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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

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 ofh generatxon Tof T

l
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noise. Besides, since this type o0of power circuit

_operates fundamentally in a high frequency, there arises

a _probiem of heat generation due to loss céused by the
facts that recovery time of a rectifying diode and off
time of switchiné transistoré are of a limited value.
In the switching inverter type pbwer' supply
cirecuit, there has recently been made an attempt to
reduce generation ﬁi higher harﬁonicé, mreduce noise'and
reduce élso loss in circuit elements by causing eithér a
cﬁrrent' or voltage.waveform td simulate a sign wave by
utiliiing'resonance.' . '
In the resonance type switching power supply

qircuit, 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

efficienéy 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 curfent or voltage to approximate a
sign wave. Since 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. -
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It is, therefore, 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 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,
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‘ capable of generating

resonance'curfent, parallel resonance means provided in
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 ferminal of the switching means being
converted from one of the two different poﬁentialé to
the other_by using the parallel resonance voltage of the

parallel resonance means, swtiching control means for

“controlling the  switching elements of the switching

means sS0 as to'intermittently turn on the switching

elements, and dd output means for full-wave rectifying

-and smoothing a supplied ac input, the dc output means’
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being capable of taking out a de output from the
resonance current of the series resonanée means, whereby
all switching operations of the switching elements of
the switching means are performed substantially at a
voltage zero 'state or suhsiantialiy at a current zero
state and harmonic contents in dperatian vol tage 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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approximate a sign wave by using resonance, noise is
reduced and switch{ng loss is also 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,
'Fig.' 1 is a block dlagram shQW1ng schematically a
basic principle of the 1nvent1on,

Fig. 2 is a circuit diagram showiné a basic

construction of the circuit according to the invention;

Fig. 3 is a timing chart for explaining operation
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;

Fig. 6 is .a circuit diagram éhowing an embodiﬁent

which 1is a modified.form'of the basic construction of

Fig. 2;

,Fig.' 7 is a circuit diagram showing a prior art
circuit ~which constitutes a'base_of ?he'timing control

means in the embodiment of the invention;

e
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Fig. 8 1is a circuit diagram showing the timing

control circuit in the embodiment of the invention;

Fig. 9 is a waveform diagram f{for explaining a

-problem of the prior art circuit of Fig. 7;
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Fig. 10 is a circuit diagram showing a circuit for
sfarting the timing control means ;

Fig. 11 is a waveform diagram -showing duty
factor correctioﬁ in the timing control means of the
above embodiment;. . -

Fig. 12 is a circuit diagram showing a circuit for
perfﬁrming duty | factdr .correction in tﬁe .above
embadiment; |

Fig. 13 is a waveform diagram showing duty factor
correction in .the timing control means in ihe above
embodiment;

Fig. 14 is a waveform diagram_sﬁowing duty factor

‘correction in the timing control means in the above

emﬁodiment;

Fig. 15 1is a circuit diagram for'performing duty
factor corréction in the timing control means;

Fig. 16 |is é waveform diagram for explaining ihe
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 |

Fig. 18 is a circuit diagram showing a specific
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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 6n and off at desired timing, switching

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

" ac and providing it as an ac output from an output

ferminal thereof, dc¢ 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 reéonance means 5 provided
in parallel to voltage produced ét the output terminal

of the switéhing méans 2, and swtiching fcontrol means 6

‘which 'controls the switching elements of the switching

means 2 sao that the switching elements turn on
respectively intermittently.

Fig. 2- is a circuit diagrém showing the basic
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

,described'with reference to the flow chart of Fig. 31-

When switching elements S1 and S2 are being _tufned
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on and off repeatedly at é 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 h? diodes D1 and D2 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.

When the switching element S1 is in the on state,

‘the diode D1 is in a forward direction 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
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
voltage - is-applied to the diode DI and the diode Dl is
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 c¢ycle and has “bhecome zero, the

resonance is automatically stopped.

At this time, charge correspohding to the resanance
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current which has flown to this time -‘paint 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 vVC2 is discharged to 'the load
during a next cycle during:which the switching element

S2 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 iero when the resonance has
stopped at the current zero siate. This signifies that
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 énergy' of the
inductance L2 completely to zero, it is necessary to.
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

energy is not transmitted. ~The switching element Sl

-therefore may be turned off with some allowance of time

(TQ1 - Ti). Since the resonance time (a cycle of
resonance currenti' by the inductance L2 and the
capacitor C2 is constant, a time period during which the

switching element S1 is on state may also be a constant
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value.

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 Ll can be set independently from the values'

- of the -inductance 1.2 and the capacitor cz and, by

establishing a. relation that inductance L1 is mﬁch
larger than inductance L2 (L1 »>> L2), current £flowing
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, as a result, loss in turning off of the switching

element S1 is extremely small. ¥hen the switching

element S1 is turned off (since the switching element S2

has not been turned on, both switch1ng 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 1inductance L1 and the

'capacitbr Cl.

Magnetic energy .(current) stored in the inductance
Ll during the on state of the switchihg ‘element S1
constitutes energy which operates parallel resonance

with the capacitor Cl which causes voltage at the point
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A to drop in a sign wave form And approach the potential
- VI exceeding the zero point. The operation performed
during this time period is the voltage fesonahce' 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, deformation will take place

(e.g8., a case vwvwhere a timing control circuit to be

described later. consumes a part of energy 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
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
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

element S1 is on and voltage acrbss the inductance L1

-_—
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(or capécitor 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 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.

.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 thefe_ exists voltage due to Vc2 (which is.
voltage across the capacitor C2) left after the current
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
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._

Upon turning on of the switching element S2,
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current resohdnce on the negative 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 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

capacitor Cl after turning off of the swit¢hing element

S1. 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 used.

Some more consideration will be given for the time
period during_whicﬁ the switching elements Sl 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
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

the amount of energy which is préviously given to the

i
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_voltage resonance circuit of the inductance L1 and the

capaqitor Cl before starting the voltage resonance mode.
Cénsideration 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
(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
(voltage: resonance) frequency satisfying the operation
of this invention and a-uséble portion of the_-parallel
resonance waveform are solely determzned. When. for
ekémple, _ the on period is set to infinite small
(substantial zero); the voltagé resonance waveform in
this case seems to change substantially in the shape of
a sign waveform wiﬁh substantially the'éame frequency as
the switching fregquency. It should be_noted, however,

that, 1in some cases, a desired output terminal Qoltage

_change of 2VI is not realized notﬁithstandipg that the

valtage resonance has reached its peak value.

Further, as will be apparent fram the above
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description, it 1is desirable that there should be the
relations L1 >> L2 and C2 >> Cl as condition for setting
the values of the respective resonance circuits. The

rectification should be made by the full-wave

rectification system.  As the .smoothing_ system, a

capacitor 1input 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
the series resonance means'4 so as .to prevent decrease
in Q of the current resonancg; ‘

Some practical aspects,of the power supply 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

construction has no voltage conversion means sﬁch_aé a
transformer and-theréfdfg may seem to Ee incapable of
adjusting the_outbut vdltage. However, by constructing
the output rectifying circuit as a voltage multiplier

having voltage which 1is double or more the input

'voltage, the output voltage changes in an integer

multiple relation wi th the  input voltage.

.Alternativelyg' by using the inductance of the paraliel

resonance means as a transformer for self inductance, a
desired voltage output .can be obtained. More

specifically, by providing an intermediate tap at a
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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 0f the switching circuit.
and one terminal_on the si&e 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
-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

-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
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.'

In such application of the ppwer'supply circuit, if a
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load which is extremel& smaller than the rated load is
connected to the output of the amplifier, an overpdwer

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 power 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 2Z
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
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.determined substantially by V/Z flows. Therefore,,when

a large power is consumed, the resonance current is.
lafge and when a small power is consumed, .the resonance
curfent 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

values of the respective resonance circuits. For

‘satisfying these relations, primary self inductance of

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
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
with .both positi&e and negative currents. As the

smoothing cirecuit, a capacitor input type <circuit is

. used for the current resonance and the relation C3 >> C2

is maintained so as to prevent drop of Q (quality)

factor in the cﬁfrgnt resonance. |
“The transforﬁer V1ewed from the primary side js

shown in Fig. 4. Since the transformer "has geli

inductance and leakage inductance, these inductances may
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be utilized as L1 and L2 of Fig. 2 by propérly setting
the values of these inductances in the circuit -design.
In a general transformer, -the relation L1 > L2 is
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 fvolfage

resonance isl'pefformed by the inductance Ll and the
capacitor Cl which is divided in two capacitors and the
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
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
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

and, as a result, loss due to these diodes can be held
-
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id the minimum and efficiency of 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:

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

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

improvément of efficiency, the switching elements S1 and

52 ére turned off at the current zero state and voltage
ihrough the diodes D1 and D2 is also reversed after the
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

the circuit as a . whole. Since parts such as
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semiconductors used in the power supply circuit are
mounted on a chassis througp 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 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
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
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
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 becdﬁes large.

By using the.voltage resonance using a  waveform
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approximating a sign wave and reducing dv/dT, -theée
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
vol tage resonance is vervismall_(theoreticalfy-zero).
For reducing a voltége,type noise, it ié 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
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
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
from the current resonance._ That is,_ after reduqing_
currents of the switching elemenis S1 and S2 and the

—_
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diode D2 to zero and reducing also the magnetic energy

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 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
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

controi means for.cntro;ling the'switching timing of the

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
disclosed in the Japanese Patent Publication No{ Hei 3-
1914. - The operatxon for timing control is performed in
the following manner: 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

by a time constaht circuit 27 or 28 after lapse of a
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certain timé period, the main switching transistor 25 of
26 is turned off. A circuit constitﬁting the timing
control means of the pover supply circuit of the present
invention constructed by using .the above described
timing control circuit as its basis is shéwn in Fig.,s.
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 éontrol in the cirecuit of Fig. 7 is Dbasically an

inverter circuit using a square wave. That is to say,
when current is ocut off by turning off of the main
switching trénsistor- 25 'or 26, vol tage of the
transformer T1 ié instantaneously inverted by self
inductance (L1) and leakage inductance ..(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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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 léakage'inductance of the transformer'Tl_hoﬁevér:
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
eircﬁit of Fig. 7, the tendency to causing the current
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
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 capacitors 33 and 34 corresponding to.the parallel
resonance capacitor Cl wére added to perform voltasge
resonaﬁce 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
current of L2 ﬁhich is much laréer than the current

flbwing through the self inductance L1 and, as a result,
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generafion of the spike like voltage wpuld 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 voltﬁge of the main switching transistor

26 substantially to zero, it is necessary to turn on the

‘main switching transistor 26. In the c¢ircuit 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 whicﬁ 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
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
res1stances 35 and 36 and a voltage resonancel waveform
as shown by the dotted 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
(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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relations of TAl = 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
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
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
switching transistor 25. The resistance 40 ié of a high
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
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
large potential difference agros§.the resistance 35.

Therefore, the points B, C and D are initially.at
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substantially the same potential, soc that the main
switching -transitor 25 is in the off state.

The capacitor 41 is charged with lapse of time and.
when the potential dif%erence between the points B and D
has reached the base-emitter forward wvolitage 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
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
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,.
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
to which this invention is applied; it is dgsirable that

currents flowing through the two transistors which are
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turned on and off alterna;ely 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
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
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 1is decreased.to
that of a single transistor power supply circuit. Thus,
adoption of the two tranmsistor power supply circﬁit
would become msaningless.

There are two causes for the current imbalance.

" One is imbalance caused by imbalance in induced voltage

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 aré on is designated by A and the ¢éycle during wh}ch
the transistor 26 and the diode D2 are on is designated
by B. Since the winaing voltage of the transformer has

no direct component, the area of the cycle A is the same
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as the area of the cycle B. When there is no ioss in
the switching elements, voltagé VA + VB becomes equal to
the power voltage V in Fig. 8. For achiéving'VA = VB,
hdwever, 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 eqﬁal 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 {or the current imbalance is

difference in loss'voltagé 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
resonance mode. Tﬁé current path in the cycle A i#.
formed by the switching.transistor 25, transformér Ti,
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
capacitor C2 and diede D2. The bath currents flow

through the series resonance capacitor C2 and therefore
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there is no difference in the loss voltage. In the
transformer Tl, the two currents flow through tﬁe same
winding in the primary but through different windings in.
the secondary. Therefore, when there is difference in
resistance of the secondary windings,. different los§
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.
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
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
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 copingfwith 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
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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.

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 designated

by VLOSA and loss voltage in the cycle B by VLOSB.
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
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

factor being fixed to a constant value, the following

two methods can be considered. One method is to adopt a

voltage deubler system as the rectifying circuit on the
eecondary side. Voltege difference due to difference in
the duty factor and loss voltage becomes difference in
charge voltage in each capacitor. Since load current
flowe commonly from sum voltage of the respective
R
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cépacitars. the amount of current flowing through each
diode is the saﬁe. | |

The other method is £o adopt the bridge rectifying
system and ihseri a capacitor in se;ies in the current
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 loa&
becomes ac (not including DC offset cufrent) in which
amounts of positive and'negativé currents are equal to
each other. This circuit therefore will not cause the
current imbalance. |

In these two circufts. cﬁrfent imbalance which wili

cause a practical problem will not be produced if

" voltage duty factor of approximately 50% is used. 1In

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

diades. The loSs-dge 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 thg 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 current
output.

For reducing such loss, in switching type power
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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 the 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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As to the method for changing dﬁty factor for
maintaining balance betwqen.currents.-the.circuit of
Fig. 7 has such function, thou#h 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 wroné_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
facfor is not fixed 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 current is reduced to zero from the circuit

which has originally an ability (although not complete
one) of operatlng while automat1cally adJustlng duty

factor so as to balance currents automaflcally. In the

"ecircuit of Fig. 7, duty factor really becomes

approximately 50% when current is provided as the
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
value tends to leave curfent imbalénce-uncorfected. In,

the case of a power supply circuit in which power is not
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so large, the current imbalance is not so consﬁicuoﬁs.
The method to be described below solves the problem in
an opposite manner to the cifcuit 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 than a time period TB if the‘area of the positive
voltage should remain equal to theﬁaréa 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

_—
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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. .oon

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
negative voltage and decreasg.fn TB. The 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 voltage

- disappears in the above described manner. Since an

oﬁtput 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
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
in Fig. 14, the duty factor is autbmgticaliy adjusted to

one at which an imbalance cur:ent'between ID1 and ID2 is
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reduced to zero.

The circuit of Fig. 7 cénnot be said to have an
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 potgntial 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 transistpf 29 is designated by VQZB.‘the
base voltage of the transi;tor. 25 by VQ1B and the

collector voltage of the transistor 25 by VQlcC.
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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
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
27R and the .base voltasge 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
the base-emitter-on voltage VBEQ1l(VS) 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
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_
the voltage of the capacitor_27C rises from - V3 ta V4.

The rising curve during this time period is a part of

Hms
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time constant curve of the time constant cir?uit 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, the voltage V1 + V2 - DF is determined By (V1
+ V2). When the duty factor changes, the fatio'of Vi

and V2 changes but, since (VI + 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

.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 neglectea for
tﬁe sake of simplicity. Thus, TRCI1 caﬁ be determined
suBstantially by the ratiolbetween (V1 + V2) ‘and V2.
Therefore, even if the power voltage-is changed fi.e..

(V1 + V2) is changed), there will be no change in TRCI

if the fatiq between 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 +
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 +
TRCZ).can be considered to'ge'substantially constant

against variation in the power voltage whereby the ratio
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bétween TRC1 and TRC2 can be considered to have ceftain
degree of freedom).

In the circuit of Fig. 8, when iDl is iarger than
iD2, there takes .place the operation, as described
before, to increase TRCl and decrease TRC2. As will be
apparent from ihe'curve of Fig. 17, as TRCl 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 iD1
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

design 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
between 100V system and 200V system. When an ac power
of IOdV is used, this circuit becoﬁes a voltage doubler
rectification construction. Since a connecting pdint 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 capacitofs

toward power line but is connected as a single capacitor
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to the transformer winding. By this manner of provding
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
used. This power supply circuit is designed with a rated
output of 500 W (magimum 1 kW), switchiﬁé frequency df
35 kHz, current resonance fréquenéy of 50 kHz and

voltage resonance frequency of 60 kHz. Actually

‘measured self inductance of the transformer is 2.3 mH

and actually measured leakage inductance is 2.341H.. In

this specific circuit, actually measured value of

'éfficiency expressed by the rate of output 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 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
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
receiver located near the power cirecuit.

The invention has been described above witH
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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

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

ét-which a switching transistor is tﬁrned on to supply'
current taoa the output and'voltage resonance is applied
at a timing at which the switching transistor is turned
off to switéh voltage whereby both current type noise
and yoltage type noise are reduced by redu;ing harmonics
in both current waveform énd'voltage waveform, and thé
efficiency of the power supply circuit is improved by
turning on the switching transistor in a voltage.zerﬁ
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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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
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 parallel resonance voltage of the
parallel resonance means, whereby all switching
operations of the switching elements of the switching

means are performed substantially at a voltage zera

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, it is preferable, as conditions

for setting values of the respective resonance circuits,

that the indgctance value L1 of the parallel resonance
means is much larger than the inductance value L2 of the

series resonance means and 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 rectification

systém. As the smoothing system, the capacitor input.

.type system should preferably be used for effecting the

current resonance and the capacity of the smoothing

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

In one aspect of.the invention, the power circuit’
comprises input switching me;ns ¢qmprising twa switcing
elements capable of being turned en and off:at desired
timing for switching them alternately to convert é de

power output to ac and providing it as an ac oufput from

an output terminal 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
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
time period from turning on till turning off of each of

the switching elements is longer than half of resonance

period of the series resonance means and a time period

from turning off till turning on of each of the
switching elements is shorter than half of resonance
period of the parallel resonance means.

‘In one aspect of the invention, the power circuit
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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 de¢

power output to ac .and proyiding 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 the output
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
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

shorter than half of resonance period of the parallel
resonarice 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 on of

'the main switching element and a diode for énabling duty

factor to be automatically changed so that values of
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currents flowing during the on period of each of the two
main switching transistors whjch are turnéd on énd.off
alternately become equal to each o;her. 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 seif exciting
inverter typé oper#tion and. moreover, imbalance En
positfve and négative outbut currents (fesonapce
current) is auiomaticaLly corrected and decrease in
efficiency and deformatioh in the voltage resonance
waveform due to the current imbalgpce can thereby be

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

a dc power séurce:

switching -means including switching elements
capable of switching an input from the dc power source
to convert thelinput to ac aﬁd outputtiing ac from an
cutput terminél thereof, the ac changing.between_two
different potentials; -

series resonance means provided in series t§
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

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 the two different potentials, to the other by using

'thg parallel resonance voltage of the parallel resonance

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
smoothing a supplied ac inpﬁt. the: dc output means béing

capable of taking out a dc¢ output from the resonance
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"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 substantially at a current zero state and

-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

of switching an input from the dc 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 curfenf'
flowing from ihe output terminal of -the switéhing meaﬁs.
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
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

switching elements are alternately turned on with a

—_
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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 wherein

said dc 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

further comprises a transformer provided in a prior stage

of the dec 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 circuit as defined in claim 8 wherein

said pardallel resonance means comprises inductance and’

capacitance and self inductance of the primary winding is
used as said inductance. | '

8. A power supply circuit as defined in claim 6 wherein
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
means respectively comprises induciance and capacitance

and the inductance of said series resonance means is set
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at a2 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.
-_ﬁ_h______‘_‘_“‘~__
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