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- SQURCE APPARATUS BACKGROUND OF THE | NVENTI ON

The present invention relates to a power source apparatus suitable for
heg ng used, for exanple, in whole electronic appliances which have an

exkensive range of an input comercial AC voIS’ ower
source voltage used all over the world is rougpl (0/59 rﬁ) 180 rea
and-a 200V area. Therefore, for an electronic appliance shipped W tho

any specified destination, there is suchia need that the apngahce

dperates normally i rrespecti Ve RtrrMYotRCRNErSARATE POWer source vol t ages
i's applied thereto. However, if the power source apparatus is soO

structured, for exanple, by one AC-DC converter, such a fear arises that

I'osses will increase in parts of a switching elenent, a transforner, and

the |i ke dependi ng on a syst ®CEGROUKRR GIAHE:ANYVBNEIOROUr Ce.

Therefore, in a power source apparatus which has been in use with such an

el ectroni c appliance, Tha presafedaNenshonrelates &RappP@wey FoRECS. 1 and 2
has been used in the art. Iha% . .
apparatus suitable for being used, for example, in whole

electronic appliances which have an extensive range of an input
commercial AC voitage. |

A power source voltage used all over the world is
roughly divided into a 100V area and a 200V area. Therefore,
for an electronic appliance shipped without any specified
destination, there is such a need fhat the appliance operates
normally irrespective of which one of the power source voltages
is applied thereto. However, if the power source apparatus is
so structured, for example, by one AC-DC converter, such a fear
.arises that losses will increase in parts of a switching
element, a transformer, and the like depending on a system of
the applied power source.

Therefore, in a power source apparatus which has been
in use with such an electronic appliance, an arrangement shown,
for example, in FIGS. 1 and 2 has been used in the art. That
is, in an arrangement of FIG. 1, an AC input voltage from a
commercial power source 100 and the like is rectified in full
wave by a diode bridge circuit 101. After the rectified output
is smoothed, a DC output voltage is obtained by using a
plurality of DC—DC'converters 102,'103. According to this
arrangement, the total losses can be reduced by dividing a load

into the plurality of DC-DC converters.



*is, in an arrangenent of FIG 1, an AC input voltage froma comercial
““power source 100 and the like is rectified in full wave by a diode bridge
circuit 101. After the rectified output is snoothed, a DC output voltage
is obtained by using a plurality of DC-DC converters 102, 103. According
to this arrangenent, the total |osses can be reduced by d|V|d|ng a Ioad
into the plurality of DC DC converters.

2 -~ Also, in the arrangenent showy in FIG 2, the snoothing
action is conducted by a series circuit of a couple of capacitors 104, 105
and at the sane tine, aABsépnreaheNaritafdgéRentGhatvnofint FEG capachkors 104, 105
I's connected to one AC input termnal of the diode bridge circuit 101

t hrough a swinpebhill@s actibenisté¢endwitiedhby08 $eriamicigchét o pemdupdeonf a
voltage at the AC input termnal, so that rectification is_changed over
froma pri RAPFCEIUS t1(94a él%b‘?‘%d\ﬂﬂ t*é’&esﬁ‘@%t’ﬁ‘i‘et'aﬁ GHnPﬂc*é“l‘D ¥8t em

SUppl | edl 1 o PPRRC I B GRpaPEEr Rid: 395 na SRR Eoete i oreieean be
conduct ed byeffigns1 ¥ &nBCaPoas BVEIdef circuit 101 through a switch 106.
Then, the switch 106 is controlled depending on a voltage at the
AC input terminal, so that rectification is changed over from a
primary side to a double voltage rectification in a 100V system
and to the full wave rectification in a 200V system, which makes
voltages supplied to the DC-DC converter equal so that an
efficient control can be conducted by the single DC-DC converter
102.

. With the system where a plurality of converters are
provided as shown in FIG. 1, however, there is an increase in
the number of parts compared with a system which is made up of
'one converter, and hence an increase in manufacturing costs.
Also, with the rectification change-over system shown in FIG. 2,
in case where, for example, a double voltage rectification is
conducted in the 200 voltage system due to an abnormality, there
is a possibility that a rectified output nearly approaches 800V
at the largest necessitating such counter-measures as to provide
a specific safety device and the like for avoiding a damage to a
circuit element and an accident.

That is, in an area where a state of the power source

is unstable, for example, about : 10 % in fluctuations of a

nominal power source voltage can ordinarily happen. In that

case, there is a fear, for example, that a power source in the



102. Wth the systemwhere a plurality of converters are

- provided as shown in FIG 1, however, there is an increase in the nunber
of parts conpared with a systemwhich is nade up of one converter, and

- hence an increase in manufacturing costs. Also, with the rectification

change-over systemshown in FIG 2, in case where, for exanple, a double

vol tage rectification is conducted in the 200 voltage system due to an

abnormality, there is a possibility that a rectified output nearly

approaches 800V at the largest necessitat3ng such counter-neasures as to

provide a s@RCishistemalst Jotletice iandricbe s kéhdtOlinavRedlo@y sydaBRgeand a
circuit elenment and an accident. That is, in an area where a
state of then powhangedr oeer i statresttablthe foubbxamiltageabectifigratjioh) #£i n
fluctuations of a nom nal power source voltage can ordinarily happen. In
that case,2t¥kt@adges ia £bar209%sideagises ARy pdher rephi£ied puthet
3 200V syst el 313 aprsachds FIV 25 chiarfedfi® 100V system and
Alternatively, although it is carried out that the
control range is expanded by one converter, this inevitably
requires switching elements and the transformer large in size,
and brings about large-sizing of the whole appliances and
worsening of transformation efficiency of the power source
apparatus itself.
SUMMARY OF THE INVENTION
In view of such aspects, it is an object of the
present invention to provide a power source apparatus which can
solﬁe the problem that in a power source apparatus of an
electronic appliance which is shipped without any specified
destination, there have occurred problems of such as large-sized
appliance, worsening of transformation efficiency and a fear of
an output voltage of extremely high voltage being taken out due
to an abnormality. '
According to an aséect of the present invention, a
power source apparatus is one in which an exciting current of a
primary side winding of an insulating converter transformer is
switched by a switching element and an oscillation state of an
oscillating drive circuit connected to the switching element is
controlled according to a secondary side output voltage of the

insulating converter transformer for controlling the secondary

side output voltage to be a constant voltage. Under the control



in a changed over state to the double voltage rectification, if a voltage
“in the 200v side rises rapidly, the rectified output possibly approaches
800V at the |argest. Al ternatively, although it is carried out
that the control range is expanded by one converter, this inevitably
requires switching elements and the transfornmer large in size, and brings
about | arge-sizing of the whole appliances and worsening of transformation
ef ficiency of the power source apparatus itself.

SUMVARY COF THE | NVENTI ON In viewv of such aspects, it is an

obj ect of the th&esRII11aRYAG! §PIvd T itk ea BsiPIS ingOPAER SPRAkAt us whi ch
can solve the problemthat "in a power source apparatus of an electronic
appl i ance wekehting shiryeatd Wt dvadgehpvepebetwesh tdesmbdas ioh,a fhkle have
occurred problens of such as |arge-sized appliance, worsening of

t r ansf or mat bohdes factiiorcpndnd aingke endedapuetpikl @oft hakt dirigger enel y
hi gh vol tage bei ng taken out due to an abnornmality. Accor di ng
to an aspec@°6F°Fhe present invention, a power source apparatus is one in

whi ch an exciting current ﬁﬁlé%|%§§C§E£§18ﬁ' \MnﬁdbﬂgwfﬁG§”1i nsul ati ng
SWtc yra switc elerren

converter transforner is _ ( _ chi'ng and an
oscillation state of gfg, 08Cid | AldiG AN YRowlddS Wn! arPRRGEHGH b2 hNSover
switching elenent is controlled according to a secondary side output
vol t age of tsharce apparatus;

FIG. 2 is a diagram showing an arrangement of another
power source apparatus;

FIG. 3 is a diagram showing an arrangement of a power
source apparatus to which the present invention is applied, by
way of example;

FIGS. 4A to 4J are waveform diagrams used to explain
the power source apparatué according to the present invention;

FIGS. 5A to 5C are diagrams used to explain the power
source apparatus according to the present invention;

FIGS. 6A to 6C are diagrams used to explain the power
source apparatus according to the present invention;

FIGS. 7A to 7M are waveform diagrams used to explain
the power source apparatus acéording to the present invention;

FIGS. 8A to 8M are waveform diagrams used to explain
the power source apparatus according to the present invention;
and

FIG. 9 is a characteristic diagram used to explain
the power source apparatus according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A power source apparatus according to the present



I nsul ating converter transforner for controlling the secondary side output
-voltage to be a constant voltage. Under the contro

4 of the oscillating drive circuit, a supplying path of the exciting
current is changed over between two nodes of a full bridge action and a

si ngl e ended push-pull and half bridge action. BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a diagram show ng an
arrangenent of a power source apparatus; FIG 2 is a diagram
showi ng an arrangenment of another power Source apparatus; FI G

3 i di e t to which
he" present T RC oY & RATORHEES' oBpoPafi¥a (RIURCE WRAIANYS ) oM 2

to 4J are WaneMo# ag%ﬂ,a_ﬂﬁaw%depw%a&ﬁi;rbf tdIf iPBWEAL SAY I &hvalRRakat us

according to the present invention; . FIGS. 5A to 5C are di agrans

used to exptednsfidimegoner switched by a switching element and an
oscillating state of an oscillation drive circuit connected to
the switching element is controlled depending on a secondary
side output voltage of the insulating converter transformer so
that the secondary side output voltage is controlled to be a
constant voltage, being arranged such that a supplying path of
the exciting current is changed over by controls of the
oscillating drive circuit between two modes of a full bridge
action and a single ended push-pull and half bridge action.

Hereafter, the present invention will be explained
with reference to the drawings. FIG. 3 is a block diagram
showing an arrangement of one example of a power source
apbaratus to which the present invention is applied. 1In the
FIG. 3, an AC input power source 1 is connected to both ends at
an AC input side of a diode bridge 2. A smoothing capacitor 3
is provided between a plus side output end and a minus side
output end of the diode bridge 2, and at the same time, the
minus side out put end of the.diode bridge 2 is grounded.
Further, the plus side output end of the diode bridge

2 is grounded through two pairs of series circuits of two stone
switching elements 4a, 4b and 4c, 4d. Therefore, each of the
series circuits of these two pairs of the switching elements 4a,
4b and 4c, 4d is connected between the plus side output end and
the minus side output end of the diode bridge 2.

Between middle points of the series circuits of these



source apparatus according to the present invention; FI GS. 6A
"to 6C are diagrans used to explain the power source apparatus according to

the present invention; FIGS. 7TA to 7M are waveform di agrans
used to explain the power source apparatus according to the present
I nventi on; FIGS. 8A to 8M are waveform di agrans used to explain

t he power source apparatus according to the present invention; and
FIG 9 is a characteristic diagramused t0 explain the power source

apparatus according to the present invention. DESCRI PTI ON COF
THE PREFERRESWikMBORY Midhients 4a, 4b and AdyovAr isopiredeidedpar séttisesaccor di ng
to the present 5 invention is a

power sour ceizppatacfisa ipriwairyhsade exindingg Sacof ramtinsulatpng neonyegitde
wi ndi ng of an insulating converter transforner is switched by a sw tching
el ement and YFRNSEQETEY ot iaf§ & ALEOBRNGH GRPECHLSTi On RAtReeBEF @f 2 connect ed

Lo, 21 R F TR eRRY 56 R LA B Bgpensery o1 oe
transformer 5 are connected to both ends of an AC input side of
a diode bridge 7, and between a plus side output end and a minus
side output end of the diode bridge 7 is provided a smoothing
capacitor 8. The plus side output end and the minus side output
end of the diode bridge 7 are connected to a load 9.
Further, a voltage dividing circuit 10 comprising a

resistors 10a and 10b is provided between the plus side output

end and the minus side output end of the diode bridge 7, A

voltage dividing point of the voltage dividing circuit 10 is
connected to one input of an error amplifier 11 and at the same
time a reference voltage source 12 is connected to the other
input of the error amplifier 11.

Also, the plus-side‘output end of the diode bridge 7
is connected through a resistor 13 to one end of a light
emission diode 14a forming a photo-coupler 14 and the other end
of the light emission diode 14a is connected to an output of the
error amplifier 11. Further, an emitter of a photo-transistor
14b forming the photo-coupler 14 is grounded and its collector
is connected to a control terminal of an oscillating control
circuit 16 through a resistor 15.

Then, outputs of the oscillating control circuit 16
are connected to drive circuits 17a, 17b of the switching

elements 4a, 4b and also connected through resistors 18a, 18b to



that the secondary side output voltage is controlled to be a constant
"vol tage, being arranged such that a supplying path of the exciting current
i s changed over by controls of the oscillating drive circuit between two
nodes of a full bridge action and a single ended push-pull and half bridge
action. Hereafter, the present invention will be expl ai ned
wth reference to the drawings. FIG 3 is a block diagram show ng an
arrangenment of one exanple of a power squrce apparatus to which the
present invention is applied. In the FI'G 3, an AC i nput power source 1 is
connect ed ig@ibet biendeat1 7caN1AE ofPtie Swikching didwimdar hdgesd. A
snoot hi ng capacitor 3 is provided between a plus side output end and a
m nus side output emdd af rebelt) ode DG dgeplit wrikage tthebsaappliade tot he
m nus side out put end of the diode bridge 2 is grounded. .
Further, tHA&eplaads? dis slategtednatothe Heapnd@sybsidr et thes igswlaieing

' ment

t hrough t f_serigs cirguits of two st i £.chi ng_ el 4a,
4b and 4c, SPAVETREF CFERMBIRMAR of apRcs dendcssd Pionst o4 PuPRAle 0 A (s

of the it chl e b . ' b |
si de ou;5 gut&ghggénlégﬁ#eélm%ug h;éi 828%'1)]1] %J%n%gggagg 8?%19%?%&&%\;\?%%&@? PrE
Bet ween m ddee phetBLECEH1dNE 456 IPBEnCA T EtiveS pafisbNES@nal formed in

accordance with the detected signal by the oscillating control

circuit 16 is supplied to the switching elements 4a, 4b, 4c, 4d
and switching of each switching element is controlled.
Specifically, such a control is carried out that at the voltage
dividing point of the voltage dividing circuit 10, an electric
potential coincides with the potential'of the reference voltage
source 12.

Further, the plus side output end of the above
mentioned diode bridge 2 is grounded through a voltage dividing
circuit 19 comprising resistors 19a, 19b and the voltage
dividing point thereof is connected to an inversion input of a
comparator 20. Also, a power source terminal of a voltage Vcc
is grounded through a voltage dividing circuit 21 comprising
resistors 2la, 21b and the voitage dividing point thereof is
connected to a non-inversion input of the comparator 20. Aan
output of the comparator 20 is connected to the power source
terminal of the voltage Vcc through a resistor 22 as well as to
the non-inversion input through a resistor 23.

Therefore, as shown in FIG. 4A, for example, a low
electric potential is derived from the comparator 20, when a

voltage dividing electric potential of the voltage dividing



6 switching elenents 4a, 4b and 4c, 4d is provided a series circuit of a
"primary side winding 5a of an insulating converter transfornmer 5 and a
resonance capacitor 6. Both ends of a secondary side w nding 5b of the

i nsul ating converter transformer 5 are connected to both ends of an AC

I nput side of a diode bridge 7, and between a plus side output end and a
m nus side output end of the diode bridge 7 is provided a snoot hi ng :
capacitor 8. The plus side output end and the m nus side output end of the
di ode bridge 7 are connected to a |oad 9.8 Further, a voltage

dividing ci cegehid O LORNPALH Y deciRi Fepefdiff diN@nlehettrit Potdpdidpt neen
the plus side output end and the m nus side output end of the diode bridge
7[err] A vofft tye plius diidg potpet cénd lof vhet dijedalibriidigeg2 ci i< wiighéd i s
connected to one input of an error anplifier 11 and at the sanme_tine a
reference véheRge Rifdeterminpd elpmaciCce®or8nthel Ata@dnednphita oltRgeerror
anplifier 1éu . s . %I thg | u .nge out put .end.of_the di ode
b dge 7 i SLiing meinnehuERe ol BividTed Ciuiidyr and prn €
em ssi on di %ftéé@ d&ﬁili?i%% 81800} Pe gg}lﬂn%&ai“i@%dél% 9t RE6n PidcePict he
-I'ight em ssion ode 14a 1”s connect to an output of the
potential is derived. Further, since the output of the
comparator 20 is positively fed back to the non-inversion input
thereof, an inversion action of the high electric potential and
the low electric potential of the output is given with a
hysteresis.
Also, the output of the comparator 20 is connected to
an inversion input of a comparator 24 and at the same time, the
power source terminal of the voltage Vcc is grounded through a
voltage dividing circuit 25 comprising resistors 25a, 25b and
the voltage dividing point thereof is connected to a non-
inversion input of the comparator 24. Further, the output of
the comparator 24 is connected to the power source terminal of
the voltage Vecc through a resistor 26. Therefore, the output of
the comparator 20 is derived from the comparator 24, as FIG. 4B
shows, in an inverted state.
That is, in this apparatus, when the electric
potential at the plus side output end of the diode bridge 2 is
lower than the above mentioned predetermined value, it becomes
as is shown at a left side in FIGS. 4A to 4J. Also, when the
electric potential at the plus side output end is higher than

the above mentioned predetermined value, it becomes as is shown

at a right side in FIGS. 4A to 4J. And the output of the



error anplifier 11. Further, an emtter of a photo-transistor 14b form ng
- the photo-coupler 14 is grounded and its collector 1is connected to a
control termnal of an oscillating control circuit 16 through a resistor
15. Then, outputs of the oscillating control circuit 16 are
connected to drive circuits 17a, 17b of the switching elenments 4a, 4b and
al so connected through resistors 18a, 18b to
7 drive circuits 17c, 17d of the switching el enments 4c, 4d. As a
result, the DC output voltage to be appli®d to the load 9 is detected at

t he secondaéahégfg%dyz2brﬁsi8§ﬁﬂ%§£§&3topgn¥ ﬁﬁéﬁtfﬂ?:?ﬁg?i?féeihéyﬂlt%een

detected signal 1s supplied to control term oscillating

control cirenétrddidddrough ahdlechd (irGveoupkedit 4 7cTRaRoagH 4 WEidad 29asi gnal
formed in accordance with the detected signal by the oscillating control

circuit 16 0§ supptkvedtd dirbetiom taohi ndecbenput o ahedbpmbaratk 2ands
swi tching of each switching elenment is controlled. Specifically, such a
control is EaPPeEEPD O EhgenaectiRg WHdddgepoint between the resistance

18b and the drive circuit 17d through a diode 27b of a forward
direction .

Therefore, in this apparatus, when the above
mentioned electric potential at the plus side output end is
lower than the predetermined value, the diodes 27a, 27b are both
cut off. As a result, to the drive circuits 17a~17d, for
example, as shown respectively at left sides of FIGS. 4C to 4F,
drive pulse signals outputted from the oscillating control
circuit 16 are supplied as they are. From the drive circuits
17a~17d,.the above mentioned drive pulse signals are derived as
they are, as shown respectively at left sides of FIGS. 4G to 4J,
and supplied to the switching elements -4a~4d.

On the other hand, when the electric potential at the
above mentioned plus side ouﬁput end is higher than the
predetermined value, the diode 27a, 27b are turned on. As a
result, an input to the drive.circuit 17¢ is biased to a low
electric potential as is shown at a right side of FIG. 4E and an
input to the drive circuit 17d is biased to a high electric
potential as is shown at a right side of FIG. 4F. Meanwhile, to
the inputs of the drive circuits 17a, 17b, as are shown
respectively at right sides of FIGS. 4C and 4D the outputs of
the oscillating control circuit 16 are supplied as they are.

As against these inputs, from the drive circuit 17a,



di viding point of the voltage dividing circuit 10, an electric potenti al
"coincides with the potential of the reference voltage source 12.

Further, the plus side output end of the above nentioned diode bridge 2 is
grounded through a voltage dividing circuit 19 conprising resistors 19a,
19b and the voltage dividing point thereof is connected to an inversion

I nput of a conparator 20. Also, a power source termnal of a voltage Vcc

i s grounded through a voltage dividing circuit 21 conprising resistors
2la, 21b and the voltage dividing point thBreof is connected to a

non-inversi P, | RRUFIEE. LAE £, ak85pefeiviily GUbRYItIE ddtReCRERRIGHLN 20
IS connected to the power source term nal og'the vol tage Vcc through a
resi stor 22deiverpullsassignaldiareorakereost s ithpyt atdrand)suppl eed stor 23.
Therefore, as shown in FIG 4A for exanple, alow electric potential is
derived frobthe lavicehpngaelenedtss Waen4h. Nesdnwiddedi {rem decldadvei c
potential of the vqgltage djvidin

8 circuit 19MTSHitcH7Fs G%d-%le‘d‘%g‘péﬁdﬁnﬁiw #ide o€t FT¢- fdvepbi gptput

which is fixed at a low electric potential is taken out and
supplied to the switching element 4c. Also, from the drive
circuit 17d, as is shown at a right side of FIG. 4J, an output
which is fixed at a high electric potential is taken out and
supplied to the switching element 4d.

As a result, in the apparatus shown in FIG. 3, when
the electric potential at the above mentioned plus side output
end is lower than the predetermined value, the 4~stone switching
elements 4a~4d are controlled to alternately switch on and off
and the apparatus is put in a full bridge action. That is, in
this case, a circuit arrangement at an essential portion becomes
what FIG. 5A shows, and when the switching elements 4a, 4b are
switched on, a current is made to flow as shown in FIG. 5B by an
arrow, while the switching elements 4b, 4c are switched on, the
current is made to flow as FIG. 5C shows by an arrow.

In this case, a DC input voltage Vi, formed from the

AC input voltage (not shown in the figure) is divided and
applied to the winding 5a and the resonance capacitor 6. That
is,assuming that a voltage applied to the winding 5a is V11 and

a voltage applied to the resonance capacitor 6 is V.1, the

following equation (1) is established.

V11+Vcl=vy, ce-(1)



of the plus side output end of the diode bridge 2, is higher than a
‘predeterm ned el ectric potential obtained at a voltage dividing point of
the voltage dividing circuit 21, and when the voltage dividing electric
potential is lower, a high electric potential is derived. Further, since
the output of the conparator 20 is positively fed back to the
non-inversion input thereof, an inversion action of the high electric
potential and the low electric potential of the output is given with a
hysteresis. Al so, the output ofilt he conparator 20 is connected

to an inversion inpyfe Qf/n3160NPRERGIe %&eéeglét% dnrSaTRat] fRe e pOVEr
source ternminal of the voltagé Vcc is grounded through a voltage dividing

circuit 25 m@tpohedngliessisde0iontpht, erdbisind ghklrethan teige pliededengiged nt
t hereof is connected to a non- inversion input of the conparator 24.

Further, thaloetptheoswitdieingedemantri@4is Lizednbot an etftsvatpowkilsour ce
termnal of the voltage Vcc through a resistor 26. Therefore, the output

of the corf¥ &WéFCEBn‘H ekanante ¢ Asnfired dehdar SRoftate apd the 4 shows,

in an inverted s%

tleatri o C ARk oie PR 1t dbe PROEORENEE Berioh- | PRTESY e B 8%*“21?5

| ower than Ve Memt i edst as e shown
at a left s%l ee?ltr%gFig(aBS E‘%AQ{%Q?W %ﬁsgi%\,\ﬂ%ﬁegﬁthﬁ Qﬁc‘ﬂ{&e%ff Sind

put in the single ended push-pull. Therefore, in this case, a
circuit arrangement at an essential portion becomes as shown in
FIG. 6A, and when the switching element 4a is turned on, a
current is made to flow as shown in FIG. 6B by an arrow while
the 4b is turned on, the current is made to flow as shown in
FIG. 6C by an arrow.

In this case, one half voltage of the DC input

voltage V;, is formed at a position of the switching element 4d

by the single ended push-pull, and on the assumption that a
voltage applied to the winding 5a is V12 and a voltage applied

to the resonance capacitor 6 is V.2, the following equation (2)

is established.

V12+Vc2=%vh cee(2)

That is, in this case, as it is apparent from the
above mentioned equations (1), (2), when the above mentioned DC

input voltages Vi, are the same, in the single ended push-pull

and the half bridge action, the voltage applied to the winding
5a and the resonance capacitor 6 is 1/2 that at a time of the

full bridge action.

To make use of the characteristic then, for example,



electric potential at the plus side output end is higher than the above
menti oned predeterm ned value, it becones as is shown at a right side in
FIGS. 4A to 4J. And the output of the

9 conparator 20 is connected to a connecting mddle point between the
resistor 18a and the drive circuit 17c through a diode 27a of a backward
direction and the output of the conparator 24 is connected to a connecting
m ddl e poi nt between the resistance 18b ang the drive circuit 17d through
a diode 27b of a forward direction . 1 Therefore, in this

appar at us, bheputtinghbee fullBnbi DRy ade@ohr i€ Peicenwhah @fke tAte iRpYE Si-de

output end is lower than the predeterm ned val ue, the diodes 27a, 27b are
both cut ovpltage als d9ONt andoby hehahging overuid the7siddte dmied pusRPl €, as
shown respectively at left sides of FIGS. 4C to 4F, drive pulse signals
outputted fPBH 1} i) Paifag 2emiarowhen; EkeiAC I@patevalippid dd 280V hey
Sl anal o ar VP ERI S e DA, dRos LR, 3Py O o eu gk Low
FIGS. 4G tOocédverter transformer 5 can be made equal. 1In this case,

because a voltage taken out at the secondary side winding 5b

becomes equal, a control range for.stabilizing the DC output

voltage relative to the AC input voltage can be substantially

expanded.

That is, in this apparatus, in the full bridge action
during a no-load (a-dotted line) to a light load, waveforms at
respective sections become as shown in FIGS. 7A to 7M. Here,
the switching elements 4a to 4d are supplied respectively with,
for example, the drive pulse signals as shown by FIGS. 7A to 7D,
and the switching thereof are conducted. 1In this case, for
example, between a drain and a source of the switching element
4d, a voltage is formed as shown in FIG. 7E.

Further, between the drain and the source of the
switching element 4a~4d, currents shown, for example, in FIGS.
7F to 71 are respectively madé to flow. As a result, a current
as shown in FIG. 7J is made to flow through the primary side
winding 5a and ‘a voltage shown in FIG. 7K is formed across the
resonance capacitor 6. Then, across the primary side winding 5a
is generated a vbltagé';hown in FIG. 7L and a current shown in
FIG. 7M is made to flow through the secondary side winding 5b.

Meanwhile, in the single ended push-pull and half

bridge action at the times of the no-load (a dotted line) to the



and supplied to the switching el enents 4a-4d. On the ot her

" hand, when the electric potential at the above nentioned plus side output
end is higher than the predeterm ned value, the diode 27a, 27b are turned
on. As a result, an input to the drive circuit 17c is biased to a | ow

el ectric potential as is shown at a right side of FIG 4E and an input to

the drive circuit 17d is biased to a high electric potential as is shown

at a right side of FIG 4F. Meanwhile, to j4he inputs of the drive circuits
17a, 17b, as are shown respectively at right sides of FIGS. 4C and 4D the

out puts of 1idi aedl ! *hvéfotmtdtolchel respécifralparesppbiste a% shewnais.
As against these inputs, fromthe drive circuit 17a,

10 17b, as Fi@&@GS saGtan@Md{H, Hesspehtiveepyulsaosigridls asosbowenin iIes. 6Ri ve
pul se signals are taken out as they are and supplied to the smﬁtching
el ements 4ato 48P aweaswpplicdf¥eipRadtdvedyvee ehe Enitchiag ekenentshdanddt a

right side of ([FI.G 4l, an output ich is fixed, at a low elgectric
potenti al ignqéﬁ&ﬁ1§¥h;c§ﬁags éhereo are conducted. And in this case, for

example, between the drain and the source of the switching
element 4d, a voltage is formed shown in FIG. 8E.

Further, between the drain and the source of the
switching elements 4a~4d, currents shown in FIGS. 8F to 8I are
made to flow, respectively. As a result, a current shown in
FIG. 8J is made to flow through the primary side winding 5a and
at the resonance capacitor 6, a voltage shown in FIG. 8K is
generated. Then, across the primary side winding 5a, a voltage
shown in FIG. 8L is generated and a current shown in FIG. 8M is
made to flow through the secondary side winding 5b.

The waveforms of the currents flowing through the
primary side winding 5a as shown in FIGS. 7J and 8J and the
following waveforms become entirely equal. Therefore, by
changing over to the single ended push—éull and half bridge
action, for example, when the AC input voltage becomes twofold,
voltages applied to the prﬁmafy side winding 5a of the
insulating converter transformer 5 are made equal and a control
range for stabilizing the DC output voltage relative to the AC
input voltage can be substantially expanded.

Therefore, in this apparatus, by changing over the
supplying path of the exciting current to two modes or between
the full bridge action and the single ended push-pull and half

bridge action, a constantly efficient conversion can be



supplied to the switching element 4c. Also, fromthe drive circuit 17d, as
"i's shown at a right side of FIG 4J, an output which is fixed at a high

el ectric potential is taken out and supplied to the switching el ement 4d.
As a result, in the apparatus shown in FIG 3, when the electric potenti al
at the above nentioned plus side output end is |lower than the
predeterm ned val ue, the 4-stone switching elenents 4a-4d are controlled
to alternately switch on and off and the apparatus is put in a full bridge
action. That is, in this case, a circuit ldrrangement at an essenti al

portion beceaﬁéucefé@m%h% 2 fSTO Vi r atigEmidhie Nardd & 5 Whi CHAMRY SieMeRt Bed, 4D
are switched on, a current is nmade toflow as shown in FIG 5B by an

arrow, whil eft e ewpgwhivejtagenshtextdiamede Bigh swiltahedbeing tHakencoatent is
made to flow as FIG 5C shows by an arrow. In this case, a DC

i nput vol t ageeVterar abmorsdlfityncamde AGlvegut vol tage (not shown in the
figure) is divided and. applied to the winding 5a and,the resonance
capacitor 6. That i sTBa8Euh% nPaRRAiRgyEPtERR P&ﬁﬁ?!‘%d’-‘?‘fﬁﬁ%"mﬂnﬂ?‘t’@r 5a is

L YRS, o F SETIRNSBa B e B By "

- (1) relative to the two fold change in the AC input voltage, which
makes its arrangement simple and at the same time, an
arrangement of the AC-DC converter simple as well as enhances
.its conversion efficiency by making equal a voltage applied to
the AC-DC converter as égainst the two fold change of the AC
input voltage.

Also, according to the present invention, because the
double voltage rectification which has been used by the
conventional apparatus is not conducted, there are no fear of an
output voltage of extremely high voltage being taken out due to
an abnormality and accordingly, and no need to provide a safety
device and the like deemed necessary by the conventional
apparatus. Further, constantly efficient conversion can be
conducted with a simple arrangement.

Further, in the abéve mentioned appafatus, on the
assumption that resistance values of the resistors 2la, 21b, 22,
23 are respectively taken as Rl, R2; R3, R4, a voltage Vbl at a
change-over point when the full bridge action is changed over
to the single ended push-pull and half bridge action, becomes as

follows.

R2 = VCC
Vbl = 2°V cee (3)
R1+R3 R4
——=""" 4R2

R1+R3+R4




Meanwhi l e, then the electric potential at the above nentioned plus side

- output end is higher than the predeterm ned value, the sw tching el enent
4c is fixed to an off-state while the switching elenent 4d is fixed to an
on-state and the apparatus is put in the half bridge action. Also, the
switching elements 4a, 4b are nmade to alternately swtch on and off and
put in the single ended push-pull. Therefore, in this case, a circuit
arrangenent at an essential portion beconmes as shown in FIG 6A, and when
the switching elenent 4a is turned on, a current is made to flow as shown
in FIG 6B by an arrow while the 4b is tur¥ted on, the current is made to
flow as shown in FlGi1&kG by veltageoMb2 at a point of Na tdHahgeaseer Ofkmhal f
voltage of the DC input voltage V[err] is forned at a position of the
swi t chi ng etlerevingde ehgied hausti-ppld endebabfidirigigel acanon oo tihe dAsdlunpti on
that a voltage applied to the winding 5a is V12 and a voltage applied to
t he resonaneeldggpacitiep &sias iahoWs. the foll owi ng equation (2) is

est abl i shed. V12+V[err]2=[err] V[err]

(2) R2*R3+ Vcc

Vb2 = T R3+(R2+R3)* RL (4

Then, in the above mentioned apparatus the resistance
values Rl, R2, R3, R4 of the resistors 2la, 22b, 22, 23 are
respectively decided so that voltages at the change-over point
become Vbl>Vb2, which makes the above mentioned change-over
action possess a hysteresis. Thus, it is possible by this
hysteresis that a mutual change-éver does not occur frequently
and actions of thé apparatus can be stabilized.

Also, in the above mentioned apparatus, when the
output of the comparator 24 is a high electric potential anq an
input to the drive circuit 17d is biased to a high electric
potential (at a right side in FIGS. 42 to 4J), a bottom value of
an input to the drive circuit 17d (shown in FIG. 4F) is decided
by resistance values of the resistors 18b and 26. Therefore,
the resistors values of the above mentioned resistahces 18b and
26 are decided so that this bottom value is judged to be a high
electric potential at the drive circuit 17d4..

Further, in the above mentioned apparatus, a pfimary
resonance impedance curve of the insulation converter
transformer 5 becomes what is shown in FIG. 9. In FIG. 9, a
value f0 is a primary side resonance frequency of the insulation
converter transformer 5. If it is assumed that an inductance of

the primary side winding 5a is L1 and a capacitance of the



That is, inthis case, as it is apparent fromthe above nentioned
“equations (1), (2), when the above nentioned DC input voltages V[ferr] are

the sane, in the single ended push-pull and the half bridge action, the
voltage applied to the winding b5a and the resonance capacitor 6 is 1/2
that at a tinme of the full bridge action. - To make use of the

characteristic then, for exanple,

12 by putting the full bridge action in place when the AC input voltage is
100V and by changi ng over to the single efdded push- pull and half bridge
action whenrésmnmaice cppacyodt sges €1200ke £olloslinggequppianed 5)ois he primary
side winding 5a of the insulation converter transformer 5 can be nade
equal . | n t@staklished.pecause a voltage taken out at the secondary side

wi ndi ng 5b becones equal, a control" range for stabilizing the DC out put
voltage relative to tﬁe AC i nput voltage can be substantially expanded.
That is, in this aﬁmm§ﬁ4EmLm01ﬁhe full bridge action <+ (5)

Also, in FIG. 9, a value f; is an oscillating frequency of the
oscillating control circuit 16 and a value fg (L) indicates a

minimum oscillating frequency whiie a value fs(H) indicates a
maximum oscillating frequency.

And in FIG. 9, controls in a case of using an upper
side of the above mentioned resonance impedance curve are as
follows.

That is, when the voltage from the voltage dividing
point of the voltage dividing circuit 10 becomes higher than the
reference voltage from the reference voltage source 12, this
fact is detected by the error amplifier 11, so that the current
flowing through the resistor 15 by way of the photo-coupler 14
is increased. As a result, such a control is carried out that

the oscillating frequency fg; of the drive pulse from the

oscillating control circuit 16 is made high and the oscillating
frequencies of the drive circuit 17a~17d become high so that the
primary side résonance impedance of the insglating converter
transformer 5 becomes larger, which makes the exciting current
flowing through the primary side winding 5a smaller, and the DC
output voltage lower.

Meanwhile, when the voltage from the voltage dividing
point of the voltage dividing circuit 10 becomes lower than the

reference voltage from the ref rence voltage source 12, this



during a no-load (a-dotted line) to a light |oad, waveforns at respective
> sections becone as shown in FIGS. 7Ato 7M Here, the switching elenents
4a to 4d are supplied respectively with, for exanple, the drive pul se
signals as shown by FIGS. 7A to 7D, and the swi tching thereof are
conducted. In this case, for exanple, between a drain and a source of the
swtching elenent 4d, a voltage is forned as shown in FIG 7E.
Further, between the drain and the source_of the sw tching el enment 4a-~4d,
currents shown, for exanple, in FIGS. 7&’to 71 are respectively made to

flow As a tgsulis detedte@Nby wfe Shevk hbpiifier’d 1l andbdre teurddenw t hr ough
the primary side w nding 5a and a voltage shown in FIG 7K is forned

across the flewionrpndeoaghathée areistbrends by rwes dfhehpr phaty-ciugpdew hdi ng S5a
is generated a voltage shown in FIG 7L and a current shown in FIG 7Mis
made to fl ohsteenefsedhe B8carkkRAWltsi dhewpoei pteing frequency f\ehide | e,
in the single ended push-pull and half bridge action at the tines of the
no-1 oad (a doivedculiseepft bhehescillating control circuit 16 is lowered and
13 the oscillating frequencies of the drive circuits 17a~17d are
lowered so that the primary side resonance impedance of the
insulating converter transformer 5 becomes smaller. Thus, such
a control is carried out that the exciting current flowing
through the primary side winding 5a is made larger, and the DC
output voltage becomes higher.

In this manner, the DC output voltage applied to the
load 9 is detected at the secondary side of the insulating
converter transformer 5 and this detected signal is supplied to
the control terminal of the oscillating control circuit 16
through the photo-coupler 14. The drive pulse signals formed by
the oscillating control circuit 16 according to the detected
signal are supplied to the switching elements 4a~4d to control
each switching thereof. As a result, the electric potential at
the voltage dividing point of the voltage dividing circuit 10 is
so controlled as to be equal to the electric potential of the
reference voltage source 12.

Further, in the power source apparatus in FIG. 3
mentioned above, at a time of mutually changing over two modes
of the full bridge action and the single ended push-pull and
half bridge action, by suppressing the current flowing through
each of the switching elements 4a ~ 4d, controls for stabilizing

the change-over can be carried out.



light | oad, waveforns at the respective parts beconme as shown in FIGS. 8A
"to 8M Here, drive pulse signals as showmn in FIGS. 8A to 8D are supplied
respectively to the switching elenents 4a-4d and the switchings thereof
are conducted. And in this case, for exanple, between the drain and the
source of the switching element 4d, a voltage is forned shown in FIG 8E
Further, between the drain and the source of the swtching elenents 4a-4d,
currents shown in FIGS. 8F to 81 are nadg to flow, respectively. As a
result, a current shown in FIG 8J is ma 8 to flow through the prinmary
side wi nding 5a and @hat hies r eswEaAGCe3 capeciontpu, of titd tcgpashvon 2 FI G
8K is generated. Then, across the primary side wi nding 5a, a voltage
shown in FI & @nnectednsparee entl of @ureshstahdfh thxopgls a gliade 2fudé ao

fl ow t hrough the secqndargaside wi ndi vef orms of

b. Th
the current S2FFREhGAERFEEGR. 13 TR gngrs??ﬁaQﬁ ﬁ&?nﬁegggééf oWl in FIGS.

7J and 8J a | | qw I Ir . refore, by
changi ng ovggn{%&ﬁge%ﬁ %\ng’gg%n e? %@?Egﬁgggjnﬁq#f@hﬁr?%@“&L}?’?ogg"for
exanpl e, whansé heerRC &i_o%@:!‘t s¥RFEQ AR MARANESE ¥R JIdltageoltadss RRkbedqt O
the primary side winding 5a of the insulating converter transformer 5 are
made equal &aodaacommotding haddgbe fppindt dbtwean nthe hesDetont PAitandokhage
relative to the AC input voltage can be substantially expanded.

Theref ore, FAPaGILOEFifatthraughbhy xesdsdong3dverFyntdier, an emitter of the

transistor 31 is grounded, and between the base of the

transistor 31 and the ground a parallel circuit of a diode 33 of
a backward direction and a resistor 34 is provided. Also, a
collector of the transistor 31 is connected to the oscillating
control circuit 16 through the resistor 15.

Therefore, in this circuit when there is a change-
over from the single ended push-pull and half bridge action to
the full bridge action, the output of the comparaﬁor 20 is
changed over from a low electric potential to a high electric
potential. As a result, the diode 28 is cut off and while the
capacitor 30 is charged through the resistor 32 and the
capacitor 30, a current is supplied to the base of the

transistor 31 from the power source terminal of the voltage Ve,

which makes the transistor 31 turned on and the Qscillating
frequency of the oscillating control circuit 16 becomes higher
during this period. ,

When the full bridge action returns to the single
ended push-pull and half bridge action, because the output of

the comparator 20 changes over from the high electric potential

to the low electric potential, an electric charge in the



supplying path of the exciting current to two nodes or between the ful

* bridge action and the single ended push-pull and half bridge action, a
constantly efficient conversion can be

14 conducted with a sinple arrangenent and at the same tine, a fear of an
out put voltage of extrenely high voltage being taken out due to an
abnormality can be sol ved. That is, according to the present

i nvention a power source apparatus can be constituted by one AC DC
converter relative to the two fold changd% n the AC input vol tage, which

makes its aphgRearBNt30Si18PhesaRSrda i osghELhé Biodd) 28ahhaNARIBYs 1@k oL he
AC-DC converter sinple as well as enhanceS its conversion efficiency by

maki ng equaka vad tagesappli at tie mdiepACwheneesy atiedte a8 agahdrsde-idvert Wo
fold change of the AC input voltage. Al so, according to the

present i nvéat Ebe, fiddc dArddgehact tionublthey direngéstexctl ) icgat bentwhed lprhas been
used by the conventional apparatus is not conducted, there are no fear of
an When the transistor 31 is turned on and the
oscillating frequency of the oscillating frequency circuit 16 in
this period becomes higher, the primary side resonance impedance
of the insulating converter transformer 5 becomes larger and the
current flowing through each of the switching elements 4a to 4d
can be suppressed.

Besides, the fact that the oscillating frequency of
the oscillating control circuit 16 is made higher means that the
primary side resonance impedance of'tﬁe insulating converter
transformer 5 becomes larger. Therefore, if that state
continues long, there arises a fear of an output voltage between
both ends of the load 9 at the éecondary side being dropped.
Therefore, in the above mentioned circuit, by setting up a time
constant of the resistor 32 and the capacitor 30 suitably, an
adjustment is made so that this time period stays within a range
of not lowering the output voltage.

In this manner, acéording to the above mentioned
apparatus, in a power sourc¢e apparatus in which an exciting
current of the primary side winding of the insulating converter
transformer is switched by the switching element, and by
controlling an oscillation state of the osciilating drive
circuit connected to the switching element according to the
secondary side output of the insulating converter transformer,

the secondary side output voltage is controlled to be a constant



out put voltage of extrenely high voltage being taken out due to an
»abnormal ity and accordingly, and no need to provide a safety device and
the |li ke deened necessary by the conventional apparatus. Further,
constantly efficient conversion can be conducted with a sinple

arrangenent . Further, in the above nentioned apparatus, on the
assunption that resistance values of the resistors 2la, 21b, 22, 23 are
respectively taken as Rl, R2, R3, R4, a vo#bage Vbl at a change-over point
when the full bridge action is changed ove to the single ended push-pul
and hal f br vdyeaget imn conecoiesofisthd aisicgldatiferddive circuit, the

15 Al so, a voltage Vb2 at a point of a change-over from the

si ngl e ende@uppiyingRatdn@inshe e¥¢iindCursant olg hanged ovey RREwaeRion i s

foll : rr .
as toliows twkemoées such as the full bridge action and the single ended

push-pull and half bridge action, which makes it possible to
conduct a constantly efficient conversion with a simple
arrangement and at the same time, eliminate a fear of an output
voltage of extremely high voltage being taken out due to an
abnormality.

Besides, in the above mentioned apparatus, detection
of signals for changing over between the two modes such as the
full bridge action and the single ended push-pull and half
bridge action can be conducted-not'only by detecting the
rectified voltage of the above mentioned AC input voltage and
the AC input voltage itself as well but by detecting the current
which flows through the above mentioned switching element or the
above mentioned insulating converter transformer.

Also, at a time the above mentioned oscillating drive
circuit is changed over from the single ended push-pull and half
bridge action to the full bridge action,'cohtrols for
suppressing the electric currént flowing through the switching
element are not limited to .a method of suppressing the current
by increasing the switching freqﬁency of the above mentioned’
switching element but other method is also recommended in which
the current which flows through the above mentioned switching
element or the primary side winding of the insulating converter
transformer is detected and then the current is suppressed.

According to the present invention, by changing over



Then, in the above nentioned apparatus the resistance values Rl, R2, R3,
"R4 of the resistors 2la, 22b, 22, 23 are respectively decided so that

vol tages at the change-over point become Vbl >Vb2, which nakes the above
menti oned change-over action possess a hysteresis. Thus, it is possible by
this hysteresis that ‘a nutual change-over does not occur frequently and
actions of the apparatus can be stabilized. Al'so, in the above
menti oned apparatus, when the output of txwe conparator 24 is a high
electric potential and an input to the drive circuit 17d is biased to a

hi gh el ect the swWspBfingalpatht oft theldxchitdagi cuFtéE: bbAweenddhe tBvd@bliem
value of an input to the drive cirrcuit 17d (shown in FIG 4F) is decided
by resi st amfethel figsl dridge aetion and 1de sangDe endest Pushepull ndresi stors
val ues of the above nmentioned resi stances 18b_and 26 are deci ded so that

this bottoffHsl BEIHSE jATFJER 1 6 DRECPIRT POSERBLE TR GROMTE &I CAMSHAE i ve
oreu srigiens camsiniiion SR R PSRRI 2 oy e
5 becomes what bf SHOWhightFvEitdge | dxfrefel@ n¥@H UolitQgkeShaimy ivieh Side
resonance frequency of the |nsula?|on converter transforirmer 5.£§f It 1s
assuned t hajutafuentolCimtmoinaliBg. pri mary side winding 5a is L1 and a
capaci tance of the

That is, in the present invention it is possible to
form the power source apparatus by one AC-DC converter for the
twofold change in the AC input voltage, by which its
arrangement can be simplified and at the same time, by making a
voltage applied to the AC-DC converter equal relative to twofold
change in the AC input vbltage, a'arraﬁgement of the AC-DC
converter can be simplified and its conversion efficiency
can be improved.

Also, in the present invention, because the double-
voltage rectification used by a conventional apparatus is not
conducted, there is no fear, for example, of the output voltage
of extremely high tension being taken out due to, for example,
an abnormality and therefore, there is no need for providing a
safety device and the like deémed necessary for a conventional
apparatus. Further, constantly efficient conversion can be
conducted by a simple arrangement.

In addition, it is possible to let the above
mentioned change-over acﬁion possess hysteresis, and it is
possible by this hysteresis that the mutual change-over does

not occur frequently and actions of the'épparatus is stabilized.

Having described preferred embodiments of the present



16 resonance capacitor 6 is Cl, the following equation (5) is established.
‘[err] Also, in FIG 9, a value f[err] is an oscillating frequency of the
oscillating control circuit 16 and a value f[err](L) indicates a mninmum
oscillating frequency while a value fs(H) indicates a maxinmumoscillating
frequency. And in FIG 9, controls in a case of using an upper
side of the above nentioned resonance inpedance curve are as foll ows.

That is, when the voltage fromthe voltagﬁ di viding point of the voltage
dividing circuit 10 becones higher than t 2 reference vol tage fromthe
ref erence vonvenjaosowith tefendrice tpathei aceimpaoyéngbgrawingsy,r ok émpﬁdfien
11, so that_the current flow . ng through the resistor 15 by way

phot o- coupl B¢ qﬂgeq§§°PﬁcFE%%éH“’E§e§ePgshPYen§ﬁﬂPhl§ EBEt*%ﬂlﬁeg E&r??%d out

that the og illatin qu f e dri.ve pul se from.he

osci 11t | ngRBm Tseaopel PR nenEe ool 346 irokEsCbhifaed Ay

frequenci esmeaiff@atqohgecghrﬁéﬂéféeaelﬂenef&%maa sRiil& iene art
without departing from the spirit or scope of the present

invention as defined in the appended claims.



primary side resonance inpedance of the insulating converter transfornmer 5
- becones | arger, which nakes the exciting current flow ng through the
primary side winding 5a smaller, and the DC output voltage | ower.
Meanwhi | e, when the voltage fromthe voltage dividing point of the voltage
dividing circuit 10 becones | ower than the reference voltage fromthe ref
rence voltage source 12, this 17

fact is detected by the error anplifier 11 and the current flow ng through
the resistor 15 by way of the photo-coupl@8 14 is decreased. As a result,

the oscillating frequency flerr]wRitcti® c1diméd Pyl se of the oscillating
control circuit 16 is lowered and the oscillating frequencies of the drive

circuits 17a~17d are |lowered so that the prinmary side resonance inpedance
of the insulating converter transformer 5 becones snaller. Thus, such a
control is carried oul. thgiowere sexcrei apparauentinf WokEngn texcotghgt he
primary side winding 5a.is nade |arger, .and the DC output voltage becones
hi gher . current of a primary side winding of an insulating converter

transformer is switched by a switching element and an

oscillation state of an oscillating drive circuit connected to

said switching element is controlled according to a secondary

side output voltage of said insulaﬁing converter transformer for

controlling said secondary side output voltage to be a constant

voltage, comprising:

a means for, under the control of said oscillating
drive circuit, changing over a supplying path of said exciting

current between two modes of a full bridge action and a single

ended push-pull and half bridge action.

2. A power source apparatus according to claim 1,
further comprising:

a diode bridge for rectifying aﬁ AC input voltage,
two pairs of series circuits of said switching elements, each
having two stones connected iﬁ series between a plus side output
end and a minus side output end of said diode bridge, and

a primary side winding of said insulating converter
transformer or a series circuit of the primary side winding and
a capacitor between middle points of said pairs of switching
elements connecting two stones in series, wherein, under the
control of said oscillating drive circuit, a change-over

operation is performed between one mode in which said four-stone

* [ L L} S *



In this manner, the DC output voltage applied to the load 9 is detected at
the secondary side of the insulating converter transfornmer 5 and this
detected signal is supplied to the control termnal of the oscillating
control circuit 16 through the photo-coupler 14. The drive pul se signals
formed by the oscillating control circuit 16 according to the detected
signal are supplied to the switching el enents 4a~4d to control each
switching thereof. As a result, the electtic potential at the voltage

di vidi ng point of the voltage dividing ci duit 10is so controlled as to
be equal toswiwckdngcelenemd ariel dirigébntbe a riaflér bnidge ddtdga andr & endd
Further, in the power source apparatus in FIG 3 nentioned above, at a
time of nutbalwhichhengi peioval sexdesoddsculfs ofespid| switialjagaeiementd t he
singl e ended push-pull and half bridge actjon, by suppressing the current
f1 owi ng thr‘&%&«?‘g OhSEPREH L TMECERAN G P AT §S49r}vg‘g,byc@nPP8P§P‘l‘H

stabilizing_ t C gei.over. C Qﬁ r 'Qf oyt . _
It e S e A e R R e
and half bridge action in which its one stone is in an off-state

and the other stone is kept in an on-state.

3. A power source apparatus according to claim 1,
wherein by detecting an AC input voltage or its rectified
voltage or a current flowing through said switching element or a
current flowing through said insulating converter transformer,
and by controlling said.dscilléting drive circuit by the
detected signal for changing over between two modes of said full
bridge action and said single ended push-pull and half bridge

action.

4. A power source apparatus according to claim 3,
wherein a hysteresis is given to a detecting point ,where said

oscillating drive circuit changes over said bridge action.

5. A power source apparatus according to claim 3,
wherein at a time of changing over said oscillating drive
circuit from said single ended push-pull and half bridge action
to the full bridge action, a éwitching'frequency of said
switching element is increased to suppress a current flowing

through said switching element.

-
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is connected to one end of a resistor 29 through a diode 28 of a backward
"direction, and the other end of the resistor 29 is connected to a base of
a transistor 31 through a capacitor 30. Also, the power source term nal of
the voltage Vcc is connected to a connecting m ddle point between the
resistor 29 and the capacitor 30 through a resistor 32. Further, an
emtter of the transistor 31 is grounded, and between the base of the
transistor 31 and the ground a parallel cipscuit of a diode 33 of a
backward direction and a resistor 34 is provided. Also, a collector of the
transistor 31 is connectegpdwert BBupsE dpgrndtiis 608sI@IingitoCllhid63 f hr ough
the resistor 15. Therefore, in this circuit when there is a
change- ovelefgiomathe timglef ertdexdyipgsbvenl saiahdskallabinglgriseti on to
the full bridge action, the output of the conparator 20 is changed over
froma | ow eleeuiy from saidsinglen omdgd prektPyld apgt BAlf Hridge ackesmlt,

t he di ode 28 i f d while th it 30 | h d.th h th

rosi stor soantpd Hen bsddie reson o s ghrBae | Slutiap FBECRY (HRihase of (e
; ) . i f 4 - V. .Whi ch

koS, the tPaser o SpaBHET of U ety Bl iy o IR e Y

osci | | ati ngceppérdr Graaditbraér DB d@ectednghd €hild R ebBlSc PAIIRHAL is
When the full bridge action returns to the single
suppressed.

7. A power source apparatus according to claim 5,
wherein at a time of increasing said switching frequency for
suppressing the current flowing through the switching element,
its pefiod isfset ﬁp to an'extent that a secondary side output
voltage of said insulating converter transformer is not lowered

considerably.

—_
L M-



ended push-pull and half bridge action, because the output of the
conparat or 20 changes over fromthe high electric potential to the |ow

el ectric potential, an electric charge in the

19 capacitor 30 is discharged through the diode 28 and the resistor 29. As
a result, at the nonent whenever there is a change-over to the full bridge
action, the transistor 31 can be tuned oq. When the transistor

31 is turned on and the osci ldERG$IURE ABPARHTyd1e oscillating frequency
gher,

circuit 16 in this period becones hi the prinmary side resonance

i npedance of the insulating converter transfornmer 5 beconmes |arger and the
current flow ng through each xBSTRACTS OFt THE I SII@SBRES 4a to 4d can be
suppr essed. Besi des, the fact that the oscillating frequency of
the oscillating control circuit 16 is made hi gher neans that the primary

si de resonance i npedapce of the insulating converter transformer 5 becones
| arger. Therefore, if*tPACLSSECSARRS BGRGTILRGE (%0 fheseEeseHear of an

S%Bgtedym t 2GeRSNPES oRO! fh GRARKOGN! B%ci OAT LudtehlCofes opnrci(;"nra\rlysiSJC_I > being
winding of an insulating converter transformer is switched by a
switching element and an oscillation state of an oscillating
drive circuit connected to the switching element is controlled
according to a secondary side output voltage of the insulating
converter transformer for controlling the secondary side output
voltage to be a constant voltage. Under the control of the
oscillating drive circuit, a supplying path of the exciting

current is changed over between two modes of a full bridge

action and a single ended push-pull and half bridge action.

Figure 3



Therefore, in the above nentioned circuit, by setting up a tine constant
of the resistor 32 and the capacitor 30 suitably, an adjustnent is made so
that this tinme period stays within a range of not |owering the output

vol t age. In this manner, according to the above nmentioned
apparatus, in a power source apparatus in which an exciting current of the
primary side winding of the insulating converter transforner is swtched
by the switching elenment, and by contrpjging an oscillation state of the
oscillating drive CIFCUIt connected to the switching el enment according to
the secondary side qpap t of the insulating converter transformer, the
secondary si de out put taget is controlled to be a constant

20 vol tage, by controls of the OSC|IIqQHng drive circuit, the supplying
path of the exciting current— over betmeen 102w nodes such as the

full bridge action and the -'nglé' ~d‘u push pul | g hal f bridge action,
efficieny _cgnversion with

whi ch makes it possi bl180te
a sinple Output
DC-DC Vglft):ge
Converter [ °
Output
DC-DC Volt
Converter o 'OTIAES
103
102
S
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0C-0C Voltage

Converter o

103

Detecting |
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arrangenent and at the sanme tinme, elimnate a fear of an output voltage of
extrenely high voltage being taken out due to an abnormality.

Besi des, in the above nentioned apparatus, detection of signals for
changi ng over between the two nodes such as the full bridge action and the
si ngl e ended push-pull and half bridge action can be conducted not only by
detecting the rectified voltage of the above nentioned AC i nput voltage
and the AC input voltage itself as well but by detecting the current

whi ch flows through the above nentlonéﬂasmntchlng el ement or the above
menti oned i nsul ating Also, at a tinme the
above nentioned oscil d over fromthe single
ended push-pull and hgl f ' brldge action, controls
for suppressing th ‘ t he smﬁtching

el ement are not |irp 'e current by

i ncreasing the switlcai @ SW t chi ng

el ement but ot her 7 i@lc rrent which
flows through the & ) :
wi ndi ng of the insugali [ Q ;d and then the
current is suppress '
changi ng over
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21 the supplying path of the exciting current between the two nodes of
the full bridge action and the single ended push-pull and half bridge
action, it beconmes possible to conduct a constantly efficient conversion
with a sinple arrangenent and elimnate a fear of the output voltage of
extrenely high voltage being taken out due to an abnormality.
That is, in the present invention it is possible to formthe power source
apparatus by one AC-DC converter for the twofold change in the AC input
voltage, by which its arrangenent can be sinplified and at the sanme tine,
by making a voltage applied to the Ag%@p converter equal relative to
twofold change in the AC input volta a arrangenent of the AC DC
converter can be sinplified and its conversion efficiency can be inproved.
Al'so, in the present invention, because the double- voltage rectification
used by a conventional apparatus is not conducted, there is no fear, for
exanpl e, of the output voltage of extrenely high tension being taken out
due to, for exanple, an abnormality and theref okene|bimHeEPUsH-POP Need for
providing a Full-Bridge Operation —»—and Half-Bridge

Operation
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safety device and the |ike deened necessary for a conventional apparatus.
"Further, constantly efficient conversion can be conducted by a sinple
arrangenent . In addition, it is possible to let the above
menti oned change-over action possess hysteresis, and it is possible by
this hysteresis that the nmutual change-over does not occur frequently and
actions of the apparatus is stabilized. Havi ng descri bed
preferred enbodi nents of the present

22 invention with reference to the acconpanying drawings, it is to be
understood that the present inventioq%}i not limted to the

above- nenti oned enbodi nents and that Various changes and nodifications can
be effected therein by one skilled in the art wthout departing fromthe

spirit or scope of the present invention as  defined in the appended
cl ai ns. _ 4a 4c

FIG. 54 vnT

L 5a 6
FIG. 5B vin < —’{“‘—fh
FIG. 56 vl o
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23 What is clainmed is: 1. A power source
s apparatus in which an exciting current of a primary side w nding of an

" insulating converter transformer is switched by a switching el enrent and an
oscillation state of an oscillating drive circuit connected to said
switching elenent is controlled according to a secondary side output

vol tage of said insulating converter transfornmer for controlling said
secondary side output voltage to be a constant voltage, conprising:

a nmeans for, under the control of said oscillating drive circuit, changing
over a supplying path of said exciting current between two nodes of a ful
bridge action and a single ended push/full and half bridge action.

2. A power source apparatus according to claim1l, further conprising:

a diode bridge for rectifying an AC_input voltage, two pairs of series
circuits of said switching el enents} e&xh lhaving two stones connected in

series between a plus side output End a m nus side output end of said
di ode bridge, and %a 6

FIG. 64 Vin T ?

' ! 5a 6
in 1L§ | % 2
FIG. 68 v | _,im_“_L

F16. 6C




(&}
o ©
©
©E =
C .
o C._. 35
oo (&)
N —
=
m..l.nc
o O
(@] n >
Y A —_—
Somr
C - ©
[0
- O (@)]
— © OC
o C .
[0
O @©
O —
C O —
C .-
cC O
o w
(G ®)
n O
e
cC @®
ms
O w—
— O
()

operation is perfornmed between one node in which said

S
(]
e
S
(O]
>0
cC C
O ®
(@]
(@]
o C
C .-
— O
Lﬂla\n
- =
=} —
n O (@]
C T O~
0n.—- C
o O
—_ >0 O
O —
(7] .
£z
4—.— N C
O —
O y—
(@) O -
cC o (O]
.- nT
T+ = C
c .mu
- Y—
Soa .
c
O - T.—
T e = O
— 3O @ —
Scsenrp
S
y.l...l.mv
-~ OO (@]
-
mssse
—_ 0 s 0D
- .- C .- C
Ow .— = @©
O oLC
. own o

24 switching

f our - st one

>

T aOwm c
o @ — ©
— e O
T OOV (@) e
o0 >C c o

c._ 0O -
O C e — OO
COTw;m O - C
o o L C .

n o ) g
Cn.—- < (] @®©
oo (@] T O —

—_— [eniien ]
m0|s >
— [T JO
0nil—- o .
C +—] C
|mrn| ¥ -

(O] (&) P —
ethl.co_.. |._un—_.|a- |||||||

+— ! (79}
© QZum ﬂ #
mn o, (S

— O (&)
S clldd WLU .......
©C © (4 (@]
= ant PP [ V.
© Of Ol ey
C [ el =~
© 0Tl
— 'O-
ccl|m
® glc!
T o
o O I_g
O — k7.
aeC_.l.
[40] I -
o O o U,
o) C . B PR
T .= —|+—]0O (&}
—_— - T
— O S|cjn O -
o L ocC Q.— 3
- ! — Oy O
—_Scoco®.C
— N0 CCC o
Y— —
aaafn@m NS
(72} —_— —
ENECE RN
Y— ) » s -— .
B R
wsFmrrf Yy
)
[ R (O INEEN o)) n
T OT T+~ DOOCDC
— QO ©C O~ C ®©
Q.- NT = N e = =
- O.-C W’ O C o
© D1 - >0
" un fm — =
N oo« — = O
———_—003% 2
C o o O 00O Wn —
meenn c (&)
nw .- cl.-o >
()] (7] —_
— w C c .0O®o
VO.—@B.—mL »n O




detected signa
4. A power

bridge action and said

wherein a hysteresis is given to a

oscillating drive circuit changes over said

5. A po

wherein at a tine of changing over

action.

bet ween two nobdes of said ful
and hal f bridge

and by Controlling said oscillating drive circuit by the

“f or- changi ng over
source apparatus according to claim 3,

detecting point where said

bri dge acti on.

si ngl e ended push- pul
3,

circuit from

source apparatus according to claim

ai d oscillating drive

/8

and hal.{ _.bri dge .
fsal J

wer
7

bri dge

ils increased to

tolhequ

ti.on

tc

t.

wher ei n at

3,

ing-to-gcllai

ool

T o
7,
>
"
U C
© O
C -
Q.
=
Qw0
o
[
-
O
© .—
—
© O
n ©

t hr
our ce -ap

id oscill

Suppress a curre

25

4 b

6.

romsaid single

f

rcuit

ci

ing dri

ve

at

a tinme of changi
ended push- pul

kknc G,
F16.

]|
Hﬁ_wuu ........ [
|

.Lp-_ ...... i S S
H”WH--”HHHHH
T
1

|

T

u“uu*uun

2l |

8D

P




to the full bridge action, a current flow ng through said sw tching
“element or the primary side wi nding of said insulating converter
transforner is detected and this electric current is suppressed.
7. A power source apparatus according to claim5, wherein at a tinme of
i ncreasing said swtching frequency for suppressing the current flow ng
through the switching elenment, its period is set up to an extent that a
secondary side output voltage of said insulating converter transformer is
not | owered considerably.
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