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Power Supply. Circuit 

L-------------" 
This· invention relates to a power supply circuit of 

· . .-.. ~.,,...,, . ..,,-.. ___ ""'l"fr'r"SWi-tchi}ng inverter type and, more particularly, to a 

5 

10 

15 

20 

25 

power ~upply. circuit of this type capable of reducing 

switching loss to the maximum and improvibg conversion 

effieiency by utilizing both voltage resonance and 

current resonance as well as· reducing noise by enabling 

operation waveforms of voltage and current appearing at 

respective component parts of the circuit to simulate ~ 

sign wav~ to a maximum degree. 

Conventional power sup.ply circuits are designed 

normally by using a large power transformer, connecting 

an AC power ~ource to its primary winding and smoothing 

its secondary output by rectiiication. There is also a 

small. light. and highly efficient conventional power 

supply circuit called a switching power supply source. 

As this type of power supply, circ_uit, there is a 

-~~itching inverter type power supply circuit of a half· 

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

using switching elements whicb alternately turn on and 

off <e.g.," transistors,· thyristors or MOS-FETs>. In the 
...... 

switching inverter type· power supply c~rcuit, operation 

voltage_ and operation current· are ·bot·h---·-ot a square 

waveform and. this poses a proble~ 
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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 off 

time of switching transistors are of a limited value. 

In the switching invert~r type power· supply 

ci"rcuit, there has recently been made an attempt to 

reduce generation of higher harmonics, reduce noise and 

reduce also loss in circuit elements by causing either a 

current or voltage waveform to simulate a sign wave by 

utilizing resonance. 

Jn the resonance· type switching power supply 

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

i.e., timing that each switching element is turned on or 

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

s~tting of the timing is i~complete, improvement of 

efficiency cannot be hoped for. Therefore, it sometimes 

becomes necessary to detect.a current in the circuit for 

determining the timing ~ith re~ulting necessity for a 

complex circuit design. Moreover, in the resonance type 

switching power supply circuit, resonance is mostly used 

for causing either current 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 comprises a de power source, switching means 

including swi~ching elements capable of switching an 

input from the de power source to ~onvert 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 to current flowing 

from the output terminal of the switching means, the 

~eries resonance mean~ being capable of generating 

resonance curren·t, para.I I el resonance means provided in 

parallel to voltage produced.at the output terminal of 

the switching means, the parallel resonance means being 

capable of generati-ng resonance voltage and potential a·t 

the output terminal o £ the s_wi tch i ng means being 

converted from one of the two differe~t potentials to 

the other by using ·the parallel resonance voltage of the 

parallel resonanc~ means, swtiching control means for 
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being capable of taking out a de 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 substantially at a current zero 

state and harmonic contents in operation voltage and 

operation current in the power· supply circuit .are 

reduced. 

·Accardi ng to the invention, all switching 

operations of the switching elements are performed 
. 

either at a vo 1 tage zero or. a current zero state arid., 

therefore, a switching loss becomes nearly zero and the 

efficiency of the circuit as a whole is improved nearly 

to a theoretic limit except for loss in a rectifying 

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 relatively high. Moreover, both series resonance 

current and parallel resonance ~ol.tage are both of a 

spectrum which resembles one of a single frequency and, 

therefore, possibility of generation of ringi~g or 

overshoot due to buffering with resonance dip ~ccurring 

in r~spective component parts of the circui is reduced. 

Accordingly, unnecessary radiation such as harmonic 

cont~nts is remarkably reduced. Alternatively stated, 

by causing both current and voltage waveform• to 
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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 whole can be designed in a simple 

ma~ner. 

An embodiment of the invention will now be 

described.with reference to ·the accompanying drawings. 

In the accompanying drawings, 

Fig.· 1 i"s a block diagram showing schematically a 

basic principle of the invention; 

Fig. 2 is a circuit diagram showing 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. 5 is a circuit diagram showing a modified 

example of the basic construction of Fig. 2; 

Fig. 6 is -a cir6uit diagram showing an embodiment 

which is a modified form of the basic construction of 
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Fig. 8 is a circuit ~iagram showing the timing 

control circuit in the embodiment of the inventibn; 

Fig. 9 is a waveform diagram for explaini.ng a 

·problem of the-prior art circuit of Fig. 7; 

Fig. 10 is a circuit diagram showing a circuit for 
. 5 

starting the timing control means; 

Fig. 11 is a waveform diagram showing duty 

factor correction in the timing control means of the 

above embodiment; 

Fig. 12 is a ·circuit diagram showing a circuit for 
10 
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performing duty factor .correction in the .above 

em bod i men t; 

Fig. 13 is a waveform diagram showing duty factor 

correction in the timing .control means in the abov·e 

embodiment;· 

Fig. 14 is a waveform diagram sbowing 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 a waveform diagram for explaining the 

operation of the duty factor correction circuit; 

Fig. 17 is a waveform diagram showing the operation 

of the duty factor correcition circuit in the ti~ing 

control means; and 

Fig. 18 is a circuit diagram showing a specific 
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construction of the power circuit. 

Fig. 1 is the block diagram ~hawing the basic 
' principle of the power supply circuit according to the 

invention. 

This power supply circuit includes a de power 

source 1, switching means 2 including switching elements 

which are turned on and off at desired timing, switching 

a de input from the de power source 1 to convert it to 

ac and providing it as an ac output from an output 

terminal thereof, de output means 3 which full-wave 

rectifies and smoothes a supplied ac input to provide a 

de output, series resohance 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 switching means 2, and swtiching £control means 6 

which ·controls the switching elements of the switching 

means 2 so that the switchfng elements turn on 

respect~vely intermittently. 

Fig. 2 is a circuit diagram showing the basic 

construction of the power circuit of the· invention 

shown in ·Fig. 1 somewhat more specifically. The 

operation of the basic construction o·f Fig. 2 will be 

.described with reference to the flow chart of Fig. 3. 

When switching elements Sl and 52 are being turned 
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on and off repeatedly at a timing shown in Cf) and Cg> 

of Fig. 3, power source voltages + VI, - VI are 

converted into ac having su9stantially a peak value of 

YI at a paint 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 smoothed by 

capacitors C3 and C4 to become d~ and the de current 

flows through a load RL. As the diodes Dl and D2 and 

the.capacitors C3 and C4,. the elements of substantially 

the same characteristics are used. 

When the switching element Sl is in the on 

the diode Dl is in a forward direction so·that 

state, 

charge 

current iDl flows to the capacitor C3. Since a relation 

that the capacitor ca is much larger than than the 

capacitor C2 CC3 >> C2> and impedances of the switching 

element SI and the diode Dl are suffic{ently small is 

established, this current iDl becames· series resonance 

current of a sign waveform due to the inductance L2 and 

the capacitor C2 <see Cb> 6f )it. 3). Since rever~e 

voltage· is·applied to the diode Dl and the diode Dl is 

turned off when· the direction of reverse current is 

reversed upon lapse of half cycle, series resonance is 

stopped. In other words, when the resonance current has 

finished its half cycle and has ·become zero, the 

resonance is automatically stopped • 

At this time,· charge corresponding to the resonance 
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current which has flown to this time ·pnint has been 

accumulated in ·the capacitor C2 and voltage VC2 across 

the capacitor C2 remains Csee Ce> of Fig. 3). ·Since 

this charge QC2 = C2 .. ·vc2 is discharged to the load 
. . 

during a next cycle during which the switching· element 

52 is on state and, therefore, there is no energy loss. 

Since energy stored· in inductance is proportional to 

current flowing through the inductances, energy stored 

in the inductance L2 is zero when the resonance has 

stopped at the current zero state. This signifies that 

generat·ion 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 magnetfc energy of the 

inductance L2 completely to zero, it is n~cessary to 

keep the switching element Sl in.the on state until the 

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

keep the switching element Sl in th~ on 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 

CTQl - Ti). Since the resonance time Ca cycle of 

resonance current> by the inductance L2 and the 

capacitor C2 is constant~ a time peri~d during which the 

switching element Sl is on state m~y also be a constant 
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the switching element SI is turned off, the 

resonance has already finished and th~ current 

becomes zero and, therefore, current flowing through the 

switching element SI at this time is only current 

flowing to the inductance LI. The value of the 

inductanc& Ll can be set independently from the values 

of the inductance L2 and the capacitor C2 and, by 

establishing a. relation that inductance Ll is much 

larger than inductance L2 CLl >> L2l, current flowing 

through the inductance Ll can be of a value ·sufficiently 

smaller than the resonance current of the inductance L2 

and the ca~acitor C2 and, therefore, the switching 

element 51 is turned off in a nearly zero·curr~nt stat~ 

and, as a. result, loss in turning off of the switc~ing 

element 51 is extremely small. When the switching 

element SI is turned off (since the switching element S2 

has not been turned on, both switching elements Sl and 

52 are off>, the diodes Dl and D2 are also off and, 

therefore, the elements which are in electric operation 

at this time are only the inductance Ll and the 

capacitor Cl. 

Magnetic energy.(current> stored in the inductance 

Ll during the on· state of the switching ·element Sl 

constitutes energy which operates parallel resonance 
25 

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 resonance mode. 

The voltage resonance waveform in principle assumes a 

form as shown in (a) of Fig. 3 which is a vertically 

symmetrical form with respect to a poin~ crossing the 

reference potential Ci.e.~ the potential designated by 

"0" in Ca> of Fig~ 3>. Depending, hQweverJ 

actual circuit 

. <e.g. , a case 

described later 

design, deformation will take 

where a timing control circuit 

consumes a part of energy of 

resonance through its windings>. 

upon ·an 

place 

to be 

voltage 

When the potential at the point A has dropped to 

nearly - VI Ci.e., below the potential at one end of 

capacitor C4), the diode D2 is turned on and thereby 

causes energy charg~d in the capacitor C4 to discharge 

to inductance Ll through the diode D2, the capacitor C2 

and the inductance L2. 'Si nee the current flowing through 

the inductance Ll is set a small 'value, a large change 

in the current value does not take place but the 

potential at the point A remains at a value near - VI. 

If the switching elements Sl and S2 are kept in. the off 

state, the magnetic energy <current) of the 

Ll will be reduced to zero in a time length 

.inductance 

which is 

about half of the time per.iod during whi_ch the switching 
25 

element Sl is on and voltage across the inductance Ll 
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Cor capacitor Cl) drops fr~m the potentlal 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 Ll during about half of the time 

period during which the switching element Sl is on, if 

the switching element 52 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 across th~switching element S2 when it 

is turned on Ci.e., difference between the above 

described pot~ntial near - VI and - VI> is exactly not 

zero but there e~ists voltage due to Vc2 Cwhich i~ 

voltage across the capacitor C2) left after the current 

resonance· during the on state of the switching element 

51. The voltage Vc2 becomes a different value depending 

upon the value of the capacitor C2. Since the value of 
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current resonance 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 ~he switching elements Sl and 52 taking 

their place in turn. 

Time between turning off of the switching element 

Sl and·turni_ng on of the switching element S2 may be set 

at a slightly longer time lenith than a time period 

durtng which the point A reaches the potential near --VI 

due to the voltage resonance by the inductance Ll and 

capacitor Cl after turning off of the switching element 

Sl. 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-con~ideration will be given for the time 

period during_whic~ the switching elem~nts Sl or 52 is 

on and the 'time period from turning off of· the switching 

element Sl or S2 till turning on of the switching 

element S2 or s1~ It may be baiically said that the on 

period of each switching element should be set to a 

longer period-than.half cycle of resonance of the series 

resonance means and the off p~riod 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 whic·h is previously given to the 
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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 inductance Ll and the 

cipacitor Cl even when. the parall~l resonance frequency 

is .set at a certain value. ·The on period of. each 

switching element determines 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>. 

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 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. When, for 

example, the on period is set to infinite small 

<substantial zero>, the voltag~ resonanc~ waveform in 

this case seems to change substantially in the shape of 

a sign waveform wi.th substantially the same frequency as 

the switching fr.equency. It should be_ noted, however, 

that, in some cases, a desired output terminal voltage 

. change of 2VI is not realized notwithstanding that the 

voltage resonance has reached 1ts peak value. 
25 

Further, as wi1·1 be apparent frQm the above 
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description, it is desirable that there should be the 

relations Ll >> 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 input system should be used for the current 

resonance. The capacity of the smoothing capacitors C3 

and C4 should be much larger than the· capaci.tor 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 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 meaQs such as a 

transformer and· therefore may seem to be incapable of 

adjusting the output vo'ltage. However, by constructing 

the. output rectifying circuit as a voltage multiplier 

having volta~e which is double or more the· input 

voltage, the outpu.t voltage changes in an integer 

multiple relation with the input voltage. 

Alternatively, by using the inductance of the parallel 

resonance means as a tran~fcirmer for self inductance, a 

desired voltage output . can be obtained. More 

~pecifically, 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 Ll and 

connec\ing 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 obtained. 

Thus, the circuit shown in Fig. · 1 or· Fig. 2 has a 

·considerable degree of freedom as to the output voltage. 

Description will now be made ab.out an isolation 

function between input and output. This type of power 

supply circuit generally ha~, as one of its functions, a 

function of isolating the primary side of the power 

supply circuit from the secoridary side thereof.. 1n the 

basic construction of Figs. 1 and 2, this function is 

not disclosed. According to a more specific 

construction using an intermediate transformer to be 

described later, ho~ever, such isolation function is 

performed. 

Output regulation against toad variation in this 

power supply circuit will now be described. In the 

bas·ic construction shown in Fig. 1 or Fig. 2, there is 

no particular constant voltage function is disclosed. 

This is because one of contemplated applications .of the 

power supply circuit of the invention is a power supply 

circuit used for a power amplifier in.an audio devices. 

In such appli~ation of the power supply circuit, if a 
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load which is extremely smaller than the rated load is 

connected to the output of the amplifier. an overpower 

will take place in the citcuit with resulting occurrence 

of burning. For preventing such overpower, it is 

generally considered to be preferable not to provide 

constant voltage means at the output stage of the 

circuit. When this pow~r ~upply circuit is used 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 supply 

circuit. As to the basic load-power followabillty 

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 whi~h is· 
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determined substantially by V/Z flows. The ref ore, . when 

a large power is consumed, the resonance current is-

1 arge and when a smal 1 power is consumed, . the resonance 

current is smal.l. 

In realizing the above described basic construction 
5 

as a specific circuit, as will be apparent from the 

above described principle, the relations Ll >> L2 and C2 

>> Cl are desirable as actual condition for setting 

values of the respective resonance circuits. For 

satisfying these relations, primar~ self inductance of 
10 

the transformer. is effe~tively used as Ll, 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 ~he transformer, either a center 
15 

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 c·ircuit is 
20 

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

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

factor in the current resonance. 

··The transform·er viewed from the primary side is 

shown in Fig. 4. Since the ·transformer ·has self. 
25 

inductance and leakage inductance, these inductances m~y 
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be utilized as Ll and L2 of Fig. 2:by prop~rly setting 

the values of these inductances in the circuit ·design. 

In a general transformer, ·the relati·on Ll > L2 is 

satisfied. 

The basic cir~uit of Fig. 2 can be modified in the 

form shown in Fig. 5. In Fig. 5, the current resonance 

is .performed by the inductance L2 and the capacitor C2 

which is divided in two capacitors whereas the ·voltage 

resonance is ·performed by the iriductance Ll and the 

capacitor Cl which is divided in two c~pacitors and the 

inductance Ll. The circuit of Fig.· 5 may seem 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 << Ll and C2 >> Cl, the presence of L2 and C2 does 

not substantially affect the voltage resonance and, 

accordingly, the vo 1 tage resonance· is virtually 

performed by the capacitor Cl and the inductance LI in 

the same manner as in the circuit of· Fig·. 2. 

·Fig. 6 shows a more specific circuit using a 

transformer Tl having self inductance Ll and leakage 

inductance L2. The center tap type output circuit is 

used as the output circuit. The center tap winding is 

adopted because the number of diodes ·1n the rectifying 

path in each rectifying cycle the~eby can be reduced 
25 

and, as a result, loss due to these diodes can be held 
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to the minimum and efficiency of the circuit as a whole 

can be improved. Further, two transistors are utilized 

as the switching elements Sl ~nd 52. Each transitor is 

switched by a drivin~ circuit having a fixed switching 

timing as shown in Cf) and Cg> of Fig. 3. Accordingly, 

a power supply circuit with low noise and high 

efficiency can be realized by a simple construction. 

Benef i.ts derived from the above described power 

supply circuit are summarized as follows: 

First, as an advantageous 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 curren.t 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 and, 

therefore~ very little noise is generated. As to the 

improvement of efficiency, the switching elements SI and 

52 are turned off at the current zero state and voltage 

through the diodes Dl and D2 is also ~eversed after the. 

current has been reduced to zero, so that the adverse 

effect to the efficiency during the recovery time is 

reduced. 

Advantageous results of the voltage resonance also 

are reduction ot 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 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, accordingly, current flows to 

this capacity which becomes a main cause of a common 

mode noise~ The semiconduct6rs have also a junction 

capacity and.the inductances and transf~rmer also have 

I ine capacity. These capacities do not appear in the 

circuit diagram but actually exist in the ·respective 

parts and the circuit boatd and. therefore, ~urrent 

flows to all these capacities wh~n the circuit is in 

operation. Since this currerrt is one £lowing to the 

capacity, it becomes larger when change in the voltage 

CdV/dT. i.e., ratio of change in voltage V to time T> is 

larger. When switching is made with a square wave, this 

current· becomes a pulse-like current and generate~ a 

current noise. Current flowing to the chassis causes a 

pulse-like common mode noise. ' Since this pulse-like 

current ls supplied to the switching .transistors, loss 
20 

25 

in the switching transistors is produced with resulting 

decrease in th~ efficiency. Besides, since voltage 

having a large dV/dT contains a high .frequency 

component, a radio wave radiated d·irectly from the 

circuit <unneces:sary radiation> also becomes large. 

By using the voltage resonatice using a· wavefor~ 
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approximating a sign wave and reducing dV/dT, -these 

problems can be overcome. According to the invention, 

the voltage resonance is performed by the ind~ctance Ll 

and .the capacitor Cl onJY when both the switching 

elements SI and S2 are both on and, th·erefore, loss in 

the ·switching elements SI and 52 is not produced. The 
. . -

current flowing through the inductance Ll and the 

capacitor Cl is mere transfer of mutual energy so that 

only reactive power is consumed and loss due to the 

voltage resonance is very small <theoreticallj zero>. 

For reducing a voltage.type noise, it is important 

that dV/dT 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>, 

though 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 C with 

respect to an external circuit portion> and it is a 

feature of the invention that all voltage waveforms are 

similar to the ·voltage resonance waveform by the 

inductance Ll 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 Sl 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 elemerits Sl and 52 and the diodes Dl. and D2 in 

an off state and 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 

Ll· and the capacitor Cl· thereby become simi 1 ar to the 

terminal waveforms o.f the switching elements Sl and S2,. . . 

inductance L2, _c!pacitor C2, and diodes Dl and D2 and a 

square wave disappears from the circuit. 

Descriptio~ will now be made about the timing 

control means for .cntrolling the switching timing of the 
15 

' 20 

25 

swilching elements Sl and 52. 

The circuit which constitutes the base of the 

timing control circuit used in the invention will be 

described with .reference to Fig.. 7. Th i s c i r cu i t . i s 

disclosed in the Japanese Patent Publication No. Hei 3-

1914. The operation for timing control ls performed in 

the ~allowing manner: Upon application of an ON voltage 

by a winding 21 or 22, a main switching transistor 25 or 

26 is ttirned on by resi~tance 23 or 24 and then, by 

turning on of an auxi 1 iary switching transistor ·29 or 30 

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



- 24 -

certain time period, the main switching transistnr 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 described 

timing control circuit as its basis is shown in Fig. 8. 
5. 

I-n Fig. 8, capacitors 31 and 32 which are not 

provided in the circuit of Fig. 7 •re 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, 
10 

when current is cut off by turning off of the main 

switching transistor 25 or 26, voltage of the 

transformer Tl is ihstantaneously inverted by self 

inductance CLl) and leakage inductance .. (L2) of the 

transformer Tl and, ·accordingly, the main switching 
15 

transistor 26 or 25 may be instantly turned on by 

utilizing this voltage Ci.e., by feedback winding). 

20 

25 
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More specifical"ly, since· the circuit of Fig. 7 is 

not a current reson~nce type circuit; the leakage 

inductance CL2) of the transformer Tl is not utilized. 

The leakage· inductance of the transformer Tl however· 

5 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 . . ·1. the tendency to causing the current 

10 

15 

to flow continuously causes voltage to be inverted with 

a spike. Thus, switching is performe_d with a waveform· 

having a very·Iarge 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, iL in the 

circuit oi Fig. 7, the current resonance w•s not made 

but capacitors 33 and 34 corres~onding to the parall~l 

resonance capacitor Cl were added to perform voltage 

resonance with the self inductance Ll of the transformer 

Tl thereby to reduce dV/dT of the waveform being 

switched, the switching woul.d be made while the current. 

is flowing thTough the leakage inductance L2 and, 

accordingly, the waveform· would be determined by the 

25 current of L2 which is much larger than the current 

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



5 

10 

15 

- 26 

generation of the spike I ike voltage would be 

inevitable. 

In the present invention, when the main switching 

t rans i s tor 2 5 has· been turned o f f , the v o 1 tag e r es on an c e 

mode is brought about and when the resonance waveiorm 

has r~duced the voltage of the main switching tran~istor 

2.6 sub s t an t i a 1 l Y t o z e r o , i t i s n e c e s s a r y to tu r n 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 -0n 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 voltage 

resonance mode has passed about its. 

shown in Fig. 9 with the result that 

middle point as 

the waveform 

becomes one of a large dV/dT. For preventing 

capacitors 31 and 32 are added and turning on 

this, the 

of the 

main switching transistor is dela1ed by time T in Fig. S 

by time constant form•d by the capacitors 31 and 32 and 

20 resistances 35 and 36 and a voltage reso~ance waveform 

as shown by the dotted line thereby is obtained. 

25 

Relatiorts between the on-off timing of the 

switching transistors 25 and 26 and V · , I and 

are the same as those shown in (f), Cg), (a), Cb) 

Cc) of Fig. 3. ·Respective time periods T , To ff, 

main 

iD2 

and 

Ti 

and -Tv shown in Fig. 3 are set in such a manner that 
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relations of TQl ~Ti and To ff a Tv are satisfied. 

The circ~it of Fig. 8 Jncludes all necessary 

elements for the operation of this circuit but this 

circuit cannot start 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. iri this embodiment, 

10 

15 

20 

25 

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 

s~itching transistor 25.· 

Starting circuit 

In Fig. 10, re~istance 40~ a capacitor 41 and a 

diode 42 are added to the base circuit of the main 

switching transistor 25. The resist·a·nce 40 is of a high 

resistance value because is must cope wJth a power loss 

and capacity of the capacitor 41 is made large .for 

achieving a strong starting. when the powe~ 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 ve:ry·small. This 

cµrrent ·charges the capacitor 41, flows through the 

:resistance 35 and. the wfnding and reaches a point B but 

this current is n~t of such a magnitude as to produ~e a 

large potential difference across the resistance 35. 

Therefore, the points B. C and D are initially.at 
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substantially _the same potential, so that the main 

switch!ng·transitor 25 is in the off state. 

The capacitor 41 is charged w·ith lapse· of time and. 

when the potenti4l ~ifference 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' 

a c t ·i v e r e g i o n . At this time, a positive feedback loop 

from the positive feedback winding to the base ~f the 

transistor 25 through the resistance 35 and the 

10 capacitor 41 is formed. The main switchig transistor 25 

is tu·rned on acceleratedly by the positive feedback, 

being maintained in the on _state by a large base curre~t· 

flowing from the winding through the resistance 35. . . 

Since the current flowing from the resistance 35 to the 

15· capacitor 4~ 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, 

2~ erroneous turning on of the main switching tran~istor 25 

during the off timing thereof due to the resistance 40· 

can be prevented. 

Duty correction operation 

In the two transistor type switching power circuit 

25 to which this ·invention is applied,. it is desirable that 

currents flowing through the two transistors which are 
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turned on and off alternately and two rectifying diodes 

are of the same value. In the switching. powe.r suppl·y 

cir-cuit. however. winding resistance is of a very low 

v a 1 u e and , a c c o r d i n.g I y , w h i I e v o l t a g e I o s s i s s ma I l , i t 

5 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 curretit supply path is 

very small. When imbafance is produced between 

la currents, the peak~value of the currents· becomes large 

with resulting increase in heating of the semiconductors 

and transformer. As a result, the switchinc power 

supply circuit performs as if it was a single transistor 

power supply circuit and its efficiency is decreased to 

15 that of a single transistor power supply circuit. Thus, 

adopti~n of the two transistor power supply circuit 

would become meaningless. 
I 

There are two causes for 'the current imbalance. 

One is imbalance caused by imbalance in induced voltage 

. 20 of the transformer . Fig. 11 shows a winding voltage of 

a transformer. Ass u·m e , for exam p l e , that the c y c l e 

during which the transiitor 25 and the diode DI in Fig. 

8 are on is designated by A and the cycle during which 

the transistor 26 and the diode 02 are on is designat~d 

25 by·B. Since the winding voltage of the transform~r 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 loss in 

the switching elements, voltage VA + VB becomes equal to 

the power voltage V in Fi~. 8. For achieving ·VA = VB, 

h6wever, relatien-TA =TB must be satisfi~d assuming 

that the waveforms A and B are of the same shape. This 

i~ because the transf-0rmer 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 

t o TB·. Th i s p he n o me no n i s d e s c r i b e d i n de ta i 1 . 'i n t he 

above mentioned ·Japanese Patent Publjcation No. Hei 3-

191'4. For this reason. for achieving VA = VB. it is 

necess~ry 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 

difference in loss voltage occurring in the current path 

between the cycle A and the cycle B. Since this loss is 

larger when current is larger, this loss hardly occurs 

in the voltage resonance mode and occurs in the current 

resonance mode. The current path in the cycle A is 

formed by the switching transistor 25, transformer Tl, 

divided series resonance capacitor C2 and diode 01. The 

current path in the cycle B is formed by ~he switching 

transistor 26, transformer Tl. divided series resonance 

25 capacitor C2 an~ diode 02. The both currents flow 

through the series re~onance capacitor C2 and· therefore 
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t he r e i s n o d i f f e r e n c e i n t h e I o s s v o I t a·g e . In the 

D2 is affected in such a manner that, when current 

imba·Iance on .one side is produced •. heat generation is 

increased arid temperature thereby is raised and·the 

forward voitage is decreased, resulting in decrease in 

15 loss voltage which acc•lerates the current imbalance. 

When the. power supply source is a smal I power, loss 

voltage 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 

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 problem can be mostly solved by coping with the 

·above described first cause,· i.e .• bringing about the 

25 duty factor of 50%. In the powei ·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 

de s c r i b e d s e co n d -ca us e s ho u 1 d be s o I v e d . 

5 
E~en when duty fac.tor 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. 

10 Since, howeve~; the loss 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 above described relation using VA and VB as 

constant values. Since the ratio between VA and VB is 

15 determined by voltage duty factor, the duty factor 

should not be a fixed value but should be changed in 

accordanc·e with change_ in the loss voltage for 

maintaining balance in currents; 

For eliminating current imbalance with the duty 

20 facto~ being fixed to a constant value, the following 

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

voltage doubler system as the rectifying circuit on the 

secondary side. Voltage difference du• to difference in 

the duty factor and loss voltage becomes difference in 

25 
charge voltage in each capacitor. Since load current 

flows commonly_ from sum voltage of the respective 
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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 

5 path of the primary side of the transformer. Owing to 

existence of the ser.ially inserted capacitor. current 

flowing from the windin~ of the transformer to the load 

becomes ac Cnot including ·DC offs-et current) in which 

amounts of positive and negative c~rrents are equal to 

10 each other~ This circuit therefore will not cause the 

current imbalance. 

In these two circuits, current imbalance which will 

cause a practical probiem wi 11 not be produced if 

voltage duty factor of approximately 50% is used. In 

15 the s e c i r cu i ts , however , currents .f 1 ow through two 

rectifying diodes t~ produce a single output voltage and 

thera 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 s~rious problem in the ~irctiit design 

of the power supply circuit. Particularly, this causes 

a serious decrease in efficiency i"n a power supply 

circuit for providing ~ low voltage and large current 

25 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 case of positive and negative power sources, the 

center tap bridge syste·m 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 

i mp r o v i n g e ff i c i ency , i t be c q mes n e c e s s a r y , as des c r i bed 

before, to maintain current balance by changing the duty 

factor. Th~ 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. 

Howe v e r , i n the . case a f t he p r es en t i n vent i on in wh i ch 

difference in a s I ight I oss vo I tage is taken up 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 taik ~o 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 ta m~tch 

the value of currents~ By doing so, a state where duty 

factor of 50% is maintained ~an be realized. 
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As to the method for changing duty factor for 

maintaining balance betw~en. currents, the circuit of 

Fig. 7 has such function, though incompletely. In the 

circuit of Fig.- 7.; when load current is not provided 

5 ·tram the secondary side, this circuit ·has no abffity of 

c o r r e c t i n g du t y fa c to r , that i s , co r rec t i n g duty facto r . 

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 

10 factor is not fixed during absence of load is a part of 

the opetation in which current balance is maintained 

auiomatically during presence of load. A.I t e r n a t i v e I y 

stated·, duty fact·or becomes unfixed because I oad is 

remav~d and current is reduced to zero from the circuit 

15 which has originally an ability Cal though not complete 

one) of operating while automatically adjusting duty 

factor so as ta balance currents automat·ically. In. the 
\ 

circuit of Fig. 7, duty factor really becomes 

approximately 50% when current is provided as the 

20 output. A design .concept in the circuit of Fig. 7 is 

25 

that this circuit operates at duty factor of 50% and 

some step should be take~ to eliminate an instable state 

w h i ·c h w i 1 l t a k e p l a c e d. u r i n g a b s e ri c e o f l o a d . I n 

actuality, an effort to maintain duty factor of a fjxed 

value tends to leave current imbalance uncorrected. 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 conspicuous. 

The method to be describ~d below solves the problem in 

an opposite manner to the circuit of Fig. 7. This does 

not signify that- the circuit of Fig. 7 is meaningless 

5 but the circu·it of Fig. 7 as well as the method to be 

10 

described below can be effeetive 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 

h a s b e e n p .r o v i d e d · f r o m e i t h e r o n e o f p o s i t i v e a n d 

negative vo.lta·ges (positive volage in this example) of a 

secondary winding waveform VT2 of a transformer whose 

primary winding i.s driven by a signal source having a 

15 constant duty factor cs·o% in this example) through a 

capacit·or. Waveforms are shown in Fig. 13. In Fig. 13, 

ID causes the positive voltage of VT2 to decrease. As 

described before. the area of p~sitive voltage is the 

same as the area of negative voltage in the windini 

20· v o I tag e of the transformer and , when the po s i- t iv e 

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 

25 factor to change in ~uch a manner that TA becom•s longer 

and TB becomes shorter. When, however, the drive side 
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is operating to maintain the constant duty C5p%), the 

duty factor cannot change ~o that drop in VT2 remains to 

be a voltage drop corresponding to loss in the current 

path. 

In a case where the drive signal source is 

oscillating at. a constant frequency but has no ability 

of maintaining duty factor so that any d~ty factor can 

be adopted, flowing of ID causes decrease in the 

positive voltage and increase in TA arid in~rease in th~ 

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 become~ zero and output voltage 

disappears in the· above described manner. Since an 

output carrent in the C~hter tap type rectification is 

provided in both the positive and negative cycles, 

current flowing in one cycle side only corresponding to 

ID in Fig. 13 represents an imbafance portion of current 

itself. Thus, the current imbalance is eliminated and 

the duty 

which the 

factor is automatically adjusted to one at 

values of currents in the positive and 

negative cycle~ are the same. In.a circuit using the 

center tap system also, by removing duty factor 

maintaining ability oi the drive signal source as shown 

in Fig. 14, the duty factor is automaticaliy adjusted to 

one at which an imbalance current between IDl and 102 is 
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reduced to zero. 

The circuit of Fig. 7 cannot be sa-id to have an 

ability of maintaining duty factor so that it has some 

effect of reduci-ng. the current imb~lance. However, the 

5 ability of this circuit for maintaining the oscillation 

frequency ·at a constant frequency is not certain. In 

t h i s c i r c u i t • t he r e f o r e • t he e n e r g y o f t h e i m b a l an c .e 

current to change the duty factor is not ceitain because 

it is consumed not only for change of ·the duty factoi 

10 but also for change of the oscillation frequency. 

The circuit shown in Fig. 15 has completely solved 

this problem. That i_s, this circuit can lose the 

ability to ~aintain a constant duty factor while 

maintaining the oscillati·on frequency at a constant 

15 v a 1 u e . Th i s c a n b e r e a 1 i z e d o n l y by r e s p e c t i v e 1 y 

connecting a diode 45 and 46 (not shown) in parallel to 

the resistances 27R and 28R C27R and 28Rl of the time 

constant circuit in Fig. 8. The operation of the 

c i r c u i t w i t h t he add e d d i ode 4 5 C 4 6 ) · w i 1 1 be d_e s c r i bed. 

20 below. Assume now that the emitter potential of the 

main switching transi~tor 25 and the auxiliary switching 

transistor 29 is used as reference voltage (zero>. the 

feedback winding voltage is designated· by VLF2. the _base 

voltage of the transistor 29 is designa~ed by VQ2B. the 

25 b a s e v o 1 t a g e o f t h e t r a n s i s t o r 2 5 b y V Q 1 B a n d t h e 

collector voltage of the transistor 25 by VQlC. 
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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 

5 the d i o·d e 45 of Fig. 15. This voltage is V3. 

D~signatin~ the forward voltage of the dioda 45 by OF, 

the voltage V3 is V3 =V2 OF. When the voltage is 

inverted and VLF! has become a positive voltage, ~he 

capacitor 27C is charged by current from the resistance 

10 27R and the base volta.ge VQ2B increases. 

Simultaneously, the base voltage VQlB of the transistor 

25 increases ~ith some delay from the feedback winding 

voltage VLF! dua to the time constant of the resistance 

35 and the capacitor 31 and, upon reaching bf VQlB t~ 

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

25, the transistor 25 is turned on. Upon reaching of 

the increasing VQ2B to the base~emitter-on voltage 

VBEQ2CV4) of the transistor 29,' the transistor 29 is 

turned on and VQlB drops. By turning on of the 

20 transistor 29, the base current is ·cu.t 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 

25 the voltage o·f the capacitor .27C rises from - V3 to V4. 

The rising curve during this time period is a part of 

This Sheet Has B . 
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time constant curve of the time constant circuit 27 from 

- V3 to+ Vl. Since there· is the relation V3 = V2 - OF, 

this curve becomes one shown in Fig. 17. Since OF is 

~onstant~ the vo~tage Vl + V2 - OF is determined by <VI 

+ V2). When the duty factor changes, the ratio of Vl 

and V2 changes but, since CVl + V2) is constant, this 

curve is constant regardless of the duty factor. 

T i m e TR C 1 t i l l V 3 + V 4 = V 2 - D F ·+ V Q E Cl 2 i n t h i s 

curve is the timing prepared here. Since OF and VBEQ2 

10 are substantially of the same value, OF and VBEQ2 can be 

cancelled with each other. Further, since OF is a small 

value compared with CVl + V2), OF can be neglected for 

the sake of simplicity. Thus, TRCl can be determined 

substantially by the ratio between CVl + V2) and V2. 

15 Therefore, even if the power vo I tage is changed (i.e. , 

CVl + V2> is changed), there wi 11 be no change in TRCI 

if the rati~ between Vl and V2 is constant. On the 

other hand, time constant TRC~ of the circuit on the 

oppcisite side is determined by the ratio between CVl + 

20 V2) and Vl .·Although the time constant curve is not 

linear; it can be regarded as substantially linear when 

the circuit operates in the vicinity of the duty facto! 

o f 5 0. % i n a c u t a l o p e r a t i o n C i f t h e· r e i s n o e x t r. e m e 

c hang e i n the duty . factor ) and , accord i n g I y , (TR C 1 + 

25 TRC2) can be considered to be substantially constant 

against variation in the power voltage whereby the ratio 

-------------
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between TRCl and TRC2 can be considered to have certain 

degree of freedom>. 

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

iD2. there 

before, to 

take-s .place the operation, as 

increas.e TRCl and decrease TRC2. 

described 

As will be 

apparent from the curve of Fig. 17, as TRCl increases, 

V2 increases and when TRC2 decreases, Vl de~reases with 

resulting stability~ Therefore, an operation for 

dete.rmining the duty factor at a point at which iDl 

10 becomes equal to iD2 can be realized. 

15 

20 

Fig. 18 is a circuit diagram showing a specific 

circuit of th~ entire power supply circuit incorporating 

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

respective component elements are examples of specific 

design cons.tants. 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 lOOV syste~ and 200V system. When an ac power 

of lOOV is used, this circuit becomes a voltage dqubler 

rectification construction. Since a connecting point of 

both one ends of the input smoothing ·capacitor CINI and 

CIN2 can be used as reference potential point, a series 

25 resonance capacitor C2 is not divided iri two capacitors 

toward power line. but is connected as a single capacitor 

.... ~ .......... .. 
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to the transfoi~er winding. By this manner of provding 

the cap~citor, voltage withstartding capacity of the 

capacitor can be made sma·11 and a film capacitor which 

is of a small los.s .in its characteristics can be readily 

5 used. This power supply circuit is designed with a rated 

output of 500 W (maximum ·1 kW>~ switching frequency of 

35 kHz. current resonance frequency of 50 kHz and 

voltage resonance frequency of 60 kHz. Actually 

measured self inductance of the transformer is 2.3 mH 

10 and actually measured leakage inductance is 2.3·µH. In 

this specific circuit, a~tually measured value of 

efficiency expressed by th~ rate of output power 

provided by the smoothing capa~itor to input power to 

the smoothing capacitor which inputs commercial ac power 

15 is ab 0 u t 9 7 % (ref . ab 0 u t 8 0 % in the c 0 n vent i 0 n al 

t r an s f o rm e r p o·w e r supp l y c i r cu i t and about 8 0 % - 8 5 % i n 

the conventional switching type p~wer circuit). In this 

power supply circuit, the amoun~ of noise generated has 

been reduced by nearly 30 dB as compared with the 

20 conventional switching type power supp.ly circuit. 

Stated more concretely, this is a level at which ilo 

problem arises practically when the power circuit is 

operated without providing any p~rticular shield 

therefor and an AM broadcasting is received by a radio 

25 receiver located near the power cJr~uit. 

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 techtiiqtl~ concerning a power supply 

circuit according to which, in an inverter circuit 

o f • e . g. • a ha I f b r id g e type , a f u I I b r id g e 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 

10 at a timing at which the switching transistor is turned 

off to switch voltage whereby both current t~pe noise 

and voltage type noise are reduced by reducing haimonics 

in both current waveform and voltage waveform. and the 

efficiency of the powar supply circuit is improved by 

15 turning on the switching tran~istor in a voltage zero 

state and turning off the switching transistor in a 

current zero state. 

This is a technique conc~rning a power supp~y 

circuit which comprises a de power source, 

20 s.witching means including switching elements capable of 

being on-off controlled for switching an input from the 

de power source to convert it to ac and providing it as 

an ac output from. an output .terminal ·thereof. de output 

25 

means for full-wave rectifying and smoothing a supplied 

ac input to provide a de output, series 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 ~arallel to voltage produced at the 

output termina·1 of the switching means: and swtiching 

control means for intermi~tently control ling the 

5 switching elements of the switching means, the de output 

being taken out of resonanc~ 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 

10 par a 1 l e l res on an c. e means , w he r·e by a l l s w i t ch i n g 
.•, 

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 

15 current in the circuit are reduced. 

rn this technique, it is preferable. as conditions 

for setting values of the respective reso~ance circuits, 

that the inductance value Ll of' the parallel resonance 

means is much larger than the inductance value L2 of the 

20 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 

system. As the smoothing system, the capacitor input 

25 _type system should preferably be used for effecting the 

current resonance and the capacity of the smoothing 
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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, ~he po~er circuit· 

comprises input switchin~ means ~omprising two switcing 

elements capable of being turned on and off at desired 

timing for switching them alternately to convert ad~ 

po~er output to ac and providing it as an ac output from 

10 an output terminal thereof, output takeout means for 

performing a full-wave rectification of a capacitor 

smoothing type, series resonance meari.s provided tn 

series between the· output terminal of ~he input 

switching means and an input terminal·· of .the outpu,t 

15 takeout means, parallel resonance mean·s provided· in· 

parallel across one of the switching elem~nts of the 

input switching means, and timi~g control means for 

controlling the on-off timing of the switching elements 

of the input switching means in such a manner that a 

20·· 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 m~ans and a time period 

f r om tu r n i n g o· ff t i 1 I tu r n i n g on · o f ea ch o f the 

switching eiements is shorter than half of resonance 

25 
period of the para! lei 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 ~nd providing it as an ac output from 

5 an o u t p u t t e r m i n a l t h e r e o. f , o u t p u t t a k e o u t m e a n s f o r 

performing a full-wave rectification of a capacitor 

s mo o t h i n g t Y p e , s e r i e s r e s o n a.n c e mean s p r o v i d e d i n 

series between the output terminal of the input 

switching means and an input terminal of the output 

10 takeout means,. parallel resonance means provided in 

parallel across one of the ~witching 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 intermit~ently and 
' 15 controlling the on-oft timing of the switching ~lements 

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 ~eans ~nd a time period 

during which both of .the switc&ing eleme~ts are of' is 

20 shorter than half of resonance period of the parallel 

resonance means. 

In one aspect of the inve~tion, the timing control 

means comprises the circuit shown ib Fig. 7 to which 

added ·a capacitor. for delaying timing; of turning_ on of 

25 the main switching element and a diode for enabling duty 

factor to be automatically changed so that values of 
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cu·rrents 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 th~ 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 converted to a self exciting 

inverter type operation and, moreover, imbal"ance in 

positive and negative output currents (resonance 

10 current) is automatically corrected and de.crease in 

efficiency and deforma·tion in the voltage resonance 

waveform due to the current imbalance can thereby .be 

eliminated. 

1111ru1i11inr 
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111111~ 1111~ II{~ 111(1111111 
What is claimed is: 

1. A power supply circuit comprising: 

a de power source; 

s w i t c h i n g -m e ·a n s i n c l u d i n g s w i t c h i n g e l e m e n t s 

5 capable of switching an input from the de power source 

to convert the input to ac and outputt·ing ac from an 

o u t p u t t e r m i n a l t h e r e o f. th e a. c c ha n g i n g b e t we en two 

different potentials; 

series resonance means provided in series t.o 

10 current flowing from the output terminal of the 

switching means. the series resonance means being 

capable of generating resonance current; 

15 

para! le 1 resonance means provided in para! lel to 

voltage produced at the output terminal of the swit~hing 

means. the paralfel resonance .means being capable of 

generating resonance voltage and potential at the output 

te-rminal 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 resonance 

20 means; 

swtiching control means for controlling the 

switching elements of the switching means .so as to 

intermittently turn on the switchlng elements; and 

do output means for full-wave rectifying and 

25 smoothing a supplied ac input, the· de output means being 

capable of taking out a de output from the resonance 

lili1in1r111nr 

.......... 
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current of the series resonance means, whereby all 

switching operations of the switching elements of tbe 

switching means are performed substantially at a voltage 

zero state or strbstantially at a current zero state and 

s harmonic contents in operati~n voltage and operation 

current in the power supply circuit are reduced. 

2. A power· supply circuit comprising~ 

a de power source; 

switching means including switching ~lements capable 

10 of switching an input from the .de power source ~o convert 

the input to ac and providing coverted input as an ac 

output from an output terminal thereof; 

series resonance means provide~ in series to curtent 

flowing from the output terminal of ·the switching means, 

15 the series resonance means being capable of generating 

resonance current ; 

parallel resonance means :Provided in parallel to 

voltage produced at th• output terminal of the switching 

means, the paral lei resonance means being capable of 

20 genera~ing resonance voltag~; 

de output means for full-wave rectifying and 

smoothing a supplied ac input to ~rovide a de output: and· 

switching control means fat controlling the 

switching elements of the switchi·ng means, so that the 

25 switching elements are alternately turned ~n with a 
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period, said period being turned on when the resonance 

voltage is substantially zero ~nd turned off when the 

resonance current is· substantially zero at the output 

terminal of the "Swi·i;ching means. 

5 3. A power supply circuit as defined in claim 1 wherein 

said de output .means comprises a diode and a capacitor. 

4. A power supply circuit as defined in claim 1 wherein 

said switching means has two switching elements. 
I 

5. A power supply circuit as defined in claim 1 which 

10 further comprises a transformer provided in a prior stage 

of the de output means. 

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

said transformer comprises a primary winding and a 

s~condary wi·nding. 

15 7. A power supply circuit as defined in claim 6 wherein 

said parallel 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 

20 said series resonance means comprises inductance and 

capacitance and leakage inductance of the primary winding 

i~ used as said inductance. 

9. A power supply circuit as defined ih claim 1 wherein 

said series resonance means and said parallel resonance 

25 means respectively comprises inductance and capacitance 
. 

and the inductance of said series resonance means is set 
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at a value which is mu~h smaller than the inductance of 

the parallel resonance means and the capacitance of said 

series resonance m~ans is set at a value which is much 

larger than the-~apacitanc~ of said parallel resonance 

5 means. 


