform
has reduced the voltﬁge of the main switching transistor
26 substantially to zero, it is necessary to turn on the
‘main switching transistor 26. In the <circuit of Fig. 7
in which ﬁo capacitors 32 and 33 are ©provided, the main
10 | switching transistor 26 is instantly turned on at a
voltage at which voltage of the feedback winding causes
the main switching transistor 26 -to turn.on.' This
causes the waveform to be deformed when thé voltage
resonance mode has'passed about its. middle point as
15 . shown in Fig. 9 with the resdlt that the waveform
becomes one of a large dV/dT. Fof preventing this; the
capacitors 31 and 32 are added and turning on of the
main switcﬁing.transistor is delayed by time T in Fig. 9
by time const#nt formed by the capacitors 31 and 32 and
20 resistances 35.and 36 and a voltage resonance waveform
as shown by the dottéd line thereby ié obtaiﬂed.
Rélations between the on-off timing of the main
switching transistors 25 and 26 and V - , I and iD2
are the same as those shown in (f)., (g), (a), (b} and
25 (c) of Fig. 3. 'Respective time periods T , Toff, Ti

and Tv shown in Fig. 3 are set in such a manner that -
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It the swi t-chi'ng el ements S1 and S2 arg kept in the off state, the _
magneti c energy (current) of the i nductrice L1 will be reduced to zero in
atime length which is about half of the time period during which the
switching element S1 is on and voltage across the inductance L1
-12- (or capacitor Cl) drops fromthe potential near - VI to zero.
Alternatively stated, since the point A can be

relations of TQl = Ti and Toff = Tv are satisfied.

The circuit of Fig. 8 includes all necessary
elements for ﬁhe operation ﬁf this circuit but this
circuit cannot starf by itself in this state. Starting

5 " of the circuit can be applying a shot of pulse to this
circuit from a separate circuit but, in this embodiment,
a circuit shown in Fig. 10 is used. This circuit ?an
réalize starting of the pqwér_cfrcuit.with a'relatively
small number of component parts. Fig. 10 shows a

10 portion of the circuit of Fig. 8 about th? main
switching transistor 25.
Starting circuit

In Fig. 10, resisiénce 40, a capacitor 41 and a

diodé 42 are added to the bgse circuit of the.main
15 . switchjng_transistor 25. The resistance 40 ié of a hish-
resistance value because is must cope with a power loss
and capacity of the capacitor 41 is made large for
achieving.a strong starting. When the-power is turned
on, the winding voltage.of the transformer is zero and
20 charsge of.the ca?acitor 41 is also zero. Current
flowing through the resistance 40 is very small. This
current'charées tﬁe capacitor 41, flows through the
resistaqae 35 and. the winding and reaches a pﬁint B but
this current is not of such a magnitude as to produce a

25 large potential difference across the resistance 35.

Therefore, the points B, C and D are initially.at
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hel d at the potential near - VI by the28&mgnetic energy of the inductance
L1 during about half of the tine period during which the swtching el enent
Sl is on, if the switching elenent S2 is turned on within this tine
period, it can performa sw tching-on operation in a state where voltage
across the swtching elenment S2 is extrenely small.  Loss during the
swtching-on of the switching elenent S2 therefore is extrenely small.
The vol tage across the switching element S2 when it is turned on (i.e.,
di fference shbsvieeht 1eHel Y alidvee sdmscrr oé@ngotzhti &lc nkhrt Vheampinv) s
exactly not zero but there exists voltage due to Vc2 (which is voltage
across the t4phehiBE EIRMSdito rafdderi st Hdt ity ehtf Si&bhance during the on

state of the smn%ﬁglg p%é??%p 41 is charged with lapse of time and,

when the potential dif%erence between the points B and D
5 has reached the base-emitter forward voltage of the main
switching transistor 25, the transistor 25 enters an‘
active region. At-this time, a positive feedback loop
from the positive feedback'winding to the base of the
transistor 25 through'the resistance 35 and the
10 capacitor 41 is formed. The main switchig transistor 25
is turned on acceleraﬁedly by the positive feedback,
'being_maintained in the on state by a large base current.
flowing.ffom the winding through the resistance 35.
Since the current flowing from the resistance 35 to the
15 capacitsr 41 at this time is much larger than current
wﬁich is reversely charged from the resistance 40, the
potential of the capacitor 41 becomeé.the forward
potential bf the diode 42 and, after starting, is fixed
to this forward potential of the diode 42. Therefore,.
20 erroneous turning on of the main switching transistor 25
during the off timing thereof due to.the resistance 40
can be prevented. ”
Duty correcfion operatioﬁ
In the two transistor type switching power circuit
25 to which this invention is applied; it is dgsirable that

currents flowing through the two transistors which are
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S1. The .voktage Vc2 becones a differentgval ue depending upon the value of
the capacitor C2. Since the val ue of can be set with a relatively

| arge degree of freedom in relation to the inductance L2 and loss is
generally snaller when the value of C2 is large and the value of L2 is -
small within a range in which series resonance can take place, the value
of voltage VC2 consequently becones snmall which can be al nost neglected as

conpared with the voltage VI, Upon turning on of the swtching
el ement S2,turned on and off alternately and two rectifying diodes

are of the same value. In the switching power §Upply
¢ircuit, however, winding resistance is of a very low
value and, accordingly, while voltage loss is small, it
5 is not possible to reduce imbalance-between currents by
utilizing the resistivity loss voltage. .This poﬁes a
serious problem in a power circuit for ; iarge power
becausé resistance value of a current supply paih is
very small. When imbalance is produced between
10 éurr;nts. the peak’value of the currents becomes large
with resulting increase in heating of the_sémicqnductors
and transformer. As a result, the switching power
supply circuft perforﬁs as if it was a single transistor
power supply circuit and its efficiency .is decreased.to
15 that of a single transistor power supply cirecuit. Thus,
adoption of the two tranmsistor power supply circﬁit

would become msaningless.
There are two causes for the current imbalance.
- One is imbalancé caused by imbalance in induced voltage
- 20 of the transformer. Fig. 11 shows a winding voltage of
a transfcfmer. Assume, for example, that the cycle
during which the transistor 25 and the diode D1 in Fig.
8 are on is designated by A and the c¢ycle during wh}ch
the transistor 26 and the diode D2 are on is designated
25 by B. Since the winding voltage of the transformer has

no direct component, the area of the cycle A is the same
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- 13 + . -current resonance on the.ngpative side takes place with a
result that charge current flows to the capacitor C4. Subsequently, as
shown in Fig. 3, the above operation is repeated with the swtching

el enents S1 and S2 taking their place in turn. Ti me between turning
off of the switching elenment S1 and turning on of the switching el ement S2
may be set at a slightly longer tinme length than a tine period during

whi ch the point A reaches_the potential ne - VI. due . ,to the voltage
resonance Wt%elﬁdﬁé‘ta%f:ethf éﬁ'rﬁ J; When there is no loss in

the switching elgments, voltage VA + VB becomes equal to
the power voltage V in Fig. 8. For achiéving'VA = VB,
hdwever, relatien.-TA = TB must be satisfied assuming
5 | that the waveforms A and B are_of the same shape. This
is because the transformer operates so as to equalize
the area A with the area B and; therefore, VA becomes
- substantially eqﬁal to VB when TA is substantially equal
to TB. This phenomenon is described in detail .in the
10 above mentioned Japanese Patent Publication No. Hei 3-
1914. For this reason, for achieving VA = VB, it is
~necessary to drive the switching elements sb that the
reiation TA = TB will be satisfied, i.e., the duty
factor will become exactly 50%.
15 Another cause for the current imsalance is
.differencé in loss voltage occurring in the current path
between the.cygle'A and the cycle B. Since this loss ié
laréer wheﬁ current is iarger. tﬁis loss hardly occurs
in the voltage resonance mode and occurs in the current
20 . resonance mode. Tﬁé current path in the cycle A i#.
formed by the switching.transistor 25, transformer TI1,
divided Qeries resonance capaéitor.CZ and diode D1. The
current path in fhe cycle B is formed by the switching
transistor 28, transforﬁér Tl, divided series resonance
. 25 capacitor C2 and diede D2. The bath currents flow

through the series resonance capacitor C2 and therefore
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R - _ .
capacitor «C1 after turning off of the gpitching element S1. It wll be
inefficient as well .to take a longer tine. This tinme period need not be
set so strictly but a certain fixed value my be used. Sonme nore
consideration will be given for the tine period during which the swtching
elements S1 or S2 is on and the tinme period fromturning off of the.
swtching elenent S1 or S2 till turning on of the switching elenent S2 or

S1. It b | | that th h t chi
ol emont ShotRE "o kbt »q of 147 9Ter Séﬂ‘baper%saawfo LIRFE- of Hesiance of

the series , [esopapge means And Lhe alfe Aoy} 000 ol SYLLChi0 . ol ement s

shoul d be se'f 0 a shortér perlod e resonance perlo"HeOf the
parallel_re§pp@pgg TH2%e primary but through different windings in.

the secondary. Therefore, when there is difference in
5 resistance of the secondary windings, different loss

voltages are produced. Difference in the on resistance

value befween the switching.transistqrs 25 and 26. and
differénce in forward voltage between the diodes D1 and
Dz-constitute directly difference in the loss voltage.
10 Particularly, the fofward'voltage of the diodes Dl‘and
D2 is affected in such a manner that, when cufrent
imbalance on one side is produced, heat genmeration is
increased and temperature thereb§ is réised-and~the
forward voltage is decreased, resulting in.decrease in

15 loss voltage which accelerates the current imbalance.

When the power supply source is A small'power, loss
voltage due to the winﬁing resistance of the transformer
is'larger than loss voltage die to difference in the
forward vpltage between the diodes or difference in the
20 on resistance between the switching transistors and,
therefore, the effect due to the above described second

cause of the current imbalance is not so conspicuous and .
the ﬁroblem can be mostly sblved by coping with the
‘above described first cause, j.e., bringing about_the
25 duty factor of 50%. .In the power'subply circuit of this

invention, loss is small and a considerably large output
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In this case, consideration should hoygver be given to the anount of
energy which is previously given to the '
-14- voltage resonance circuit of the inductance L1 and the capacitor
Cl before starting the voltage resonance node. Consideration should also
be given to the manner of determning values of +the inductance L1
and the capacitor Cl even when the parallel resonance frequency

can be obtained. Expecting_a case where this power
circuit is used for obtaining a.large output, the
problem of the current imbalance due to the above
described second -cause should be solved.

5 ' Even when duty factor is exactly 50%, it is
necessefy for eliminating the current imbalance to
establish relation.VA - VLOSA = VB - VLOSB in Fig. 11,
‘assuming that loss voltage.in the eycle.A is &esignated
by VLOSA and loss voltage in the cycle B by VLOSB.

10 Since, however; the less voltage is not maintained at a
constant value but it varies with, e.g., the current
value and temperature, it is actually not possible to
satisfy the eboveeaescribed relation using VA and VB as
constant values. Since the ratio between VA and VB is

15 deterﬁined by voltage duty faetor. the duty factor
should not be a fixed value but should be changed in
accordance with change in the loss_voltaée for
maintaining balance in currents.

Fe; eliminating current imbelance ﬁith the duty

20 . factor being fixeq to a censtant value, the following
two methods can be considered. One method is to adopt a
.voltege deubler system as the rectifying circuit on ihe
eecondary side. Voltege difference due to difference in
the duty factor and loss voltage becomes difference in

25 charge voltage in each capacjtor( Since load current

flowe commonly from sum voltage of the respective
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is set . at a certain value. The on eriod of each swtching elenent
determ nes the anmount of the given % ergy and the off-period of both
switching elenents should be limted to deternm ne by the given energy
(i.e., the value corresponding to the on period). According to analysis
made by the inventor, it has been found that, in actuality, once the on
period and the off period have been determ ned, the switching frequency is
determined at this time and the parallel resonance (voltage resonance)
frequency siatitagst hthepamaumh obf curtvient ndénmiiore abir auabalslag tporti on
of the parallel resonance waveformare solely determ ned. Wen, for
exanpl e, d4irRdeohs pheisameis set to infinite small :
" The other methad is to adopt the bridge rectifying
system and insert a capacitor in series in the current
5 path of the priméry.side of the transformer. Owing to
existence of the serially inserted capacitor, current
flowing from the winding of the transformer to the load
becomes ac (not including DC offset current) in which
amounts of positive and negativé currents are equal to
10 each ofherh This circuit therefore will not cause the
current imbalance.
In these two circufts. current imbalance which will
cause a practical problem will not be pfoduced if
"voltage duty factor of approximately 50% is used. In
15 theSe circuits, however, currents flow through'two
rectifying diodes to produce a single output voltage and
‘there will be produced forward voltage loss for two
diodes. The loss due to a rectifying diode generally is
considered to be the greatest problem in a switching
20 type power supply circuit. Doubling of this loss
therefore poses a seérious problem in the circuit design
of the power supply circuit. Particularly, this causes
a serious decrease in efficiency in a power supply
cirecuit for providing a low voltage and large curyent

25 ocutput.

For reducing such loss, in switching type power
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(substanti*ral zero), the voltage resgngqpq.maveforn1in this case seens to
change substantially in the shape of “a sign waveformw th substanti
the sane frequency as the switching frequency. It should be noted,

however,

that, in soime cases, - a desired output term nal voltage

of 2VI is not realized notw thstanding that the voltage resonance
reached its peak val ue. Furt her, as wll be apparent fro

above
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-15 -
supply circuits, the centre tap system (see Fig. 8) or,

in the c¢ase of positive and negative power sources, the

center tap bridge system is generally used as the

"rectifying system. - In this case, there does not seem an

effective method for preventing current imbalance on the
secondary side. In a case where the center tap system
or the center tap bridge system has to be émployed for

improving efficiency, it becomes necessary, as described

‘before, to maintain current balance by changing the duty

factor. The previous description is intended to mean
that, even when duty factor is exactly 50%, imbalance in

loss voltage causes current imbalance. That is, an

effort to obtain duty factor which is exactly 50% will

not basiéally solve the problem of current imbalance.

However, in fhe case of the present invention in which
difference in a slight loss voltage is taken uﬁ-as a
problem to be conside}ed.'dufy factor providing a ﬁﬁve
peak value.which has onl& an error which.is smaller than
this small loss voltage must be exactly 50% and it is
not an -easy task to obtain this duty factor whiﬁh is
exactly 50%. Accordingly, when elimination of the
current imbalance is considered on the condition that
there_is'né difference in loss voltage, duty factor will
have to be automatically controlled also so as ts match
the value of currents. By dping-so. a state where duty

factor of 50% is maintained can be realized.
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descf%ptiOﬂ, It is desirable that therg shoul d be the relations L1 >> L2
and C2 >> Cl as condition for setting ?he val ues of the respective
resonance circuits. The rectification should be made by t he

full -wave rectification system As the snobothing system a
capacitor input systemshould be used for the current resonance. The
capacity of the snoothing capacitors C3 and C4 should be much | arger than
the capacitor used in the series resonance neans 4 so as to prevent
decrease in Q ohsthe ctiheemetbsdnahece. chang Sore Ppuaot i Lak taspedtosr of the
power supply circuit designed in accordance with the above described ba5|c
principle m#lntanionips b:@hslndéremetwe@étecrmnamtén tdfe circuit of

Fig. 7 has such function, thougzh incompletely. In the
circuit of Fig.- 7., when load current is not provided

5 - from the sgcondary side, this_éircuit'has.no ability of
‘correcting duty factor, that is, correcting duty factor.

to 50%. It is not wroné_to-think.that'it is preferable

ta have duty factor of 50%.regardless whether there is

load or not. This operation, however, in which.duty

10 facfor is not fiked during absence of load is a part of
the operation in which current balance is maintained
automatically during pre;ence'ofjload, Alternatively
stated, duty factor becomes unfixed because locad is
"removed and currént is reduced to zero from the circuit

15ﬂ which has originally an ability (although not complete
| one) of operatlng while automat1cally adJustlng duty
facfor so as to balance currents automatlcally. In. the-
‘circuit of.Fig. 7. duty faEtor really becomes
approximately 50% when current is provided as the

20 output. A design concept in the circuit of Fig. 7 is
that this cirecuit opératés at duty factor'of 50%-and

some step éhqqld be-taken to eliminate an instable éfaté

which will take place during absence of load. In
actuality, an effort to maintain duty factor of a'fixed

25 value tends to leave curfent imbalénce-uncorfected. In,

the case of a power supply circuit in which power is not
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out put- vol #tage in the basic construct

descri bed.

The illustrated basic construction has no voltage

conversion means such as a transforner and therefore nay seemto be

i ncapabl e of adjusting the output voltage. - However, by constructing

shown in Fig. 2 will first

be

t he

output rectifying circuit as a voltage nultiplier having voltage which is

doubl e or

nore the input voltage, the output voltage changes in an

integer nultiple rel ation W th the  input vol t age. =
Al ternatively, laR8esi ket RETiMRdict BRBa lam cehel paralt &° FLIHRAABEUFRANS as

a transforner for self inductance, ; esired vol|tage out put can
bt ai ned. | Tibr Be tE3éki 11 cAFl § ° By Predi Bedg Tk € hY P mlrale o ma ta
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an opposite manner to the circuit of Fig. 7. This does
not signify that- the circuit of Fig. 7 is meaningless
but the circuit of Fig. 7 as well as the method to be
described below can be effective methods depending upon
the capacity of power source, though the method to be
described beiqw is consideréd to solve the problem more
basically and'therefcre.is more effective. |

Assume now that, as shown in Fig. 12, load current
has been prbvided'from either one of positive and
negative.voltagés (positive volage in this example) of a
secondary winding waveform VT2 of a transformer whose
primar§.winding is driven by a signal source having a
éonstant dut§ factor (50% in this example) through a
capacitor. Waveforms are shown in Fig. 13. 1In Fig. 13,
ID causes the positive voltage of VT2 to degreasé.. As

described before, the area of positive voltage is the

"same as the area of negative voltage in the winding

voltage of the transformer and, when the positivé
voltage of VT2 has dropped, a time period TA must be
longer thap a time period TB if the‘area of the positive
voltage should remain equal to the area of the negative
voltage. The currént ID therefore causes the duty

factor to change in such a manner that TA becomes longer

~and TB becomes shorter. When, however, the drive side

_—
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- 16+- . +desired position in the winging of the elenent such as a

transformer which constitutes the inductance L1 and connecting the output
terninal of the switching circuit and one term nal on the side of the
switching circit of the series resonance circuit bet ween necessary
termnals, a desired voltage output can be obtained. Thus, the circuit
shown in Fig. 1 or Fig. 2 has a . considerable degree of freedomas to the

out put vol tage.-
is operating to maintain the constant duty (50%), the

‘duty factor cannot change so that drop in VT2 remains to
be a voltage drop corresponding to loss in the current
patﬁ. ST
5 . In a case where fﬁe dfive signal source is
oscillating at a const;nt frequency but'has no abiiity
of maintaining duty factor so that any duty factor can
be adopted, flowing of Ib causes decrease in the
positive voltage and increase in TA and increaée in the
lb : negative voltage and decreasg.fn TB. Thg positive
voltage decreaseé until iD finally becomes zero with an
extremely imbalance duty factor. In the case of the
circuit of Fig. 12, iD becomes zero and output véltage
disappears in the above described manner. Since an
15 Joﬁtput current in the ceénter tap type rectification-is
provided in both the.positive and negative.cycles,
current flowing in one cycle side only cofrespondfng to
ID in Fig! 13-represenfs an imbalance portion of currént
itself. Thus, the current_imbalance.is efiminaied and
20 the duty factor is automaticalfy adjusted to one at
which the values of currents in the pésitive and
negative cyclpé are the same. In.a circuit using the
center tap system also, by removing duty factqr
maintaining ability of the drive signal source as shown
25 in_Fig. 14, the duty factor is autbmgtigaliy adjusted to

one at which an imbalance cur:ent'between ID1 and ID2 is
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Descreptdion will now be nade about an 3&otation function between input
This type of power supply circuit generally has, as one of
its functions, a function of isolating the primary side of the power

and out put.

T~

supply circuit fromthe secondary side thereof. In the basic construction

of Figs. 1

and 2, this function is not disclosed. “Accor di ng to

nor e specific construction using an internedi ate transforner to be

descri bed |

Qut put reg&AYTAF abRi #&f°t oad variation in this power supply circuit

ater, however, such isolation function is perforned.

he ¢

a

wll now be defcrib%q;cuikn‘,¥h§igpas%c const{uggion,shomn Lgvgigh 1 or

Fig. 2, there-is

10
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canno said to

ability of maintaining duty factor so that it ha§ some
effect of reducing. the current imbalance. However., the
ability of this circuit for maintaining the oscillation
frequency ‘at a constant frequency is not certain. In
this circuit, thefefore, the energy of the imbalance
current.to change the duty féctor is not ceftain be;ause
it is consumed not only for change of the duty factor
but also for change of the oscillaﬁion frequency.

The circuit shown in Fig. 15 has completely.solved
this problem. That is, this circuit can loée the
ability.to maintain a constant duty factor whiie
maintaininglthe oscillation frequency at.a constant
value. This can be realizeé anly.bf_respectively
connecting é diode 45 and 46 (not shown) in parallel to
the resistances 27R and 28R (27R and 28R) of‘ the time
constant éircuit in Fig. 8. The operation of the
circuit with the added diode 45 (46) will be described
below. Assume now that thé emitter potential of the
main switching transiétof 25 and the auxiliary switching
transistor 29 is used as reference voltage (zerg), the
feedback widding voltage is designated by VLF2, the base

voltage of the transistor 29 is designated by VQ2B, the

base voltage of the transistor 25 by VQ1B and the

collector voltage of the transistor 25 by VQlcC.
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. ¢ . _
no parti:cutar constant voltage functiofyis disclosed. This is because one
of contenplated applications of the power supply circuit of the invention
is a power supply <circuit used for a power anplifier in an audi o devices.
I n such application of the power supply circuit, if a A

-17- | oad which is -extrenely smaller than the rated load is connected
to the output of the anplifier, an overpower

Waveforms of respective voltages are shown in Fig. 186.
When the feedback windihg voltage drops on the
negative.side. the negative voltage V2 causes ;he
capacitor C2 to charge in the negative direction through
5 the didﬁe 45 of Fig. 15. This voltage is V3.
Designating the forward voltage of the diode 45 by DF,
the voltage V3 is V3 =V2 - DF. When the voltage is
inverted and VLF1 has become a positive voltage, the
capacitor 27C is charged by current from the resigtance
10._ 27R and .the .base voltage VQ2B increases.
Simultaneously, the base voltage leB of the transistor
25 increases with some delay frdm thé  feedback winding
voltage VLFl due to the time constanf. of the resxstance
35 and the capacitor 31 and, upon reaching of VQlB to
15 '~ the base-emitter-on voltage VBEQ1l(V5) of the transisto;
25, the transistor 25 is turned on. Upon reaching of
;he increasing VQ2B to the baseremittgr-og voltage
VBEQZ(V4)-of.the‘transistor 29, the transistor 29 is
turned on and VQIB drops. By turning on of the
20 tfansistor 29; the base current is -cut and the
transistor 25'ﬁhosg base Qccumulated charge has been_
discharged is turned off ahd the.voltaze is thereby
inverted. A timing detefmin}ng the frequency and duty
factor is determined by a period of time during which_
25 the voltage. of the capacitor_27C rises from - V3 tao V4.

The rising curve during this time period is a part of

Hms

\\\\\\\\\\‘“‘~\~\
iy



will take place in the circuit with regyglting occurrence of burning. For
preventing such overpower,. it is generally considered to be preferable
not to provide constant voltage neans at the output stage of the
circuit. Wien this power supply circuit is used for applications other
than audi o devices or when constant voltage neans is required for sone
reason in using the power supply circuit as a power source fo an
anplifier,  such constant voltage_neans.nay be additionally prOV|ded or

sui t abl & mehf8e sGORSIENE SR ?%gh?%tBﬂmﬁa§°ﬁétﬁﬁﬁnﬁkk&Pﬁ?lQ%e %H%terlof
Fol louabi 111y73(Eoe 8 ¥ uriiEh ittt ai nthe At eR oMYA Fodi? curifont
changes,  {pgs QUAYL b%%Uﬁ%Efo&S”%hW%nSHPS??QU‘¥fy Since DF is
constant, the voltage V1 + V2 - DF is determined By (Vi
5 + V2). When the duty factor changes, the fatio'of V1
and V2 changes but, since (V1 + V2) is constant, this

curve is constant regardless of the duty factor.

Time TRC1 till V3 + V4 = V2 - DF * VQEQ2 in this

curve is the timipg prepared here. Since DF and VBEQ2
10 .are substantially of the same wvalue, DF and VBEQ2 can be
cancelled with each other. Further, since DF is a small

value compared with'(Vl + V2), DF can be neglected for
tﬁe sake of simplicity. Thus, TRCI1 caﬁ be determined
suBstantially by the ratiolbetween (V1 + V2) ‘and V2.
15 Therefore, even if the power voltage-is changed fi.e..
(V1 + V2) is changed), there will be no change in TRCI
if the fatiq betﬁeen Vl.and V2 is constant. On the.
other hana, time constant TRC2 of the circuit on the
opposite side is determined by the ratjo between (V1 +
20 - V2) and V1. Although the time constant curve is not
linear, it can be regarded as substaﬁtially linear when
the circuit operates in the vicinity of the duty facteor
of 50% in acutal operation (if there is no extreme
change in the duty-facter) and, accordingly, (TRQI +
25 | TRCZ).can be considered to'ge'substantially constant

against variation in the power voltage whereby the ratio
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constant and the out put ‘current only &?anges with the load current), the
circuit of Fig. 1 or Fig. 2 has such function as in a conventional power
supply circuit using a transfornmer. Mre specifically, voltage drop in
a capacitor for taking out the output is determined in response to the

| oad current and voltage difference V caused by this voltage drop is
applied to i npedance Z across the series resonance neans (this inpedance

is theoretically zero but actually is a finite small value) and, as a
result, serdeweedsBRERcENGUARGH ofti ¢ie jaonsidered to have’certain

degree of freedom).

In the circuit of Fig. 8, when iDl is iarger than

iD2, there takes .place the operation, as described

5 ' before, to increase TRCl and decrease TRC2. As will be

apparent from ihe'curve of Fig. 17, as TRC1 increases,

V2 increases and when.TRCZ decreases. V1l decreases with

‘resulting stability. Therefore, an operation.for

determining the duty factor at a point at which iDI

10 becomes equal to iD2 can be realized.

Fig. 18 is a circuit diagram showing ; specific -

.circuit of the entire power supply circuit incorporating

the “invention. In Fig. 18, constants appering at

respective component elements are examples of specific

15 desfgn constants.. The respective component elements are

designated by the same reference characters as those

used for corresponding component'elehents in fhe

foregoing' description. In this specific circuit, the

commercial ac power 'source can be selectively switched
20 between 100V system and_ZOOV system. When an ac power
| of IOdV is used, this circuit becoﬁes a voltage doubler
rectification construction. Since a connecting peint of
both one ends of the input smoothing ‘capacitor CINl and
CIN2 can be used as reference potential point, a series
25 resonance capacitor C2 is not divided in two capacitofs

toward power line but is connected as a single capacitor
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, y : _
-18- - 1 determned substantially by VZJSlows. Therefore, when a large
power is consuned, the resonance current is |arge and when a small power

i s consunmed, the resonance current is small. ~ In realizing the above
descri bed basic construction as a specific circuit, as wll be apparent
fromthe above described principle, the relations L1 >> L2 and. C >> Cl1
are desirable as actual condition for setting values of the respective -

resonance el ruiLs, . EQL nS3 WG | NP LR 51 heRRe PLYTEIYLATE

the <capacitor, voltage withstanding Fapacity'of'the
capacitor caﬁ be-made small'aqd a film capacitor which
is of a small loss .in its characteristics can be readily
5 used. This power supply circuit is designed with a rated
output of 500 W (maximum 1 kW), switchiﬁé frequency df
35 kHz, current resonance fréquenéy of 50 kHz and
voltage resonance.frequehcy of 60 kHz. Actually
‘measured self inductance of the transformer |is 2.3 mH
10 and actually measured leakage inductance is 2.3 uH. In
this specific circuit, actually méasured.value of
"efficiency expressed by the rate of output power
prévided by the smoothing capacitor to input power to
the smoothing capacitor which inputs commerci#l ac. power
15 is about 97% (ref. about 80%_in'the conventional
transformer power supply circuit agd about 80% - 85% in
the conventional switching type power circuit). In this
ﬁower suppiy circuit, the amount of noise generated has
been reduced by.nearly 30 dB as compared with the
20 conventional switching type power supply circuit.
Stated more concretely, this is a level at which no
problem arises practically when the power cirecuit is
operated without providing any particular shiel&
therefor and an AM broadcasting is received by a radio

25 receiver located near the power cirecuit.

The invention has been described above witH
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‘the trdnsforner is effectively use#d ~as L1, an indenpendent .
or | eakage inductance between the primary and the secondary of
the transfornmer is used as L2. Since the rectifying circuit is

i nduct ance

t ap

positioned on the secondary side of the transfornmer, either a center .
‘type rectifying circuit or a bridge type one nay be used. In any case,
It nmust be -a full-wave rectifying circuit because the current resonance

must be perfornmed with both F05|t|ve

snoot hi ng di%tuf enc& Jébaﬁuﬁﬁ

currents.

vi eved: fror@&&f‘apfwwe%w@ 's
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This is a technique concerning a power supply

cireuit according to which, in an inverter circuit

of, e.g., a half bridge type; a full bridge tfpe of a

push-pull ' type, current resonance is applied at a timing

at which a switching transistor is turned on to supply'

current to the output and voltage resonance is applied
at a timing at which the switching transistor is turned
of f to switéh voltage whereby both current type noise
and yoltage type noise are reduced by redu;ing harmonics

in both current waveform and voltage waveform, and the

efficiency of the power supply circuit is improved by

turning on the switching transistor in a voltage.zero
staté and turning off the switching.?ransistor in a
current zero state.

This is a technique concerning a power suppiy

ci}cuit whidh'comprises 'a de power source,
switching means iqcluding switching elements capable of
beiné dp—off controlled for switchiﬁg an input from fhe
dc power source to convert it to ac and providing it -as
an ac output from an output.ierminal'thereof, dc output
means for full-wave rectifying and smoothing a supp}ied
ac -input to provide a de output. éeries-resonance means

provided in series to current flowing to the output

_—
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shown« itn «aFig. 4. Since the transfproer has self. inductance and
| eakage i nductance, these inductances nay -

REPLACEMVENT SHEET - 19 - be utilized as L1 and
L2 of Fig. 2 by properly setting the values of these inductances in the
circuit design. In a general transfornmer, the relation L1 > L2 is
satisfied. The basic circuit of Fig. 2 can be nodified in the

terminal of the switching means, parallel resonance
means provided in pa}allel-to voltage produced at the
output terminal of the switching means; and swtiching
control means for intermittently controlling the
5 switching efements of the swit;hing means, the de¢ ouiput
being'téken out of resonance current-of'the series
resonance means by the dec output means and potential at
.the output terminal being converted from one potential
to another by using parallei resonance voltage of the.
.10 paral!el.resonance means, whereby all switching
6pef;tions of the switching elements of the switchiﬁg
means are performed substantially at a voltage iero
state or.substantially at a current zero state and
harmonic contents in operation voltage and operation
15 current in the circuit are reduced.

In this technique, it is prefe;able, as conditions
for setting values of the respective resonance_gircuits,
that the indgctance value L1 of the parallel resonance
means is much larger than the inguctance value L2 of the

20 series resonance means and the value Cl of the caﬁaditor
‘of the parallel resonance means is much smaller than the
value C2 of the series resonance means. The
rectification system should be a full-wave reatification
systém. As the Smoothins system, the capacitor iqpuf:

25 iype system should preferably be used for effecting the

| current resonance and the capacity of the smoothing

-
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formshown+in Fig. 5. In Fig. 5, the ggrrent resonance 1is perfornmed by the
i nductance L2 and the capacitor C2 which is divided in two capacitors
whereas the voltage resonance is performed by the inductance L1 and the
capacitor Cl which is divided in tw capacitors and the inductance L1.
The circuit of Fig. 5 may seemto be different fromthe circuit of Fig.
2 in that the loop of the voltage resonance includes both the inductance
L2 and the capa e the rel ations 2 << L1 and C2

22 0 he BPBSARA of XP3 TahoP E3 (GgLAs Hor® SuBdtedht | AFIRF o F BaR THE ol t age

esorance SlBue o8 T canahBrs MAAEDTn S RPPRy Hannthihlel s

inthe cirgdit, OftBi G révent drop in Q factor of the current
resonance. -

5 In one aspect of.the invention, the power circuit’
comprises input switching me;ns ¢qmprising twa switcing
elements capable of being turned on and off:at desired
timing for switching them alternately to convert a dec
power output to ac and providing it as an ac ogfput ffom

1b an oﬁtput terminai thereof, output takeout means for
performing.anfull-wave rectification of a capacitor
smoothing type, series resonance means provided in
series between the output terminal of the input
switching meaﬁs and an input terminal"of.the cutput

15 takeoﬁt'means,'parallef resonance ﬁeans provided in-
parallel across one of the switching elements of the
input switching means, and timing control ﬁeans fof
controlliné the on-off timing of the switching elements
of thé input switching means in such a manner.that a

20 time period from turning on till turﬁing off of each of

the switching elements is longer than half of resonance
period of the series resonﬁnce means and a tihe'period
from turning off till turning on of each of the
switching eféments is shorter than haLf.of resonance
pericd of the pérallel resonance means. |

25
‘In one aspect of the invention, the power circuit
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e : :

Fig. 6 shows a nore specific circuit_psing a transfornmer T1 having self
I nductance L1 and | eakage inductance L2. The center tap type out put
circuit is wused as the output circuit. The center tap winding is
adopt ed because the nunber of diodes in the rectifying path in each
recti-fying cycle thereby can be reduced and, as a result, loss due to

t hese di odes can be held ' - 20-

comprises input switching means comprising two switcing
elemeﬁts capable of being turned on and off at desired
~timing for switching them alternately to convert a de¢

power output to ac .and proyiding it as an ac output froﬁ

5 an outﬁut terminal thereof, output takeout means for
performing a full-wave rectification of a capacitor
smoothing type, series resonance means provided in
series between the output terminal of the input
switching means and an input_terminal of the output

10 takeout means, parallel resonénce means provided in
parallel across one of the switching elements of the

input switching means, and timing control means for
céntrolling the switching means of the input switching

means to be turnéd on alternately and intermittently and

15 controlling the on-off timing of the switching elements
in such a manner that'an on period of each of the
switching elements is longer than half of resonance

period of.the series resonance means and a time period
~during which both of the switching elements are off is

20 shorter than half of resonance period of the parallel

resonance means.

In one_aspeét of the'inventfon. the timing control
means comprises the circuit shown in Fig. 7 to which
added a capacitor. for delaying timing of turning,oq of

‘25 'thé main switching elemgnt and a diode for enabling duty
' factor to be automatically changed so that values of

This Sheet Has Been Reilaced




to the mn-lrrum and efficiency of the gimrcuit as a whole can be inproved.
Further, two transistors are utilized as the switching elenents S1 and S2.
Each transitor is switched by a driving circuit having a fixed sw tching
timng as shown in (f) and (g) of Fig. 3. Accordingly, a power supply
circuit with low noise and high efficiency can be realized by a
sinpl e construction. Benefits derived fromthe above descri bed power

supply circuit are summari zed as foll ows: as. an adgant ageous
result of Fﬁér@l?r"rsenﬂ°‘Fb%6nSHééngn6?‘§e°d‘ué’°c"o‘%r?&n?a?§ PEdFEEd * ¥Phe

current noise is duced_in a r partigcul arl y V\,hen afbr upt
‘change in E‘ﬁr‘r“er?tw‘t'aca’b’sni)l éﬁénsr}s %osrt\gg é“r” urngs & ﬁ?r &t
flows. ther%g{gmy %%W%Qu%qual to each o;her. By the
provision of the diode, an adverse effect of power
5 voltage variation to change in the oscillation frequency
is removed whereby the operation of the switching
elements can be easily cénverted to a seif exciting
inverter typé oper#tion and. moreover, imbalance in
positfve and négative outbut currents (fesonapce
10 curreﬁt) is auiomaticaLly corrected and decrease in
efficiency and deformatioh in the voltage resonance

waveform due to the current imbalance can thereby be

eliminated.
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P .
aut omat itakly stops when the current= v ch changes in the shape of a sign
wave has been reduced to zero and,__LhQLngLg;__!gLXrLLttIe noise is

- gener at ed. As to the inprovenent of efficiency, switching- el ements
S1 and S2 are turned off at the curﬂm nd voltage through
the diodes D1 and D2 is al so reverse lM[""HMHﬁ"Ient has been reduced
to zero, so-that the adverse effect to @he emfieiency during the recovery
time is regucedis claimd¥anpgageous results of the voltage resonance al so

are reduction of noise and inprovenent of efficiency of the circuit as
a whole. 1. 3AnsewepPasipplpuelircuds comprising:

a dc power séurce:
switching -means including switching elements
5 capable of switching an input from the dc power source
to convert thelinput to ac and outputtiing ac from an
cutput terminél thereof, the ac changing between two
different potentials; -
series resonance means provided in series t§
10 current_flowihg from the output terminal of the
switchihg means, the series resonance means being
capable of generating resonance current;
parallel! resonance means_provided in parallel to
voltage produced at the output terminal of the switching
15 means, the parallel resonance means being capable of
generating resonance voltage and potential at the output
terminal of the switching ﬁeans being converted from aone
of thé two different potentials. to the other by using
'thg parallel resonance voltage.of the parallel resonance
20 means; | |
swtiching cgntral.means for controlling fhe
switching elements of the switching means .so as to
intermittently turn on the switching glements: and
do output means for full-wave rectifying and
25.. smoothing a supplfed ac inpﬁt. the: dc output means being

capable of taking out a dc¢ output from the resonance

This Sheet Has Been Reﬂlaced




- 21- = *semiconductors used in the po#®r=supply circuit are nounted on a
chassis through an insulating material for—heat—Tadration, part el ectrode
and the chassis have electrostatic capacit rode is
provided with an ac signal and, accordingl I u@m ﬂ‘;@' this
capacity which becones a nmain cause of a co The

sem conduct ors have also a junction capacity and the inductances and

:L ansfornercghsehave 1l kAR £8P2GIs Yr e s BHESE: CARNPEL A LES WiPe PRL yAPPERM 1N
. -

switching operations of the switching elements of the_
switching means are performed substantxally at a voltage
zero state or suﬁstgntially at a curreht zero state and
5 . -harmonic contents in operation voltage and operation

current in the power supply circuit are reduced.

2. A power supply circuit éomprisigg:'
a dc power.sourcei
switching means inclu&ing switching elements capable
10 of switching an input from the,d; power source to conveft
| the input to ac ahd providing coverted input as an ac
Qutpdt from an ocutput terminal'thereof;
) series resonance means provided in series to current
flowing from ihe output terminal of -the switéhing meaﬁs.
15 the series resonance means being capable of generating
resonance current ;
parallel resonance means provided in parallel to
voltage produced at the output terminal of the switching
means, the barallel resonance means being capable of
20 . generating resonanée voltage;
de outpdt.means for full-wave rectifying and
smoothing a supplied ac input to provide a dé outpﬁt: and’
switching contfcl means for controlling the
switching elements of the.switchfng means, so that.the

25 switching elements are alternately turned on with a

—_
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Ci r cuirt i agram but actually exist ip ghe_respective parts and the
circuit board and, therefore, <current flows to all these capacities
when the circuit is in operation. Since this current Ts one flow ng
to the capacity, it becones |arger when chamﬂl' e (dv/dT,
i.e., ratio of change in voltage Vto tine T) ,’mmm"mm swi-tching is
made with a square wave, this current becones*a pulise# | ke eurrent and
generates a current noise. Current flowing to the chassis causes a

pul se-|i ke P&ohtdn sAbdlePrdilsd bsinpge tiined pops&heketheyresanainge

e sw tgthi ng transistors

th
P8 Tthe2 R &1 FuEing ey T T gEBRRed e i nce

resonance current is substantially zero at the output

supplied to the switching,transistors, loss in
i s produced’?lxj]fﬁgl’ees‘lﬁ t Fﬂ@“&é‘ctr‘e%lg[ey
vol t age

terminal of the Eﬁitching means.

5 3. A power supply circuit as defined in claim 1 whereiﬁ
lsaid de output means comprises a diode and a capacitor.
4. A power supply cjrcuit'as defined in claim 1 wherefn
said switching means has two switchihg elemeﬁts.

5. A power suﬁply circuit as defined in clafm 1 which

10 - further comprises a transformer provided in a prior stage
of the dc output means.

"6. A power supply circuit as défined.in claim 5 wherein
said transformer comprises a primary winding and a
sécondary winding.

15 7. A power s&éply circuit as defined in claim 6 wherein
said parallel résonance means cdmprises inductance and’
capacitance and self inductaﬁce of the primary winding is
used as said inductance.

8. A power supply circuit as defined in claim 8 wherein

20 : said series resonance means comprises inductance and
capacitance and leakage inductance of.the prfmary win&ing
is used as said inductance.

8. A power supply circuit as defined in claim 1 wherein
said series resonﬁnce means and said parallel reson;nce

25 means respectively comprises induciance and capacitance

and the inductance of said series resonance means is set

This Sheet Has Been Reﬂlaced .
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2 or i -—.yaw_,‘,m__x.- P
ﬁaVan ! ge Iérge d\UdT’ contalns _asthgh frequency conponent, a
radio wave radiated directly fromthe ¢ radi ation) al so

becones | arge: By using the voltage resonance using a waveform
- 22- approximating a sign wave and rﬁiﬂm Mﬂﬂu these probl ems
TC

can be overcone. According to the invent resonance is
at a2 value which is much smaller than the inductance of

performed by the inductance L1

the parallel resonance means and the capacitance of said
series resonance means is set at a value which is much

larger than the capacitance of said parallel resonance

5 . means.
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. ___.’.&M e SRR NC R - .
n both the switching elenments S1 and

“ahd é{thﬁ r'cap'aci tor Cl only whe _ _
S2 are both on and, therefore,. lossGh ~-the switching elenents S1 and S2

is not produced. The current flgﬁ'ﬁ tchlr ough the inductance L1 and the

capacitor Cl ts nere transfer of - ergy so that only reactive
power is consuned and loss due to the voltage resonance is very snall

(theoreticabhyetel 1y cirdd@k reducing a voltagetype noise, it is .

i mpor t ant waveforms at all termnals of the circuit

i s negliblyasgawer shbplifeicdrchid SFIY §witEhidlg MRARI N Ae Only, it
wi |l becone a noise source. Power circuits of a conventional voltage

resonance typelodesl 1 s&dRicAifgS GURACRIMAADS (Endludidy (Hfe ! IARYHITRY
. output), though they have a sine wave at one Spot in the
elements capable of being alternately on-off controlled
for converting an.input:from. acdc ‘power.source into-ac
by switching of the switching elements and outputting
it,la dc output circuit (3) fof‘full-wavé rectifying and-"
smoothing a supplied ac input to provide a dc output,a’
10 series resonance circuit (4) provided in series to ‘current
flowiﬁg from the outpﬁt terminal of the switcﬁing circuit,
a parallei resonance circuit (5) érovided.in parallel'to
voltage produced at tﬁe oﬁtput'te;minal of the switching
circuit, and a switching control circuit (6) for intermit-
15 tently turning on the switching elements of-the switching,
circuit. A dc output is taken out of resonance éurrent of
the series resonance circuit by the?dcznﬁtput;cirguitxand
. potential At the output termihal;of'the switching circuit
is conwverted from one potential-td another by using parallel
20 resonance voltage of the para;lel‘résonance Circuit, whereby
all switching operations of the switching e.lements' are per-=-. . -
formed substantially-at a voitage zero state or substantial-
ly at a current zero state and harmonic contents.in operation

voltage and operation current in the circuit are reduced.

(FIG. 1) - o .

_
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circuit., It is a final object of this “invention to realize a
practical |ow noise power circuit ( wth respect to -an external
circuit portion) and it .is a feature of the invention that all voltage
waveforns are sinilar to the voltage resonance waveform by the

I nductance L1 and the capacitor ClL. This is achieved by performng the
vol tage resonance at a different tinme from the current resonance.

That is, after reducing currents of the switching elenments S1 and S2
and. - the

FIG. 1
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- 23 - - diode D2 to zero and reducing also the magnetic energy of the

| nduct ance L2 to zero by the current resonance, the voltage resonance is
started and, by bringing the switching elenments S1 and S2 and the di odes
D1 and D2 in an off state and thereby reducing current in the inductance
L2 and the capacitor C2 in the voltage resonance node to zero, the
waveform at the point A.and the waveformat the point A" becone simlar to
each other. The term nal voltage waveforns of the inductance L1 and the
capacitor Cl thereby becone simlar to the term nal waveforns of the
swi'tthing el enents S1 and S2, :

FIG.

. A .
+V ' ' 1 .
I . : 1 :
wAU;F?Rﬁ?A{ ' ) [ F e -
Ca)/’””"‘TA cver) A e A - o
iz ]
-V : i : :
4 L P
PR X L
CURRENT whverid (/N + o :
(@dFD/aPEPkL-:n) . . r : /\ .'
Cc)cu&?z?v‘mrr—m' : : Do \/ L
OF AOPBPR2) Y+ 11 i b
A Iy ; E ' - ' :
) %@’5@" L2 ]'//“*\V =
e L)y D A Lo !
AT
POLTAGE ACRISS| | e ' 0 '\ e s e
e 1oy o Se—— T o~ 1=~
(- )MMCW/Q 02 (chzlr ;/ ‘; C ro 13 o | : 1 : : ; ; ; t
1 1 l : ‘ : : ' : : : : ! ! o i
S T S T S S S S L S,
f‘ ) SL( ON i . 5 : H : : \ 1 : : | , |
(\./ : 10—'_ ) Te-: { | . ) L i | : : : : : o
. '\: g Teif & 1 : i : ! ! : Y : : :
ON| | Py ' Lo ' : t o '
(3) . S:fcﬁ: ' , X [T o : ! ! - f7_;,_-
‘h;) ﬁgﬂﬂﬁ%¢ﬂéﬁi' c vile!|lv c | T el 7l IC
( /MTO2E ; .

v

This Sheet Has Been Replaced




ihductance L2, capacitor C2, and diodes D1 and D2 and a square wave

di sappears fromthe circuit.
the timng contro
switching el enments S1 and S2.
of the timng control
wth reference to Fig. 7.
Pat ent Publ.ication No. He
perfornmed in

3-

‘resi stance 23 or
transistor 29 or 30

FIG. 4

B B

Descri ption
means for.cntrolling the switching timng of the

will now be nade

about

The circuit which constitutes the base

circuit used in the invention wll
This circuit.

is

be descri bed
di scl osed in the Japanese

1914. The operation for timng_control i
Upon application of an ON voltage

t he foll ow ng manner:
wi nding 21 or 22, a main switching transistor 25 or
24 and then, by

26 is turned on by

turning on of an auxiliary sw tching

TRANSFORMER.

Il

LBAKAGE

v DUCTANCE
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by 'a tinme constant circuit 27 or 28 after |apse of a

-24- + certain tine period, the main switching transistor 25 or 26
turned off. A circuit constituting the timng control means of the
power supply circuit of the present invention constructed by using the

S

above described timng control circuit as its basis is shown in Fig. 8.

In Fig. 8, <capacitors 31 and 32 which are not

FIGT7

,*4}_*

This Sheet Has Been Re

LT



provided in the circuit of Fig. 7 are necessary in the circuit of this
enbodi rent of the invention. The object of control in the circuit of Fig.
7 is basically an inverter <circuit using a square wave. That is to say,
when current is cut off by turning off of the main swtching transistor
25 or 26, voltage of the transformer T1 1is instantaneously
inverted by self inductance (L1) and | eakage inductance (L2) of
the transformer T1 and, accordingly, the main -switching transistor
26 or 25 may be instantly turned on by wutilizing this voltage (i.e., by

f eedback w ndi ng).

FIG©
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REPLACEMENT SHEET - 25 - Mor e
specifically, since the circuit of Fig. 7 is not a current resonance
type circuit, the |eakage inductance (L2) of the transforner T1 is not
utilized. The |eakage inductance of the transforner Tl however cannot
be reduced to zero and a certain value of |eakage inductance exists. Wen
the main switching transistor 25 or 26 has been turned off, current is
flowng through the |eakage inductance L2 and, in the case of the
circuit of 'Fig. 7, the tendency to causing the current

FIG.11

“¥i
(0
O
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to flow continuously causes voltage to be inverted wwth a spike. Thus,
switching is perforned with a waveform having a very large dV/dT. Since

t he | eakage i nductance does not serve for any purpose in a square wave
switching inverter, the transfornmer T1 is designed so as to reduce it to

t he maxi num extent possible. Besides, since the |eakage inductance is not
zero, if, inthe <circuit of Fig. 7, the current resonance was not nade

but capacitors 33 and 34 corresponding to the parallel - resonance capacitor
Cl were added to performvoltage resonance with the self inductance L1 of
the transformer T1 thereby to reduce dV/dT of the waveform being

switched, the switching woul d be made whi.l e the current

FI1G.14
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—
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fé fl ow ng through t he | eakage i nductance L2 and accordingly,
woul d' be determ ned by the

current
- 26 -

flowi ng through the self

generation of the spike like voltage would be

i nduct ance L1 and

t he wavef orm

current of L2 which is nmuch |arger than the

as a result
i nevi tabl e.
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In the present I nvention,
turned off,
resonance maveforn1 has reduced t
transi stor 26 substantlally to z

swi t chi ng -transi stor -26. In the

capacitors 32 and 33 -are provijded,

instantly turned on at a voltage
causes the main sw tching transi
wavef.orm to be defornmed when- Lhe

he

4 1

when the Zmin switchi B
the vol tage resonance Fode |s brou@ht about and when the
in swtching

transi st or

25 has-'been'j

er __g ssary to turn on the nmain.
r FUg i n which no
e ﬁﬁln 'ENﬁtch1n transistor 26 is
_ aqﬂmﬁfch“vﬂrrqge of {t he feedback w ndi ng
st gro26 ko n on. ~Thls: causes the
Jr

vobdye

es

o

de has

passed about

FIG 18

its_.mi.ddl e point as shown iw Fig. sult{that th
becones ane of a large dV/ dT. HFor frieventijng thils, th
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,dépacftqns 31 and 32 are added and turning on of the nain swi t chi ng

transi stor
capacitors

wavef orm as| REPLACEMENThE dot t
between t he §

vV , 1" a
(c) of Fig.

Fig. 3 are sgt

IS delayed"by «time Tin Fig. 9 by tirme
bt e—32—arret resﬂstances 35 and 3 %f
ed line thereby
TT timng of tlhe maim sw tching
' me as those shown i
peri.ods T , Tdf

et that

Ba fgddCIORPRE
g

n

|§21 (&
~Respective tj
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Power Supply Circuit

This invention relaies to a power subply circuit of
a switching inverter type and, moré particularly, to a
power supply circuit of this type capable bf reducing
switching 1loss to the maximum and improving conversion
efficiency by uiilizing both voltage resonance and
current resonance as well as reducing noise by enabling
opération waveforms of voltage and current appearing at
respective component parts qf the circuit to simulate a
sigﬁ wave to a maximum degree.

Conventional power supply circuits are designed
normally by using a large power transformer, connecting
an AC poﬁer source to its primary winding and smoothing
its secondary output by rectification. There is also a
small, 1light and highly efficient conventional power
supply circuit called a switching power supply source.
As this type of power supply . circuit, there is a
switching inverter type power supply circuit of a half
bridge type, a full bridge type or a push-pull -type

using switching eiements which alternately turn on and

off (e.g..'transistors; thyristors or MOS-FETs). In the

switching'inverter~type pawer supply circuit, opgrétioﬁ

voltage and operatfoh' current are both of a square

waveform and this .posés a problem of generation of



>

- 27 - relations of TQL > Ti and Toff > T

The

‘Circuit of Fig. 8 includes all necessary el erlerREELHGEMENKeSHﬁEr tion of

this circuit but this circuit cannot start b
Starting of the circuit can be applying a sh%
froma separate circuit but, in this gnhodi men
10 is used. This circuit can realize starting
relatively snmall nunber of component parts. H

circuit
in Fig.
uit with a

t of

t. a C|rcu 65 o
d
ig. 10 shows a

noise. Besides, since this type of power circuit

operates fundamentally in a high frequency, there arises

~a problem of heat generation due to loss caused by the

facts that recovery time of a rectifying diode and aff

time of switching transistors are of a limited value.

In the switching inverter

type pover supply

circuit, there has recently been made an attempt to

reduce generation of higher harmoni

reduce also loss in circuit element

¢cs, reduce noise and

s by causing either a

current or voltage waveform to simulate a sign wave by

utilizing resonance.

In the resonance type swi

tching power supply

cirecuit, however, on-off timing of switching elemente,

i.e., timing that each switching el
turned off, of the circuit must be

setting of the timing is incompl

ement is turned on or
accurately set and if

ete, improvement of

efficiency cannot be hoped for. Therefore, it sometimes

becomes necessary to detect a current in the circuit for

determining the timing with result
complex circuit design. Moreover,

switohing pover supply circuit, res
for causing eithef'current-or volt
sign wave; ‘Since noxse in the reso
generated'by both voltage and curre

.resonance, type power circuit is in

reduction.

ing necessity for a
in the resonance type
onance is mostly used
age to approximate a
nance type circuit is
n{ . the conventional

complete in the noise



portion of the circuit of Fig. 8 about the main sw tching transistor
25. Starting circuit In Fig. 10, resistan7§?z4 acktpr 41 and a
di ode 42 are added to the base circuit of the fm PLM@& '@% ransi st or
25. The resistance 40 is of a high resistance]|vgdlue because i§$ fust cope
wth .a power |ess and capacity of the capacitdqr [410 1NOVASS a g¢ for
achieving a strong starting. Wen the3power iq tflurned on, th¢ Wi nding
voltage of the transfornmer is zero and charge| of—the—Tapacitor {41 is al so

zero. Current flowi ng through the resistancd 40 is very snal Thi s
current charges the capacitor 41, flows .through the resistance 35 and the

wi nding and reachgg a199inkh§rgggre. an object of the invention to

provide a resonance type power supply circuit of a high

efficiency and low noise with a simple circuit

construction.

A power circuit achieying the object of the
invention comprises a dc power source, switching means
including switching elements capable of switching an
input £from the dc power sourcé to convert the input to
ac and outputting ac from an output terminal thereof,
the aé changing between two.different potentials, series
resonance means provided in series to current flowing
from the output terminal of the switching means, the
series resonance means being capéble of generating
resonance current, parallel resonance means proQided in
parallel to voltage produced at the output terminal of
the switching means, the parallel resonance means being
capable of generating resonance vol tage and potential at
the output ierminal of the switching means being.
converted from one of the two different potentials to
the other by using the parallel resonance voltage of the
parallel resonancé means, swtiching control means for
controlling the  switching elements Qf the switching
means so as to intermittently turn on the switching
elements, and do output means for fuil-wave rectifying

and smoothing a supplied ac input, the dc output means



>

this current is not of such a magnitude as to produce a |arge potentia
di fference across the resistance 35. Therefor S and D are
initially at éﬁﬁfAéﬁMéMTsﬁgaﬁgitiaLly

ithe sane potential, so that the main smntchl ransitor 25 iJs{in the off
‘state. The capacitor 41 is charged with | e 0f1 NOveRegd.
) .- -4 -

being capable of taking out a dc¢ output from the
resonance current of the series resonance means, whereby
all switching operations of the switching elements of
the switching means are performed substantially at a
voltage zero state or subsiantialiy at a current zero
state and harmonic contents in operation voltage and
operation current in the power supply circuit are
- reduced. ‘

"According to the invention, all switching
-operations of the switching elements are performed
either at a voltage zero or a current zero state ani,
therefore, a switching loss becomes nearly zero and thé
efficiency of the circuit as a whblg is improved nearly
to a theoretic limit except for loss in a recéifying
element. The loss in a rectifying element is inevitable
in this type- of circut but even this loss_ can be
neglected when the output voltage of the power circuit
is reiatively high. | Moreover, both series resonance
current and parallel resonance voltage are bath Bf a
spectrum which resembles one of a single frequency and,
therefore, possibility of generation of ringing or
overshoaot due to buffering with resonance dip occurring
in respective component parts of the circui is reduced.
Accordingly, unnecessary radiation such as harmonic
contents s remarkably reduced. Alternatively statgd.

by causing both current and voltage waveforms to



when the potenti al

»

't he

fromthe [ositive feedback winding to the _
ifn

Nnf
5. Since the curient

approximate a sign wave by using resonance, noise is
reduced and switching loss is also reduced. The on-off
timing of a switching transistor may be a fixed timing
and the circuit design therefore may be facilitated and
the power circuit as a wholé can be.designed in a simple
manner.

An embodiment of the invention will now -be

described with reference to the accaompanying drawings.

In fhe accompanying drawings,
.Fig.' 1 1is a block diagram showing schematically a
basic principle of the invention;
Fig. 2 1is a circuit diaéram showing a  Dbasic
construction of the cirecuit aécording to the invention;
Fig. 3 is a timing chart for explaining operation
of the basic construction of Fig. 2;
| Fig. 4 1is a diagram for gxplainjng an equjvalent
circuit of a transformer;
Fig. & is a circuit diagram showing a modified
example of the basic constructien of Fig. 2;
 Fig. 6 is a'circuit diagram éhowing an embodipen%
which 1is a modified form of the basic construction of
Fig. 2; _
Fig. 7 1is a circuit diagram showing a prior art
circuit which constitutes a hase of the-timing control

means in the embodiment of the invention;

capaci tor ZT-ar tnfrs—timeTs mnmuch

di fference between the points B and D has reached the
base-emtter forward voltage of the main sw tchig
transi stor 25 enters an active region. At this [tif¥ LAGEMﬁﬂgiSHEET'feedback
age or the transi|stor
throygh the resistance 35 and the capacitor 41 ifs {fo

swtchig transistor 25 is turned on-agcel eratedlly byﬁ”FﬁOY'@?fi
f eedback, being nmaintained in the on state by a
flowng fromthe wi nding through the resistance
flowing fromthe resistance 35 to the
| arger than current which is reversel charged fromthe resistance 40,

25

t he



potential of the capacitor 41 becones the forwar
.42 and, after starting, is fixed to this forwar

d potential of the diode
d potential of the di ode

- 42. Therefore, erroneous turning on of the mai
during the off timng thereof due to the resist§g
Duty correctian operation In the two trang
circhit . to which this invention is_agleed,it
flowi ng through the two transistors which are

N REPIACEMEND SHEEAS]stor 25
”g. r ¢vent ed.
i qtor t

I S d@éﬁﬁﬁﬁl bt | ol ot

hat | currents

Fig. 8 is a circuit diagram

showing the timing

control circuit in the embodiment of the invention;

Fig. 9 1is a waveform diagram for explaining a

problem of the prior art circuit of

Fig. 7;

Fig. 10 is a circuit diagram éhowing a circuit for

starting the tihing control means;

Fig. 11 is a waveform di

agram showing duty

factor correction in the timing control means of the

above embodiment;

Fig. 12 is a circuit diagram showing a circuit for

performing duty factor .correction in the above

embodiment;

Fig. 13 is a waveform diagram
correction in .the iiming control
embodiment;

Fig. 14 is a waveform diagfam
“correction in the timing control
embodihgnt; |

Fig. 15 is a circuit diagram

showing duty factor

means in the above

showing duty factor

means in the above

for performing duty

factor correction in the timing control means;

Fig. 16 1is a waveform diagrém for explaining the

dperation of the duty factor correction circuit;

Fig. 17 is a waveform diagram showing the operation

of the duty factor correction circuit in the timing

control means; and

Fig. 18 is a circuit diagram showing a specific’



=29 - turned on and off alternately and two rectifying diodes are of
the sanme value. In the switching power supply cirgE‘t V, ETMﬂnding
resistance is of a very |ow value and, accordingljy, foss is
.small, it 1is not possible to reduce inbal ance betiwden currents b
‘utilizing the resistivity loss voltage. This posds ja 04NOVYUIr pbllemin a
" power circuit for a large power becauge-resi st ande fval ue of a cujrént
supply path is very snall. Wen inbalance is{produced between
currents, the peak value of the currents becones lfarge

construction of the power circuit.

Fig. "1 1is the block diagram showing the basic
principle of the power_supply circuit according to the
invention. |

This power- supply circuit includes a dc¢ power
source 1, switching means 2 including switching elements -
which are turned on and off at desired timing, switching
a dc input from the dc power source 1 to convert it to
ac and providing it as an ac output. from an output
terminal thereaf, de¢ output means 3 which full-wave
rectifies and smoothes a supplied ac input to provide a
dc output, series resonance means 4 provided in series
to current flowing, from the output terminal of the
switching means 2, parallel resonance means 5 provided
in parallel to voltage produced at the oﬁtput terminal
of the switching means 2, and swtiching fcontrol means 6

which controls the switching elements of the switching
means 2 sa that the switching elements turn on
respectively intermittently.

Fig. 2 1is a circuit diagram showing the basic
construction of the power circuit of the invention
shown 1in Fig. 1 somewhat more specifically. The
operation of the basic construction of Fig. 2 will be

.described with reference to the flow ;hart of Fig. 3.

When switching elements S1 and S2 are being turned



with resulting increase in heating of the sem conductors and transfornmer.
As a result, the switching power supply circuil_perfarns.as—+4t was a
single transistor power supply circuit and its ehtpm(}{mENTlSHEEc eased to
that of a single transistor power supply circuity —HasT—adoptijop of the
“two transistor. power supply circuit would beco nﬁﬁnﬂﬂﬁkeﬁé There
fare two causes for the current inbalan%e_ One ifs | nBa gusec by
i mbal ance in induced voltage of the transfornmer} {E_g-1l-shews 4 w nding
vol tage of a transforner. Assume, for exanpl that the cycle} during
which the transistor 25 and the diode Dl in Fig.l-8—ate—om TS UESI gnated by
A and thé cycl e during which

on and off repeatedly at a timing shown in (f) and (g)

of Fig. 3, power source voltages + VI, - VI are
converted into ac having substantially a peak value of
VI at a point A of the circuit of Fig. 2. This ac is
rectified by diodes DI and'DZ throﬁgh an inductance L2
and a capacitor C2. The rectified signal is smoothed by
capacitors C3 and C4 to become dc and the dc¢ current
flows through a ioad RL. As the diaodes D1 and D2 and
the capacitors C3 and C4, the elements of substantiall&
the same characteristics are used.

When the switching element S1 is in the on state,
‘the diode D1 is in a forward direction so that charge
current iD1 flows to the capacitor C3. Since a relation
that the capacitor C3 is much larger than than the
capacitor C2 (C3 >> C2) and impedénces of the switching
element S1 and the diode D1 are sufficiently small is
established, this current iDl becomes series resonancé
curreﬁt.of a sign waveform due to the inductance L2 and
the capacitor C2 (see (b) of Fig. 3). Since reverse
voltage is applied to the diode D1 and the diode Dl is
turned affl when the direction of reverse current 'is
reversed upon lapse of hal f cycle,. ser;es resonance is
stopped. In other words, when the resonance current has
finished its half cycle and has 'become 2zero, the
resonance is automatically stopped.

At this time, charge corresponding to the resanance



the transistor 26 and the diode D2 are on is designated by B. Since the

w ndi ng voltage of the transfornmer has no dir g area of
the cycle Ais the sane REPLA EMENT SHEE
REPLACEMENT SHEET - 3 as the 3grga of the
-cycle B. Wen.there is no loss in the swtchi el B"ENDY: 1998! tiade VA + VB
becomes .equal to the power voltage V ¢n_Fig. For achleV|nc (A = VB,
however, relation TA = TB nust be satisfied as S icm

current which has flown to this time point has been
accumulated in the capacitor C2 and voltage VC2 across
the capacitor C2 remains (see (e) of Fig. 3). Since
this charge QC2 = C2 +VC2 is discharged to the load
during a next cycle during which the switching element
S§2 is on state and, therefore, there is no energy loss.
Since energy stored in inductance is proportional to
current flowing tﬁrough the inductances, energy stored
in the inductance L2 is zero when the resonance has
stopped at the current zero siate. This signifies that
generation of harmfull noise in this circuit portion |is
very small and also signifies an important condition
under which a voltage resonance mode is established.

In order to reduce the magnetic energy of the
inductance L2 completely to zero, it is necessary to
keep the switching element S1 in the on state until the
resonance current has become zero. [t will be no use to
keep the switching element S1 in the on state after the
resonance current has become ‘zero but it will be
inefficient to simply prolong a time period during which
energy 1is not trapsmitted. "The switching element S1
therefore may be turned off with some allowance of time
(TQl - Ti1). Since the resonance time <(a cycle of
resonance current) by the inductance L2 and the
capacitor C2 is constant, a time period during which_the

switching element S1 is on siate may also be a constantl



that the waveforns A and B are of the sanme shape. This 1is because the
transformer operates so as to equalize the area Awith the area B a

therefore, VA beconmes substantially equal to VB w

equal to TB. This phenonenon is described in det aiﬂEPLAﬁE ,

ment i.oned Japanese Patent Publication No. Hei 3- {9f4. For this
for achi-eving VA = VB, it is necessajy Lo drive {he. g\ NOV 9! €
that the relation TA = TB will be satisfied, i.e. he duty factpr
becone exactly 50% Anot her cause for the curfefrt—tnbatanceT

difference in loss voltage occurring in the curreny path between th
A and the cycle B. Since this loss is '

nd,

value.

¥hen the switching element S1 is turned off, the
current resonance has already finished aﬁd the current
becomes zero and, therefore, current flowing through the
switching element 81 at .this tihe is on{y current
flowing ta the inductance L1. The value of the
inductance L1 can be set independently from the values
of the inductance L2 and the capacitor C2 and, by
establishing a relation that inductance L1 1is much
larger than inductance L2 (L1 >> L2), current flowing
throﬁgh the inductance L1 can be of a value sufficiently
smaller than the resonance current of the inductance L2
and the capacitor C3 and, therefore, the switching
element S1 is turned off in a nearly zero current state
and, as a.result, loss in turning off of the switching
element S1 is extremely small. W¥hen the switching
element S1 is turned off (since the switching element S2
.has not been turned on, both switching elements S1 and
S2 are off), the diodes D1 and D2 are also off and,
therefore, the elements which are in electric operation
at this time are only the inductance L1 and the
capacitor Cl.

Magnetic energy (current) stored in the inductance
Ll during the on state of the switching element ‘81

constitutes energy which operates parallel resonance

with the capacitor Cl1 which causes voltage at the point



[ arger when current is larger, this loss hardly occurs in the voltage
resonance node and occurs in the current resonance : rrent path
SHEETS

in the cycle Ais forned by the switching trgn T ormer T1,
di vided series resonance capacitor C2 and dio %ﬁftﬁqgg?n‘uu.[ nt{ path in:
the cycle Bis fornmed by the switching  transiptjr 26 o&r 4;3rrer T1,
di.vi ded-seri es resonance .capacitor -CAlane di ofe D@ 1N h@ﬁgoﬂh'currents
flow through the series resonance capacitor nd therefore.
REPLACEVENT SHEET - 31} -

—

A to drop in a sign wave form and approach the potential
- VI exceeding the zero point. .The operafion performed
during this time period is the voltage resonance mode.
The voltage résonance waveform in principle assumes a
form as shown in (a) of Fié. 3 which is a wvertically
symmetrical form with respect to a point crossing the
reference potential (i.e., the potential designated by
*o" in (a) of Fig. 3). Depending, hawever, upon an
actual circuit design, deformation will take place
(e.g., a case vwhere a timing control circuit to be
descfibed later consumes a part of energy of voltage
resonance through its'windings).

When the potential at the point A has dropped to
nearly - VI (i.e., below the potential at one end of
capacitor C4), the diode D2 is turned on and théreby
causes energy charged in the capacitor C4 to discharge
to inductance L1 through thé diode D2, the capacitor C2
and the inductance L2. 'Since the current flowing through
the inductance L1 is set a small value, a large change
in the current value does not take place but the
potential at the poiht A remains at a value near - VI.
If the switching elements S1 and S2 are kept in the off
state, the magnetic energy (current) of the inductance
L1 will be feduced to zero in a time length which is
about half of the time period during which the switching

element S1 1is on and voltage across the inductance L1



there is no difference in the loss voltage. In the transforner TI1.
two currents flow through the sane w nding in
different windings in the secondary. Therefor
in resistance of the secondary w ndings, diff
produced. Difference in the on resistance valiu

nt loss voltfges are

W t chi ng

t he

AN SHEET o[ PP ence

transistors 25 and 26 and difference i@ forwafd|vol t age betwegen|the di odes
D1 and D2 constitute directly difference in the )
Particularly, the forward voltage of the diode ected in

such a manner that, when current
(or capacitor Cl) drops from the potential near - VI to
zero. Alternatively stated, .since the point A can be
held at the potential near - VI by the magnetic energy
of the inductance L1 during about half of the time
period during which the switching élement S1 is on, if
the switching element S2 is turned on within this time
period, it can perform a switching-on operation in a
~state where voltage across the switching element S2 |is
‘extremely small. Loss during the switching-on of the
switching element S2 therefore is extremely small.

The voltage aéross the. switching element S2 when it
is turned on (i.e., difference between the above
described potential near - VI and =~ VI) is exactly not
zero but thefe exists voltage due to Ve2 (which Iis
voltage across the capacitor C2) left after the current
resonance- during the on state of the switching element
S1. The voltage Vc2 becomes a different value depending
upon the value of the capacitor C2. Since the value of
C2 can be set with a relatively large degree of freedom
in relation to the inductance L2 and loss is generally
smaller when the value of C2 is large and the value of
L2 is small within a range in which series resonance can
take place, the value of voltage VC2 consequently
becomes small which can be almost negliected as compared
with the voltage VI.

Upon turning on of the Switching element S2,



i bal ance on one side is produced, heat generat
tenperature thereby is raised and the forward

resulting in decrease in |oss voltage which ac
I mbal ance. When the power supply source is
vol tage due to the wi nding resistance of the tr
| oss vol-tage due to difference in theljcuward

or difference in the on resistance between the
therefore, the effect due to the above descri be
current inbalance is not so conspicuous and th

ion is

S

d éecond

sol ved by coping with the above described first'cause,

i ncreased and
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a result that charge current flows to the capacitor C4.
Subsequently, as shown in Fig. 3, the above operation is
repeated with the switching. elements S1 and S2 taking
their place in turn. |

Time Dbetween turning off of the switching element
S1 and turﬁing on of the switching element S2 may be set
at a slightly lénéer time length than a time period
during which the point A reaches the potential near - VI
due to the voltage resonance by the inductance L1 and
capacitor Cl after turning off of the switching element
Si. It will be inefficient as well to take a longer
time. This time period need not be set so strictly but
a'certain fixed value may be uséd.

Some more consideration will be given for the time
period during_which.the switching elements Sl or S2 is
on and the time period from turning off of the switching
element S1 or 82 till tﬁrning on of the switching
element S2 or SI. It may be basically said that the on
period of each switching element should be set fo a
longer period than half cycle of resonance of the series

resonance means and the off period of both switching

"elements should be set to a shorter period than half of

the resonance period of the parallel resonance means.
In this case, consideration should however be given. to

the amount of energy which is previocusly given to the



I hvention, loss is.snmall and a considerably | arge output

REPLACEVENT SHEET - 3 o i ned.
Expecting a case where this power circuit is [uREBLAGEMENTt SHEETng a | arge
output, the problemof the current i nbal ance q" ) descri bed
second- cause shoul d be sol ved. Even when {dyt yaf lant ctly 50%
Second- ¢ Y 0"V 1995

voltage resonance circuit of the inductance Ll and the
capacitor Cl before starting the voltage resonance mode.
Consideration should also be given to the manner of
determining values of the inducténce L1 and the
cépacitor Cl even when the parallei.resonance frequency
is set at a certain value. The on period of each
switching element &etermines the amount of the given
energy and the off-period of both switching elements
should 'be limited to determine by the given energy
(i.e., the value corresponding to the on period).
Accord;ng to analysis made by the inventor, it has been
found that, in actuality, once the on period and the off
period have been determined, the switching frequency is
determined at this time and the parallel resonance
(voltage resonance) frequency satisfying the operation
of this invention and a. usable portion of the .parallel
resonance waveform are solely determined. ¥hen, for
example, the on period 1is set to infinite small
(substantial zero), the vol tage resonance waveform in
this case seems to change substantially in the shape of
a sign waveform with substantially the same frequency as
the switching frequency. 1t should be noted, .however,
that, 1in some cases, a desired output terminal Goltage
_change of 2VI is not realized notwithstanding that the
vol tage resonance has reaghed its peak value.

Further, as will be apparent ffqm "the abave



necessary for elinmnating the current inbalance to establish relation VA -
VLOSA = VB - VLOSB in Fig. 11, assumng that |oss volrage_ngthe cycle A
i s designated by VLOSA and |oss voltage in tihereyteMERTOSHBETOSB.  Si nce,
however, the |oss voltage is not maintained | Je but it
varies with, e.g., the current value and tenpefature i%ﬂis aqt ual | y not
possible to satisfy the above describgd el afi nod%NpU barld VB as
constant values. Since the ratio between VA pngd VB is __detedmiined by

vol tage duty factor, the duty factor should hot be a fixed vallue but

shoul d he changed in accordance with change . e for
mai nt ai ni n al ance.in currents. For el i m.nati i
with the dgt escr?ption, ief SlS desiragle that %Jer}% %‘f\roruelrllt ﬂenbatlhaence

relations L1 >> L2 and C2 >> Cl as condition for setting
the values of the respective resonance circuits. The
rectifiéation should be made by the full-wave
rectification systeﬁ.- Aé the 'smoothing system, a
capacitor input system should be used for the current
resonance. The capacity of the smoothing capacitors C3
and C4 should be-much larger than the capacitor used in
the series resonance means 4 so as .to prevent. decrease
in Q of the current resonance.

.Some practical aspects,of the power supply circuit
designed in accprdance with the above described basic
principle will now be considered. Determination of
output voltage in the basic construction shown in Fig. 2
will first be described. The 1illustrated basic
construction has no voltage conversion means such as a
transformer and-therefore may seem to be incapable of
adjusfing the output voltage. However, by canstructing
the output rectifying circuit as a voltage multiplier
having voltage which is double or more. the input
voltage, the outpug voltage changes in an intéger
multiple relatiaon with ihe input vol tage.
Alternatively, by using the inductance of the parallel
resonance means as a transformer for self indﬁctance. a
desired vol tage output can be obtained. yore

specifically, by providing an intermediate tap at a



factor being fixed to a constant value, the follow ng

considered. One nethod is to adopt a voltag
rectifying circuit on the secondary side.
difference in the duty factor and | oss volt43
charge voltage in each capacitor. Since |oad
sum vol tage of the respective - 16 -
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desired position in the winding of the element such as a

transformer which constitutes

the inductance

L1 and

connecting the output terminal of the- switching circuit

and one terminal on the side of the switching circit of

the series resonance circuit between  necessary

terminals, a desired voltage output can be

Thus, the circuit shown in Fig.

obtained.

1 or Fig. 2 has a

considerable degree of freedom as to the output voltage.

Description will now be made about an isolation

function between input and output.

This type of power

supply circuit generally has, as one of its functions, a

function of isolating the primary side of the

supply circuit from the secondary side thereof.

basic construction of Figs. 1 and 2,

not disclosed. According to

power

In the

this function is

a more specific

construction using an intermediate transformer

to be

described 1later, however, such isolation function is

performed.

Output regulation against load variation

power supply circuit will now be

basic construction.shown in Fig.

'no particular constant valtage function is

described.

in this

In the

1 or Fig. 2, there is

disclosed.

This is because one of contemplated applications of the

pavwer supply circuit of the invention is a power supply

circuit used for a power amplifier in an audio

devices.'

In such application of the power supply circuit, if a



capacitors, the amount of current flow ng through each diode is the sane.

The other nmethod is to adopt the bridge rect | - insert a
capacitor in series in the current path of 'ﬁkp pﬁ@%®tgﬁ - t he
.transformer. Onng to existence of the serfally inserted capiacitor,

currént flowng fromthe wi nding of the trafhs{oygNOWWIe | opd becones
ac (not ‘including DC offset current)~i A7whi ch }lanounts of pogitive and
negative currents are equal to each other. |Thrs—TiTTofT therkfore wll
not cause the current inbal ance. In these two circuifs.Jcurrent

I nbal ance which w | )

load which is extremely smaller than the rated load is
connected to the output of the amplifier, an overpower
will take place in the circuit with resulting occurrence
of burning. For preventing such overpower, it |is
generally considered to bé prefefable not to provide
constant voltage means at the output stage of the
circuit. When this power supply circuit is used for
applications otﬁer than audio devices or when constant
voltage means is required for some reason in using the
power supply circuit as a power source fo an amplifier,
suchlconstant voltage means.may be additionally provided
or suitable means such as a series regulatqr may be
provided in the pasterior stage of the power suppfy
circuit. As to the basic load~power followabilitf
(i.e., a function according to which, when load current
changes, the odJutput valtage remains suhstantial}y
constant and the output current only changes with the
load durrent), the circuit of Fig. 1 or Fig. 2 has such
function as in a conventional power supply circuit using
a transformer. More specifically, voltage drop in a
capacitor for taying out the output is determined in
response to the load current and voltage difference V
caused by this voltage drop is applied to impedance 2
across the series resonance means (this impedance is
theoretically zero but actually is a finite small va!ue)

and, as a result, series resonance current which is



cause a practical problemw Il not be produced if voltage duty factor of

approximately 50%is used. In these circuits, {h v, 3 flow

through two rectifying diodes to produce a singl Bﬁﬁrﬂgwwgé’{ﬁe and

there will be produced forward voltage | oss for {t di odes. The}l oss due
t

to a*rectifying diode generally is considered fo|bd) 4INO\YI19gg bt | probl em
ina switching type power supply circut&.~Doubllifg of this losk [therefore
poses a serious problemin the circuit design ¢f the powersupply circuit.

Particularly, this causes a serious decrease ineffjciency in a power
supply circuit for providing a |low voltage and | arge current output.

For reduci ng Gl drsa ddbSVed €040y (WP P28 ows.  Therefore, when

a large power. .is consumed, the resonance current is

_lafge and when a small power is consumed, the resonance
current is small.

In realizing the above descriﬁed basic construction
as a specific circuit, as will be apparent from the
above described principle, the relations L1 >> L2 and C2
»» Cl1 are desirable as actual condition for setting
values of the respective resonance circuits. = For
satisfying these relations, primary self inductance of
the | transformer is effegctively used as Llf an
indenpendent inductance or leakage inductance between
the primary and the secondary of the transformer is used
as L2. Since the rectifying circuit is positioned on
the secondary side of the ffansformer, either a center
tap type rectifying circuit or a bridge type one may be
used. In any case, it must be a full-wave rectifyinc
circuit because the current resonance must be performed
with both positive and negative currents. As the
smoothing circuit, a capacitor input type circuit is

_ used for the.currept resonance and the relation C3 >> C2
is maintained so as to prevent drop of Q (quality)
factor in the cﬁrrgnt resonance.

"The transformer Qiewed froh the primary side 1is
shown in Fig. 4. Since -the fransformer has self

inductance and'leakage inductance{ these inductances may



REPLACEMENT SHEET -34 - supply circuits, the
centre tap system (see Fig. 8) or, in the casge =t . egative
power sources, the center tap bridge systemid HERSAGEMENTUSHEETag the
rectifying system In this case, there does ngt fseeman eifegtijve net hod
for preventing current inbalance on the secondarly ahpﬁov ﬁﬁ%a cdse where

|

the center tap system - 19 -

be utilized as L1 and L2 of Fig. 2 by properly setting
the values aof these inductances in the circuit design.
In a general transformer, -the relation L1 > L2 is
satisfied.

The basic circuit of ng. 2 can be modified in the
form shown in Fig. &§. In Fig. 5, the current resonance
is performed by the inductance L2 and the capacitor C2
which 1is divided in two capacitors whereas the voltage
resonance is performed by the inductance L1 and the
capacitor Cl which is divided in two capacitors and the
induétance L1. The circujt of Fig. 5§ may seeﬁ to be
different from the circuit of Fig. 2 in that the loop of
the voltage resonance includes both the inductance L2
and the capacitor C2 but since there are the relations
L2 << L1 and C2 >> Cl, the presence of L2 and C2 does
not substantially affect the voltage resonance and,
accordingly, the vol tage resonance is virtually
performed by the capacitor Cl and the inductance L1 in
the same manner as in the circuit of Fig. 2.

Fig. 6 shows a more speqific circuit using a
transformer Tl having self inductance L1 and leakagé
inductance Lg. The center tap type output circuit is_
used as the output circuit. The center tap winding is
adopted because the number of diodes 'in the rectifying
péth in each rectifying cycle thereby can be redqced

and, as a result, loss due to these -diades can be held



or the center tap bridge system has to be enpl oy
efficiency, it becones necessary, as described

SHERLACENEIT o

bal ance by changing the duty factor. The previ
to nean that, even when duty factor is exactly .

ob g
vol t dge causes current inbalance. That is, an e

s[fdescription i

#ﬁgin current

s tr nt ended
nitloss

fbrt to obtain

duty factor

which is exactly 50%w Il not basical R@ solve t
i mbal ance. However, in the case of the present
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e -p-enret

TUr rient
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can be improved. Further, two transistors are utilized

as the switching elements 51 and §S2. Each transitor is

switched by a driving circuit having a fixed

switching

timing as shown in (f) and (g) of Fig. 3. Accordingly,

a power supply circuit with low noise and

high

efficiency can be realized by a simple construction.

Benefits derived from the apove described power

supply circuit are summarized as fqllows:

First, as an advahtageous result of the

current

resonance, noise due to current is reduced. The current

noise is produced. in a large amount particularly when an

abrupt change in current takes place in a portion where

a large current flows. The current

resonance

automatically stops when the current which changes in

the shape of a sign wave has been reduced to zero

therefore, very little noise is generated.

and,

the

improvement of efficiency, the switching elements S1 and

S2 are turned off at the current zero state and voltage

through the diodes D1 and D2 is aiso reversed after
current has been reduced to zero, so that the

effect to the efficiency during the recovery

reduced.

Advantageous results of the voltage resonance

the

adverse

time 1is

also

are reduction of noise and improvement of efficiency of

the «circuit as a - whole. Since parts

as



not an easy task to obtain this duty factor whi + exactt
‘Accordingly, when elimnation of the current |rﬂﬁ£ bﬁﬁﬂMﬁNg

Wered on

the condition that there is no difference in

S voltage

duty fiact or
tthea val ue of

curreénts.
be" reali zed.

will have to be automatically controlled also 9o bpg

By -doing so. a state where duty fact
- 21 - -

semiconductors used 1in the powver supply circuit are
mounted on a chassis through an.insulating material for
heat radiation, part electrode and the chassis have
electrostatic capacity. The part electrode is provided
with an ac signal and, acéordingl&, current flows to
this capacity which becomes a main cause of a common
mode noise. The semiconductors have also a- junction
capacity and.the.inductances and transformer also have
line capaéity. These capacities do not appeaf in the
circuit diadgram but actually exist in the respective
parts and the circuit board and, therefaore, current
flows to all these capacities when the circuit. is in
operation. Since this current is one flowing to the
capaclty, it becomes larger when change in the voltage
(dV/dT i.e., ratio of change in voltage V to time T) is
larger. VWhen switching is made with a square wave, this
current becomes a pulse-like current and génerates a
current noise. Current flowing to the chassis causes a
pulse-like common mode noise. ° Since this pulse-like
current is supplied to the switching transistors, 1loss
in the switching transistors is producéd with resulting
decrease 1in the efficiency. Begsides, since voltage
having a large dV/dT contains a high  frequency
component, a radio wave radiated direcfly from the
circuit (unnecessary radiation) also becomes large.

By using the voltage resonance using a waveform

%S nalntained can
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As to the nethod for changing duty factor for

.currents,

that ' s,

he

Is preferable to have duty factor of 2R%regardliteds whether thefe}is

or not.

Thi s operation, however, in which duty} factor—T35 not 1iked

mai nt ai ni ng bal ance between
the circuit of Fig. 7 has such functigm t : pletely. In
‘the circuit of Fig.- 7, when load current is no E#QHQ} -* _Pt

secondary side, this circuit has no ability of ofrecting duty faftor,
correcting duty factor to 50% It is fof @ @NOV 4996 k|t hat

it
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during absence of load is a part of the operatidn in which current bal ance
I's maintained automatically during presence of load. Alternatively
stated, duty factor giqones unfi xed beca

approxXximating a sign wave %%3 l%%%dé%ng dv/d4T, -theée
problems can be overcome. According to the invention,
the valtage resonance is performed by the inductance L1
and the capacitor Cl only when both the switching
elements S1 and S2 are both on and, thé&refore, loss in
the switching elements S1 and S2 is not produced. The
current flowing through the indﬁptanéE Ll and the
capacitor Cl is mere transfer of mutual energy so that
only reactive power is consumed and loss due to the
vol tage resonance is very.small_(theoretically zero).
For reducing a voltage, type noise, it is important
that dV/d4dT of voltage waveforms at all terminals of the
circuit is neglibly small. If there is a square wave at
one terminal only, it will become a noise source. Power
circuits of a conventional voltage resonance type mostly
contain square waves (e.g., in the transformer output),
thoﬁgh they have a sine wave at one spot in the
cireuit. It is“ a final object of this 1invention to
realize a practical low-noise power «circuit ( with
respect to an _external.circuit portion) and it is a
feature of the invention that all voltage waveforms are
similar to the wvoltage resonance waveform by the
inductance L1 and the capacitor Cl. This is achieved by
performing the voltage resonance at ‘a different time
from the current resonance. That is, after reducing

currents of the switching elements S1 and S2 and the
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of the inductance L2 to zero by the current resonance,
the voltage resonance is started and, by bringing the
switching elements S1 and S2 and the diodes D1 and D2 in
an off state ahd thereby reducing current in the
inductance L2 and the capacitor C2 in' the voltage
resonance mode to zero, the waveform at the point A and
the waveform at the point A' become similar to each
other. The terminal voltage waveforms of the inductance
‘L1 and.the capacitor Cl thereby become similar to the
terminal waveforms.of the ﬁwitching elements S1 gnd S2,
inductance L2, capacitor C2, and diodes D1 and D2 and a
square wave disappears from the circuit.

Description will now be made about the timing
control means for .cntrolling the switching timing of the
switching elements S1 and S2.

The circuit whiéh constitutes the base of the
timing* control circuit used in the invention will be
described with reference to Fig. 7. | This circuit. is

disclosed in the Japanese Patent Publication No. Hei 3-

1914. The operation for timing control is performed in

the following manner: Upon application af an ON voltage
by a winding 21 or 22, a main switching transistor 25 or
26 is turned on by nesistancé 23 or 24 and then, by
turning oﬁ of an auxiliary switching transistor 29 or 30

by a time constant circuit 27 or 28 after lapse of a

uncorrectedidde !B® f@SgePb @n@OMEHuEVRR! ¥1Gb' Hel magnwitich RARVgy S not



- 36- so large, the current inbalance is not so conspicuous, The
nmet hod to be described bel ow sol ves the problem - nner to
the circuit of Fig. 7. This does not signify “;RE@aQ mrml EEM Fig. 7
is meaningless but the circuit of Fig. 7 as wel| Bs the nethod to be
descri bed bel ow can be effective net hocziz dependi hg| u@ohNOV 1996

I

certain time period, the main switching transistor 25 or
26 is turned off. A circuit constituting the timing
control means of the power supply circuit of the present
invention constructed by using the above descriﬂed
timing control circuit as its basis is shéwn in Fig. 8.
In Fig. 8, capacitors 31 and 32 which are not
provided in the circuit of Fig. 7 are necessary in the
circuit of this embodiment of the invention. The object
of control in the circuit of Fig. 7 is ©basically an
inverter circuit using a square wave. That is to say,
when current is cut off by turning off of the main
switching transistor 25 or 26, vol tage of the
transformer Tl is instantaneously inverted by self
inductance (L1) and leakage inductance (L2) of the
transformer T1 and, accordingly, the main switching
“transistor 26 or 25 may be instantly turned on by

utilizing this vol;agé (i.e., by feedback winding).



the capacity of power source, though the nethod to be described belowis
_considered to solve the problemnore basically and therefore is nore
effective. Assume now that, as shown in Fif. ndsdank £ has
~been provided fromeither one of positive and ?e i 95'9@'?1{@5@ positive
volage in this exanple) of a secondary w ndi ng}jwavef orm VT2 of

transformer whose primary winding is 2siven byla}siQhNOVK&B6ece! hpving a
constant duty factor (50%in this exanple) throigh a capacitor; { Waveforns
are shown in Fig. 13. In Fig. 13, |[ID causes the positive voltage of VT2
to decrease. As described before, the area of lposifive voltage s the
sane as the area of negative voltage in the wnding voltage of the
transforner and, when the positive

More specifically, since the circuit of Fig. 7 is

not a current resonance type circuit, the leakage
inductance (L2) of the transformer Tl is not utilized.
The leakage inductance of the transformer Tl however’
cannot be reduced to zero and a certain value of leakage
inductance exists. When the main switching transistor
25 or 26 has been turned off, current is flowing through
the leakage inductance L2 and, in the case of the
circuit of Fig. 7. the tendency to causing the current
to flow continuously causes voltage to be inverted with
a spike. Thus, switching is performed with a'wéveform
having a very large dV/dT. Since the leakage inductance
does not serve for any purpose in a square wave
switching inverter, the transformer Tl is designed so as
to reduce it to the maximum extent possible. Besides,
since the leakage inductance is not zero, if, in the
circuf% of Fig. 7. the current resonance was not made
but capacitors 33 and 34 co}resbonding to the parallel
resonance capacitor Cl were added to pepform voltage
resonance with the self inductance L1 of the transformer
Tl thereby to reduce dV/dT of the waveform being
switched, the switching would be made while the current
is flowing through the leakage inductance L2 and.
" accordingly, the waveform would be determined by‘the
curr;nt of L2 which is much larger than the current

flowing through the self inductance LI and, as a result,



vol tage of VT2 has dropped, a tine period TA nust be l|onger than a tine

period TB if the area of the positive voltage s I I I 1to the
area of the negative voltage. The current ID th rgﬁ L ! cﬁ@egmﬂﬁe duty

~factor to change in such a manner that TA beconeq ljonger and TBlbécones
shorter. Wen,. however, the drive side 0 1 NOV 1996
-37- . - 26 -
generation of the spike like voltage would be

inevitable.

In the present invention, when the main switching
transistor 25 has- been turned off, the voltage resonance
mode is brought about and when the resonance waveform
has reduced the voltage of the main switching transistor
26 substantially to zero, it is necesséry to turn on the
main switching transistor 26. In the <circuit of Fig. 7
in which no capacitors 32 and 33 are ©provided, the main
switching transistor 26 is instantly turned on at a
voltage at which voltage of the feedback winding causes
the main switching transistor 26 -to turn on. This
causes the waveform to be deformed when the voltasge
resonance mode has passed about its middle point as
shown in Fig. 9 with the result that the waveform
becomes one of a large dV/dT. For preventing this, the
capacitors 31 and 32 are added and'turning on of the
main switching transistor is delayed by time T in Fig. 9
by time constant formed by the capacitors 31 and 32 and
resistances 35 and 36 and a voltage resonance waveform
as shown by the dotted line thereby is obtained.
Relations between the on-off timing of the main
switching transistors 25 and 26 and V- , I and iD2
are the same as those shown in (f), (g), (a), (b} and
(c) of Fig. 3. Respective time periods T , Toff, Ti

and Tv shown in Fig. 3 are set in such a manner that



|5 operating to maintain the constant duty (50%

enteld @bt faet-04 Cannot
change so that drop in VT2 remains to be a vol ttaBEPKRCEMENDrSREEFondi ng to
_ in the current path. In a case wherg t ' ' | {source is
‘oscillating at a constant frequency but has no Eb”im @\f( %n aijni ng duty
factor so that any duty factor can be adopted, {fljo d‘ cquges
decrease in the positive voltage aqgf% ¢rease iin lTA_and-increade|in the
negati ve vol tage and decrease in TB. e positije voltage decreages until
i D finally becones zero with an extrenely inbatamceduaty—factor. In the
case of the circuit of Fig. 12, i D beconmes zero and output voltage

relations of TQl == Ti and Toff = Tv are satisfied.

The circuit of Fig. 8 includes all necessary
elements for the operation of this circuit but this
circuit cannot start by itself in this state. Starting
of the circuit can be applying a shot of pulse to this
circuit from a separate circuit but, in this embodiment.

a circuit shown in Fig. 10 is used. This circuit can
realize starting of the power circuit with a relatively
small number of component parts. Fig. 10 shows a

portion of the circuit of Fig. 8 about the main
switching transistor 25.
Starting circuit

. In Fig. 10, resisfance 40, a capacitor 41 and a
diode 42 are added to the base circuit of the.main
switching transistor 25. The resistance 40 is of a high
resistance value because is must cope with a power los§
and.caSacity of the capacitor 41 is made large for
achieving a strong startineg. Wﬁen the power is turned
on, the winding voltage of the transformer is zero and
charge of the capacitor 41 is also zero. Current
flowing through the resistance 40 is very small. This
current charges tﬁe capacitor 41, flows through the
resisfanee 35 and the winding and reaches a point B but
this current is not of such a magnitude as té produce a
large potential difference across the resistance 35.

Therefore, the points B, C and D are injitially at



di sappears

in the above described manner. Since an _output current in the
center tap type rectification is provided in OREPMMMEWiSHEE@ nd
aaonl I

negative cycles, current flowing in one cyclejsi ert-y—eottespipndi ng to
IDin Fig.
~the gurrent

13 represents an inbal ance portion df currﬁﬁb ib elff } Thus,
| nbal ance is elimnated and the ddty @ INBV 1896,

adj usted to one at which the values—o28current|s| in the positive and
negative cycles are the sane. In a circuit usirP the center tap|system

by renoving duty factor maintaining abi
source as shown |In Fig. 14. the duty factor is automatically adjusted to

Ly of—the—er+ve—si gna

one at which an i nbal ance current between ID1L and ID2 is

substantially the same potential, so that the main
switching transitor 25 is in the off state.

The capacitor 41 is charged with lapse of time and,
when the potential difference between the points B and D
has reached the base-emitter forward voltage of the main
switching transistor 25, the transistor 25 enters an
active region. Af this time, a positive feedback loop
from the positive feedback winding to the base of the
transistor 25 through the resistance 35 and the
capacitor 41 is formed. The main switchig transistor 25
is turned on acceleratedly by the positive feedback,
being maintained in the on state by a large base current
flowing.from the winding through the resistance 35.
Since ‘the current flowing from the resistance 35 to the
capacit;r 41 at this time is much larger than current
which is reversely charged from the resistance 40, the
potential of the capacitor 41 becomes the forward
potential of the diode 42 and, after starting, is fixed
to this forward potential of the diode 42. Therefore,
erroneous turning on of the main switching transistor 25
during the off timing thereof due to the resistance 40
can bé prevented.
Duty correction operation

In the two transistor type switching power circuit
to which this invention is applied, it is desirable that

currents flowing through the two transistors which are

ofatical ly



- 38 - reduced to zero. The circuit of Fig. 7 cannot be said to
have an ability of maintaining duty factor so phat—Tt—tas—sore—effect of
reducing, the current inbal ance. However, the | AEPLACEMENT SHEET di rcuit for
mai ntai ning the oscillation frequency at a conktfant Trequency}i § not

certain. In -this circuit, therefore, the enerpy ob 1 ROV ﬁggl gnde
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turned on and off alternately and two rectifying diodes
are of the same value. In the switching power supply
circuit, however, winding resistance is of a very low
value and, accordingly, while voltage loss {s small, it
is not possible to reduce imbalance between currents by
utilizing the resistivity loss voltage. This poses a
serious problem in a power circuit for a large power
because resistance value of a current supply path is
very small. When imbalance is produced between
curr;nts. the peak’value of the currents becomes large
with resulting increase in heating of the_semiconductors
and transformer. As a result, the switching power
supply circuit performs as if it was a single transistor
power supply circuit and its efficiency is decreased to
that of a single transistor power supply circuit. Thus,
adoption of the two transistor power supply circﬁit
would become mFaningless.

There are two causes for the current imbalance.
One is imbalance caused by imbalance in induced voltasge
of the transformer. Fig. 1l shows a winding voltage of
a transformer. Assume, for example, that the cicle
during which the transistor 25 and the diode D1 in Fig.
8 are on is designated by A and the cycle duriné which
the transistor 26 and the diode D2 are on is desizngted
by B. Since the winding voltage of the transformer has

no direct component, the area of the cycle A is the same

-



current to change the duty factor is not certain because it is consuned

not only for change of the duty factor but also far.change aof fhe

oscillation frequency. The circuit shown in E| BEPLABEMEN;T (sqgaTe ely

solved this problem That is, this circuit can
mai ntain a constant duty factor while nmaintainin
frequency at a constant val ue. Th| can be re
respectively connecting a diode 45 and°46 (not s : t
resi stances 27R and 28R (27R and 28R) of the ting constant CI rcuift
Fig. 8. The operation of the <circuit with the addet—thetde—4b—fder=i
descri bed below Assune now that the emtter potential of the

as the area of the cycle B. When there is no loss in
the switching elements, voltage VA + VB.becomes equal to
the power voltage V in Fig. 8. For achieving VA = VB,
however, relatien.TA = TB must be satisfied assuming
that the waveforms A and B are of the same shape. This
is because the transformer operates so as to equalize
the area A with the area B and, therefore, VA becomes
substantially equal to VB when TA is substantially equal
to TB. This phenomenon is described in detail .in the
above mentioned Japanese Patent Publication No. Hei 3-
1914. For this reason, for achieving VA = VB, it is
necessary to drive the switching elements so that the
relation TA = TB will be satisfied, i.e., the duty
factor will become exactly 50%.

Another cause for the current imbalance is
.differencé in loss vaeltage occurring in the current path
between the.cygle A and the cycle B. Since this loss is
Iar?er when current is larger, this loss hardly occurs
in the voltage resonance mode and occurs in the current
rescnance mode. The current path in the cycle A ié
formed by the switching transistor 25, transformer TI1,
divided series resonance capacitor C2 and diode Dl1. The
current path in the cycle B is formed by the switching
transistor 26, transformer Tl, divided series resonance
capacitor C2 and diode D2. The both curfents flow

through the series resonance capacitor C2 and therefore



main switching transistor 25 and the auxiliary switching transistor

used as reference voltage (zero), the feedbag
designated by VLF2, the base voltage of the t aREh

S

-

transformer Tl. the two currents fiow through the same
winding in the primary but through different windings.in
the secondary. Therefore, when there is difference in
resistance of the secondary windings, different loss

voltages are produced. Difference in the on resistance

29 is

desi gnat ed

value between the switching transistors 25 and 26 and

difference in forward voltage between the diodes Dl and
D2 constitute directly difference in the loss voltage.
Particularly, the forward voltage of the diodes Dl‘and
D2 is affected in such a manner that, when current
imbalance on one side is produced, heat generation is
increased and temperature thereby is raised.and the
forward voltage is decreased. resulting in.decrease in
loss voltage which ;ccélerates the current imbalance.
When the power sﬁpply source is a small power, loss
voltagé due to the winding resistance of the transformer

is larger than loss voltage due to difference in the

"forward voltage between the_diodes or difference in the

on resistance between the switching transistors and,
therefore, the effect due to the above described second
cause of the current imbalance is not so conspicuous and

the problem can be mostly solved by coping with the

above described first cause, i.e., bringing about the-

duty factor of 50%. In the power supply circuit of this

invention, loss is small and a considerably large output

39

by VQ2B, the base voltage of the transistor 2% by VQILB and thg | collector
vol tage of the transistor 25 by VQLC 0 1 NOV 1996
- . - 31 -

there is no difference in the loss voltage. In the



t hr ough
- forward

Wen the voltage is inverted and VLFLfias becgmy & HNOVt1996 Vollt age,

capacitor 27Cis charged by current fromthe rlegi stance 27R land the
vol t age V@B increases. Sinultaneous]y, the base voltgge VQLB
of the transistor 25 increases with sone delaytiromihe feedbadk w nding
vol tage VLF1l due to the tine constant of the resistance 35 and the
capacitor 31 and, upon reaching of VQIB to

‘Waveforns of respective voltages are shown in Fig. 16. When t he
f eedback wi nding voltage drops on the negative side, the negative

can be obtained. Expecting a2 case where this power
circuit is used for obtaining a large output, the
problem of the current imbalance due to the above
described second -cause should be solved.

Even when duty factor is exactly 50%, it is
necessary for eliminating the current imbalance to
establish relation VA - VLOSA = VB -~ VLOSB in Fig. 11,
assuming that loss voltage in the cycle A is designated
by VLOSA and loss voltage in the cycle B by VLOSB.
Since, however, the loss voltage is not maintained af a
constant value but it varies with, e.g., the current
value and temperature, it is actually not possible to
satisfy the above described relation using VA and VB as
constant values. Since the ratio between VA and VB is
determined by voltage duty factor. the duty factbr
should not be a fixed value but should be changed in
accordance with change in the loss voltage for
maintaining balance in currents. '

Fé: eliminating current imbalance with the duty
factor being fixeq to a constant value, the following
two methods can be considered. One method is td adopt a
Voltége doubler system as the rectifying circuit on the
secondary side. Voltage difference due to difference in
the duty factor and loss voltage become§ differencg in

charge voltage in each capacitor. Since load current

flows commonly from sum voltage of the respective

vol t age V2 causes the capacitor C2 to charge ih ' ecti on
the diode 45 of Fig. 15. This vol t age iﬁ@ﬁ"m@tﬂéﬁ; i g t he
vol tage of the diode 45 by DF, the votfage V3 is V3 3v4d - DF.

t he



the base-emtter-on voltage VBEQL(V5) of the transistor 25, the
transistor 25 is turned on. Upon reaching of | '
base-em tter-on voltage VBEQ(V4) of the transi|s PLTQJ : .
29 is turned on and VQLB drops. By turnin n of the tranpsijstor 29,
t he pase current is cult and the transistdr |250WKe¥ PR6e ja¢cunul at ed
charge has been discharged is turned f_and the jvol tage is thgreby
inverted. A timng determning the frequency and doty—factor Is
determ ned by a period of tinme during which the voltage of the _cdpacitor
27C rises from- V3 to V4. The rising curve during this time period is a
part of : '

capacitors, the amount of current flowing through each
diode is the same. |

The other method is to adopt the bridge rectifying
system and insert a capacitor in series in the current
path of the primary.side of the transformer. Owing to
existence of the serially inserted capacitor, current
flowing from the winding of the transformer to the load
becomes ac (not including DC offset current) in which
amounts of-positive and negative currents are equal to
each other. This circuit therefore will not cause the
current imbalance.

In these two circuits, current imbalance which will
cause a practical problem will not be produced if
voltage duty factor of approximately 50% is used. In
these circuits, however, currents flow through two
rectifying diodes to produce a single output voltage and
there will be produced forward voltage loss for two
diodes. The loss due to a rectifying diode generally is
considered to be the greatest problem in a switching
type power supply circuit. Doubling of this loss
therefore poses a serious problem in the circuit design
of the power supply circuit. Particularly, this causes
a serious decrease in efficiency in a power supply
circuit for providing a low voltage and large current
output.

For reducing such loss, in switching type power



-- 40 - time constant curve of the tinme constant circuit 27 from - V3
to + V1. Since there is the relation V3 = V2 - CONMes one
shown in Fig. 17. Since DF is constant, the vo B%F&ébmﬁﬂcgméﬁgle: S
determned by (V1 + V2). Wen the duty factor g¢hgnges, the ratjof of Vi
and V2 changes. but, since (V1 + V2) is constant] thigsq1 NOV 4996 si cbnst ant
regardl ess of the duty factor. - 34 -

supply circuits, the centre tap system (see Fig. 8) or,
in the case of positive and negative power sources, the
center tap bridge system is generally used as the
rectifying system. . In this case, there does not seem an
effective method for preventing current imbalance on the
secondary side. In a case where the center tap system
or the center tap bridge system has to be employed for
improving efficiency, it bechmes necessary, as described
before, to maintain current balance by changing the duty
factor. The previous description is intended to mean
that, even when duty factor is exactly 50%, imbalance in
loss voltage causes current imbalance. That is, an
effort to obtain duty factor which is exactly 50% will
not basically solve the problem of current imbalance.
However, in the case of the present invention in which
difference in a slight loss voltage is taken uﬁ as a
problem to be considered, duty factor providing a wave
peak value which has only an error which is smaller than
this small loss voltage must be exactly 50% and it is
not an -easy task to obtain this duty factor which is
.exactly 50%. Accordingly, when elimination of the
current imbalance is considered on the condition that
there is no difference in loss voltage, duty factor will
have to be automatically controlled also so as to match
the value of currents. By doing.so. a state where duty

factor of 50% is maintained can be realized.



Time TRCL till V3 + V4 = V2 - DF + VQEQ2 in tpds he_ti m ng
prepared here. Since DF and VBEQ2 are substg

and VBEQ2 can be cancelled with each other. is a snall
val ue conpared with (V1 + V2) , DF can be negj ﬁdgﬁﬁ E ke of
sinmplicity. Thus, TRCl can be determ ned substfan 9 E@ He |ratio
between-(Vl + V2) and V2. Therefore, :ﬁ¥en I fl t lgg i s changed
(i.e., (V1 +V2) s changed), there WIT bd no change in TRC if the
ratlo between V1 and V2 is constant. Cn t he Te const ant
TRC2' of the circuit on the opposite side is detern1ned by the ratio
between (V1 + V2) and V1. Although the time constant curve is not |inear,

it can be regarded as substanti-ally |inear when

As to the method for changing duty factor for
bmaintaining balance between currents, the circuit of
Fig. 7 has such function, though incompletely. In the
circuit of Fig.- 7., when load current is not provided
from the secondary side, this circuit has no ability of
correcting duty factor, that is, correcting duty factor
to 50%. It is not wrong to think that it is preferable
to have duty factor of 50% regardless whether there is
load or not. This operation, however, in which duty
factor is not fixed during absence of load is a part of
the operation in which current balance is maintained
automatically during presence of load. Alternatively
stated, duty factor becomes unfixed because load is
removed and current is reduced to zero from the circuit
which has originally an ability (although not complete
one) of operating while automatically adjusting duty
factor so as to balance currents automatically. In. the
circuit of Fig. 7, duty factor really becomes
approximately 50% when current is provided as the
output. A design_éoncept in the circuit of Fig. 7 is
that this circuit operatés at duty factor of 50% and
some step should be taken to eliminate an instable state
which will take place during absence of load. In
actuality, an effort to maintain duty factor of a fixed
value tends to leave current imbalance uncorrected. In

the case of a power supply circuit in which power is not



the CII‘CUIt operates in the vicinity of the duty factor of 50% I n acut al
operation (if there 1is no extrenme change ir and,

accordingly, (TRCL + TRC2) can be consi dered tgﬁ H&§M§§ﬁ%ﬂ$ | fy const ant
agai nst variation in the power voltage whereby tlhe ratio

REPLACEMENT SHEET -41-1 0 1 NOVt198&n |TRC1 and TRC2
can be considered to have certain _ 36 :

so large, the current imbalance is not so conspicuous.
The method to be described below solves the praoblem in
an opposite manner to the cirecuit of Fig! 7. This does
not signify that- the circuit of Fig. 7 is meaningless
but the circuit of Fig. 7 as well as the method to be
described belaow can be effective methods depending upon
the capacity of power source, though the method to be
described below is considered to solve the problem more
basically and therefore is more effective.

Assume now that, as shown in Fig. 12, load current
has been provided from either one of positive and
negative voltages (positive volage in this example) of a
secondary winding waveform VT2 of a transformer whose
primary winding is driven by a signal scurce having a
constant duty factor (50% in this example) through a
capacitor. Waveforms are shown in Fig. 13. In Fig. 13,
ID causes the positive voltage of VT2 to decrease. As
described before, the area of positive voltage is the
same as the area of negative voltage in the winding
voltage of the transformer and, when the positive
voltage of VT2 has dropped, a time period TA must be
longer than a time period TB if the area of the positive
voltage should remain equal to the area of the negative
voltage. The current ID therefore causes the duty
factor to change in such a manner that TA becomes longer

and TB becomes shorter. When, however, the drive side



degree of freedon). In the circuit of Fig, 8. when iDl is |arger than
I D2, there takes place the operation, as descrp@pg& rgHEEt( I ncrease
TRC1L and decrease TRC2. As will be apparent firg e—cLurue Fig. 17, as
TRC1 increases, V2 increases and when TRC2 dec‘reases V1 decr ¢ages Wit h
resul ting stability. Therefore, an operation fdr | d@ddNGV M99 {hé duty
factor-at a point at which i D1 becong$4 equal fo[i D2 can be reql}zed.

Fig. 18 is a circuit diagramshow ng a specifi¢ circuit of the gntire
power supply circuit incorporating the inventign ln Eig 18.
constants appering at respective conponent el errents are exarrpl es of
specific design constants. The respective conponent elenents are

is operating to maintain the constant duty (50%), the

duty factor cannot change so that drop in VT2 remains to

be a voltage drop corrésponding to loss in the current
, path. -

In a case where the drive signal source is
oscillating at a const#nt frequency but has no ability
of maintaining duty factor so that any duty factaor can
be adopted, flowing of ID causes decrease in the
positive voltage and increase in TA and increase in the
negative voltage and decrease in TB. The positive
voltage decreases until iD finally becomes zero with an
extremely imbalance duty factor. In the case of the
circuit of Fig. 12, iD becomes zero and output voltage
disappears in the above deséribed manner. Since an
output current in the cénter tap type rectification is
provided in both the positive and negative cycles{
current flowing in one cycle side only correspondfng to
ID in Fig. 13 represents an imbalance portion of current
itself. Thus, the current imbalance is eliminated and
the duty factor is automatically adiusted to one at
which the values of currents in the positive and
negative cycles are the same. In a circuit using the
center tap system also, by removing duty factor
maintaining ability of the drive signal source as shown
in Fig. 14, the duty factor is autbmatically adjusted to

one at which an imbalancé current between ID1 and ID2 is

.



de5|gnated by the sanme reference characters as those used for
correspondi ng conponent elenents in the fore tion.. Inthis
specific circuit, the conmercial ac power s urHEpr@gMgm sgtmEctli vel y

swi t ched betmeen 100V system and 200V system| r—¥Wher—ar—ae—foyer of 100V
Is used, this circuit becones a voltage doublfer ctificatiqn
construction. Since a connecting porn88of bdth oé @h tthe¢ i nput
snoot hing capacitor CINL and CIN2 can be use Leference Dctential
point, a series resonance capacitor C2 is not| divided in two capacitors
toward power line but is connected as a singl

reduced to zero.

The circuit of Fig. 7 cannot be said to have an
ability of maintaining duty factor so that it has some
effect of reducing. the current imbalance. However, the
ability of this circuit for maintaining the oscillation
frequency at a constant frequency is not certain. In
this circuit, therefore, the energy of the imbalance
current to change the duty factor is n;t ce;tain because
it is consumed not only for change of the duty factor
but also for change of the oscillation frequency.

The circuit shown in Fig. 15 has completely solved
this problem. That is, this circuit can lose the
ability to maintain a constant duty factor while
maintaining the oscillation frequency at a constant
value. This can be realized only by respectively
connecting a diode 45 and 46 (not shown) in parallel to
the resistances'27R and 28R (27R and 28R) of +the time
constant circuit in Fig. 8. The operation of the
circuit with the added diode 45 (46) will be described
below. Assume now that the emitter potential of the
main switching transistor 25 and the auxiliary switching
transistor 29 is used as reference voltage (zero), the
feedback winding voltage i{s designated by VLF2, the base
voltage of the transistor 29 is designated by VQZB._the
base voltage of the transistor 25 by VQ1IB and the

collector voltage of the transistor 25 by VQ1cC.



REPLACENMENT SHEET - 42 - to the transforner

wi ndi ng.

vol t age

i nduct ance of the transforner is 2.3 nH

By this manner of provding the capacitor _valtage wthstanding
capacity of the capacitor can be nade snmall and aREPIlROEN&NWSHBEW \hi ch

of a small loss in its characteristics can be readip et s| power
supply circuit is designed with a rated output of 53:8 | kW,
swi tching frequency of 35 kHz, currenp resonancg f Jmmgg Hz and

J

resonance frequency of 60 kHz. Act ual Iy neasured sél

Waveforms of respective voltages are shown in Fig. 16.
When the feedback winding voltage drops on the
negative side, the negative voltage V2 causes the
capacitor C2 to charge in the negative direction through
the diode 45 of Fig. 15. This voltage is V3.
Designating the forward voltage of the diode 45 by DF,
the voltage V3 is V3 =V2 - DF. When the voltage is
inverted and VLF1 has become a positive voltage, the
capacitor 27C is charged by current ffom the resistance
27R and the base voltage VA2B increases.
Simultaneously, the base voltage VQ1B of the transistor
25 increases with some delay from thé feedback winding
voltage VLF1l due to the time constant of the resistance

35 and the capacitor 31 and, upon reaching of VQ1B to

the base-emitter-on voltage VBEQ1(V5) of the transistor

25, the transistor 25 is turned on. Upon reaching of
the intreasing VQ2B to the base-emitter-on voltage
VBEQ2(V4) of the transistor 29, the transistor 29 is
turned on and VQ1lB drops. By turning on of the

transistor 29, the base current is cut and the

transistor 25 whose base accumulated charge has been.

discharged is turned off and the voltage is thereby

inverted. A timing determining the frequency and duty

factor is determined by a period of time during which .

the voltage of the capacitor 27C rises from - V3 to V4.

The rising curve during this time period is a part of

is



and actual ly neasured | eakage inductance is 2.3 [err]H __In__this specific
circuit, actually neasured value of efficiengy RERPSHEETt e rate of

out put power provided by the snpothing capacift to the
snoot hi ng capacitor which inputs commercial aq pgower is abou 7% (ref.
about 80%in the conventional transfornmer pdwdr @APWOV 996 cii {. and about
80% - 85%in the conventional sw tehidq 4ype{pdqwer circuit). jlh this
power supply circuit, the amount' of noise gerlerated has been feduced by

nearly 30 dB as conpared with the convention switching—ty power
supply circuit. Stated nore concretely, this is a level at which no
probl em ari ses practically when the power circuit is -

time constant curve of the time constant circﬁit 27 from
- V3 to + V1. Since there is the relation V3 = V2 - DF,
this curve becomes one shown in Fig. 17. Since DF is
constant.lthe voltage VI + V2 - DF is determined by (V1
+ V2). When the duty factor changes, the ratio of VI
and V2 chanées but, since (V1 + V2) {s constant, this
curve is constant regardless of the duty féctqr.

Time TRC1l till V3 + V4 = V2 - DF * VQEQ2 in thié
curve is the timing prepared here. Since DF and VBEQ2
are substantially of the same value, DF and VBEQ2 can be
cancelled with each other. Further, since DF is a small
value compared with (V1 + V2), DF can be neglected for
tﬁe sake of simplicity. Thus, TRC1 caﬁ be determined
suEstantially by the ratio between (V1 + V2) and V2.
Therefore, even if the power voltage.is changed (i.e.,
(V1 + V2) is changed), there will be no change in TRCI
if the ratio between V1 and V2 is constant. On the
other hand. time constant TRC2 of the circuit on the
opposite side is determined by the ratio between (V1 +
V2) and V1. A{thqugh the time constant curve is not
linear, it can be regarded as substaﬁtially linear when
the circuit operates in the vicinity of the duty factor
of 50% in acutal operation (if there is no extreme
change in the duty factor) and, accordingly, (TRQI +
TRCZ).can be considered to be substantially constant

against variation in the power voltage whereby the ratio



operated w thout providing any particular shigl : '
broadcasting is received by a radio receiver |pRBEPEACEMENT SHEEToquwer

circuit.
-43 -
of the

i nventi on descri bed above will be

The i nventi on has been descri bed pbpre—wth
reference to a preferred enbodi nent BhFNhﬁC%@kca

- 41 -

between TRC1 and TRC2 can be considered to have certain
degree of freedom).

In the circuit of Fig. 8, when iDl is larger.than
iD2, there takes .place the operation, as described
before, to increase TRCl and decrease TRC2. As will be
apparent from the curve of Fig. 17, as fRCl increases,
V2 increases and when TRC2 decreases, V1 decreases with
resulting stability. Therefore, an operation for
determining the duty factor at a point at which iDl
becomes equal to iD2 can be realized.

Fig. 18 is a circuit diagram showing 5 specific
circuit of the entire power supply circuit incorporating
the invention. In Fig. 18, constants appering at
respective component elements are examples of specific

design constants. The respective component elements are

designated by the same reference characters as those

used for corresponding component elements in the
foregoing description. In this specific circuit, the
commercial ac power source can be selectively switched
between 100V system and 200V system. When an ac power

of 100V is used, this circuit becomes a voltage &qubler

rectification construction. Since a connecting point of

both one ends of the input smoothing “capacitor CINl and

CIN2 can be used as reference potential point, a series

resonance capacitor C2 is not divided in two capacitors

toward power line but is connected as a single éapacitor

Y

an AM

concept s



summari zed bel ow. This is a technique concerning a power supply
circuit according to which, in an inverter cirf 3. hal f
bridge type, a full bridge type or a push-pull | m'-“@ém@ng”?@?onance is
applied at a timng at which a switching transjsfor is turned for] to
suppky current to the output and voltage resonpnteQi ENBNpI996d | gt a
timng at which the switching transist42 +s turnpdf off to sw tgh jvoltage
whereby both current type noise and voltage type noise are reducqd by
reduci ng harnmonics in both current waveform and and the
efficiency of the power supply circuit is inproved by turning on the
swtching transistor in a voltage zero state and turning off the
switching transistor in a

to the transformer winding. By this manner of provding

the capacitor, vpltgge_withstanding capacity of the
capacitor can be made small and a film capacitor which
is of a small loss .in its characteristics can be readily
used. This power supply circuit is designed with a rated
output of 500 W (ma*imum 1 kW), sﬁitchiﬁg frequency of
'35 kHz, current resonance frequenéy of 50 kHz and
voltage resonance frequency of 60 kHz. Actually
measured self inductance of the transformer is 2.3 @H
and actually measured leakage inductance is 2.3 yH. In
this specific circuit, actually measured value of
efficiency expressed by the rate of ocutput power
provided by the smoothing capacitor to input power to
the smoothing capacitor which inputs commercial ac power
is about 97% (ref. about 80% in the conventional
transformer power supply circuit and about 80% - 85% in
the conventional switching type power circuit). In this
power supply circuit, the amount of noise generated has
been reduced by nearly 30 dB as compared with the
conventional'switching type power supply circuit.
Stated more concretely, this is a level at.which no
problem arises practically when.the power cirguit is
operated without providing any particular shield
therefor and an AM broadcasting is received by a radio
receiver located near the power circuit.

The invention'has been described above with



current zero state. This is a technique concerning a power supply

circuit which conprises a dc power source, SyrtehroEANS rncl udi ng
swi tching el enents capable of being on-of f contrdl IREBLAGEMENT; SHEETg an
input fromthe dc power source to convert it tojad and providing it as

an ac output froman output term nal thereof, dc qutjpu o
full+wave rectifying and snoot hing a %apﬁlied ac Jinput to providg gq dc

out put, series resonance neans provided in serieq tlo—ewrrent—++oing to

t he out put

reference to a preferred embodiment. The technical
concepts of the invention described above will be
summarized below.
This is a technique concerning a power supply
circuit according to which, in an inverter circuit

of, e.g., a half bridge type, a full bridge type or a

push-pull type, current resonance is applied at a timing

at which a switching transistor is turned on to supply
current to the output and voltage resonance is applied
at a timing at which the switching transistor is turned
off to switch voltage whereby both current type noise
and voltage type noise are reduced by redu;ing harmonics
in both current waveform and voltage waveform, and the
efficiency of the power supply circuit is improved by
turning an the switching transistor in a voltage zero
state and turning off the switching ?ransistor in a
current’ zero state.

This.is a technique concerning a power suppiy

circuit which comprises a dc power source,
switching means including sﬁitching elements capable of
being on-off controlled for switching an input from the
dc power source to convert it to ac and providing it as
an ac output from an output terminal ‘thereof, dc output
means for full-wave rectifying and smoothing a supp]ied
ac input to provide a de¢ output, éeries resonance means

provided in series to current flowing to the ocutput

.



- 44 - termnal of the switching neans, parallel resonance ans
provided in parallel to voltage produced at the POH EM@NWSHHHO t he
swi tching nmeans; and swtiching control neans f( LhLerm.

controlling the switching el enents of the switck means, the ¢c|output
.bei ng taken out of resonance current of the serids| r@dM@MA@%eans by the
dc out put nmeans and potential at the gutput terriral being convérted from
one potential to another by using parallel resorfance voltage of tHe

terminal of the switching means. parallel resonance
means provided in parallel to voltage produced at the
output terminal of the switching means: and swtiching
control means for intermittently controlling the
;witching elements of the switching means, the de¢ oufput
being taken out of resonance current of the series
resonance means by the de¢ output means and potential at
the output terminal being converted from one potential
to another by using parallel resonance voltage of the
parallel resonance means, whereby all switching
opef;tions of.the switching elements of the switching
means are performed substantially at a voltage zero
state or substantially at a current zero state and
harmonic contents in operation voltage and operation
current in the circuit are reduced.

In this technique, jt is prefe}able. as conditions
for setting values of the respective resonance circuits,
that the inductance value L1 of the parallel resonance
means is much larger than the inductance value L2 of the
series resonance means an& the value Cl of the capacitor
of the parallel resonance means is much smaller than the
value C2 of the series resonance means. The
rectification system should be a full-wave reAtification
system. As the smoothing system, the capacitor iqput

type system should preferably_be used for effecting the

current resonance and the capacity of the smoothing



paral l el resonance neans, whereby all switching operations of the
swtching elenents of the swtching neans are Fet-rret - tyally at a
voltage zero state or substantially at a curre tRHﬁﬁgEQEﬁfgﬁ% E har noni ¢
contents in operation voltage and operation cufrént 1n the cirgult are
reduced. - In this technique, it is preferalpl ¢, g9 ,wmnga'ohs for
séttlng val ues of the respective resotmnee circyitts, that the {ngluctance
value L1 of the parallel resonance neans is nugh Y-erger—titTam tThe
i nduct ance value L2 of the series resonance negns and the value €1 of the
capacitor of the parallel resonance neans is y nal l er than the val ue
C2 of the series resonance neans. The rectification systemshould
be a full-wave rectification

capacitor should preferably be much larger than the
capacity of the capgcitor used in the series resonance
means to prevent drop iﬁ Q factor of the current
resonance. -

In one aspect of the invention, the power circuit:
comprises input switching Megns comprising two switcing
elements capable of being turned on and off at desired
timing for switching them alternately to convert a dc
power output to ac and providing it as an ac output from
an outﬁut terminal thereof, output takeout means for
performing a full~wave rectification of a capacitor
smoothing type, series resonance means provided in
series between the output terminal of the input
switching means and an input terminal of.thé cutput
takeout means, parallel resonance means provided-in-
parallel across one of the switching elements of the
input &witching means, and timing control means for
controlling the on-off timing of the switching elements
of the input switching means in such a manner that a
time period from turning on till turning off of each of
the switching elements is longer than half of resonance
period of the series resonénce means and a time period
from turning off till turning on of each af the
switching elements is shorter than half.of resonance
period of the parallel resonance means.

In one aspect of the invention. the power circuit

.



system As the snoothing system the capacitor input type system should
preferably be used for effecting the current resonance and the capacity

of the snoot hi ng ) AT o T
shoul d preferably be nuch larger than the caj| a(B fkﬁc%p‘mmesﬁga:i tor
.in t,he series. resonance : !
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comprises input switching means comprising two switcing

elements capable of being turned on and off at desired

timing for switching them alternately to convert a dc
power output to ac .and providing it as an ac output from
an output terminal thereof, ocutput takeout means for
performing a full-wave rectification of a capacitor
smoothing type, series resonance means provided in
series between the output terminal of the input
switching means and an input terminal of the output
takedut means, parallel resonance means provided in
parallel across one of the switching elements of the
input switching means, and timing control means for
controlling the switching means of the input switching
means to be turned on alternately and intermittently and
controlling the on-off timing of the switching elements
in such a manner that an on period of each of the
switching elemgnts is longer than half of resonance
period of the series resonance means and a time period
during which both of the switching elements are off is
shorter than half of resonance period of the parallel
resonance means.

In one aspect of the invention, the timing control
means comprises the circuit shown in Fig. 7 to which
added a capacitor for delaying timing of turning on of

"the main switching element and a diode for enabling duty

factor to be automatically changed so that values of

paci t or

used



mmeans to prevent drop in Qfactor of the current resonance. In one

aspect of the invention, the power circuit cong bhi ng neans
conprising two switcing elements capable of b |mmpuunmﬂwﬂo&HEﬂd of f at
desired timng for switching themalternately |t onvert—a dc| power
-output to ac -and providing it as an ac output fjram t tleqm nal -

t hereof, output takeout means for -perfosmng fulp?cﬂgg'ﬁﬁétifiCation of
a capacitor snoothing type, series resonance s _provided—i-A |series

bet ween the output termnal of the input = sw tching nmeans and an |i nput

term nal of the output takeout neans, parall el l+eserarrce—Treans provided in

paral l el across one of the switching elenents of the

currents flowing during the on period of each of the two
main switching transistors which are turned on and off
. alternately become equal to each other. By the
provision of the diode, an adverse effect of power
voltage variation to change in the oscillation frequency
is removed whereby the operation of the switching
elements can be easily cénverted to a self exciting
inverter type operation and, moreover, imbalance in
positive and negative output currents (resoqance
current) is automatically corrected and decrease in
efficiency and deformation in the voltage resonance
waveform due to the current imbalance_can thereby be

eliminated.



input switching neans, and timng control neans for controllin

timng of the switching elenents of the input switchf

manner that a tinme period fromturning on t!oll turnin Emﬁ?mgg‘;%ﬁh .
switching elenents is |longer than half of resonance périlod of the e$
‘resenance neans and a time period fr turning off gilil t‘\thla‘ﬁfri@3 njot
edch of the switching el ene g ter than half off rlesonance _perilod
of the parallel resonance neans. I n one aspect of jthée rnvention, the

pover cireult N mw

What is claimed is:
1. A power supply circuit comprising:

a dec power source;

switching -means including switching elements

capable of switching an input from the dc power source

to convert the input to ac and outputting ac from an

output terminal thereof. the ac changing between two

different potentials;

series resonance means provided in series

current flowing from the output terminal

to

of the

switching means. the series resonance means being

capable of generating resonance current;

parallel resonance means_provided in parallel to
voltage produced at the output terminal of the switching

means, the parallel resonance means being capable of
generating resonance voltage and potential at the output
terminal of the switching means being converted from one
of thé two different potentials. to the other by using
the parallel resonance voltage of the parallel resonance
means;

swtiching c&ntrol means for controlling the
switching elements of the switching means .so as to
intermittently turn on the switching 91ements: and

do output means for full-wave rectifying and
.smoothing a susplied ac input, the-dc output means being

capable of taking out a dc output from the resonance
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capabl e of being turned on and off at desired timng f
alternately to convert a dc power output to ac and prO\HEBLAﬁ:ﬁMENTa§H
output from an output term nal thereof, output takeout
performng a full-wave rectification of a capacitor s
resonance neans provided in seri t put
swi t chi ng neans and an |nfut ‘term nal of the outpuk

i nput

conprises input switching means conprising two switcing elenents

ans Tor

n1naP of tﬁ

current of the series resonance means, whereby all
switching operations of the switching elements of the
switching means are performed substantially at a ;oltage
zero state or substantlally at a current zero state and
harmonic contents in operation voltage and operatlon

current in the power supply circuit are reduced.

2. A power-suppiy circuit comprising:

a de powef source;

switching means including switching elements capable
of switching an input from the dc power source to convert
the input to ac and providing coverted input as an ac
cutput from an output terminal thereof:

series resonance means provided in series to curfenf
flowing from the output terminal of the ;witching means,
the series resonance means being capable of generating
tesonancé current ;

parallel resonance means provided in parallel to
voltage produced at the output terminal of the switching
means, the parallel resonance means being capable of
generating resonanée voltage;

de output means for full-wave rectifying and
smoothing a supplied ac input to provide a dc output: and

switching control means foér controlling the
switching eléments of the switching means, so that'the

switching elements are alternately turned on with a

iles



takeout neans, parall el rovided in parallel across
the switching el enents oummmmmlmmﬂmﬂchl ng means, and timng control

means for

controlling the sw

chimng sneans of the ig :
be turned on alternately and intermttently and cqn EEhﬁﬁﬂWEﬁfh on-
the switching elenents in such a manner jtifat an on peri ¢d{of

*tinrng of
each of t

the series resonance neans and a tinme period duri
switching elenents are off is shorter than half of

paralle
contr ol

he switching elenents is tdHyer than hal f| df 0 ESNOVMS9s e

-

resonance mneans. In one aspect of the invention, the

nmeans conprises the circuit shown in Fig. 7 10 which

period, said period being turned on when the resonance

_voltage is substantially zero and turned off when the

resonance current is substantially zero at the output
terminal of the switching means.

3. A power supply circuit as defined in claim 1 whereiﬁ
said dc output means comprises a diode and a capacitor.
4. A power supply circuit as defined in claim 1 where{n
said switching means has two switchihg elemeﬁts.

5. A power supply circuit as defined in claim 1 which
further comprises a transformer provided in a prior staée

of the dc output means.

6. A power supply circuit as defined in claim 5 wherein

said transformer comprises a primary winding and a
secondary winding.

7. A power supply clrcult as defined in claim 6 wherein

said parallel resonance means comprises inductance and’

caphéitance and self inductaﬁce of the primary winding is
used as said inductance. )

8. A power supply circuit as defined in claim 6 wherein
said series resonance means comﬁrises inductance and
capacitance and leakage inductance of.the prfmary winding
is used as said inductance.

9. A power supply circuit as defined in claim 1 wherein
said series resonance means and said parallel resonance

means respectively comprises inductance and capacitance

and the inductance of said series resonance means is set

one of

ans to
ff

i od of

0 I ch both of {the
onarce per | od lof the

I m ng



added a capacitor for m ng of turning on of the main swtching
el enent and a di ode fo?i“ﬁt",lﬂ'“"ﬂl’lm"r actor to be automatically changed

so that val ues of MLV Ly - ewerqt s fl owi ng
during the on period of "each of The two nain sh iREPLACEMENTABHEEE r s whi ch
are turned on and off al t er nat el y_ l%(icg_rre equ [ TO each ot her|. By the

| 0 1 NOV 1996

at a value which is much smaller than the inductance of
the parallel resonance means and the capacitance of said
series resonance means is set at a value which is much

larger than the capacitance of said parallel resonance

means.



provision of the diode, an adverse effect of power voltage variation to

change in the oscillation frequency is reaned.m?gLeh¥_th_opeLaLLOn of

the switching elenments can be easily converted tq RERIACEMENTi SHEED _

i nverter type operation and, noreover, inbalance in T ' ng¢gative

soUt Ut currents (resonance current) is automaticdll]ly (ﬂre&@ﬁt,ﬁg amnd

decrease in efficiency and deformati i n the voljt 4ge”r a '@ wavef or m

due to the current inbal ance can ther be elinjndted |
ABSTRACT

Power Supply Circuit

A power supply circuit of a switching inverter type

includes a switching circuit-(2) including tw¢. switching
elements capable of being alternaﬁely on~off controlled

for converting an:.input: from. a¢dc power.source ' into-.ac

by switching of the switching elements and outputting

it, a dc output circuit (3) for full-wave rectifying and
smoothing a supplied ac input to provide a dc output,a’
series resonance circuit (4) provided in series to ‘current
flowiﬁg from the output terminal of the switcﬁing circuit,

a parallei resonance_circuif (5) provided'in parallel to
voltage produced at the output terminal of the switching
circuit, and a switching control circuit (6) for intermit-
tently turning on tﬂe switching elements of:FhE;SWitthFg,
circﬁit. A dc output is taken out of resonance current of
the series resonance circuit by thefdcroﬁtpht;cirnuitxaﬂd
potential at the output terminal..of the switching circuit

is converted from one potential to another by using parallel
resonance voltage of the parallel\résonance circuit, whereby
all-switching.operations of the switching élements are per-=. . .
formed substantially at a voltage zero state or substantial-_
ly af a current zero state and harmonic contents.in operation

voltage and operation current in the circuit are reduced.

(FI1G. 1)



Vihat is.claimed is: 1. A power supply circuit’ conprising: a dc power
sour ce: switching -ne-ans including switchin e of
switching an input from-the dc power source to c)nwgﬂgm mﬁ)to ac and
outputting ac froman output termnal thereof, {he ac changi ng pefween

two different potentials: seri esyygsonancef meargs1NGW 199§ h series
to J —_— .

JyC outpur




current flowing fromthe output termnal of the
series resonance neans being capable of generatin
paral |l el resonance neans provided in parallel to

out put termnal of the swtching means,- the
bei ng capabl e of generating resonance vgygage and
termnal of the switching neans being corverted fr
di fferent potential sto the other by using the par
:of the paral’l el resonance swt-i chi ng

control’ling the smntfhlh nts of the sw tchi
intermttently turn o chi ng elenents and
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do output nmeans for full-wave rectifying and snoothing a supplied ac

i nput, the dc output means being capable of taki QU2 dc_outputsaf rom
t he resonance o - 491-REPLACEMENT SHEEDT| t he
series resonance nmeans, whereby all swi tching opefatr M § chi ng

el ements of the sw tching nmeans are per3f/9rrred sub;t ntdqlﬁdv%%a\ Vol t age
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izerd state or substantially at a current zero state and harnonic contents
I n.operation voltage and operation current in the Power supply circuit are
reduced. 2. A power supply circuit conprising. ! f} source;
swi tching nmeans including switching el enents cag ) g an i nput
fromthe.dc power source to convert t 9input coverted
I nput as an ac output from an out put m nal '
resonance means provided in series to current
term nal of the switching neans, the series redqo
of . generating .resonance current
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paréller resonance neans provided in parallel to voltage produced at the

output termnal of the switching neans, the parg
dc
[ Ole | t chi ng
g LM £

bei ng capabl e of generating resonance voltage;
full -wave rectifying and snoothing a supplied a
out put; and switching control ne for c
el enrents of the switching neans, so tha e SW t;
alternately turned on with a

F1G.9




~-50- . peridd, sai d period being turhed on when the resonance voltage

i s*substantially zero and turned off when the reson
substantially zero at the output termnal of the s
power supply circuit as defined in claim1 wherein
conprises a diode and a capacitor. 4. éygover suppl
claim1l wherein said switching neans has—two switchj n
power supply circuit as defined in claiml which f
transforner’ provided in a prior stage
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of the dc out put nmeans. 6. A power supply circuit as defined in claim5
di

wherein said transformer conprises a primary . ndary
winding. 7. A power supply circuit as defined 'HHﬂA@EMEﬁTWﬂEE?'W' sai d
paral | el resonance neans conpri ses |nductance a l sel f

i nductance of the primary winding is as s | Suct nce. 8 A power
supply circuit as defined in claimé6 mh i Jb ﬂggbnance nmeans

conpri ses inductance and capaC|tance and Ieaka elind

wi ndi ng

| the primary
5 def i ned

t.an
supply CIFCUIt a

is used as said inductance. 9. A powe

inclaiml1l wherein said series resonance neans resonance
r
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mgans respecfively conprises inductance and capacitance

and the inductance
of- satd series resonance neans is set -51-
at a value which is nmuch smaller than the inductance of the parallel
resonance neans and the capacitance of said

c1 | ca ans i s set
at a value which is nuch Ilarger than %pg capgc ﬁ@ﬁ?%§ Tp rall el
resonance _ -
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