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SWITCHING POWER SUPPLY APPARATUS

BACKGROUND OF THE INVENTION
1. Frield 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.

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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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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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

witch-on period t of the main ewitching element 4 (ie,

- the portion of the switching period T during which the main switching

element is "on") 'so that the appazatus
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 ig 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 i shown by the following egquation (1):

Vorr = (/M) (£/0) Viy .... (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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apparatus output veltage Vg, £rom the predetermined
level by increasing the switch-on period t of the main
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 ehanged) . 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,

_—

This Sheet 14

i



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
receives r.he input power source voltage V.
' The ' input capaeitor voltage
Vz [(i.e., the same voltage as the input _power source
voltage Vin) ~ is converted 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 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 diode 7 while the reverse
voltage across the secondary coil N2 is applied to t_he
_rectifa.ez- diede 6. Therefore,  the rectifier diodes
20 ;d 7 must have a hxgh 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
iz reduced). ' :

Moreover, if the input power source voltage W,
(the charging voltage V. acxoss the input capacitor 2) is
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high, the on-duty of the main switching element 4 is
considerably 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 . - 'ahnﬂ1emmu§1 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

there is a large ' loss of power in the main switching
element 4 when the main switching element 4 ig ¢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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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 variatioms in the input
power source voltage, which is capable of suitably
stabiliging 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 [t g first aspect 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 a 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
elament turns om. : For
solving the above-described problems, thls 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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which the input capacitor charging voltage detected by
the voltage detection circuit 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 & fourth aspect of the present

. invention, a tertiary coil is provided in the transformer

according to the o

first, second or third aspect of the present

mventlon 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 thevebetween
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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tertiary coil. The voltage detection circuit detects, as
the input capacitor charging voltage, the voltage 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 period 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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input capacitor charging voltage. When the input
capacitor charging voltage is lower than 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 ¢conduction
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 turns 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
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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 circuit diagram 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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circuit 20, which is arranged to control the

charging of o ' an input capacitor 2 by
“ I eneréy"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 power 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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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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the resistor 30 is connected to tha anode of the diode
23. The other terminal of the resistor 30 is camnected
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 |
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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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 36
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 L

source 1 into the input capacitor 2 by passing through
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 control cireuit 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 emergy 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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voltage V; shown by the following eguation (2) is induced
across the tertiary ceil 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 coil 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 dicde
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 state, s0 that the circuit operation is as described
below. )

Under this condition, the diecde 22 turns on

in response to . the voltage V; acxoss the tertiaxry
coil N3, and z base current flows into the base of the
switching element SW1 fxrom the tertiary coil N3 wvia 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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switching element SWl and the yesistor 27, thereby
turning on the energy control switching element 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 voltage is generated across the tertiary coil N3 with a
lower potentjal at the terminal A.  In response to |
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 (Ny/N;) is induced across the tertiary coil
N3, as described above. The induced wvoltage across the

/——————
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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,
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
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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switching element 4 to be output as cutput energy from
the secondary coil N2 to the load 10.

Thereafter, when the main switching 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 period of the main switching element 4
(from time ts; 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 t4 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 aoroszs
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



- 20 =

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 followms
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
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input capacitor 2 charging veltage V; can 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 awicching
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 elemsnt 4 can be reduced. Alsoc, 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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the input capacitoxr 2 at the charge setting voltage Vpy
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 elements 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 turms 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). 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) Ty I8 .... (4)
The peak current 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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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

o 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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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
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 betﬁeen 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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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 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 elewent 12, When the
current Y, becomes equal teo the aet upper limit current
value I, the energy control switching element 11 is
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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 enexgy
contyol switching element 11 since the amount of enexgy
stored in the inductance element 12 each time the enexgy
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.

Ton & (Vews + Vi + VII/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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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
: ' 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 sw:.tching elemant 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 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 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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texrminal of the regiator 30 is connected 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 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 various +  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 control circuit 20 as that of the above-described
embodiments may also be used in such a case to achieve
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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
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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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
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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 eircuit  has an energy control switching -
element, the on-off operation of which is controclled 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 when the )
main switching element turms on. In this arrangement, |
the on-off operation of the enexrgy storage eircuit can
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WEAT I8 CLAIMED IS: .
1. A feedforward converter type switching power supplyi
apparatus, comprising: Ce
an input power source, an input capaciter and a

main switching element interconnected on the primary side

of a transformer, such that charge energy -
in the input capacitor is cutput as output 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

R
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the time period in 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, ' o
for removing noise from the
input capacitor charging veltage

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 control
switoching element is controlled by a drive o

 circuit which i_s____s_upp_ljéd with power fl'0m said tertiary °°ii; |

said voltage detection circuit detects, as the input capacitor chargin
voltage, the voltage induced across said tertiary coil wl?en thep main switcﬁmg
element turns on; and

. .said off-control circuit turns off said energy control switching element
by said drive circuit to stop
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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 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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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
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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.

I
eet Has Been Reﬁaced

BT




