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SWITCHING POWER SUPPLY APPARATUS

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a awitching
power supply apparatus which can be  incorporated in a
personal computer, a facsimile machine or the like.

2. Desgcription o Rela t

Fig. 7 shows the configuyation of esgential
circuit components of an example of a switching power
supply apparatus. The switching power supply apparatus
has a transformer 3 and other circuit elements connscted
as shown in Pig. 7. The pogitive terminal of a de¢ input
power source 1 and one terminal of an input capacitor 2
are connected to one terminal of a primary coil N1 of the
transformer 3. A drain terminal of a main switching
element (metal oxide semiconductor field-effect
transistor (MOSFET)) 4 is connected to the other terminal
of the primary coil N1. A source terminal of the main
switching element 4 is cennec¢tad to the negative terminal
of the d¢ input power source 1 and to the other terminal
{(grounded terminal) of the input capacitor 2. A control
circuit § for controlling switching of the wain switching
element 4 is comnected to a gate terminal of the main
switching element 4. :

The ancde of a rectifier diode 6 is connected
to an output terminal ¢f a secondary coll N2 of the
transfoxmer 3. The cathode of a rectifier dicde 7 and
one terminal of a choke coil B are connected to the
cathode of the rectifier dicde 6. One tezminal of an
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are connected to one termnal of a primary coil Nl of the transformer 3. A
drain termnal of a main switching elenment (netal oxide sem conductor
~field-effect transistor (MOSFET)) 4 is connected to the other term nal of

the primary coil N1. A source ternminal of the main switching elenent 4 is
connected to the negative termnal of the dc input power source 1 and to
the other,termnal (grounded termnal)40f the input capacitor 2. A contro
circuit 5 for controlling switching of the main switching elenent 4 is
connected to a gate termnal of the main switching elenment 4. The anode of
arectifier diode 6 is connected to an output termnal of a secondary coi
N2 of the transfornmer 3. The cathode of a rectifier diode 7 and

output capacitor 9 is connected to the other terminal of

the choke coil 8. The other terminal of the secondary
coil N2 and the anode of the rectifier diode 7 are
connected to the other terminal of the output capacitor
8. A load 10 is comnected in parallel with the output
capacitor 9.

In the switching power supply apparatus
arranged as described above, when the main awitching
element 4 is turned on by the control operation of the
control circuit 5, the energy of electrie charge in the
input capacitor 2 supplied from the input power souxce 1
is transferred by conduction via the primary coil
Nl and the main switching element 4 and is output :
£rom the secondary coil N2, The flow of energy output
from the secondary coil N2 is rectified by the rectifiex
diodes 6 and 7, passes the choke coil &, is smoothed by
the choke ¢oil 8 and ies output to Lhe load 10.

When the main switching element 4.is turned off, the energy
stored in the choke coil 8 in the on state is output to the load 10 by the
conduction via the load 10 and the rectifier diode 7.

As described above, the switching power supply
apparatus shown in Fig. 7 is a feedforward
converter type (feedforward DC-DC converter type) cirecuit
such that the energy of the dc input power source 1 is
received by the input capacitor 2, and the flow of the
electric charge energy in the input capacitor 2,
extracted threugh the secondary coil N2 of the
transformer 3 when the majin switching device 4 tuzne on,
igs rectified and smoothed by the sutput circuit 14 formed
by the choke coil 8 and the output capacitor 9, thereby

. obtaining output energy.
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one term nal of a-choke coil 8 are connected to the cathode of the |
rectifier diode 6. One termnal of an -2- out.put capacitor 9 is -}
connected to the other termnal of the choke+coil 8. The other term nal of
t he secondary coil N2 and the anode of the rectifier diode 7 are connected
to the other termnal of the output capacitor 9. Aload 10 is connected in
paral l el with the_output capacitor 97 4 the switching power supply
apparatus arranged as descri bed above, when the main swtching

The control circuit S5 turms on the main
switching element 4.with a predetermined switching period
T, detacts an apparatus output voltage Vour applied
to the load 10, and controls the on-off operation of the
main switching element 4 by changing and controlling the
gwitch-on pexriod t of the main switching element 4 (ie.,

- the portion of the switching period T during which the main switching
element is "on") ‘o that the appazratus
output voltage Vgyr is maintained at a predetermined
level, as desacribed below.

For example, if the number of turns of the
primary coil N1 is N,; the number of turns of the
secondary coil N2 is N,; the switching period of the main
switching element 4 ig T; the switch-on peried of the
main switching element 4 is t; and the voltage of the
input power source 1 (the charging voltage across the
input ¢apacitor 2) is V), the apparatus output voltage
Vour is shown by .the following equation (1):

 Vour = (/N (E/T) Vi ..-. (1)

Since the number N; of turns of the primary
coil N1, the number N, of turns of the secondaxy coil N2,
the switching period T of the main switching element 4,
and the voltage Vi of the input power source 1, shown in
egquation (1), are predetermined, it is possible to
contrel and stabilize the apparatus output voltage Vgyr
by changing and controlling the switch-on period t of the
main switching element 4.

This concyrol for stabilizing the apparatus
output veltage Voyr is performed as described below.

When the apparatus output voltage Vo is lower than a

predetermined level, the control circuit §
compensates for the decrement of the
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elenment 4 is turned on by the control operation of the control circuit 5,
the energy of electric charge in the input capacitor 2 supplied fromthe

i nput power source 1 is transferred by * conduction via the primary
coil N1 and the main switching elenent 4 and is output fromthe secondary
coil N2. The flow of energy output fromthe secondary coil N2 is rectified
by the rectifier diodes 6 and 7, pas3e® The cheke coil 8, is snmoothed by
the choke coil 8 and is output to the |oad 10. Wien the nmai‘n swi tching
element 4 is turned off, the energy stored in the choke coil 8 in the on
state is output to the |load 10 by the conduction via the load 10 and the

rectifier di 0deagdnafige e hftigitdvaieige v,;;@ Svidnl Ehe"ProQuesrit Y appar at us
shown in Fig. 71|S . a feedfo vwgfi \
evel by increasing the switch-on perioed t of the maijn
switching element 4 (on~duty (t/T)) by the correspending
amount. Comversely. whan the apparatus output voltage
Vour 45 higher than the predetermined leval, the contxol
circuit S5 compensates for the
increment f£rom the predetermined level by reducing the
switch-on period t of the main switching element 4 (on-
duty (t/T)) by the corresponding amount.

The voltage Vp of the input power source 1 of
the ahove-described switching power supply apparatus is
changed, for example, according to specifications of

the apparatus such as a facsimile

machine in which the switching power supply
. apparatus is incorporated. The charging voltage V,
across the input capacitor 2 is also changed with the
change in voltage Viy of the input power source 1. The
input power source 1 has a predetermined variable voltage
range (the range in which the charging voltage V, across
the input capacitor 2 can be changed). The switching
power supply apparatus is dédgncd : by setting
the numbers N1 and N2 of the turns of the primary and
secondary ¢oile and other circuit ceonstante according to
voltages in the variable voltage range of the input power
source 1.

However, the variable voltage range of the
input power source 1 (the range in which CLhe charging
voltage V, across the input capacitor 2 can be changed)
is considerably large. If the chaxging voltage V; acrogs
the input capacitor 2 isg wvexy high, it is necessary for
the control circuit 5 to reduce the om-duty of the main
switching element 4 to a very small value. The on-duty,
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converter type (feedforward DC-DC converter type) circuit such that the

- energy of the dc input power source 1 is received by the input capacitor 2,
.and the flow of the electric charge energy in the input capacitor 2,
extracted through the secondary coil N2 of the transformer 3 when the main
switching device 4 turns on, is rectified and snoot hed by the output
circuit 14 foernmed by the choke coil & &nd the output capacitor 9, thereby
obt ai ni ng. out put energy. -3- The control circuit 5 turns on the main

howaver, cannot be reduced balow a predetermined
‘minioum on-duty value according to the circuit
arrangement. In such a case, it is extremely difficult
for the control c¢ircuit 5 to suitably control and
stabilize the apparatus output.
The <circuit arrangement shown in Fig.
7 has problems related to variations in the input capacitor chargmg voltage V2
: The input capacitor 2
~ xeceives the input power source voltage V.
The ' input capaeitor voltage
VQ [(i.e., the same voltage as the input _power source
voltage Vi)  isconverted according to i the turns ‘
ratio of the transformer 3, i.e., the ratio of the number -_ '
N, of turns of the secondary coil N2 to the numbex‘nﬁ of
turns of the primary coil N1 (N,/N;), This converted
voltage . is induced acreoss the secondary coil N2 and is
applied to the rectifier diode 7 while the reverse
voltage across the secondary coil N2 is applied to the
_rectifa.ez- diode 6. Therefore, the rectifier diodes |
20 ;td 7 must have a h1gh enough peak ,f -
inverse voltage i. TO be adapted to use at the
Predeternined mazimum input power source voltage Vi
(charging voltage V, across the input capacitor 2).

L : Diodeg having
such a high peak inverse voltage have a large forward
voltage drop and, hence, a considerably large powexr loss
at the time of conduction. If such diodes are used, the
power loss in the switching power supply apparatus
becomes disadvantageously large (the eircuit efficienay
ig reduced). ' -

Moreover, if the input power source voltage W,

(the charging voltage V. acxoss the input capacitor 2) is
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switching elenment 4 with a predeterm ned switching period T, detects an
appar atus output voltage V[err] applied to the load 10, and controls the
on-of f operation of the main switching elenment 4 by changi ng and
controlling, the switch-on period t of the main switching elenment 4 (i.e.,
the portion of the switching period T during which the main sw tching

el ement is "on") so that gt he apparatus output voltage V[err]
is maintained at a predeterm ned | evel, as described bel ow. For exanple, if
the nunbér of turns of the primary coil Nl is N1; the nunber of turns of
the secondary coil N2 is Nerr]; the swtching period of the main swtching

element 4 is T; tch eri,od of the majn switching elenent 4 is t;
and the vol t age Igg?ut e on-gu'g fo'che main sw:.tching q m%n is
cons:.derably short, as wentioned above. If the on-duty

of the main switching element 4 is shorter, the effective
value of the drain current flowing between the drain and
the source of the main switching element 4 when the wain
switching element 4 is on becomes greater, 8o that the
power loss in the main switching element 4 at the
predetermined maximum input power sourge voltage Vy
becomes disadvantagecusly large (the circuit efficiency
is reduced). :

When the main switching element 4 is off, the
input power source voltage Vi (the charging veoltage
across the input capacitor 2) is applied between the
drain and the source of the main switching element 4,
Therefore, it is necessary for the main switching element
4 to have - a high enough withstand voltage as to be
adapted to use at the predetermined maximum input power
source voltage V-

That ig, a high-withgtand-voltage device is
used as the main switching element 4. Such a device has
such a large drain-source parasitic resistance that

ﬂuxeisalmge' loss of power in the main swicching
element 4 when the main switching element 4 is ¢onducting
This is one of the causes of deterioration
in the circuit efficiency of the switching power supply
apparatus.

Another example of a conventional switching power supply apparatus
is shown in Fig. 8. This example will be discussed below in connection with

alternate embodiments of the invention.

8 ¥ _OF ON
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I nput power source 1 (the charging voltage across the input capacitor 2) is
V[err], the apparatus output voltage V[err] is shown by the follow ng
equation (1): V[err] = (N2/N1) .(t/T) .V[err]* .... (1) Since the nunber N1
of turns of the primary coil N1, the nunber N err] of turns of the
secondary coil N2, the switching period T of the main sw tching el enent 4,
and the vol tage V[err] of the input powRer source 1, shown in equation (1),
are predetermined, it is possible to control and stabilize the apparatus
out put voltage V[err] by changing and controlling the switch-on period t of
the main switching elenent 4. This control for stabilizing the apparatus

output voltage Vierr] is pgrioliet 3helgB60b 2edkt Y problems,
a need addressed by the present invention is

to provide a switching power supply apparatus in which
the input capacitor charging voltage is maintained at a
predetermined level regardleas of variatioms in the input
power source voltage, which is capable of suitably
stabilizging and controlling the output voltage by
variable on-duty control of the main switching element
even if the input power source voltage is high, and which
is designed to improve the circuit efficiency (reduce the

power loss) of the switching power supply apparatus by making it possible to
use low-withstand-voltaga elements.

According | o g fiwst agpect of the present
invention, there is provided a switching power supply
apparatus which is a feedforwaxd converter type switching
power supply, which has an input power source, an input
capacitor and a2 main switching element on the primary
side of a transformer, and in which charge energy in the
input capacitor is output as ocutput anergy from the
secondary side of the transformer when the main switching
elemant turns om. : For
solving the above-described problems, tlus apparatus has
an energy storage circuit for storing energy by receiving
energy from the input powexr source when the main
switching element turng on, an enexgy supply eircuit for
supplying the enexgy stored in the energy storage circuit
to the input capacitor when the main switchin§ element
turns off, a voltage detection circuit for detecting the
charging voltage across the input capacitor, and an off-
control circuit for stopping the energy storing operation
of the enexgy storage circuit during a time periecd in
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When the apparatus out put voltage V[err] is |lower -than a predeterm ned

| evel , the control circuit 5 conpensates for the decrenent of the
apparatus output voltage V[err] fromthe predeterm ned | evel by increasing
the switch-on period t of the main switching elenent 4 (on-duty (t/T)) by
t he correspondi ng anount. Cbnversely,_gpen t he apparatus output voltage
V[err] is higher than the predeterm ned | evel, the control circuit 5
conpensates . for the. increment fromthe predeterm ned | evel by
reducing the switch-on period t of the main switching element 4 (on-

which the input capacitor charging voltage detected by
the voltage detection eircuit is equal to or higher than
a predetermined value,

hccording to a second aspaect of the presant
invention, the apparatus accorxding te the first aspact of
the present invention further comprises an axcess current
prevention circuit which detects an input current flowing

. from the input power source into the energy storage

circuit when the main switching element turns on, and
which stops the input current flowing from the input
power source inte the enexrgy storage circuit by making
the off-control circuit operate to stop the energy
storing operation of the enexgy storage circuit during
the time period in which the detected value of the input
current is equal to or larger than a predetermined value,

According to a third asPedt of the pregent
invention, the apparatus according to the first or second
aspect of the present invention further comprises. a noise
filter circuit provided on the input side of the wvoltage
detection eircuit. The voltage detection circuit detects
the input capacitor charging voltage after noise has been
removed from the voltage by the noise filter cixcuit.

According to a fourth aspect of the present
“invention, a tertiary coil is provided in the transformer
according to the - -
first, second or third aspect of the present
lnyentlon. In the energy storage circuit, o
. the input power souxce is connected to,
the input capacibor through an energy contxyel switching
element and an inductance element connected theyebatween
in this order, the on-off operation of the energy control
switching element being c¢ontrolled by 2 drive circuit
which oparates by being supplied with power from the
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duty (t/T)) by the corresponding anount. The voltage V[err] of the input
power source 1 of the above-described sw tching power supply apparatus is
changed, for exanple, according to specifications of the apparatus

such as a facsimle machine in which the sw tching power supply
apparatus is incorporated. The charging voltage V2 across the input
capacitor 2.is also changed with thé @hénge in voltage V[err] of the

i nput power source 1. The input power source 1 has a predeterm ned variabl e
vol tage range (the range in which the charging voltage V[err] across the
I nput capacitor 2 can be changed). The sw tchi ng power supply apparatus is

desi gned by 8ttiaRg £BE1 NUMBGY Syditagrdddlestidhainsulis detbbesprasmary
ahd, the input capacitor charging voltage, the veltage induced
across the tertiary coil when the main switching element
turns on. The off-control circuit turns off the enexrgy
control switching element by the drive circuit to stop
the energy storing operation of the energy storage
circuit during the time peried in which the input
capacitor charging voltage detected by the voltage
detection cireuit is equal to or larger than the
predetermined value.

In the above-described arrangement of the
pregent invention, the energy storage circuit stoxes
energy by receiving energy from the input power sgource,
for example, when the main switching element turns on,

- and the energy supply circuit supplies the energy, stored
in the enexgy storage circuit, to the input capacitor
when the main switching element tuxns off. The voltage
detection circuit detects the chaxging voltage across the
input capacitor, and the off-control circuit stops the
energy storing operation of the energy storage circuit
during the time period in which the input capacitoxr
charging voltage detectad by the voltage detection
circuit ie equal to or larger than the predetermined
value (a charge setting voltage).

As described above, the input capacitox
charging voltage is detected and the energy storing
operation of the energy storage circuit is stopped by the
ofE-control cirouit during the time period in which the
inpuk capacitor charging voltage is equal to or larger
than the predetermined charge setting voltage. The
operation of the energy supply circuit supplying energy
to the input capacitor ' is
also etopped thereby to limit a further increase in the
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secondary coils .and other circuit constants according to voltages in the
vari abl e vol tage range of the input power source 1. However, the variable .
vol tage range of the input power sourck® I~ (the range in whi ch t he char gi ng
voltage V[err] across the input capacitor 2 can be changed is considerably
| arge. If the charging voltage V[err] across the input capacitor_2 is very
high, it is-necessary for the control circuit 5 to reduce the on-duty of
the main. swit chidige eapakitdor ockiadifing Yelkhgeal Uehed ltheodnguty,

however, cannot he fQducednBELoMl volrdge RECHELEF WG the charge
getting voltage, energy is supplied to the input
capacitor. 1In this manner, the input capacitor charging
voltage can be stabilized at the charge setting voltage.

The energy in the input capaciter at the charge
setting voltage is transferred " by econduction
through the primary side of the transfozrmer and the main
switching element to be output as output enexgy from the
gecondary side of the transformer when the main switching
element turms om. Accerdingly, the fixed voltage and
current are applied to the primary side of the
transformer and the main swivtching element regardless of
variations in the wvoltage of the input power source,
thereby supplying a predetermined constant amount of
voltage enargy to the secondary side of the transformer.
Thus, even when the voltage of the power souxce becomes
high, the voltage applied to the main gswitching element
and the voltage applied to the secondary side of the
transformexr are not increased.

Therefore, a low-withatand-voltage switching
element can be used as the main switching element, and
the components on the secondary side of the transformer
can also be formed of low-withstand-voltage elements, 80
.that the circuit efficiency of the switching power supply
apparatus can be improved.

Since the apparatus output N

can be smoothly controlled through
on-duty contrel of the main switching element, the
switching powexr supply apparatus can stably output the
predatermined appararus output vdﬁaga

BRIEF DESCRIPTION OF THE DRAWINGS

is Sheet Has Been Reilaced




m ni mum on-duty val ue according to the circuit arrangenent. In such a case,
it 'is extrenely di-fficult for the control circuit 5 to sui.tably control and
stabilize the apparatus output. The circuit artrangenent shown in Fig. 7 has
problens related to variations in the input capacitor charging voltage V2
The input capacitor 2 receives the i nput power source voltage V[err]. The

| nput capacitor voltage V2 (i.e., thkhel3ane voltage as the input power
source vol tage V[err]) is converted according to the turns ratio of
the transformer 3, i.e., the ratio of the nunber N2 of turns of the

secondary coi.l N2 to the nunber N1 of turns of the primary coil N1 (N2/N1).
Thi's converted Fig. 1 is a ¢ircuit diagram of a first
embodiment of the present invention;

Fig. 2 is a time chart of an example of the
operation of each circuit component shown in Pig. 1;

Fig. 3 is a circuit diagram of a second
embodiment of the present invention;

Fig. 4 is a time chart of an example of the
operition of each circuit component shown in Fig. 2;

Fig. 5 is a circuit diagram of a switching
power supply apparatus which represents a third
embodiment of the present invention, and which has a
noise filter circuit;

Fig. 6 is a circuit diagram of another example
of the switching power supply apparatus having a noise
filrer circuit;

Fig. 7 is a cirxcuit dzagram of an example of
a conventional apparatus; and

Fig. 8§ is a circuit diagram of another example
of a conventional apparatus.

DESCRIPTION OF | _ . [#) S OF
INVENTION |

Embediments of the present invention will be
describad below with reference to the accompanying
drawings. '

First Ewbodigent’

FPig., 1 shows the circuit configuration of a
switching power supply apparatus which representa a first
embodiment of the present invention. In comparison with
the switching powexr supply apparatus shown in Fig, 7, the
switching power supply apparatus shown in Fig. 1 is
characterized by being provided with a charge control
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voltage is induced across the secondary coil N2 and is applied to the
rectifier diode 7 while the reverse voltage across the*secondary coil N2 is
applied to the rectifier diode 6. Therefore, the rectifier diodes 20
[err] 7 must have a hi gh enough peak inverse voltage to be adapted to
use at the predeterm ned maxi num i nput power source voltage V[err]
(charging voltage V[err] across the 1rd@ut- capacitor 2). Diodes having such
a high peak inverse voltage have a |l arge forward voltage drop and, hence, a
considerably | arge power loss at the tinme of conduction. If such diodes are
used, the power loss in the switching power supply apparatus becones

di sadvant ageously 4.3t g€zt NehLdd GY LrELhyéd ¥ eontrol the

charging of h an input capacitor 2 by

" - ehé;éy"ffém an.input power source 1 so that a
charging voltage V; across the input capacitox 2 is equal
to a predetermined value (charge getting voltage) Vep.
The switching poewer supply apparatus of this embediment
is arranged go that the energy in the input capacitor 2
at the charge setting voltage contrxolled by the charge
control circuit 20 is ocutput from a secondary ceil nz of
a transformer 3 to a load 10 by an output circuit 14 when
a main switching element 4 turns on.
By controlling the charging voltage v, it is paééiﬁle to
solve the above-described problems of the conventional
art. 1In other respects, the configuration is the same as
that shown in Fig. 7 and, therefore, no further
description will be given of it.

The charge control circuit 20 includes a
tertiary coil N3 provided in the transformer 3. As shown
in Pig. 1, one terminal (terminal B) of the tertiary coil
N3 is connected to one terminal of an inductance element
12. The ancde of a diode 13 is connedted to the other
terminal of the inductance element 12. The cathode of
the dicde 13 is commected to the connection point between
the tertiary coil N3 and the inductance element 12, To
the comnection point between the tertiary coil N3 and the
inductance element 12, a source terminal of an energy
control gwitching elemant (MOSFET) 11 and one terminal of
a resistor 36 are also connected. A drain terminal of
the energy control switching element 11 and the other
terminal of the resistor 36 are connected to the positive
terminal of the input power source 1.

The anode of a diode 22, one texminal of a
resistor 28 and one terminal of a resistor 30 are

——
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is reduced). Mreover, if the input power source voltage V[ferr] (the
charging voltage V[err]-across the input capacitor 2) is hi gh, the
on-duty of the main switching elenment 4 is considerably short, as nentioned
above. If the on-duty of the main switching elenent 4 is shorter, the
effective value of the drain current flow ng between the drain and the
source of the main switching el enent ~4l%hen the main switching elenent 4 is
on becones greater, so that the power loss in the main switching el enent 4
at the predeternm ned maxi num input power source voltage V[err].

coannected to the terxminal A of the tertiary coil N3. A
collector terminal of a switching element (transistor
element) SW1 ig connected to the cathode of the diode 22.
The other terminal of the resistor 28 is connected to a
base terminal of the switching element SW1. One terxminal
of a resistoxr 27 and an emitfer termimal of a switching
element (transistor element)} SW2 are connected to an
emitter texrminal of the switching element SW1, The other
terminal of the resistor 27 is connected to a gate
terminal of the energy control switching element 11, A
collector texminal of the switching element SW2 is
connected to the anode of a diode 25. The cathode of the
diode 25 is connected to the terminal B of the tertiary
coil N3.

A base terminal of the switching element SW2 is
connected to the connection point between the basge
terminal of the switching element SWi and the resistor 28
and to the anode of a diode 24. The cathode of the dicde
24 is connected to one terminal of a resistor 32 and to

" an emitter terminal of a switching element (transistox
element) §W4. The other texrminal of the resistor 32 is
connected to a base terminal of the switching elemesnt SW4
and to a collector terminal of a switching element
(transistor element) SW3. An emitter terminal of the
switching element SW3 is connected to the terminal B of
the tertiarxy coil N3.

A collector terminal of the switching element
8W4, the ancde of a zener dicde 26 and one terminal of a
reeistor 31 are connecked to a base terminal of the
switching element $W3. The other terminal of the
resistor 31 is connected to the terminal B of the
tertiary coil N3. The cathode of the zener diode 26 is
connected to the cathode of a diode 23. One terminal of
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beconmes di sadvat ageously large (the circuit efficiency is reduced). Wen
the main swtching elenment 4 is off, the input power source voltage V[err]
(the charging voltage across the input capacitor 2) is applied between the
drain and the source of the main switching elenent 4. Therefore, it is
necessary for the main switching elenent 4 to have a hi gh enough
w t hstand voltage as to be adapted ta gge-at the predeterm ned maxi num
i nput power source voltage V[err]. That is, a high-wthstand-voltage device
is used as the main switching elenent 4. Such a device has such a | arge
drai n-source parasitic resistance that there is a large | oss of power in
the main svm'tchin}gge . .
_ the resistor 30 is comnected to tha ancde of the diecde

23. The other terminal of the resistor 30 is connected

to the terminal A of the tertiary coil N3, as mentjoned

above.

The charge control circult 20 specific to this
embodiment is thus arranged. The energy control
switching element 11 and the inductance element 12,
constituting the charge contrel circuit 20, form an
energy storage circuit. In this energy storage circuit,
the energy control switch 11 turns on to cause a flow of
energy from the input power souxce 1 into the inductance
element 12 when the main switching elemenc 4 turns on,
thereby storing enexgy in the inductance element 12,

The inductance element 12 and the diode 13 form
an energy supply circuit, which supplies the input
capacitor 2 with the energy stored in the inductance
element 12 when the main switching element 4 turng off,

The switching element SWl1, the diode 22 and the resistors
27 and 28 form a drive circuit for driving the energy
control switching element 11. This drive circuit is used
to control the on~-off operation of the energy control
switching element 1) in synchronizacion with the on-off
operation of the main ewitching element 4 by using the
voltage generated acrogs the tertiary coil N3,

The diode 23, the zener diode 26 and the
resistor 30 form a voltage detection cireuit, which
detects, in order to determine the ,f
charging voltage Vv, of the 1npi1t capacitor 2, ' a voltage V,
induced across the tertiary coil N3 when the main
‘switching element 4 switches on. The switching elements
SW2, EW3, and SW4, the diodes 24 and 25 and the resistors
31 and 32 form an off-control circuit, which stops the
enerygy storing operation of the energy storage circuit by
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el ement 4 when the main switching element 4 is conducting This is one of
the causes of deterioration in-the circuit efficiency of the swtching
power supply apparatus. Another exanple of a conventional sw tching power

" supply apparatus is shown in Fig. 8. This exanple will be di scussed bel ow
in connection with alternate enbodi nents of the invention. SUMWARY COF THE
. I NVENTI ON -7- In view of the above-dgscri bed problens, a need addressed
by the present invention is

maintaining the energy control switching alement 11 in
the off state by the drive circuit during a time period
in which the input capacitor 2 charging voltage detected
by the voltage detection circuit is equal to or higher
than the charge setting voltage Veq,. _

The inductance element 12 and the resistor 3§
form a starting cirxcuit. When the input capacitor 2
charging voltage is substantially zexo or very low, for
example at a starxt of the switching power supply
apparatus, energy is caused to flow from the input power
source 1 into the input capacitor 2 by passing ‘ﬂnougﬂ_ T
the resigtor 36 and then the inductance element 12 in
this starting circuitr, thereby increasing the voltage
across the input capacitor 2. charge energy in the input
capacitor 2 is output from secondary coil N2 of the
transformer 3 to the load 10 by the output circuit 14
when the main switching element 4 turns on, as deacribed
above. In this embodiment, a paxt of the energy is used
as energy for driving the controel circuit S.

The operation of the charge contxel eircuit 20
specific to this embodiment will now be described with
reference to the time chart of Fig. 2. Pirst, when a
voltage Vo shown in (a) of Fig. 2 .isapplied asa
predetermined switch-on drive voltage S
between the gate and scurce of the main switching element
4 by the control operation of the contrel circuit 5 (at
time t;), the main switching element ¢ turns on to cause
the charge energy in the input capacitor 2 to flow
through the priwmaxy coil N1 and the main switehing
element 4. The charge energy in the input capacitor 2 ig
thereby supplied from the secondary coil N2 to Lthe output
circuit 14 and is ocutput asg output energy from the
ocutput c¢ircuit 14 to the lead 10. Bimultaneously, the
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to prOV|de a swi tching power supply. apparatus in which the input capacitor
charging voltage is mai nt ai ned at a predetermined | evel regardl ess of .
.variations in the input power source voltage, which is capable of suitably
stabilizing and controlling the output voltage by variable on-duty control
of the main switching elenent even if the input power source voltage is

hi gh, and which is designed to inprovelfhe circuit efficiency (reduce the
power | oss) of the switching power supply apparatus by nmaking it possible
to use loww thstand-voltage elenents. According to a first aspect of the
present invention, there is provided a switching power supply apparatus

which i's a1 eodf goveide GATUELGE by YBS FHLLGRLAY RRLEIGEIRE) Via Dhlbdips o0

i nput power source
across the textiary coil N3 with a higher potential at

the texminal A.

Vi = (Ny/Ny) V3 .... (2)

In the above equation {2), N, is the number of
turns of the primary ¢o0il N1, N; is the number of tuxns
of the tertiary eoil N3, and V, is the charging voltage
across the input capacitor 2.

That is, the voltage equal to the product of
the input capacitor 2 charging voltage V, and the turns
ratio (Ny/N,) of the number N, of turns of the tertiarxy
coil N3 to the number N; of turns of the primary coil N1
is induced across the tertiary ¢oil N3 when the main
switching slement 4 turns on. '

The voltage V, across the tertiaxy coil N3 is
applied to the diode 22 and to the resistor 30, the diode
23 and the zener diode 26 in gerias connection. At this
time, if the input capacitor 2 charging voltage V, is
lower than the predetermined charge setting voltage Ver

. asg in the state at the time t, shown in (¢} of Fig. 2,
the diode 23 and the zener diode 26 maintain the switch-
off atate, so that the circuit operation is as described
below.

Under this condition, the dicde 22 turne on

a in response to . the voltage V; acxoss the tertiary
coil N3, and a base current flows into the base of the
switching element SW1 f£xom the tertiary coil N3 via the
resistor 28, so that the switching element SW1 turms on.
The energy due to the voltage Vi acruvss the
tertiary coil N3 is then applied to the gate of the
energy control switching element 1l via the diode 22, the

,.,,.\
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capacitor and a main switching elenent on the primary side of a
transforner, and in which charge energy in the input capacitor is output as
out put energy fromthe secondary side of the transformer when the main

swi tching el enent turns on. For sol ving
t he above-descri bed problens, this apparatus has an energy storage circuit
for storing energy by receiving energyl?romthe i nput power source when the
mai n switching elenent turns on, an energy supply circuit for supplying the
energy stored in the energy storage circuit to the input capacitor when the
main sw tching el enent turns off, a voltage detection circuit for

L, e Aol SR Sl Bl U 4000, ety of
turning on tha energy control swztchzng elament 11.

By this switch-on operation of the enexgy
contxol switching element 11, energy flows from the input
power source 1 into the inductance element 12 via the
enexgy control switching element 11, as shown in (£) of
Fig. 2. By this. enexgization, energy.is stored in the
inductance element 12.

When the main switching element 4 is turned off
by the contxrol operation of the control circuit 5 (at
time t,), the voltage V; across the tertiary coil N3 is
inverted in polarity, as shown in (b) of Pig. 2, so that
a veltage is generated across the tertiary coil N3 with a
lower potentjal at the terminal A.  In response to

o this voltage, the diode 22 and the switching slement SW1
turn off. Consequently, the energy control switching
element 1l turns off.

By the above-described switch-off operation of
the main switching element 4 and the energy control
switching element 11, the enexrglzation across the
inductance element 12 with the enexgy from the input
power gource 1 igs stopped. Simultaneously, the diode 13
turns on and the energy stored in the inductance element
12 is supplied to the input capacitor 2 by
conduction through the input capacitor 2 and the diode
13, 50 that the charging voltage across the input
capacitor 2 rises, as shown in {¢) of Pig. 2.

When the wmaim switching element 4 is thereaftexr
turned on again by the control operation of the control
circuit 5 {at time L,), the voltage equal to the product
of the input capacitor 2 charging voltage ¥V, and the
turns ratio (i\Ty'N;) is induced across the tertiary coil
N3, as described above. The induced wvoltage across the

/—————
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of the energy storage circuit during a time period in - 8 - which the
i nput capacitor charging voltage detected by the voltage detection circuit
is equal to or higher than a predeterm ned val ue. According to a second
aspect of the present invention, the apparatus according to the first
aspect of the present invention further conprises an excess current
prevention circuit which detects an i-npgt-current flow ng fromthe input
power source into the energy storage circuit when the main sw tching

el ement turns on, and

tertiary coil N3 is applied to the diode 22 and to the
resigtor 30, the diode 23 and the zener diode 26 in
series connection. At this time, if the input capaciter
2 charging voltage V, is equal te oxr higher than the
charge setting voltage Ve as in the state at time t;
shown in (¢} of Fig. 2, each of the dicde 23 and the
zenex - diode 26 turns on. . |

By the above-described switch-on operatiomn of
the diode 23 and the zener dicde 26, the switching
element SW2 turns on by being supplied, through its base,
with a base current from the tertiary coil N3 via the
resistor 30, the diode 23 and the zener diode 26.
Simultaneously, the diode 24 turns en, a current from the
tertiary coil N3 flows via the resistor 28, the diode 24,

N the resistor 32 and the switching element 5W3, and base
currents flow respectively through the bases of the
switching elements SW2 and SW4, thereby turning on the
switching elements SW2 and Sw4.

The switching element SWl1l is maintained in the

T off state by the above-described switch-on operation of
the switching element SW2. The energy control switching
element 11 is alsc maintained in the switch-off state
thereby. As described ahove, when the energy centrol
switching element 11 is in the switch-off state, the
inductance element 12 is not eneryized with energy from
the input power scurce 1 and no energy is stored in the
inductance element 12.

Needless to say, when the switching elament 4
is on, the inpul capacitor 2 charging voltage drops, as
observed in the period from time t, to time t; shown in
(c) of Fig. 2 since, during the switch-on period of the
main switching element 4, the charge energy in the input
capacitor 2 flowa via the primary coil N1 and the main

—\
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whi ch stops the input current flowing fromthe input power source into the
energy storage circuit by making the off-control circuit operate to stop -
the energy storing operation of the energy storage circuit during the tine
period in which the detected value of the input current is equal to or
| arger than a predeterm ned val ue, According to a third aspect of the

present invention,

the apparatus accorggng to the first or second aspect of

the present invention further conprises a noise filter circuit provided on
the input side of the voltage detection circuit. The voltage detection
circuit detects the input capacitor charging voltage after noi se has been
renoved fromthe voltage by the noise filter circuit. - According to a
fourth aspect -ofSWitehingsghement 4 to be cutput as cutput energy from

the secondary coil N2 to the load 10.

Therxeafter, when the main switehing element 4

is turned en by the control operation of the control
gircuit 5 (at time tg), the voltage polarity of the
tertiaxy coil N3 is invertad, and each of the dicdes 23
and 24, the zener diode 26, the switching elements SW2,
SW3, and SW4 tuxns off, as desacribed above. Since no
energy i& stored in the inductance element 12 during
this switch-off peried of the main switching element 4
(from time t,; to time tg), no enexgy can be supplied from
inductance element 12 to the input capacitor 2, so that
the inpubt eapacitor 2 charging voltage does not
increase, as observed in the period from time ‘

ts to time t, shown in (¢) of Fig. 2.

As described above, the charge coﬁtro1 circuit

20 turns on and off the energy control switching element
11 in synchronization with the on-off operation of the
main switching element 4 by utilizing the voltage aoreoss
the tertiary ccil N3 to chaxge the input capacitox 2 with
energy from the input power source 1. Also, the charge
control circuit 20 detects the voltage Vi across the
tertiary coil N3 as the imput capacitor 2 charging
voltage V,., During the time period in which the detected
charging voltage V, is équal to or higher than the
predeterminad charge setiting voltage V.., the charge
control circuit 20 stops the operation of charging the
input capacitor 2 by maintaining the energy control
switching element 11 in the off state, thus stabilizing
the imput capacitoxr 2 charging voltage V, at the charge
setting voltage V.

T




i nvention, a tertiary coil is provided in the transformer according to the
first, second or third aspect of the present invention. In the energy )
storage circuit, the input power source is connected to. the input

capaci tor through an energy control swi tching el enent and an i nductance

el ement connected therebetween in this order, the on-off operation of the
energy control switching elenment being 2bntrolled by a drive circuit which
oper at es .by being supplied with power fromthe tertiary coil. The

vol tage detection circuit detects, as

As the charge setting woltage Ven for charging
of the input capacitor 2, a suitable voltage value is set
such as to avoid application to the main switching
element 4 of a voltage higher than the predeterminaed
withstand wvoltage of the main gwitching element 4 and to
avoid application to the rectifier dioedes 6 and 7 of a
voltage higher than the predetermined peak inverse
voltage of the rectifier dicdes 6 and 7. This charge
setting voltage Ven is represented by the follow1ns
sguation (3):

Ve = (M/N3) {Vas + Vi + Vga)  «vae (3)

In this equation (3), W; is the number of turns
of the primary coil N1, N; is the number of turns of the
tertiaxy coil N3, Vi is the switch-on drive voltage of
the zener dicde 26, Vg is the switch-on drive voltage of
the diode 23, and Vg is the switch-on drive voltage of
the switching slement SW3,

' Bince pumber N; of turns of the primary coil
N1, the number Ny of turns of the tertiary coil N3, and
the switch-on drive voltage Vg of the switching element
SW3 in the above equation are predeterxmined, the switch-
on drive voltages of the zener dicde 26 and the diode 13
are detexmined g0 as to obtain the set charge setting
voltage Ve, thereby enabling the charge control circouit
20 to stabilize the input capacitor charging voltage V,
at the charge setting voltage V.

Thia embodiment uses the charge control circuit
20 and is arranged so that the charging voltage V, acrosa
the input capacitor 2 is stabilized at the predetermined
charge setting voltage Ver,. As a result, even if the
voltage Vp of the input power source 1 is varied, the

This Sheet Has Been Rerlaced




the input capacitor charging voltage, the voltage induced across the
tertiary coil when the main switching elenent turns on. The off-contro
circuit turns off the energy control switching elenment by the drive circuit
to stop the energy storing operation of the energy storage circuit during
the tine period in which the input capacitor charging voltage detected by
the voltage -detection circuit is equal 20o~or |arger than the predeterm ned
value. In the above-described arrangenent of the present invention, the
energy storage circuit stores energy by receiving energy fromthe input
power source, for exanple, when the main switching el ement turns on, and

the energy suppl Cxl.zt[. Cgalgaca.t%'%l egh;.{-]éa:.x?gn era%%’agsét 9{ ecqln be stabilized
at the predetermined charge setting voltage Ven.

Accordingly, when the main switching element 4
is turned on, the energy in the input capacitor at the
charge setting voltage Ven is output as ocutput energy
through the transformer 3 regardless of variations in the
voltage Vi, of the input power source 1. Therefore, the
control circuit 5 can suirably stabilize and control the
apparatus output by variable on-duty qontrol of the main
switching element 4 even if the volrage Vyy of the input
powar source 1 is high, thus making it possible to
improve the reliability of the operation of the swicching
power supply apparatus. '

Also, a voltage lower than the voltage Vi of
the input power source 1 is set as the charge setting
voltage for charging of the input capacitor 2, and the
charging voltage across the input capacitor 2 can be
stabilized at the charge serting voltage by the charge
control circuit 20. 'Therefore, the voltage applied
betwsen the drain and source of the main switching
element 4 during the switch-off period of the main
switching element 4 can be reduced. 2also, by the
variable on-duty control of the control circuit 5, the
effeative value of the drain current of the main
switching element 4 during the switch-on period of the
main switching element 4 c¢an be xreduced. BAs a result, a
low-withstand-voltage switching element can be used as
the main awitching element 4.

Further, even if the wvoltage V,, of the input
power source 1 is high, a predetermined fixed reverse
voltage is applied to each of tha rectifier dicdes 6 and
7 comstituting the output circuit 14 since the energy in
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in the energy storage circuit, to the input capacitor when the main_
switching el ement turns off. The voltage detection circuit detects the
chargi ng voltage across the input capacitor, and the off-control circuit
stops the energy.storing operation of the energy storage circuit during the
time period in which the input capacitor charging voltage detected by the
vol tage detection circuit is equal to-a@2l-arger than the predeterm ned

val ue (a charge setting voltage). As described above, the input capacitor
charging voltage is detected and the energy storing operation of the energy
storage circuit is stopped by the off-control circuit during the tine

period in which HRF Buk capac ééﬁ'z %rgh cﬁggééi ett Sqegitageq&mlarger
is supplied to the output circuit 14 through the
transformer 3 during the on period of the main switching
element 4 regardless of variations in the voltage Vy of
the input power source 1, as described above, It is,
therefore, possible to use diodes having a low peak
inverse voltage (i.e., those having a small forward
voltage drop) as the rectifier diocdes € and 7.

Az deacribed above, the main switching element
4 can be formed of a low-withstand-voltage element, and
the rectifier diodes 6 and 7 can be formed of elements
having a small forward voltage drop. Such elemsnts are
low-loss elements and are therefore capable of '
1imiting pover loss in the main switchxng element 4 and
the rectifier diodes 6 and 7.

When the control for grabilizing the input
capacitor 2 charging voltage is performed by the above-
descxibed operation of the charge control circuit 20, the
energy control switching element 11 turns on with a
substantially constant switching period T, (three times
the switching period T of the main switching element 4
(Tp = 3T), as shown in (e) of Fig. 2, in this
embodiment). Tf the inductance value of the inductance
element 12 is L;; and if the value of peak current through
the inductance element 12 shown in (£} of Fig. 2 is Ip,

' enexgy E; stored in the inductance element 12 each time
the energy control switching element 11 turnd on is shown
by the following equation (4):

= (1/2) Lyu-I@ .... (4)

The peak cuxrent value I, of the inductance
element 12 shown in this equation (4) is determined by
the differential voltage by which the input capacitor 2
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than the predeterm ned charge setting vol tage. The operation of the energy
supply circuit supplying energy to the input capacitor

is al so stopped thereby to limt a further increase in the I nput
capacitor charging voltage. Wien the input capacitor charging voltage is

| ower than the charge setting voltage, energy is supplied to the input
capacitor. In this manner, the input.cgpacitor charging voltage can be
stabilized 'at the charge setting voltage. The energy in the input capacitor
at the charge setting voltage is transferred by conducti on

charge setting voltage Ve i8 lower than the input
voltage Vi of the input power source 1, the inductance
value L;; of the inductance element 12 and the on-duty of
the main switching element 4. Therefore, if the voltage
Vi of the input power scuxce 1 is constant, energy Ey
#itored in the inductance element 12 each time the energy
control switching element 11 turns on can be made
constant, Also, if the power consumed in the load 10 is
changed, the necessary power can be supplied by changing
the switching frequency £; of the energy contxol

switching element 11. o

- Second Embodiment

A second embodiment of the present invention
will nexrt be described. Fig. 3 shows the ¢ircuit
configuration of a switching power supply apparatus which
vepresents the second embodiment. Fig. ¢ is a time chart
showing an example of the operation of compornents of the
circuit shown in Fig. 3. This embodiment is
characterized by providing an excess current prevention
circuit in the arxrangement of the first embodiment. As
shown in Fig. 3, this excess current prevention cirocuit
is formed of the zener diode 26 in the voltage detection
circuit, a diode 33 and resistors 34 and 35. The excess
current preventioen circuit protects the energy control
switching element 11 of the energy storage circuit from
an excede current, that is, it prevents a current higher
than a predetermined allowable current through the
gwitching element 11 from flowing through the switching
element 11. In other respects, the configuration of this
embodiment is the same as that of the first embodiment
and, thevefore, no further description will be given of
it.
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through the primary side of the transformer and the main swtching el enent

. to be output as output energy fromthe secondary side of the transforner
when the main switching elenent turns on. Accordingly, the fixed voltage
and current are applied to the primary side of the transfornmer and the nain
swi tching el enent regardl ess of variations in the voltage of the input
power source, thereby supplying a pred@derm ned constant anount of voltage
energy to the secondary side of the transfornmer. Thus, even when the

vol tage of the power source becones high, the voltage applied to the main
switching el enment and the voltage applied to the secondary side of the

transformer are not i ncreafﬁaq__h ?E%L?Eearf‘aﬁé)ééﬁe‘ﬁnt @ﬁk@ﬂd xoﬂggel sv& tching

" .current I, of energy from the input power source 1 {(input
current) flows through the energy control switching
elemant 11 and the inductance element 12 when the main
gwitching element 4 and the control switching element 11
turn on. The current I, increases during the switch-on
period of the switching elements 4 and 11 as shown in (f)
of Fig. 2. The peak value I; of the current I; is
detezmined by the differential voltage DV by which the
input capacitor 2 charge getting voltage Vep is lower
than the input veoltage Vi of the input power source 1,
the inductance value Lj; of the inductance elemant 12, and
the on-ducy of the main switching element 4, as mentioned
above,

For example, if the voltage Viy of the input
power source 1 is very high, there is a pessibility of
the value of differential voltage DV becoming so large
that the peak current I, is excessively larger than the
allowable current through the enexgy control switching
element 11. In such a gituation, there is a risk of the
energy control switching element 11 being
damaged by the excess current. In this embodiment,
therefore, the excess current prevention circuit is
provided to prevent such an excess current through the
energy control switching element 1l.

The excess current prevention circuit is formed
of the zener diode 26 in the voltage detection circuit,
the diode 23 and the resistors 34 and 35, as shown in
Fig. 3. The resistoxr 35 is connected betv}een the energy
control switching element 11 and the inductance element
12 in series with these elements. One terminal of the
resistor 34 is connected to the series connection point

-
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el ement can be used as the main switching el enment, and the conponents on
t he secondary side of the transformer can also be forned of

| ow-w t hst and-vol tage el enments, so that the circuit efficiency of the
swi tching power supply apparatus can be inproved. since the apparatus
out put can be snoothly controlled through on-duty control of the
main switching elenent, the sw tching F¥ower supply apparatus can stably

out put the predeterm ned apparatus output voltage. BRI EF DESCRI PTI ON OF THE
DRAW NGS

between the resistor 35 and the source of the energy
control switching element 11. The anode of the diode 33
is connected to the other texminal of the resistor 34,
and the cathode of the diode 33 is connected to the
cathode of the zener diode 26.

The resistor 35 detects the current I, flowing
through the energy control awitching elesment 11 and the
inductance element 12 by converting the current intoc a
voltage. This detected voltage is applied to the zener
diode 25, the diode 33 and the resistor 34 in series
connection. The zener diode 26 and the diode 33 turn on
when the current I, becomas egual to a predetermined
upper limit current value Iy, as shown in (d) of Fig. 4,
after the main switching device 4 has turned on {(at time
t;}). By the switch-on operation of the zener diode 26,
the switching element SW3 turns on, as in the first
embodiment. The switching elemente SW2 and SW4 also turn
on thereby, so that the switching element SWl turns off,
whereby the energy control switching element 11 turns
of£.

Naturally, no current flows thxough the energy
control ewitching element 11 when the energy c¢ontrol
switching element 11 turns off as described above. Thus,
an excess curxent is prevented from flowing through the
enexgy control switching element 1l.

That ig, the upper limit current value Icy is
set to a suitable value equal to or lower than the
allowable current through the energy control switching
elament 11 and such that the amount of energy large
encugh to sufficiently charge the input capacitor 2 can
pe stored in the inductance element 12. When the
current Y, becomes equal teo the aet upper limit current
value I, the energy control switching element 11 is

This Sheet Has Been Replac

DI




Fig. 1is acircuit diagramof a first enbodi nent of the present invention;
Fig. 2i1s atinme chart of an exanple of the operation of each circuit
conponent shown in Fig. 1; Fig. 3 is a circuit diagramof a second
enbodi ment of the present invention; Fig. 4 is atime chart of an exanple
of the operation of each circuit conponent shown in Fig. 2; Fig. 5is a
circuit diagramof a swtching power sggplLy apparatus which represents a
third enbodi fent of the present invention, and which has a noise filter
circuit; Fig. 6 is a circuit diagramof another exanple of the sw tching
power supply apparatus having a noi se
turned off as described above, thereby praventing an
excess current through the energy control switching
selement 11. It is alsc peasible to prevent an excessive
reduction in the switching frequency £, of the energy
contyol switching element 11 since the amount of enexgy
gtored in the inductance element 12 each time the energy
control switching element 11 turns on can be limited.
The upper limit current value Igp ¢an be
expressed by equation (5} shown below if the resistance
of the resigstor 35 is Ry, and the switch-on drive
voltages of the switching element $W3, the zener diode 26
and rhe diode 33 are Vi, Vi and V,, respectively, Since
the switch-on drive voltages Vy,; and Vy of the switching
element SW3 and the zener diode 26 are determined in the
same manner as in the first embodiment, the reaistance R,
of the resistor 35 and the awitch-on drive voltage V; of
the diode 33 are set so that the current I, is limited to
the set upper limit value I, thus forming the excess
current prevention circuit.
Iom & (Vg + Vg + VI/R35 .... (5)
In this embodiment, the excess current
prevention circuir is added to the arrangement of the
first embodiment to prevent an excess current through the
energy control swilching element 11. Thus,
in addition to the advantages of the
£irst embodiment ', the energy control
switching element 11 can also be protected from excessive
enexgization by reliably preventing an exeess current
thexethrough. It is also possible to prevent an
excesgive reduction in the switching fregquency £, of the
energy contreol switching element 11.
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filter circuit; Fig. 7 is a circuit diagramof an exanple of a conventional
apparatus; and Fig. 8 is a circuit diagram of another exanple of a

conventi onal apparatus. DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON

Enbodi ments of the present invention will be described below with reference
to the acconpanyi ng drawi ngs. First Enbodinent Fig. 1 shows the circuit
configuration of a switching power supplg?apparatus which represents a
first enbodi ment of the present invention. |In conparison with

Because of the above-described protection of
the energy control awitching element 11, it is possible
to use a low-withstand-voltage switching element as the
energy control switching element 11.

Third rgbodiment _
A third embodiment of the present invention

will next be described. This embodiment is characterized

by adding to the first or the second embodiment
) a noise filter circuit formed by a noise

filter capaditor 38, as shown in Fig. 5 or 6

: 3 : In other
' respects, the configuration of this embodiment is the
same as that of the above-described embodiments and,

therafore, no further description will be given of i,

When the main swztching elemant 4 is turned on,

there is a possibility of the occurrence of spike noise

such as that indicated by a broken lipe in (b) of Fig. 2.

If such spike noise is large, it may cause an operation

error, such as . the diode 23 and the zener diode 26
~ turning ‘on when it is necessary that the dicde 23
and the zener diode 26 remain off in the circuit ?

shown in Fig. 1 or 3.

In this embodiment, therefore, the filter
capacitor 38 is.provided to filter off noise in the
voltage acxoss the tertiary coil N3 befoze the voltage is
applied to the resistor 30, tha dicde 23 and the zenexr
diode 26, which are connected in series with each othexr
to form a voltage detection circuit, as shown in Fig. &
or 6.

The filter capacitor 38 is comnected between
the cathode of the diode 22 and the terminal B of the
textiary coil N3 in series with the diode 22. One

\
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the switching power supply apparatus shown in Fig, 7, the swtching power
supply apparatus shown in Fig. 1 i$ characterized by being provided with a
charge control -12 - circuit 20, which is arranged to control the
char gi ng of an input capacitor 2 by energy from an input
power source 1 so that a charging voltage V[err] across the input capacitor
2 is equal to a pregdeterm ned value (cl# ge setting voltage) V[err]. The
swi tching power supply apparatus of this enbodi nent is aranged so that the
energy in the input capacitor 2

terminal of the resiator 30 is comnected to the series
connection point betwsen the filter capacitor 38 and the
cathode of the diode 22. As descried above, the filter
capacitor 38 receives the voltage across the tertisry
coil N3 and filtexs off noiss from tha voltage. The
voltage from which noise has been thereby removed is
applied to the wvoltage detection circuit.

In this embodiment, the filtex capacitor 38 is
added to each of the arrangements of the above-described
embodiments. Therefore, this embodiment, having the same

advantages ‘a8 the above-described
embodiments, alao has the advantage of applying the
voltage across 'the tertiary ¢oil N3 to the voltage
detection circuit while removing, by the filter capacitoxr
38, spike noise generated in the voltage across the
tertiaxy coil N3 when the main switching element 4 turns
on. It is therefore possible to reliahly avoid an exrror
in the operation of the diode 23 or zemer diode 26 of the
voltage detection eircuit caused by such spike noise.
Thus, the veliability of the switching power supply
apparatus can be improved.

Alterpate Embodiments

The present invention is not limited to the
above-degcribed embodiments. The present invention may
take other wvarious +  forms. For example,
while the synchronized rectifier of the output circuit 14
is formed of the rectifier diodes 6 and 7 in the akove-
described embodiments, it may alternatively be formed of

“MDSFETS 18 and 17 shown in Fig. 8 or the like
instead of . 'the rectifier diodes 6 and 7. The same
charge contxol circuit 20 as that of the above-described '
embodiments may also be used in such a case to achieve
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at the charge setting voltage controlled by the charge control circuit 20
I's output froma secondary coil N2 of a transforner 3 to a load 10 by an
output circuit 14 when a nain switching elenent 4 turns on. By controlling
t he charging voltagev[err], it is possible to solve the above-descri bed
probl ens of the conventional art. In other respects, the configuration is
the sanme as.that shown in Fig. 7 and, %gerefore no further description
will be glven of it. The charge controf“circuit 20 includes a certiary coi
N3 provided in the transformer 3. As shown in Fig. 1. one term nal
(termnal B) of the tertiary coil N3 is connected to one term nal of an

I nduct ance el enent 12. The anode of a diode 13 is connected to the other

the same advantages as those of the above-
described embodiments.

The energy control switching element 11 is
formed of a MOSFET in the above-described embodiments,
However, it may be alternatively be formed of a
transistor device other than tha MOSFET.

SUMMARY

According to the present invention, the energy
storage e¢ircuit, the energy supply circuit, the voltage
detection circuit and the off-contzol circuit are
provided to stabilize the input capacitor charging
voltage at a predetermined value (charge setting
voltage), thereby enabling the input capacitor charging
voltage to be stabilized at tha charge setting voltage
regardless of variations in the input pbwer source
voltage. The energy stored in the input capacitor at the
charge setting voltage is output as output energy from
the secondary side of the transformer when the wmain
switching element tumms on, '
regardless of changes | in the input power .souxce voltage.
Thexefore, even if the input power gouxce voltage bacomes
substantially higher, the apparatus output '
stabilization cantrol can be suitably performed. thus
impyoving the reliability of the operation of the
switching power supply apparatus.

Since, as described above, the apparatus is
arranged so that the input capacitor charging voltage is
stabilized at the charge setting voltage, a voltage lowexr
than the input power source voltage may be set as the

30 charge setting voltage at which the input capacitor
c¢harging voltage is stabilized. Since the voltage and
current accorxding to the charge energy in the input
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term nal of the inductance element 12. The cathode of the diode 13 is
connected to the connection point between the tertiary.coil S3 and the: -
i nduct ance el ement 12. To the connection point between the tertiary coil N3
and the inductance elenment 12, a source term nal of an energy control
switching el enent (MOSFET) 11 and one termnal of a resistor 36 are al so
connected. A drain term nal of the energy £ontrol switching elenment 11 and
the other. term nal of the resistor 36 are connected to the positive
term nal of the input power source 1. The anode of a diode 22, one term nal
of a resistor 28 and one termnal of a resistor 30 are
capacitor are applied to the main switching element, the
voltage applied to the main switching element can be
limited to a small value. Therefore, a low-withstand-
voltage switching element can be used as the main
switching element.

also, the voltage of the energy suppliad to the
secondary side of the transformer can be made constant
regardless of variations in the input power source,
Therefoxe, even if the input power source voltage becomes
substantially higher, the voltage apphed to the
sacondary side of the transformer is not ;ncreased &0
that the circuit on the secondary side of the transformex
can be formed by using low-withstand-voltage elements.

As described above, the switching power supply
apparatus can be formed by using low-withstand voltage
elements. Since power loss in such elementa is small,
the power loss in the switching power supply apparatus
¢an be reduced, go that the circuit efficiency can be
improved.

In the arrangement of the present invention
having the excess current prevention circuit, the excess
current prevention circuit detects the input current
flowing from the input power source into the energy
storage cixcuit, and stops the input current from the
input powex source into the energy storage circuit during
the time period in which the input current is larger than
a predetermined value. In a case where the voltage of
the input power gouree is go high that there is a risk of
an excess current larger than a predetermined allowable
current flowing through the energy storage circuit, it is
posaible to prevent, by the opexation of the excess
current prevention circuit, such an excess current from
flowing through the enexgy storage sireuit. Thus, the

This Sheet Has Been Re’ilaced

R




- 13 - connected to the termnal A of the tertiary coil N3. A collector
_termnal of a switching element (transistor elenent) SW is connected to

t he cat hode of the diode 22. The other termnal of the resistor 28 is
connected to a base terminal of the switching element SW.. One term nal of
a resistor 27 and an emtter termnal of a swtching el enent (transistor

el ement) SW2 are connected to an enmitt@® terminal of the swtching el enent.
SWL. The other terminal of the resistor 27 is connected to a gate term nal
of the energy control switching elenment 11. A collector termnal of the
switching elenment SW2 is connected to the anode of a diode 25. The cat hode

of the components of the energy storage circuit can be
protected. It isg also possible to prevent an excessive
reduction in the switeching freaquency of the energy
control switching element.

It is poseible to form the energy control
switching element of a low-withgtand-voltage -switching
element because an excess current is prevented from
flowing through the energy storage circult. Since a low-
withstand-voltage switching element ig low-priced, the
apparatus can be constructed at a low cost. '

In the arrangement of the present invention
having the noise filter circuit, the veltage deteotion
cireuit can detect the input capacitor charging voltage
after noise has been removed from tha voltage by the
noise filter ¢ircuit, thereby avoiding an error in
detecting the input capacitor charging voltage, which may
be caused by noise. Therefore, the voltage detection
circuit can reliably detect the correction input
capacitoy charging voltage. The ofif-contxol circuit can
operate accurately on the basis of the correct voltage
detected by the voltage destection cireuit. Thus, the
reliability of the switching power supply apparatus can
be further improved.

In the arrangament of the present invention
having the transformer with a tertiary coil, the energy
storage circuit has an energy control switching
element, the on-off operation of which is controlled by a
drive circuit which operates by being supplied with power
from the tertiary coll, a voltage detection
gircuit which detects, as the input capacitor charging
voltage, the voltage across the tertiary coil whea the
main switching element turms on. In this arrangement, 'j:
the on-off operation of the enexrgy storage eircuit can
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diode 25 is connected to the termnal B of the tertiary coil N3. A base
termnal of the switching elenent SW2 is connected to the connection point
bet ween the base termnal of the switching el ement SWL and the resistor 28
and to the anode of a diode 24. The cathode of the diode 24 is connected to
one termnal of a resistor 32 and to an emtter termnal of a swtching

el ement (transistor elenent) SW. The @2her terminal of the resistor 32 is
connected to a base terminal of the switching element SW and to a
collector termnal of a swtching element (transistor elenent). SWB. An
emtter termnal of the smﬁtching el ement SWB is connected to the term na

B of the tertlaryeéﬁ&l be controlled by the switch-on/off cperation of

the energy contxol switching element.

—_—
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the switching el enent SW, the anode of a zener
&ﬂnd one termnal of-a resistor 31 are connected to a base term nal
of t ,

,l'tlﬂmmﬂu,mant SWB. The other terminal of the resistor 31 is
conn nal N of the tertiary coil N3. The cathode of the
zener di ode 2 i § codnnected to the catgfde of a diode 23. One term nal of

- 14 - the resistor 30 is connected fo®the anode of the diode 23. The other

termnal of the resistor 30 is connected to the termnal A of the tertiary
coil N3, as nentioned

HEAT IS CLAIMED IS: |
|
1. A feedforward converter type switching power supplyi
apparatus, comprising: o
an input power source, an input capaciter and a
main switching element interconnected on the primary side
of a transformer, such that charge energy_' i -
in the input capacitor is ocutput as ocutput energy from '
the secondary side of the transformer when the main
switching element turns on,
said switching power supply apparatus
cowprising an energy storage cireuit for
" receiving and storing energy from the input power
source when the main sv(ritching element turns on, an
eanergy supply cireuit for supplying the energy stored in
said energy storage circuit to the inpur capacitor when
the main switching element tuxns off, a voltage detection
circuit for detecting the charging voltage across the
input gapacitor, and an off-control circuit for stopping
the energy storing operation of said energy gtorage
cirouit during a time period in which the input capaciter
charging voltage detected by said voltage delection
circuit is equal to or higher than a predatermined wvalue.

2. A switching power supply apparatus
according to Claim 1, further comprising an excess
current prevention circuit which detects an input current
flowing from the input powexr source into said energy
storage circuit when the main switching element turme on,
and which stops the input current flowing from the input
power source into said energy storage circuit by wmaking
said off-control circuit operate to stop the energy
storing operation of sald enargy storage circuit during

[
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above. The charge control circuit 20 specific to this enbodinent is thus
arranged. The energy control swtching elenment 11 and the Iﬂ

el enent 12, constituting the charge control circuit 20, fgol m"mmullml"l“l
storage circuit. In this energy storage circuit, the energy*cohtrbl "swisch
11 turns on to cause a flow of energy fromthe input power source 1 into

t he i nductance el ement 12 when the nwad 134swi tching el ement 4 turns on,

t hereby storing energy in the inductance el enment 12. The inductance el enent
12 and the diode 13 forman energy supply circuit, which supplier the input
capacitor 2 with the energy stored in the inductance el ement 12 when the
Main sw tching elcﬁge Qimé ;E#éi%% (.)1.];; which the detected value of the input

current is equal to or larger than a predetermined value.

3. A gwitching power supply apparatus
according to Claim 2, further comprising a noise
filter circult connected on the input side of

- said voltage detection circuit,
for removing noise from the

input capacitor charging voltage

before said voltage is detected by said voltage detection circuit.

4. A switching power supply apparatus
according to claim 3, wherein:

said transformer has a tertiary coil;

the input power source is connected to the
input ¢apacitor through an energy control switching
element and an inductance element connected thexeberween
in this order in said energy storage circuit;
" the on-off operation of said energy contxol
switching element is controlled by a drive o

* circuit which is supplied with power from said terfiary coil;

said voltage detection circuit detects, as the input capacitor chargin
voltage, the voltage induced across said tertiary coil in switching
Voltage, ; on;gand ary when thé main sw1tc§mg

. said off-control circuit turns off said energy c itchi
by said drive circuit to stop gy. control switching clement

[
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The switching el enent SW, the diode 22 and the resistors 27 and 28 forma
drive circuirt for driving the energy control swtching elﬁmnmm

drive circuit is used to control the on-off operation of t H"’mt’nm,
switching el ement 11 in synchronization with the on-off opet atl ot o t ke
main switching elenent 4 by using the voltage generated across the tertiary
coil N3. The diode 23, the zener di ode3®6 and the resistor 30 forma

vol tage detection circuit, which detects, in order to determ ne the
charging voltage V2. of the input capacitor 2, a voltage V[err] induced
across the tertiary coil N3 when the main switching elenent 4 swtches on.

The switching el ?%&,%ré-\}‘zst%q Ypbratont B2 8294 esnedyynmtozagend the

resistors . )
circuit during the time period in which the input
capacitor charging voltage detected by said voltage
detection cirouit is equal to or larger than the

predetermined value.

5. A switching power supply apparatus according to
claim 2, wherein;
said transformer has a tertiary coil;

the input power source is connected to the input capacitor
through an

energy control switching element and an inductance element connected
therebetween in this order in said energy storage circuit;

the on-off operation of said energy control switching
element is controlled by a drive circuit which is suppiied with power
from said tertiary coil;

‘said voltage detection circuit detects, as the input capacitor
charging voltage, the voltage induced across said tertiary coil when the
main swit_ching element turns on; and

said off-control circuit turns off said energy control
switching element by said drive circuit to stop the energy storing
operation of said energy storage circuit during the time period in which
the input capacitor charging voltage detected by said voltage detection
circuit is equal to or larger than the predetermined value.

6. A switching power supply apparatus according to
Claim 1, further comprising a noise filter circuit connected on the input
side of said voltage detection circuit, for removing noise from the input
capacitor charging voltage before said voltage is detected by said voltage

detection circuit.

—_—
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31 an off-control circuit, which stops the energy storing
operation of the energy storage circuit by - 15 - maintaining the energy

contrﬁwﬂmmﬂ"’ml H nt 11 in the off state by the drive circuit during a
tinme / ﬂ mﬁe i nput capacitor 2 charging voltage detected by the
vol t age det dct MonsScifcuit is equal to or higher than the charge setting

vol tage V[err]. The inductance elenent 12 and the resistor 36 forma

starting circuit. Wien the input capacitor 2 charging voltage is
substantially zero or very low, for - 36 -

7. A switching power supply apparatus according to
claim 6, wherein:

said transformer has a tertiary coil;

the input power source is connected to the input capacitor
through an energy control switching element and an inductance element
connected therebetween in this order in said energy storage circuit;

the on-off operation of said energy control switching element is
controlled by a drive circuit which is supplied with power from said tertiary
coil;

said voltage detection circuit detects, as the input capacitor
charging voltage, the voltage induced across said tertiary coil when the main
switching element turns on; and

said off-control circuit turns off said energy control switching
element by said drive circuit to stop the energy storing operation of said
energy storage circuit during the time period in which the input capacitor
charging voltage detected by said voltage detection circuit is equal to or larger

than the predetermined value.

8. A switching power supply apparatus according to
claim 1, wherein: '

said transformer has a tertiary coil;

the input power source is connected to the input capacitor
through an energy control switching element and an inductance element
connected therebetween in this order in said energy storage circuit;

the on-off operation of said energy control switching element
is controlled by a drive circuit which is supplied with power from said tertiary
coil;

said voltage detection circuit detects, as the input capacitor
charging voltage, the voltage induced across said tertiary coil when the main

switching element turns on; and

[

"l



exanpl e at —a-start of the switching power supply apparatus, energy is

caused to flow fromthe input power source 1 into the input capacitor 2 by
Tﬂﬂ“l I“mml]l”“‘e resistor 36 and then the inductance elenent 12 in this
t hereby increasing the voltage across the input capacitor
* charge nergy in the input capacitor 2 is output from secondary coil N2
of the transformer 3 to the load 10 by the output circuit 14 when the main
switching elenment 4 turns on, as described above. In this enbodi nent, a

part of the energy is used as energy for &dridng the control circuit 5. The
operation of the charge control circuit 20 specific to this enbodiment wll

now be described W th refegacerlBnttdlCcitduiBrutil bt said Eddigy confrol ShitchflE" 2

element by said drive circuit to stop the energy storing operation of said
energy storage circuit during the time period in which the input capacitor
charging voltage detected by said voltage detection circuit is equal to or larger
than the predetermined value.

[
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voltage V[err] shown in (a) of Fig. 2 is applied as a predeterm ned
switch-on drive voltage between the gate and source of the nmmin switching
el enent 4 by the control operation of the control circuit 5 (at tine
t[err]), the main switching elenent 4 turns on to cause the charge energy
in the input capacitor 2 to flow through the primary coil Nl and the main
switching elenent 4. The charge energy in the input capacitor 2 is thereby
supplied fromthe secondary coil N2 to the-o3&put circuit 14 and is out put
as output energy fromthe output circuit 14 to the |l oad 10. Simultaneously,
t he

NG UPPLY APP Zus

ABSTRACT OF THE DISCLOSURE
A switching power supply apparatus designed

for suitably controlled stabilization of
its output. %The apparatus has a charge control circuit.
If the voltage across an input capacitor is lower than a
set voltage when a main power supply switching element
turns on, a contrel cirouit switching element turns on -
and energy is transferred from an input power source by

conduction through the control circuit switching
elenent and an inductance, and the inductance stores
transferred enerqy. When tha main switehing element
turns orf, the charge control circuit turns off the
control circuit switching element te supply the stored
energy in the inductance to the input capacitor. If the
voltage across the input capacitor is equal te ox higher
than the set voltage when the main switching element
turns on, the control circuit switching element is
majintained in the off state and the inductance cannhot
store energy. The voltage across the
input capacitor is thereby limited. In this manner, the
voltage across the input capacitor is controlled so as to

be stabilized at the set voltage. This stabilizes the output voltage of the

apparatus and improves its circuit efficiency.

FIG. 1
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voltage V[err] shown by the follow ng equation (2) is induced across the
tertiary coil N3 with a higher potential at the terminal A V[err] = _
(N[err]/Nerr]) .v[ferr] .... (2) In the above equation (2), Nerr] is the
nunber of turns of the primary coil N1, N err] is the nunber of turns of
the tertiarwsgekl N and V[err] is the charging voltage acgesg)the input
capacitor 2. That is, the voltage equal to the product of the input
capacitor 2 g'glgvol e V2 and the turns ratio (N err]/Nerr]) of the
nunber N err] urns o he tertiary coil N3 to the nunber N err] of

turns of the [@itfary N1 is induced across the tertiary coil N3 when
the.main switching e nt 4 turns on. 4 }ﬂ_
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The voltage V[err] across the tertiary coil N3 is applied to the diode 22
ahd to the resistor 30, the diode 23 and the zener diode 26 in series
connection. At this time, if the input capacitor 2 charging voltage V2 is

| ower than the predeterm ned charge setting voltage V[err] as in the state
at the tinme &] ~shown in (c) of Fig. 2, the diode 23 an zener diode
26 mai nt ai n%%g’zvm'aﬁch- off state, so that the circuit opesgt)inﬁ)n IS as
descri bed below. Under this condition, the diode 22 turns on in response to

the voltage V3 across the tertiary coil N3, and a base current flows into

t he base of o3w tEpihng el ement SWL fromthe tertiary coil N3_yia. the
resistor 28, l[g ?hatﬁﬂé%w tching el ement SWAHTENSSOYRCE votTAdt
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The energy due to the voltage V[err] across the tertiary coil N3 is
then applied to the gate of the energy control switching elenent 11 via the
di ode 22, the switching el ement SWL and the resistor 27, thereby turning
on the energy control switching elenment 11. By this switch-on operation of

t he energy itching el enent 11, energy flows from j,nput power
source 1 inf%%%%i §¥J\Auct ance elenent 12 via the energy contkg%fs)vm tching

el enent 11, as shown in (f) of Fig. 2. By this energization,. energy is
stored in the inductance el ement 12.

(@3] Fig.?
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When the main switching elenment 4 is turned off by the control
circuit 5 (at time t[err]),

~the control
tertiary coil
that a voltage is generated

e o feh éﬁ%%rrg:??] g\a/l\ll ﬁjrn of f

switching el enment 11 turns off.

the switching €ele

of the main swtchi

ng ele
11, the ener'gi[@ui]on‘E% 0

N3 is inverted in polarity,

nt 4 and the ener

the voltage V[ferr
as shown in (b)
across the tertiary coi

In response to this voltage
Consequently, the ene

t he i nductance e

M

operation of
] across the

of Fig. 2, so

N3 with a | ower

. Ylagr#y ode 22 and

rgy control

By the above-described switch-off operation
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turns on and the energy stored in the inductance elenent 12 is supplied to
tthe i nput capacitor 2 by conduction through the input capacitor 2 and the
di ode 13, so that the charging voltage across the input capacitor 2 rises,
as shown in (c) of Fig. 2. Wien the nmain switching elenent 4 is thereafter
turned on agesmgE®E tghe control operation of the control cirqet7p (at time
t[err]), the voltage equal to the product of the input capacitor 2 charging
voltage V[err] and the turns ratio (Nerr]/Nerr]) is induced across the
tertiary coil hB asF?escrlbed above. The induced vol tage across the
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the
t he

t he.

(c)
t he
26,

e*?58 T serles conn Effgﬁtﬁ thrs tine, if

-. 18 - tertiary coil gp |ed to the d+ode 22 and to .t e’jgflstor 30,

&8 o “%hEHQEﬁFP”

i nput capacitor 2 charging voltage V[err] is equal to or higher than
charge gﬁé qoltage V[err], as in the state at th% -igrr] shown in
of Fig. eac of the diode 23 and the zener di ode 26 turns on. By

above-descri bed switch-on operation of the diode 23 and the zener diode
t he swi tching elenent SWB turns on by being supplied, through its base,

with a base[@ﬂmﬂengfégo the tertiary coil N3 via the resistor 30, the

-diode 23 and the z

di ode 26. Si mul t aneously, the diode 24 turns on, a

current fromthe
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tertiary coil N3 flows via the resistor 28, the diode 24, the resistor 32
and the switching el enent SWB, and base currents flow respectively through
the bases of the switching el enents SW and SWI, thereby turning on the
switching el ements SW2 and SW. The switching element SWM is maintained in
the of f state%%!ggg agbove-described switch-on operation of thessw tching
el enent SW2. The energy control switching elenent 11 is al so nalntalned I n
the switch-off state thereby. As described above, when the energy control
switching elenent 11 i.s in_the switch-off state, the inductance el enent 12
i s-not energi'z¢E wth gFray fromthe input power source 1 and no energy is
e

storqd in the inductanc | emrent 12.
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.Needl ess' t o say, when the switching element 4 is on, the input capacitor 2°
chargi ng vol tage drops, as observed in the period fromtine t[err] to tine

tlerr]

" main switching elenent- 4, the charge energy j-A—the tH——t-apaettof v

via the primary coil N1 and the main Swi tic ﬁgﬁﬁwgﬁgﬁ@ﬁ@nh&ﬁ&“ ou% gs

out put energy fromthe secondary coil N2 to Eﬁgﬁﬁa gy : pagRsy-eafq BREC n
glawi

the main switching elenment 4 is turned on by

control circuit 5 (at time t[err]), the voltla me/!ag(Sﬁyv@,ivﬁ to paged .1
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shown in (c) of Fig. 2 since, during the switch-on period of the

PN WS - ’)

r ol pagsst At fo®agsd Lhe
B Abstract  : pagedv?. to paged ...

W ING PO SUPPLY APPARATUS
BACKG IHE I

1. Field of the Invention

The present invention relates to a switching
power supply apparatus which can be incorporated in a
personal computer, a facsimile machine or the like.

o Relat
Fig. 7 shows the configuration of esgaential

2. Desecri

~circuit components of an example of a gswitching power

supply apparatus. The switching power supply apparatus
has a transformer 3 and other circuit elements connscted
as shown in Pig. 7. The positive terminal of a de input
power source 1 and one terminal of an input capacitor 2
are connected to one terminal of a primary coil N1 of the
transformer 3. A drain terminal of a main switching
element (metal oxide semiconductor field-effect
transistor-(MOSFET)) 4 isg connected to the other terminal
of the_primary coil N1. A source terminal of the main
ewitching element 4 is connectad to the negative terminal
of the d¢ input power souxce 1 and to the other terminal -
(grounded terminal) of thehinput capacitbr 2. A control
cireuit § for controlling switching of the main switching
element 4 is connected to a gate tarminal of the main
switching element 4.

The anode of a rectifier diode 6 is connectad
to an output terminal of a secondary coll N2 of the
transformer 3. The cathode of a rectifier diode 7 and
one texminal of a choka coil 8 are connected to the
cathode of the rectifier dicde 6. One tezrminal of an
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.tertiary coil N3 is inverted, and each of the diodes 23 and 24, the zeher
di ode 26, the switching elenments SW2, SWB, and SW turns off, as described
above. Since no energy is stored in the-inductance elenment 12 during this
‘ switch-off period of the main switching elenment 4 (fromtinme t[err] to tine
t[err]), no energy can be supplied frominductance elenent 12 to the input
capacitor 2, so that the input capacitor 2 charging voltage does not

i ncrease, as observed in the period fromtinme t[err] to tinme t[err] shown
in (c)- of- Fig. 2. As described abev®#,-the charge control circuit 20 turns
on and off the energy control switching elenent 11 in sychronization with
the on-of f operation of the main swtching elenent 4 by utilizing the
vol t age across

output capacitor § is connected to the other terminal of
the choke cail 8. The other terminal of the secondary
coil N2 and the anode of the rectifier diode 7 axe
connected to the other tverminal of the ocutput capacitor
9. A load 10 is connected in parallel with the output
capacitor 5.

In the switching power supply apparatus
arranged as described above, when the main switching
element 4 is turned on by the control operation of the
control circuit 5, the energy of eslectric charge in the
input capacitor 2 supplied from the input power souxce 1
is transferxred by conduction via the primary coil
N1 and the main switching element 4 and is output '
from the secondary coil N2. The flow of energy output
from the secondary coil N2 is rectified by the rectifiex
diodes 6 and 7, passes the choke coil 8, is smoothed by
the choke coil 8 and is output to Lhe load 10.

“&mnthelnaklswﬁdﬁngcﬂemwnt4jsnmned<ﬁ£1heenmgy
stored in the choke coil 8 in the on state is output to the load 10 by the
conduction via the load 10 and the rectifier diode 7.

As described above, the switching power supply
apparatus shown in Fig. 7 is ‘a feedforwaxrd
converter type (feedforward DC-DC converter type) circuit
such that the energy of the dc input power source 1 is
received by the imput capacitor 2, and the flow of the
electric charge energy in the input capacitor 2,
excracted through the secondary coil N2 of the
tranaformer 3 when the majin switching device 4 turns on,
is rectified and smoothed by the output circuit 14 foxmed
by the choke coil 8 and the output capacitor 9, thereby
obtaining cutput enexgy. '
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:the tertiary coil N3 to charge the input capacitor 2 with energy fromthe
| nput power source 1. Also, the charge control circuit 20 detects the
voltage V[err] across the tertiary coil N3 as the input capacitor 2

" charging voltage V[err].

During the tinme period in which the detected

charging voltage V[err] is equal to or higher than the predeterm ned charge
setting voltage V[err], the charge control circuit 20 stops the operation

of charging the input capacitor 2 by mmintaining the energy control
switching eleneiit 11 in the off state, thus stabilizing the input capacitor
2 charging voltage V[err] at the charge setting Voltage V[err].

The contxol circuit S turns on the main
switching element 4.with a predetermined switching period
T, datects an apparatus output voltage Voyr applied
to the load 10, and controls the on-off operation of the
main switching element 4 by changing and controlling the
gwitch-on pexiod t of the main switching element 4 (ie.,
the portion of the switching period T during which the main switching

element is "on") 's¢ that the apparatus
output voltage Voyr is maintained at a predetermined
level, as described below.

Por example, if the numbar of turns of the
primaxy coil N1 is N;; the number of tuxns of the
secondary coil N2 is N,; the switching period of the main
switching element 4 is T; the switch-on pexriod of the
main switching element 4 is t; and the voltage of the
input power source 1 (the charging voltage acruss the
input capacitor 2) is V), the apparatus output voltage
Vour is shown by .the following equation (1):

Vour = (/M) «(t/T) Viy .... (1) -

Since the number N; of turns of the primary
coil N1, the number N, of turns of the secondary coil N2,
the switching period T of the main switching element 4,
and the voltage Viy of the input power source 1, shown in
equation (1), are predetexmined, it is possible to
coptrol and stabilize the apparatus output voltage Vg
by changing and controlling the switch-on period t of the
main switching element 4.

This' control for stabilizing the appaxatus
output voltage Vayur 1ls performed as deecribed below.

When the apparatus output voltage Veyr is lower than a

pradetermined level, the control circuit §
compensates for the decrement of the
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.As the charge setting voltage V[err] for charging .of the input capacitor 2,
a suitable voltage value in set such as to -avoid application to the main
switching el ement 4 of a voltage higher than the predeterm ned wthstand

" voltage of the main switching elenent 4 and to avoid application to the
rectifier diodes 6 and 7 of a voltage higher than the predeterm ned peak

I nverse voltage of the rectifier diodes 6 and 7. This charge setting

voltage V[err] is represented by the #ollow ng equation (3): V[err] =
(N[err]/Nerr]) . (Merr]+Vierr] +V[err]) .... (3) In this equation (3),
Nferr] is the nunber of turns of the primary coil N1, Nerr] is the nunber
of turns of the :

apparatus output voltage Vg, £rom the predetermined
level by increasing the switch-on peried t of the main
switching element 4 (on-duty (t/T)) by the corresponding
amount. Conversely, when the apparatus output voltage
‘Voyr is higher than the predstermined level, the control
elrcuit 5 compensates - for the
increment f£rom the predatermined lavel by reducing the
switch-on periocd t of the main switching element 4 (oa-
duty (t/T)) by the corresponding amount.
| | The voltage Vy of the input power source 1 of
the above-described switching power supply apparatus is
changed, for example, according to specifications of
the apparatus such as a facsimile

machine in which the switching power supply
. apparatus is incorporated. The charging voltage V,
across the input capacitor 2 is also changed with the
change in voltage Vi of the input power source 1. The
input power source 1 has a predetermined variable voltage
range (the range in which the charging voltage V, across
the input capacitor 2 can be changed). The switching
pover supply apparatus is deéigned ' by setting
the nurbers N1 and N2 of the turns of the primaxy and
secondaxy coils and other circuit constante according to
voltages in the variable voltage range of the input power
source 1. :
However, the variable voltage range of the
input power source 1l (the range in which the charging
voltage V, across the input capacitor 2 can be cha.ngec‘l}
is considerably large. If the charxging voltage V; across
the input capacitor 2 is vexy high, it is necessary for
the contyol circuit 5 to reduce the on-duty of the main
switching element 4 to a very small value. The on-duty,
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stertiary coil N3, V[err] is the switch-on drive voltage of the zener diode
26, V[err] is the switch-on drive voltage of the diode 23, and V[err] is
the switch-on drive voltage of the switching el enent SWB. Since nunber
N[err] of turns of the primary coil N1, the nunber V[err] of turns of the
tertiary coil N3, and the switch-on drive voltage V[err] of the sw tching
el emrent SWB in the above equation are predeterm ned, the swtch- on drive
vol tages of the zener diode 26 and ghe diode 13 are determned so as to
obtain the set charge setting voltage V[err], thereby enabling the charge
control circuit 20 to stabilize the input capacitor charging voltage V[err]
at the charge setting voltage V[err]. This enbodi nent uses the charge

control circuit -
howaever, cannot be reduced balow a predetermined

" minimum on-duty value aceording to the circuit
arrangement. In such a case, it is extremely difficult
for the control circuit 5 to suitably control and
atabilize the apparatus ocutput.

The cirxcuit arrangement ghown in Pig.

7 has problems related to vananons in the input capacitor chargmg voltage V:

. The sinput capacitor 2
receives the input power source voltage Ve

. The input capacitor voltage

Vﬁ (i.e., the same voltage as the input power source
voltage Vi) is converted according to ‘| the tuzns

ratic of the transformer 3, i.e., the ratio of the number !

N; of turns of the secondary coil N2 to the number N; of
turns of the primary coil N1 (N;/N;), This converted
voltage . is induced across the secondary coil N2 and is
applied to the rectifier dicde 7 while the reverse
voltage across the secondary coil N2 is applied to the
rectifier diade 6. Therefore,  the rectifir diodes

20 1d 7 must have a high enough peak ,' :

inverse voltage .. to be adapted tc use at the
predetermined mamimum input power source voltage Vi
(charglng voltage V, across the input capacitor 2).

: . . Diodes having
such a high peak inverse voltage have a large forward
voltage drop and, hence, a considerably large power loss
at the time of conduction. If such diodes are used, the
powexr loss in the switching power supply apparatus
becomesg disadvantageously laxge (the circuit efficiency

- is reduced). |
Moreover, if the input power source voltage Vi

(the charxging voltage V; acxross the input capacitor 2) is




- 20 and is arranged so that the charging voltage V[err] across the input
capacitor 2 is stabilized at the predeterm ned charge setting voltage
V[err]. As a result, even if the voltage V[err] of the input power source
[err] is varied, the - 21 - input capacitor 2 charging voltage V[err]
can be stabilized at the predeterm ned charge setting voltage V[err].
Accordingly, when the main swtching elenent 4 is turned on, the energy in
the input capacitor at the charge_sgtting voltage V[err] is output as

out put energy through the transforner 3 regardless of variations in the

high, the on-duty of the main switching element 4 is
considerably short, as mentioned above. If the on-duty
of the main switching element 4 is shorter, the effective
‘value of the drain current flowing between the drain and
the source of the main switching element 4 when the wain
switching element 4 is on hecomes greater, 60 that the
power loss in the main switching element 4 at the
predetermined maximum input power souzce voltage Vi
becomes disadvantagecusly large (the circuit efficiency
is reduced). |

When the main switching element 4 is off, the
input power source voltage Vi (the charging voltage
across the input capacitor 2) is applied between the
drain and the source of the main switching element 4.
Therefore, it is necessary for the main switching element
4 to have a high enough withstand voltage as to be
adapted to use at the pradetermined maximum input power
source voltage Viy.

That is, 2 high-withstand-voltage device is
used as the main switching element 4. Such a device has
such a large drain-source parasitic resistance that

there is a large loss of power in the main switching
element 4 when the main switching element 4 is coenducting
This is one of the causes of deterioration
in-t:he c:.rcu:.t efficiency of the switching power supply
apparatus.

Another example of a conventional switching power supply apparatus
~ is shown in Fig. 8. This example will be discussed below in connection with

. alternate embodiments of the invention.

8- Y OF THE




. voltage V[err] of the input power source 1. Therefore, the control circuit
5 can suitably stabilize and control the apparatus output by variable
on-duty control of the main switching elenent 4 even if the voltage V[err]
of the input power source 1 is high, thus making it possible to inprove the
reliability of the operation of the -switching power supply apparatus. Al so,
a voltage lower than the voltage V[err] of the input power source 1 is set
as the charge setting voltage for chacgi ng of the input capacitor 2, and
t he charging voltage across the input capacitor 2 can be stabilized at the
charge setting voltage by the charge control circuit 20. Therefore, the
vol tage applied between the drain and source of the main sw tching
In view of the above-dascribed problems,
a need addressed by the present invention is
to provide a switching power supply apparatus in which
the input capacitor charging voltage is maintained at a
predetermined level regardleas of wvariatioms in the input
power source voltage, which is capable of suitably
stabilizing and controlling the output voltage by
variable on-duty control of the main switching elemant
even if the input power source voltage is high, and which

is desigmed to improve the circuit efficiency (reduce the

power loss) of the switching power supply apparatus by making it possible to
use low-withstand-voltage elements.

According ‘o a first aspect of the present
invention, there is provided a switching power supply
apparatus which is a feedforward converter type switching
power supply, which has an input power source, an input
capacitor and a wmain switching element on the primary
side of a transformer, and in which charge energy in the
input capacitor is output as output energy from the
secondary side of the transformer when the main switching
element turns om. _ _ For
salving the above-described problems, this apparatus has
an_energy storage circuit for storing energy by receiving
energy frxrom the input powexr scurce when the main
switching element turns on, an enexgy supply circu;t for
supplying the enexrgy stored in the energy storage circuit
to the input capacitor when the main switchiné element
turns off, a voltage detection circuit for detecting the
charging voltage across the input capacitor, and an off-
control circuit for stopping the enexgy storing operation
of the energy storage circuit during a time period in




el ement 4 during the swtch-off period of the main switching el enment 4 can
be reduced. Also, by the variable on-duty control of the control circuit 5,
the effective value of the drain current. of the main switching el enent 4
during the switch-on period of the main switching el ement 4 can be reduced.
As a result, a loww thstand-voltage switching el enent can be used as the
main swtching elenent 4. Further, even if the voltage V[err] of the input
power source 1 is high, a predetern®ned fixed reverse voltage is applied to
each of the rectifier diodes 6 and 7 constituting the output circuit 14
since the energy in

which the input capacitor charging voltage detected by
the voltage detection cizcuit is equal to or higher than
a predetermined value. .

According to a second aspect of the presant
invention, the appaxatus accoxding te the first aspact of
the present invention fuxther comprises an excess current

- prevention circuit which detects an input current flowing

. Erom the input power source into the energy storage
circuit when the main switching element turns omn, and
which stops the input current flowing from the input
power source into the energy storage circuit by making
the off-contrcl circuit gperate to stop the enezgy
storing operation of the enexgy storage circuit'during
the time period in which the detected wvalue ¢f the inpput
current is equal to or larger than a predetermined value.

According to a third aspect of the present
invention, the apparatus according to the first or second
aspect of the present inveantion further comprises a noise
filter circuit provided on the input side of the voltage
detection eircuit. The voltage detection circuit detects
the input capacitor charging voltage after noise has been
removed from the voltage by the noise filter circuit.

- According to a fouxth aspect of the present

. invention, a tertiary coil is provided in the transformer
mmmﬂmgtoﬁm e
£i¥st, second or third aspect of the present
uumnnon In the energy storage circuit,
' the input power souxce is comnnected to.
the input capacitor through an energy contxol switching
element and an inductance element connected therebetween
in this order, the on-off opexation of the enaxgy control
switching element being controlled by a drive circuit
which oparates by being supplied with power from the




. -22- the input capacitor 2 at the charge setting voltage V[err] is supplied
to the output circuit 14 through the transfornmer 3 during the on peéeriod of
the main switching elenment 4 regardless of variations in the voltage V[err]
of the input power source 1, as described above. It is, therefore, possible
to use diodes having a | ow peak |Inverse voltage (i.e., those having a small
forward voltage drop) as the rectifier diodes 6 and 7. As descri bed above,

the main-switching element 4 can e forned of a | oww t hstand-voltage
el ement, and the rectifier diodes 6 and 7 can be fornmed of el enents having
a small forward voltage drop. Such el enents are

tertiary coil. The voltage detection circuit detects, as
the input capacitor charging voltage, the voltage induced
across the tertiaxy coil when the main switching element
turns on. The off-control circuit turns off the energy
control switching element by the drive circuit to stop
the energy storing operation of the energy storage
cizcuit during the time period in which the input
capacitor charging voltage detected by the voltage
detection circuit is equal to or lazrger than the
predetermined value.

In the above-described arrangement of the
present invention, the enargy storage circuit scores
energy by receiving energy fram the input power gource,
for example, when the main switching element turns on,

- and the energy supply circuit supplies the energy, stored
in the energy storage cireuit, to the inpuk capacitor
when the main switching element tuxms off. The voltage
detection circuit detects the charging voltage across the
input capacitor, and the off-control cireuit stops the
energy.storing operation of the energy storage circuit
during the time period in which the input capacitoxr
charging voltage detectaed by the voltage detection
circuit ie equal to or larger than the predetermined
value (a chaxge setting wvoltage).

As described above, the input capacitoxr
chéiging voltage is detected and the energy storing
opaexation of the enexrgy storage circuit is stopped by the
off-control circuit during the time pericd in which the
input capacitor charging voltage is equal to or larger
than the predetermined charge setting voltage. The
operation of the energy supply circuit supplying energy
to the input capacitor - is
also etopped thereby to limit a further increaselin the
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| ow- |1 0ss el enents and are therefore capable of limting power loss in the
“main switching el ement 4 and the rectifier diodes 6 and 7. Wen the control
for stabilizing the input capacitor 2 charging voltage is perfornmed by the
above- described operation of the.cigrge control circuit 20, the energy
control switching elenment 11 turns on with a substantially constant
switching period T[err] (three tinmes the switching period T of the main

swi tching el enent 4 (T[err] 3T) as shown in (e) of Fig. 2,"in this

enbodi nent) . #JL? %ab ggn&g evgiﬁsggé b 4 PIeE 1qbagent 12 is L[err]

and if the va curren rou uctance ["énent 12 shown in
(f) of Fig. ?Q%aqi[‘@Fr]‘-haﬁﬁﬁﬂgW@[‘:éﬁ StBPliﬁer%fhé'-h%GGéFSHce el enent 12

each tinme setting voltage, energy 1s supplied to the input
capacitor. In this manner, the input capacitor charging
- voltage can be gtabilized at the charge setting voltage,

The energy in the input capacitor at the charge
setting voltage is transferzed " by conduction
through the primary side of the transformer and the main
switching element to be ocutput as output enexgy from the
gecondary gide of the transformer when the main switching
element turns on. Accordingly, the fixed voltage and
cuxrrent are applied to the primary side of the
transformer and the wmain switching element regardlass of
variations in the voltage of the input pewer source,
thereby supplying a predetermined constant amount of
voltage enargy to the seccndary side of the transformer.
Thus, even when the voltage of the power scuxce becomes
high, the voltage applied to the main gwitching element
and the voltage applied to the sscondary side of the
ransfoxrmer are not increased. _

Therefore, a low-withitand-voltage switching
element can be used as the main switching element, and
the components on the secondary side of the transformer
can also be formed of low-withstand-voltage elements, so
that the circuit efficiency of the switching power supply
apparatus can be improved.

Since the apparatus output N

- can be smoothly  controlled through

on-duty contrel of the main switching element, the
switching power supply apparatus can stably output the
predetermined apparatus output voitage.

BRIEF DESCRIDTION OF THE DRAWINGS




.the energy control switching elenent 11 turns on i s shown by the foll ow ng

equation (4): E = (1/2).L[err].L[err] .. . (4) The peak current value |
of the inductance element 12 shown in this equation (4) is determ ned by
“the differential voltage by which the input capacitor 2 - 23 - charge

setting voltage V[err] is lower than the input voltage V[err] of the input
power source 1, the inductance value L[err] of the inductance el enent 12
and the on-duty of the main switchingg elenent 4. Therefore, if the voltage

Fig. 1 is a ¢ircuit diagram of a first
embodiment of the present inventionm;

Fig. 2 is a time chart of an example of the
operation of each ecircuit component shown in Fig. 1;

Fig. 3 is a circuit diagram of a second
embodiment of the present invention;

Fig. 4 is a time chart of an example of the
cperétion of each circuit component shown in Fig. 2;

Fig. 5 is a circuit diagram of a switching
power supply apparatus which represents a thirgd
embodiment of the present invention, and which has a
noise filter circuik; ' _

Fig. € is a circuit diagram of another example

 of the switching power supply apparatus having a noise

filter circuit; .

Fig. 7 is a circuit diagram of an example of
a conventional apparatus; and

Fig. 8 is a cirxcuit diagram of another esxample

of a conventional apparatus.

DESCRIPTION OF i . (o) S _OF
INVENTION |

 Embediments of the present invention will be
described below with rgference to the accompanying

drawings.
First Embodiment

Pig, 1 shows the circuit configuration of a
switching power supply apparatus which representa a firat
- embodiment of the present invention. In comparison with
the switching power supply apparatus shown in Fig, 7, the
switching power supply appaxatus shown in Fig. 1 is
characterized by being provided with a charge control




. V[err] of the input power source 1 is constant, energy E[err] stored in the
I nduct ance el enent 12 each tinme the energy control switching elenment 11
turns on can be made constant. Also, if the power consuned in the |oad 10
i s changed, the necessary power can be supplied by changing the sw tching
frequency f[err] of the energy control swtching el enent 11. Second
Enbodi ment A second enbodi nent of the present invention will next be
described. Fig. 3 shows the circdiizconfiguration of a sw tching power
supply apparatus which represents the second enbodinent. Fig. 4 is a tine
chart showi ng an exanpl e of the operation of conponents of the circuit
shown in Fig. 3. This enbodinent is

circuit 20, which is arranged to control the.

charging of N ~ an input capacitor 2 by

" gnexrgy from an.input power source 1 g¢ that a

charging voltage V; across the input capacitor 2 is equal

to a predetermined value (charge getting voltage) Vep.

The switching power supply apparatus of this embodiment

is arranged so that the energy in the input capacitor 2

at the charge setting voltage controlled by the charge

contxol circuit 20 is cutput from a secondary coil N2 of

a transformer 3 to a load 10 by an output circuit 14 when

a main switching element 4 turns on. .

By controlling the charging voltagev,, it is péssible to

solve the above-described problems of the conventional

art. In other respects, the configuration is the same as

that shown in Fig. 7 and, therefore, no further

description will be given of ik. '

The charge control circuit 20 includes a

tertiaxy coeil N3 provided in the transformer 3. As shown

in Fig. 1, one terminal (terminal B) of the tertiary coil

N3 is connected to one terminal of an inductance element

12, The ancde of a diode 13 is conmnec¢ted to the other

terminal of the inductance element 12. The cathode of

the diode 13 is comnected to the connection point between

the tertiary coil N3 and the inductance element 12, To

the comnnection point between the tertiary coil N3 and the

inductance elemsnt 12, a source terminal of an energy

control switching element (MOSFET) 11 and one texminal of

a resistor 36 are also connected. A drain terminal of

the energy conbtrol switching element 11 and the other

terminal of tha resistor 36 are comnected to the positive

terminal of the input power source 1.

' The anode of a diode 22, ona terminal of a
resistor 28 and one terminal of a resistor 30 are
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- characterized by providing an excess current prevention circuit in the

" arrangenent of the first enbodinment. As shown in Fig. 3, this excess
current prevention circuit is formed of the zener diode 26 in the voltage
detection circuit, a diode 33 and resistors 34 and 35. The excess current
prevention circuit protects the energy control switching elenent 11 of the
energy storage circuit froman excess current, that is, it prevents a
current higher than a predeterm nedial kowabl e current through the sw tching

el ement 11 fromflow ng through the switching element 11. |In other
respects, the configuration of this enbodinent is the sanme as that of the
first enbodi nent and, therefore, no further description will be given of

't connected to the texminal A of the tertiary coil N3. A
collector terminal of a switching element (tranzistor
element) SW1 is connected to the cathode of the dicde 22.
The othexr terminal of the resistor 23 is connected to a
base terminal of the switching element SW1. One texrminal
of a resistor 27 and an emitter terminal of a switching
element (transistor element} SW2 are connected to an
emitter terminal of the switching element SW1. The other
terminal of the resistor 27 is connected to a gate
texminal of the energy control switching element 11. A
collector texminal of the switching element SW2 is
connected to the anode of a diode 25. The cathode of the
diode 25 is connected to the terminal B of the tertiary
ceil N3.

A base terminal of the switching element SW2 is
connected to the connection point between the base
texrminal of the switching element SW1i and the resistor 28
and to the anode of a diode 24. The cathode of the diocde
24 is connected to one terminal of a resistor 32 and to
an emitter terminal of a switching element (transistor
element} SW4. The other terminal)l of the resistor 32 is
connected to a base terminal of the switching element SW4
and to a collector terminal of a switching element
(cransistor element) SW3. An emitter terminal of the
switching element SW3 is comnected to the terminal B of
the tertiaxy coil N3. '

A collector terminal of the switching element
SW4, the ancde of a zener diocde 26 and one terminal of a
registor 31 are connected to a base terminal of the
switching element $W3. The other terminal of the
resistor 31 is connected to the terminal B of the

- tertiary coil N3. The cathode of the zener diode 26 is
connected to the cathode of a diode 23. One terminal of
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- 24 - In the circuit arrangenment shown in Fig. 1, a current I[err] of
energy fromthe input power source 1 (input current) flows through the
energy control switching element 11 and the inductance el enent 12 when the
main swtching element 4 and the control switching element 11 turn on. The
current I[err] increases during the switch-on period of the sw tching

el enments 4 and 11 as shown in (f) of Fig. 2. The peak value I[err] of the
current I[err] is determined by the, differential voltage DV by which the
I nput capacitor 2 charge setting vo%?age Vlerr] is |ower

the resistor 30 is comnected to the anode of the diade
23. The other terminal of the resistor 30 is connected
to the termipal A of the tertiary coil N3, as mentjoned
above.

The charge control cixcuilt 20 specific to this
embodiment is thus arranged. The energy control
switching element 11 and the inductance element 13,
constituting the charge contrel cixrcuit 20, form an
energy storage circuit., In this energy storage circuit,
the energy control switch 11 turns on to cause a flow of
energy from the input power souxrce 1 into the inductance
element 12 when the main gwitching element 4 turns on,
thereby storing enexgy in the inductance element 12.

The inductance element 12 and the dicde 13 form
an energy supply circuit, which supplies the input
capacitor 2 with the energy stored in the inductance
element 12 when the main switching element 4 turns off,
The gwitching elament SWl, the diode 22 and the resistors
27 and 28 form a drive -circuit for driving the energy _
control switching element 1l1. This drive circuit is used
to control the on-off operation of the energy control

 switching element 11 in synchronization with the on-off
operation of the main switching element 4 by using the
voltage generated acrogs the tertiary coil N3,

- The diode 23, the zener diocde 26 and the
resistor 30 form a voltage detectzon cireuit, which
detects, in order to determine the -
charging veltage Vv, of the mpﬁt capacitor 2, a voltage V,
induced acxoss the tertiary coil N3 when the main
‘switching element 4 switches on. The switching elements

 8W2, BW3, and Swa, the diodes 24 and 25 and the xesistors
31 and 32 form an off-control circuit, which stops the
energy storing operation of the energy storage circuit by




than the input voltage V[err] of the input power source 1. the inductance
value L[err] of the inductance elenent I[err] and the on-duty of the main
switching elenment 4, as nentioned above. For exanple, if the voltage V[err]
of the input power source 1 is very high, there is a possibility of the
value of differential voltage DV becom ng so |arge that the peak current
ITerr] is excessively-larger than the all owabl e current through the energy
control switching elenent 11. In sugh a situation, there is a risk of the
energy control switching elenment 11 being damaged by the excess current.

In this enbodi nent, therefore, the excess current prevention circuit is
provided to prevent such an excess current through the

maintaining the ensrgy control switching element 11 in
the off state by the drive circuit during a time period
in which the input capacitor 2 charging voltage detected
by the vaoltage detection circuit is equal tso or highexr
than the charge setting voltage Ver.-

' The inductance element 12 and the resistor 3§
form a starting circuit. When the input capacitor 2
charging voltage is substantially zerc or very low, for
example at a staxt of the switching power supply
apparatus, enargy is caused to flow from the input power
source 1 inte the input capacitor 2 by passing tmmugﬁ—
the resistor 36 and then the inductance element 12 in
this starting circuit, thereby increasing the voltage
across the input capacitor 2. Ccharge energy in the input
capacitor 2 is output f£rom secondary coil N2 of the
txansformer 3 to the load 10 by the output circuit 14
when the main switching element 4 turns on, as described
above. In this embodiment, a paxt of the energy is usad
as energy for driving the control cixcuit S.

Tha operation of the charge control eircuit 20
specific to this embodiment will now be described with
reference $0 the time chart of Fig. 2. First, wken a
voltage Ve shown in (a) of Fig. 2 .is applied_as'a
predetermined switch-on drive voltage O
between the gate and scuxce of the main switching element
4 by the control operation of the controel circuit 5 (at
time t;), the main switching element ¢ turns on to cause
the charge energy in the input capacitoxr 2 to flow
through the primaxy coil N1 and the main switeching
element 4. The charge ensrgy in the input capacitor 2 ig
thereby supplied from the secondary coil N2 to the output
circuit 14 and is ocutput as output enerxgy from the
output circuit 14 to the lead 10. simultanaously. the

o ———
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energy control switching elenment 11. The excess current prevention circuit
is fornmed of the zener diode 26 in the voltage detection circuit, the diode
33 and the resistors 34 and 35, as shown in Fig. 3. The resistor 35 is
connected between the energy control switching elenent 11 and the

I nduct ance elenent 12 in series with these elenents. one term nal of the
resistor 34 is connected to the series connection point - 25 - between
the resistor 35 and the source of < h& energy control swtching el enent 11

- The anode of the di ode 33

voltage V; shown by the following equation (2) is induced
across the tertiary coil N3 with & higher potential at
the terminal A,

Vi = (Ny/Ny) v L... (2)

In the above equation (2), N; is the number of
turns of the primarxy coil N1, N; is the number of turns
of the tertiary coil N3, and Vv, is the charging voltage
across the input capacitor 2.

That is, the voltage equal to the product of
the input capacitor 2 charging voltage V, and the turns
ratio (My/¥;) of the number Ny of turns of the tertiary
coil N3 to the number N; of turns of the primary coil N1
is induced across the tertiary coil N3 when the main
switching element 4 turms on. i :

The voltage V; across the tertiary coil N3 is
applied to the diode 22 and to the resistor 30, the dicde
23 and the zener diode 26 in series comnection. At this
time, if the input capacitor 2 charging voltage V, is
lower than the predetermined charge setting voltage: Vor
as in the state at the time t; shown in (¢} of Fig. 2,
the diode 23 and the zener diode 26 maintain the switch-
off state, s0 that the circuit operation is as described
balow. ) '

Under this condition, the diode 22 turns on

- in response to _: the voltage V; across the tertiary
coil N3, znd a2 base current flows into the base of the
switching element SW1 fxom the tertiary coil N3 via ths
resistor 28, sc that the sgwitching element SWi turms on.
The energy due to the voltage V; acruss the

- tertiary coil N3 is then applied to the gate of the
energy control switching element 11 via the diode 22, the




I's connected to the other termnal of the resistor 34, and the cathode of
the diode 33 is connected to the cathode of the zener diode 26. The
resistor 35 detects the current I[err] flow ng through the energy control
switching elenent 11 and the inductance el enent 12 by converting the
current into a voltage. This detected voltage is applied to the zener diode
26, the diode 33 and the resistor 34 in series connection. The zener diode
26 and the diode 33 turn, on when.t{¢ current I[err] becones equal to a
predeterm ned upper limt current value lferr], as showm in (d) of Fig. A4,
after the main switching device 4 has turned on (at tinme t[err]). By the
switch-on operation of the zener diode 26, the swtching el enent SWB turns

on, as in the fjrst,
switching element SWl1 and the resistor 27, therahy

turning on the energy control switching element 11.

By this switch-on operation of the energy
contxol switching element 11, enexgy flows from the input
power source 1 into the inductance elemesnt 12 via the
enexgy control awitching element 11, as shown in () of
Fig. 2. By this energization, energy.is stored in the
inductance element 12,

When the main swicching element 4 is turned off
by the contxol operation of the control circuit 5 (at

~ time t,), the voltage V; across the tertiary coil N3 is
inverted in polarity, as shown in (b) of Fig. 2, so that
a8 voltage is generated across the tertiary coil N3 with z
lower potential at the terminal A. In response to
T this voltage, the diode 22 and the switching element SW1
turn off. Consequentcly, the energy control switching
elemenu 11 turns off

By the above-described switch-off operation of
the main switching element 4 and the energy centrol
switching element 11, the energization across the
inductance element 12 with the energy from thé input -
power gource 1 is stopped. Simultaneously, the diocde 13
turns on and the energy stored in the inductance element

12 is supplied to the input capacitor 2 by
conduction through the input capacitor 2 and the dicde
13, s¢0 that the charging voltage across the input
capacitor 2 rises, as shown in (¢) of Pig. 2.

When the main switching element 4 is thereafter
turned on again by the control operation of the contxol
eircuit 5 (at time L), the voltage equal to the product
of the input capacitor 2 charging voltage V, and the
turns ratio (N3/N;) is induced across the tertiary coil
N3, as described above. The induced voltage across the

—_———




enbodi nent. The switching el enments SW2 and SW al so turn an thereby, so
that the switching elenment SWM turns off, whereby the energy control
switching elenment 11 turns off. Naturally, no cuirent flows through the
energy control switching element 11 when the energy control swtching
el ement 11 turns off as described above. Thus, an excess current is
prevented fromflowi ng through the energy control swi tching el enent 11.
That is, the upper limt current vaJIéaLJe I[err] is set to a suitable val ue
I

equal to or lower than the allowabl® current through the energy control

switching el enent 11 and such that the anbunt of energy |arge enough to
sufficiently charge the input capacitor 2 can

tertiary coil N3 is appliad to the dicde 22 and to the
resigtor 30, the diecde 23 and the zener diocde 26 in
sevies comnection. At this time, if the input capacitor
2 charging voltage V, is equal te or higher than the
charge setting voltage Ve, 28 in the state at time t,
shown in (¢) of Fig. 2, each of the diode 23 and the
zener diode 26 turns on. .

By the above-descrided switch-on operation of
the diode 23 and the zener diocde 26, the switching
element SW3 turns on by being supplied, through its base,
with a base current from the tertiary coil N3 via the
resistor 30, the diode 23 and the zener diocde 26.

 Simultaneously, the diode 24 turns on, a current from the
tertiary coil N3 flows via the resistor 28, the diode 24,
N the rasistor 32 and the switching element SW3, and base -
currents flow respectively through the bases of the
switching elements SW2 and SW4, thereby turning on the
switching elements SW2 and SwW4.
' The switching element SW1 is maintained in the
T oif state by the above-described switch-on operation of
the switching element SW2. The energy control switching
element 1l iz also maintained in the switch-off gtate
thereby. As described above, when the energy control
switching element 11 is in the switch-off state, the
inductance element 12 is not enexgized with enexrgy from
the input power scurce 1 and no energy is stored in the
inductance element 12. |

Needless to say, when the switching elament 4
is on, the input capacitor 2 charging veoltage drops, as
observed in the period from time t; to time t; shown in
{c) of Fig. 2 since, during the switch-on period of the

- main switching element 4, the charge energy in the input
capacitor 2 flows via the primary coil N1 and the main
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be stored in the inductance elenent 12. \When the current I[err] becones
equal to the set upper limt current value I[err], the energy control

switching elenment 11 is - 26 - turned off as described above, thereby
preventing an excess current through the energy control swtching el enent
11.. It is also possible to prevent an excessive reduction in the sw tching

- frequency f[err] of the energy control swtching elenent 11 since the
anount of energy stored in the inductance el enent 12 each tine the energy
control switching element 11 turns ]'(?n"can be limted. -

switching element 4 to be ocutput as output energy from
the secondary coil N2 to the load 10.

Thereafter, when the main switeching element 4
is turned en by the control operation ¢of the control
circuit S5 (at time t,;), the voltage polarity of the
tertiaxy coil N3 is invertad, and each of the diodes 23
and 24, the zenexr diode 25, the switching elements SW2,
SW3, and SW4 turns off, as described above. $ince no
energy is stored in the inductance element 12 during
this switch-off period of the main switching element 4
(fxrom time t; to time t4), no enexgy can be supplied fxrom
inductance element 12 to the input capacitor 2, so that
the imput c¢apacitor 2 charging voltage does not

) increase, as observed in the period from time
T t; to time tg shown in (¢) of Fig. 2.

As described above, the charge control circuit
20 turns on and off the energy control switching element
11 in synchronization with the on-off operation of the
main switching element 4 by utilizing the voltage auross
the tertiary coil N3 to chaxge the input capacitex 2 with
energy from the input power socurce 1. Alsc, the charge
control circuit 20 detects the voltage V; across the
tertiaxy coil N3 as the inmput capaciter 2 charging
voltage V,. During the time period in which the detected
charging voltage V; is equal te or higher than the
predetexminad charge setting voltage V... the charge
control ecircuit 20 stops the operaticn of charging the
input capacitor 2 by maintaining the energy control
switching element 11 in the off state, thus stabilizing
the input capacitor 2 charxging voltage V; at the charge
setting voltage V.




The upper Iimt current value I[err] can be expressed by equation (5) shown
below if the resistance of the resistor 35 is Rerr], and the switch-on
drive voltages of the switching el ement SWB, the zener diode 26 and the
diode 33 are V[err], V[err] and V[err] respectively. Since the switch-on
drive voltages V[err] and V[err] of the switching el ement SWB and the zener
di ode 26 are determ-ned in the same manner as in the first enbodi nent, the
resistance Rlerr] of the resistor 33¢nd the switch-on drive voltage Vierr]
of the diode 33 are set so that the current I[err] is limted to the set
upper limt value I[err], thus form ng the excess current prevention
circuit. I[err] (Vlerr] + V[err] + V[err])/R35 ..(5) In this

enbodi nent, the excess current
. . As the chaxge setting voltage Ven for charging

of the input capacitor 2, a suitable voltage value iz set
such as t¢ aveid application to the main switching
element 4 of & voltage higher than the predetermined
withstand voltage of the main gwitching element 4 and to
avoid application to the xectifier diodes 6 and 7 of a
voltage higher than the predetermined peak inverse
voltage of the rectifier dicdes 6 and 7. This charge
setting voltage Ven is represented by the following
equation (3): '

Ve, = (N/N3) (Vo + Ve + Vgug)  oueo (3)

In this equation (3), N; is the number of turns
of the primary coil N1, N; is the numbexr of turns of the
tertiaxy coil N3, Vyx is the switch-on drive voltage of
the zerér dicde 26, Vz is the switch-on drive voltage of
the diode 23, and Vg is the switch-on drive voltage of
the switch:.ng element SW3,

8ince number N; of turns of the primary coil
N1, the number Ny of turns of the tertiary coil N3, and
the switch-on drive voltage Vg, of the switching element
SW3 in the above eguation are predetermined, the switch-
on dxive voltages of the zener diode 26 and the diode 13
are deterxmined s¢o as to obtain the set charge setting
voltage Ve, thereby enabling the charge contrsl circuit
2Q to stabilize the input capacitor charging voltage V;
at the charge setting veoltage V.

Thia embodiment uges the charge control circuit
20 and is arrxanged go that the charging voltage V, across
the input capacitor 2 is stabilized at the predatarm:inéd
charge setting voltage Vey,. As a result, even if the
voltage Vi of the input power source 1 is varied, the
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prevention circuit
prevent an excess current through the energy control

Thus, in addition to the advantages of the first enbodi nent
the energy control switching elenent 11 can also be protected from

excessive energization by reliably preventing an excess current
It is also possible to prevent an excessive reduction in the

t her et hr ough.

swi t chi ng. frequency flerr]

27 -

input capacitor 2 charging veltage V, can be stabiligzed

at the predetermined charge setting voltage Vem.

Accordingly, when the main switching element 4
is turned on, the energy in the input capacitor at the
charge setting voltage Veq, is output as output energy
through the transformer 3 regardless of variations in the
voltage Vi of the input power source 1. Therefore, the
control circuit 5 can suitably stabilize and control the
apparatus output by variable on-duty control of the main
switching element 4 even if the volcaée Vo of the input
power source 1 is high, thus making it possible to
improve the reliabillity of the operation of the switching
power supply apvaratus.

Also, a voltage lower than the voltage Vy o:
the input power source 1 is set as the charge setcting
voltage for charging of the input capaciter 2, and the |
charging voltage across the input capacitor 2 can be
stabilized at the charge setting voltage by the charge
control cixcuit 20. Therefore, the voltage applied
between the drain and source of the main switching
element 4 during the switch-off period of the main
switching elemant 4 can be reduced. Aalsc, by the
variable on-duty control of the comtrol circuit 5, the
effective value of the drain current of the main
switching element 4 during the switch-on period of the
main switching element 4 can be xeduced. 2As a result, a
low-withstand-voltage switching element can be used as
the main switching element 4.

Further, even if the wvoltage V,y of the input
power sourxce 1 is high, a predetermined fixed reverse
voltage is applied to each of the rectifier diodes 6 and
7 comstituting the ocutput circult 14 since the energy in

of the.pqﬁf gy control switching el ement 11.

is added to the arrangenent of the first enbodiment to
switching el enent 11.
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Because of the above-described protection of the energy control swtching
elenment 11, it is possible to use a |l oww thstand-voltage sw tching el enent
as the energy control switching elenment 11. Third Enbodi nent A third

enbodi ment of the present invention will next be described. This

enbodi nent is characterized by adding to the first or the second enbodi ment
a noise filter circuit fornmed by a noise filter capacitor 38, as shown in
Fig. 5 or 6 In other respects, the ggnfiguration of this embodinent is the
sanme as ‘that of - the above-descri bed enbodi nents and, therefore, no further

description wll be given of it.

the input capacitor 2 at the charge setting voltage Vey
is supplied to the outpur circuit 14 through the
transformer 3 during the on period of the wmain switching
elemant 4 regardless of variations in the voltage Vy of
the input power source 1, as described above. It is,
therefore, possible to use diocdes having a low peak
inverse voltage (i.s., those having a small forwaxd
voltage drop) as the rectifier diocdes 6 and 7. _

As described above, the main switching element

o 4 can be formed of a low-withstand-voltage element, and
the rectifier diodes € and 7 can be formed of elements
having a small forward voltage drop. Such elements are
low-loss elements and are therefore capable of
limitiﬁg powef loss in the main switching element 4 and
the rectifier dicdes 6 and 7.

When the control for guabilizing the input
capacitor 2 charging wvoltage is performed by the above-
described operation of the charge control circuit 20, the
energy control switching element 11 turns on with a
substantially constant switching period T, (three times
the switching period T of the main switching element 4
(T. = 3T), as shown in (e) of Fig. 2, in this
embodiment). If the inductance value of the inductance
element 12 is Ly and if cthe value of peak current through
the inductance element 12 shown in (f) of Fig. 2 is Ip,
enexrgy Ey stored in the inductance element 12 each time
the energy control switching element 11 turng on is shown
by the following equation (4):

E= (1/2) Lp-I .... (4)

The peak current value I, of the inductance
element 12 shown in this equation (4) is determined by
the diffexential voltage by which the input capacitor 2

| ;
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When the main switching elenent 4 is turned on, there is a possibility of
the occurrence of spike noise such as that indicated by a broken line in
(b) of Fig. 2. If such spike noise is large, it may cause an operation
error, such as t he di ode 23 and the zener diode 26 turning on when
It is necessary that the diode 23 and the zener diode 26 remain off in
the circuit shown in Fig. 1 or 3. In this enbodinent, therefore, the filter
capacitor 38 is provided to filter f_ noise in the voltage across the
tertiary coil N3 before the voltage s applied to the resistor 30, the

di ode 23 and the zener diode 26, which are connected in series with each
other to forma voltage'detection circuit, as showmm in Fig. 5

charge setting voltage Ve is lower than the input
voltage Vi of the input power source 1, the inductance
value Lj of the inductance element 12 and the on-duty of
the main switching element 4. Therefors, if the voltage
¥y of the input power souxce 1 is constant, senergy Eyp
stored in the inductance element 12 each time the energy
control switching element il turns on can be made
constant. Also, if the power consumed in the load 10 is
changed, the necessary power can be supplied by changing
the switching frequency fi of the energy contxol

switching element 11. :

Second Embodiment

o A second embodiment of the present invention
will next be described. Fig. 3 shows the cirouit
configuration of a switching power supply apparatus which
vepresents the sacond embodiment. Fig. ¢ is a time chart
showing an example of the operation of components of the
circuit shown in Fig. 3, This embodiment is
characterized by providing an excess current pravention
¢ircuit in the arrangement of the first embodiment. As
shown in Fig. 3, this exceas current prevention ecirouit
is formed of the zener diode 26 in the voltage detectioen
circuit, a dicde 33 and resigtors 34 and 3S. The excess
current prevention circuit protects the energy control
switching element 11 of the energy storage circuit from
an exceds current, that is, it prevents a current higher
than a predetermined allowable current through the
switching element 12 from flowing through the switching
element 11. In other respects, the configuration of this
embodiment is the same as that of the fixst embodiment
and, therefora, no further description will be given of
it.
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or 6. The filter capacitor 38 is connected between the cathode of the diode
22 and the termnal B of the tertiary coil N3 in series with the diode 22.
One - 28 - terminal of the resistor 30 is connected to the series
connection point between the filter capacitor -38 and the cathode of the

di ode 22. As descried above, the filter capacitor 38 receives the voltage
across the tertiary coil N3 and filters off noise fromthe voltage. The

vol tage from whi ch noi se has been_tagrgby renoved is

In the circuit arrangement shown in Fig. 1, a
.current I, of energy from the input power source 1 (input
current) flows through the energy control switching
elemant 11 and the inductance element 12 when the main
switching element 4 and the control switching element 11
turn on. The current I, increases during the switch-on
period of the switching elements 4 and 11 as shown in (f)
of Fig. 2. The peak value I, of the current I, is
determined by the differential wvoltage DV by which the
 input capacitor 2 charge setting voltage Ven is lower
than the input wvoltage Vp of the input power source 1,
the inductance value L;; of the inductance element 12, and
the on-duty of the main switching element 4, as mentioned
above. .
- For example, if the voltage V, of the input
power source 1 is very high, there is a possibility of
the value of differential voltage DV becoming so large
that the peak current I, is excesgsively larger than the
allowable curzent through the enexgy control switching
element 11. In such a-situation, there is a risk of the
energy control switching element 11 being
damaged by the excess curxent. In this embodiment,
therefore, the excess current prevention circuit is
provided to prevent such an excess current through the
energy control switching element 1il.

The excess current prevention circuit is formed
of the zener diode 26 in the voltage detection circuit,
the dicde 33 and the resistors 34 and 315, as shown in
Fig. 3. The resistor 35 is connected hatween the energy
control switching element 11 and the inductance element
12 in series with these elements. One terminal of the
resistor 34 is connected to the series connection point
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applied to the voltage detection circuit. In this enbodinent, the filter
capacitor 38 is added to each of the arrangenents of the above-descri bed
enbodi ments. Therefore, this enbodi nent, having the sane advant ages as
t he above-descri bed enbodi nents, also has the advantage of applying the
vol tage across the tertiary coil N3 to the voltage detection circuit while
renoving, by the filter capacitor 38, spike noise generated in the voltage
across the tertiary coil N3 when ghg main switching element 4 turns on. It
is therefore possible to reliably a %id an error in the operation of the
di ode 23 or zener diode 26 of the voltage detection circuit caused by such
spi ke noise. Thus, the reliability of the switching power supply

between the resistor 35 and the source of the energy
control switching element 11, The anode of the diede 33
- is econnected to the other texminal of the resistor 34,
and the cathode of the dicde 33 is connected to the
cathode of the zener diode 26.°

The resistor 35 detects the current I, £lowing
through the enexgy control awitching element 11 and the
inductance element 12 by converting the curxrent into a
voltage. This detected voltage is applied to the zener
diode 26, the diode 33 and the resistor 34 in series
comnection. The zener diode 26 and the diode 33 turn on
when the current I, becomas equal to a predetermined
upper limit current value Iy, as shown in (d) of Fig. 4,
after the main switching device 4 has turned on {(at time
£;}. -By the switch-on operation of the zener diode 26,
the switching element SW3 turns on, as in the first
ewbodiment. The switching elements SW2 and SW4 also tuzn
on thereby, so that the switching element SW1 rurns off,
whereby the energy control switching element 11 turms
of£f. _

Naturally, no current flows thxough the energy
contrel switching element 11 when the energy control
switching element 1l turns off as described above. Thus,
an excess curxent is prevented from flowing through the
enexgy contxol switching element 11.

That is, the upper limit current value I, is
set Lo a suitable value equal to or lower than the
allowable current through the energy control switching
elament 11 and such that the amount of energy large
enough to sufficiently charge the input capacitor 2 can
be stored in the inductance element 12. Whan the '
current I, becomes equal to the set upper limit current
value e, the enexrgy control switching element 11 is
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apparatus can be inproved. Alternate Enbodi nents The present invention is
not limted to the above-descri bed enbodi nents. The present invention may
t ake ot her various - fornms. For exanple, while the synchronized
rectifier of the output circuit 14 is formed of the rectifier diodes 6 and
7 in the above- described enbodinents, it may alternatively be formed of
MOSPETs 18 and 17. shown in Fig. 8 or the like instead of the rectifier
. diodes 6 and 7. The sane charge con%%ol circuit 20 as that of the

above- descri bed enbodi ments may al'sé b€ used in such a case to achieve

turned off as described above, thereby pxeventing an
excess curzrent through the energy control switching
selement 11. It is alsc peasible to prevent an excsssive
reduction in the switching frequency £, of the enexgy
contxol switching element 11 since the amount of energy
etored in the inductance element 12 each time the enexgy
control switching element 11 turns on can be limited.

The upper limit current value Igp can be
expresged by equation {5} shown below if the resistance
of the resistor 35 is Ry, and the switch-on drive
vaoltages of the switching element $W3, the zener diode 26
and the diode 33 are Vyus, Vi and V;, respectively, Since
the switch-on drive voltages Vi, and Vy of the switching
elemeﬁ; SW3 and the zener diocde 26 are determined in the
same manner as in the first embodiment, the resistance Ry
of the resistor 35 and the switch-on drive voltage V; of
the diode 33 are set so that the cuxrent I, is limited to
the set upper limit value Ic,, thus forming the excess
current prevention cirecuit.

Icn & (Vg + Vg + V)/R35 .... (5)

In this embodiment, the excegs current
prevention circuit is added to the arrangement of the
first embodiment to prevent an excess current through the
energy contrel swilching element 11. Thus,
in—addition to the advantages of the
first embediment , the enexgy control
switching element 11 can also be protected from excessive
enexgization by reliably preventing an excess current
thezrethrough. It is also possible to prevent an
excessive reduction in the switching frequency £, of the
gnergy control switching element 11,

e . o
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29 - the sanme advantages as those of the above- descri bed enmbodi nent s.

energy control switching elenent 11 is formed of a MOSFET in the
above-descri bed enbodi nents. However, it nmay be alternatively be fornmed of
a transistor device other than the MOSFET. SUMMARY According to the present

I nventi on,
vol tage detection circuit and the off-control
stabilize the input capacitor charghqg voltage at a predetern ned val ue

the energy storage circuit, the energy supply circuit, the
circuit are provided to

(charge setting

Because of the abova-described protection of
the energy control switching element 11, it is possible
to use a low-withstand-voltage switching element as the
enexrgy control switching element 11.

ird di
A third embodiment of the present invention
will next be deacribed. This embodiment is characterized
by adding to-the first or the second embodiment
a noise filter circuit formed by a noise

filtexr capacxtor 38, as shown in Fig. 5 or §
: : In othexr

. respects, the configuration of this embodiment is the

same as that of the above-described embodiments and,
therafore, no further description will be given of ik,

When the main switching element 4 is turned on,
there is a possibility of ‘the occurrence of spike noise )
such as that indicated by a broken line in (b} of Fig. 2.
If such spike noise is large, it may cause an operation

error, such as the diode 23 and the zenerx dicde 26
nmﬁng 'on when it is necessary that the diode 23
and the zener diode 26 remain off in the circuit ‘
shown in Fig. 1 or 3.

In this embodiment, therefore, the filter
capacitor 38 is.provided to filter off noise in the
voltage across the tertiary coil N3 before the voltage is
applied to the resistor 30, the dicde 23 and the zener
diode 26, which are connected in series with each other
to form a voltage detection circuit, as shown in Fig, S

oxr 6.

The filter capacitor 38 is connected between
the cathode of the diode 22 and the terminal B of the

taxtiary coil N3 in series with the diode 22. One

The

REPLACEMENT SHEBT

b SR

08 JAN 1958

e et ooty




vol tage), thereby enabling the input capacitor charging voltage to be
stabilized at the charge setting voltage regardl ess of variations in the

i nput power source voltage. The energy stored in the input capacitor at the
charge setting voltage is output. as output energy fromthe secondary side
of the transforner when the main switching el enent turns on, regardl ess of
changes in the input power source voltage. Therefore, even if the input
power source voltage becones substan éally hi gher, the apparatus output
stabilization control can be suitabl§® performed, thus inproving the
reliability of the operation of the sw tching power supply apparatus.

Si nce, as described above, the apparatus is

texminal of the resiator 30 is comnected to the series
connection point between the filter capacitor 38 and the
cathode of the diode 22. As descried above, the filter
capacitor 38 receives the voltage across the tertiadry
coil N3 and filters off noise from the voltage. The
voltage from which noise has been thexraby removed is
applied to the wvoltage detection circuit.

In this embodiment, the filter capacitor 38 is
added to each of the arrangements of the above-described
embodiments. Therafore, this embodiment, having the same

advantages as the above-described
embodiments, also has the advantage of applying the
voltage across ‘the tertiary coil N3 to the voltage
detection circuit while removing, by the filter capacitor
38, spike nojse generated in the voltage across the
tertiary coil N3 when the main switching element 4 turns
on. It is therefore possible to reliably aveid an error
in the operation of the diode 23 or zemer diode 26 of the
voltage detection circuit caused by such spike noise.
Thus, the reliability of the switching power supply
apparatus can be improved.

Alte;ggte Embog;ments

The present invention is not lzmited to the
above-described embodiments. The present invention may
take other various - forms. For example,
while the synchronized rectifier of the output circuit 14
is formed of the rectifier dicdes 6 and 7 in the above-
described embodiments, it may alternatively be formed of
MOSFETs 18 and 17 shown in Pig. 8 or the like

instead of . 'the rectifier diodes 6 and 7. The same
charge contxol circuit 20 as that of the above-described '
embodiments may also be used in such a case to achieve

v s
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arranged so that the input capacitor charging voltage is stabilized at the
charge setting voltage, a voltage |ower than the input power source voltage

may be set as the 30 charge setting voltage at which the input -capacitor
charging voltage is stabilized. Since the voltage and current according to
the charge energy in the input - 30 - capacitor are applied to the main

switching elenent, the voltage applied to the nmain switching el enent can be
limted to a small value. Therefore, ‘a | ow-w thstand- voltage sw tching
el ement can be used as the main =« 29 =

the same advantages as those of the above-
described embodiments.

The energy control switching element 11 is
formed of a MOSFET in the above-described embodiments,
However, it may bec alternatively be foxrmed of a
transistor device othezr than the MOSFET.

SUMMARY

According to the present invention, the energy
storage circuit, the energy supply circuit, the voltage
detection circuit and the off-control circuit are
provided to stabilize the input capacitor charging
voltage at a predetermined value (charge setting
voltage), thereby enabling the input capacitor charging
voltage to be stabilized at the charge setting voltage
regardless of variations in the input power source
voltage. The energy stored in the input capacitor at the
charge setting voltage is output as output energy from
the secondary side of the transformer when the main

 switching elemsnt turns on,

regardless of changes - - in the input pewer.gource voltage.
Thexefore, even if the input power source voltage becomes
substantially higher, the apparatus output : |
stabilization control can be suitably periormed, thus
improving the reliability of the operation of the
switching power supply apparatus.

Since, as described above, the apparatus is
arranged so that the input capacitor chaxging veltage is
stabilized at the charge setting voltage, a voltage lowex
than the input power source voltage may be set as the

30 charge setting voltage at which the input capacitor
charging voltage is stabilized. Since the voltage and
current according to the charge energy in the input
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switching elenent. Al so, the voltage of the energy supplied to.the
secondary side of the transforner can be nade constant regardl ess of
variations in the input power source. Therefore, even if the input power
source vol tage becones substantially higher, the voltage applied to the
secondary side of the transforner is not increased, so that the circuit on
the secondary side of the transformer can be forned by using

| ow-wi t hst and-vol tage el ements. As descri bed above, .the sw tching power
supply apparatus can be formed by usﬂﬂg | ow-wi t hstand vol tage el ements.
Since power loss in such elenents is small, the power loss in the sw tching
power supply. apparatus can be reduced, so that-the circuit efficiency can

be

‘capacitor are applied to the main switching element, the
voltage applied to the main'swi:ching alement can be
limited to 2 small wvalue. Therefore, a low-withstand-
voltage switching element can be used as the main

- switching element.

” Also, the voltage of the energy supplied to the
secondary side of the trangformer can be made constant
regardless of variations in the input power socurce.
Therefore, even if the input power source wvoltage becomes
substantially higher, the voltage apphed to the
sacondary side of the transformar is not increased, so
that the circuit on the secondary side of the transformex
can be formed by using low-withstand-voltage elements.

As described above, the switching power supply
appaxatus can be formed by using low-withstand voltage
elements. Since power loss in such elements is small,
the power loss in the switching power supply apparatus
can be reduced, so that the circuit efficiency can be
improved.

In the arxangement of the present invention
having the exeess current prevention circuit, the excess
current prevention ¢ircuit detects the input current
flowing from the input power source intc the ecnergy
storage cirxcuit, and stops the input current from the
input power source into the energy storage circuit during
the time period in which the input current is larger than
a predetermined valus. In a case where the voltage of
the input power souree is go high that there is a risk of
an excess current larger than a predetermined allowable
current flowing through the energy storage circuit, it is
possible to prevent, by the cperation of the excess
current prevention circuit, such an excess current from
flowing through the energy storage eireuit. Thua, the
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i mproved. In the arrangenent of the present ‘invention having the excess
current prevention circuit, the excess current prevention circuit detects
the input current flowing fromthe input power source into the energy
storage circuit, and stops the input current fromthe input power seurce
into the energy storage circuit during the tinme period in which the input
current is larger than a predetermned value. In a case where the voltage
of the input power source is soO thQltbat there is a risk of an excess
current |larger than a predeterm ned”al |l owabl e current flow ng through the
energy storage circuit, it is possible to prevent, by -the operation of the
excess current prevention circuit, such an excess current from

components of the energy storage circuit can be
protected. It isg also possible to prevent an excessive
reduction in the ewitching frequency of the energy
control switching element. '
| It is posaible to form the energy control
switching element of a low-withstand-voltage -switching
elemant because an excess current is prevented from
flowing through the energy storage circuit. Since a low-
withstand-voltage switching element is low-priced, the
apparatus can be constructed at a low cost. _

In the arrangement of the present invention
baving the noise filter circuit, the veltage detection
circuit can detect the input capacitor charging voltage

_ after noise has been removed from the voltage by the

e noise filter circuit, thexeby avoiding an error in
detecting the input capacitor charging voltage, which may
be caused by noise. Therafore, the voltage detection
circuit can xreliably detect the correction input
capacitoy charging voltage. The off-gontrel circuit can
operate accurately on the bagis of the correct voltage
detected by the voltage detection cirecuit. Thus, the
reliability of the switching power supply apparatus can
be fuxther improved.

In the arrangament of the present invention
having the transformer with a tertiary coil, the energy
storage civcuit has an energy control switching
element, the on-off opexation of which is controlled by a
driva circuit which operates by being supplied with power
from the tertiary coil, a voltage detection
gircuit which detects, as the input capacitor charging

 voltage, the voltage across the tertiary coil whea the
main switching element turms on. In this arrangement, o
the on-off cperation of the energy storage circuit can
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flowi ng through the energy storage circuit. Thus, the - 31 - conponents
of the energy storage circuit can be protected. It is also possible to
prevent an excessive reduction in the swi tching frequency of the energy
control switching element. It is possible to formthe energy contro
switching el enment of a | oww thstand-voltage sw tching el enent because an
excess current is.prevented fromflow ng through the energy storage
circuit. Since a |low wthstand-val §age switching el ement is |owpriced,

t he

easily be controlled by the switch-on/off operation of
the energy control switching element.

-
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apparatus can be constructed at a |low cost. In the arrangenent of the

preséﬁ?_TﬁVEETTﬁﬁ“ﬁévThg the noise filter circuit, the voltage detection
circuuu i nput capacitor charging voltage after noi se has
been I“ﬂﬂ"ﬁﬁ"ﬁﬁ"l#ﬂﬁvoltage by the noise filter circuit, thereby avoiding
an errdr Fn detrectsing the input capacitor charging voltage, which may be
caused by noise. Therefore, the voltage detection circuit can reliably
detect the correction input capackt®d <harging vol tage. The off-control
circuit can operate accurately on the basis of the correct voltage detected
by the voltage detection circuit. Thus, the reliability of the sw tching
power supply apparatus can be further inproved. )

T IS I IS:
l

_ L. A feedforward converter type switching power supply.
apparatus, comprising: _ '
an input power source, an input capaciter and a

main switching element interconnected on the primary side

of a cransformex, such that charge energy o /
in the input capacitor is output as cutput energy from
the secondary side of the transformar when the main
switching element turns on, _ _
said switching power supply apparatus
comprising an energy storage cizcuit for
" receiving and storing energy from the input power

source when the main switching element tuzrms on, an
energy supply circuit for supplying the energy stored in
said enmergy storage circuit to the input capacitor when
the main switching element turns off, a voltage detection
circuit for detecting the charging voltage across the
input e¢apacitor, and an off-control circuit for stopping
the energy storing operation of said enexgy etorage

. - circuit during a time peried in which the input c¢apacitor
chaxging voltage detected by said voltaga delection
circuit is equal to or higher than a predetermined value.

2. A switching power supply apparatus
according to Claim 1, further comprising an excess
curxent prevention ¢ircuit which detects an input current
flowing from the input powexr source into said enexgy
storage circuit when the main switching element turns on,
and which stops the imput current flowing from the input
power source into said energy storage circuit by making
said off-control circuit operate te stop the energy
storing operation of said energy storage circuit during

I
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In the arrangenent of the present invention having the transforner wth a
terti L1, the energy storage circuit has an energy control sw tching
el e%&p&ration of which is controlled by a drive circuit
whi g‘iw' m eing supplied with power fromthe tertiary coil, a
m’g@%@’/cwt whi ch detects, as the input capacitor charging
a

vol t
vol tage, the wo cross the tertiary coil when the main sw tching

el enent turns on. In this arrangener&t“, the on-of f operation of the energy
storage circuit can - 32 - = - . _

the time periocd in which the detected value of the input
current is equal to or larger than a predetermined value.

_ 3. A switching power supply apparatus
according to Claim 2, further comprising a noise
filter circuit connected on the input side of
said voltage detection circuit, o
for removing noise from the

input capacitor charging voltage

before said voltage is detected by said voltage detection circuit.

4. A switching power supply apparatus
according to claim 3, wherein:

" said transformer has a tertiary coil;

the input power source is connected to the

input capacitor through an energy control switching
element and an inductance element comnected thexebetween
 in this order in said energy storage circuit;

~ the on-off operation of said enexrgy contxol
‘switching elemant i$ controlled by a drive _

| -circuit which is supplied with power___f:l;om_said tertiary coﬂ';-'

said voltage detection circuit detects, as the input capacitor char
voltage. the voltge | ¢ 3 \¢ Input capaciior charging
elemgn 2 voon;g:n hnduced across said tertiary coil when the main switching

. .said off-control circuit 1 en .
by said drive circuit%o gltroc;l turns off said energy control switching element




easi | trolled by by the swtch-on/off operation of the energy control
SWi tcm’m %@ mlnl 33 - WHAT IS CLAIMED I S: 1. A feedforward

conver #er ¢ 1”[“9 power supply apparatus, conprising: an input power
source, an |npu"t dapacitor and a main switching el enent interconnected on

the primary side of a transforner, such that charge energy in the
| nput. capacitor is output as out put energy fromthe secondary side of the
transformer when the nain - 35 -

the energy storing operation of said energy storage
circuit during the time period in which the input
capacitor charging voltage detected by said voltage
detection circuit is equal to or larger than the

predetermined value.

5. A switching power supply apparatus according to
claim 2, wherein; '
said transformer has a tertiary coil;

the input power source is connected to the input capacitor
through an put p p AP

energy control switching element and an inductance element connected
therebetween in this order in said energy storage circuit;

the on-off operation of said energy control switching
element is controlled by a drive circuit which is supphed with power
from said tertiary coil;

said voltage detection circuit detects, as the input capacitor
charging voltage, the voltage induced across said tertiary coil when the
main switching element turns on; and

said off-control circuit turns off said energy control
switchin_é element by said drive circuit to stop the energy storing
operation of said energy storage circuit during the time period in which
the input capacitor charging voltage detected by said voltage detection
circuit is equal to or larger than the predetermined value.

6. A switching power supply apparatus according to
Claim 1, further comprising a noise filter circuit connected on the input
side of said voltage detection circuit, for removing noise from the input -
capacitor charging voltage before sa1d voltage is detected by said voltage
detection circuit.
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switching elenent turns on, said switching power supply apparatus
conprst rage circuit for receiving and storing energy from

t he i nput r when the main switching el ement turns on, an energy
supply““’ ﬂ iBﬂEjﬁﬁtlyl ng the energy stored in said energy storage
ci rcui't'¥ pacitor when the main switching element turns off, a

vol tage detection circuit for detecting the charging voltage across the

i nput capacitor, and an off-control circuit for stopping the energy storing
operation of said energy storage circuit during a tinme period in which the
| nput capacitor chargi ng voltage det ect_ﬁ% by said voltage detection circuit
I's equal to or higher than a predeterm rfded val ue.

7. A switching power supply apparatus according to |
claim 6, wherein: :
said transformer has a tertiary coil;

. the input power source is connected to the input capacitor
through an energy control switching element and an inductance element
connected therebetween in this order in said energy storage circuit;

the on-off operation of said energy control switching element is
controlled by a drive circuit which is supplied with power from said tertiary
coil; .

said voltage detection circuit detects, as the input capacitor
charging voltage, the voltage induced across said tertiary coil when the main
switching element turns on; and | '

said off-control circuit turns off said energy control switching
element by said drive circuit to stop the energy storing operation of said
energy storage circuit during the time period in which the input capacitor
charging voltage detected by said voltage detection circuit is equal to or larger -
than the predetermined value.

8. A switching power supply apparatus according to
claim 1, wherein: o |
said transformer has a tertiary coil;
the input power source is connected to the input capacitor
through an energy control switching element and an inductance element
connected therebetween in this order in said energy storage circuit;
the on-off operation of said energy control switching element
- is controlled by a drive circuit which is supplied with power from said tertiary
coil;
said voltage detection circuit detects, as the input capacitor
charging voltage, the voltage induced across said tertiary coil when the main
switching element turns on; and

..........
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put power source into said energy storage
circuit when tfie main smntchlng el ement turns on, and which stops the input
current flowng fromthe input power source into said energy storage
circuit by making said off-control circuit operate to stop the energy

A swi tchi n§ Eower sun)ﬁ y apparatus according to Caim1l, further

corrprl Si ng(ml“ E m l prevention circuit which det ects an i nput
current fl

storing operati-on of said energy storage circuit during 34- the tine
period in which the detected val ue of the input
' -37-

said off-control circuit turns off said energy control switching
element by said drive circuit to stop the energy storing operation of said
energy storage circuit during the time penod in which the input capacitor
charging voltage detected by said voltage detection circuit is equal to or larger
than the predetermined value.

:i‘i
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current is equal to or larger than a predetermined value, 3. - A swtching
power supply apparatus according to Claim 2, further conprising a
noise filter circuit connected on the input side of said voltage detection
circuit, for renmoving noise fromthe input capacitor charging voltage

before sald voltage is detected by said voltage detection circuit. 4. A
swi tchi ng power supply apparatus according to claim3, wherein: said
transfornmer has a tertiary coil; the input power source is connected to the

i nput capacitor through an energy control3§mntch|ng elenent and an
I nduct ance elenent connect ed therebetmeen

G PP IU

ABSTRACT OF THE DISCLOSURE
A switching power supply apparatus designed

for suitably controlled stabilization of
its output. 7The apparatus has a charge control circuit.
Ir the veltage across an input capacitor is lower than a
sek voltage when a main power supply switching element
_turns on, a control circuit switching element turns on '
and energy is transferred from an lnput power source by
conduction through the control circuit switching
elettent and an inductance, and the inductance stores
transferred enexgy. When the wain switching element
turns orf, the charge control circuit turns off the
control circuit switching element te supply the stored
energy in the inductance to the input capacitor. If the
voltage across the input capacitor is equal to or higher
than the set voltage when the main switching element
turns on, the control circuit switching elanent is
maintained in the off state and the inductance cannhot
store energy. The voltage across the
input capacitor is thereby limited. 1In this manner, the
voltage across the input capacitor is controlled so as to

be siabilized at the set voltage. This stabilizes the output voltage of the
apparatus and improves its circuit efficiency.

FIG. 1
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in<this order in said energy storage circuit; the on-off operation of said
energy control switching elenent 1is controlled by a drive circuit which is
supplied with power fromsaid- tertiary coil; said voltage detection circuit
detects, as the input capacitor charging voltage the voltage i nduced across
said tertiary coil when the main switching elenent turns on; and said
off-control circuit turns off .said ener control switching el enent by said"
drive circuit to stop - 35 - the ene%%y storing operation of said energy
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citcuit during the time period in which the input capacitor charging

vol tage detected by said voltage detection circuit is equal to or |arger
t-han the predeterm ned value. 5. A swi tching power supply apparatus
according to claim2, whéerein; -said transforner has a tertiary coil; the

I nput power source is connected to the input capacitor through an energy
control switching el ement and an induct@nce el ement connected therebetween
in this order in said energy storage circuit; the on-off operation of said

energy control switchi nd- £ekent is controll ed b dr r ichis
supplied with power fromshid tertiary coil; ATe '8¢ ‘ﬁ‘& GELra ¥
oF mm SWiTeHIN &

ELEMENT
..Vee L
(a) - | .
- e T e 2% S ofv]
TRl Pl e voLTAsE ACROSS TERTIARY
SP'KE - (b.) r coll
NOISE . ; . \J]_ann
| Vi NPV CHARGIN @
P g VOLTAGE
" : : ACROSS INPUT
(¢) PR - A cAracITOR
- b -siNs-= o[v\ CHARGE
- I <t A seTTING
(d) m VOLTA GE
Lo : - olv
GATE - SOURCE — : o BASE -EMITTER
TR Y VOLTAGE
FueraY  (e) : : , ofv] OF ENEREY
PooA S A S oA ) coNTROL
ConTRO L : VAV A AV E \f (TOH (NG
swiTCrtiNg S A Y . LEMENT
TLEMENT - YN G e ﬁ\P ELEMENT o
(f) O oA cuggzu;
: EC:Z - — THROUE
e TSN N A q INGUCTANCE
(o) . foerdpenefnnrone otV ELEMENT
r 1 "’ I | ﬁ I"‘ ' r’l , DRAIN -
th) i oAl SouRCE
A - VOLTAGE
- - A OF ENERAEY .
: : S 5 : 5 : CoNTROL
: SWITCHING
(h | , [/ \] | I V{ \ \[A] ELE MENT
t} R 0 g cunaem' of
MAIN.

CURRENT THROUGH swiTerting
INPUT cAPACITOR ELEMENT

08 JAN 1998 |




said voltage detection circuit detects, as the input capacitor charging
vol tage, the voltage induced across sald tertiary coil wheh the main
switching el enent turns on; and said off-control circuit turns off said
energy control swtching el enent by said-drive circuit to stop the energy
storing operation of said energy storage circuit during the tinme period in
whi ch the input capacitor charging vol3age detected by said voltage
detection circuit is equal to or larger than the predetermned val ue. 6.

A swi tching powerf? apparatus according to daiim 1, further conprising
a noise fitter cirlcudt “connected on the input side of said voltage
detection circuit, for renoving noise fromthe input capacitor charging
vol t age before sai d voItage is detected by said voltage detection circuit.
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- 36 --T7. A swi tching power supply apparatus according to claim®é,
wherein: said transformer has a tertiary coil; ;the input power source is
connected to the input capacitor-through an energy control swtching

el ement and an inductance el enent connected therebetween in this order in
said energy storage circuit; the on-off operation of said energy control
switching elenment is controlled by a drgve circuit which is supplied with
power fromsaid terti arch iq, sai d voltage deéaet+ gowglEcuoLtTé#@Eclls, as
the input capacitor char gﬁﬁ'g vol tage, the vol MuiQ icoAvERN@CEDER ENT d
tertiary coil when the main / '
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switching el enent turns on; and said off-control circuit turns off said
energy control switching elenent by said drive circuit to stop the energy
storing operation of said energy storage circuit during the tine period in
whi ch the input capacitor charging voltage detected by said voltage _
detection circuit-is equal to or larger than the predeterm ned value. 8. -
A swi tching power supply apparatus accogding to claim1l, wherein: said
transfornmer has a tertiary coil; the input power source is connected to the
| nput capacitor thTogEﬁ ap'energy control switching el enent and an

i nduct ance el efrent cohhgtt'ed therebetween in this order in said energy
storage circuit; the on-off operati-on of said energy control switching
element is controlled by a drive circuit which is supplied with power from

said tertiary : _.-20
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coi ;- said voltage detection circuit detects, as the input capacitor
chargi ng voltage, the voltage induced across said tertiary coil when the
main switching elenent turns on; and - 37 - said off-control circuit
turns off said energy control smﬁtching_elenent by said drive circuit to
stop the energy storing operation of said energy.storage circuit during the
time period in which the input capacitorg chargi ng voltage detected by said
vol t age detectlon C|r$qi bs equal to of” larger than the predeterm ned

val ue. ﬂ
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