pr0583-02
' 1
' Description
Swﬁ:chmg Power Supply
) Field of the Invention
5 This invention relates to a switching power supply characterized by

minimizing a decrease in efficiency when load power is decreased, ie.

minimizing switching loss under low load.

Background of the Invention
10 FIG.4 shows a circuit diagram of a switching power supply of this type in
accordance with a conventional technique.

In FIG.4, switching element 310 switches and converts DC input voltages
into AC voltages and provides stable output voltages via output transformer 360
to the secondary side of this traﬁsformer 360. Pulse width modulation (PWM)

16  circuit 320 controls the ON/OFF state of switching element 310 according to a
- feedback amount obtained by the detection of output voltages. Output voltage
detection circuit 330 detects output state and feeds a signal back to the primary
side of transformer 360 so that the output voltages are decreaéed when they are
above a predetermined value and the output voltages are increased when they

20 are below the predetermined value. _

Photo coupler 340 is provided for the above-mentioned feedback purpose
and transmits the signal obtained from output voltage detection circuit 330 to
PWM circuit 320 on the pﬁmary side. Frequency variable oscillation circuit
850 changes oscillation frequencies according to feedback current so that the

- 256 oscillation frequencies decrease at lodd power below a predetermined value and
they increase at load power above the predetermined value. The primary side .

of transformer 860 is connected to power supply 370. Connected to the
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secondary side of transformer 360 are rectifier diode 380, rectifying' capacitor
390, and load 400.

The conventional switching power supply configured as above controls
switching frequencies by increaéing or decreasing them according to the
feedback amounts that vary with changes in output voltages whether they are
above or below the predetermined value. This feedback amount is closely
related to the period of time during which_ transistor 310 conducts (hereinafter
referred to as "ON-time") that is determined by oﬁt_put voltage. Load power of
the switching power supply is expressed by the equations shown below, where
the ON-ﬁme of transistor 310 is T,, the input voltage is Vi, the output voltage is
Vo, the period of time during which the back electromotive force of oiltput
transformer 360 is genérated (hereinafter reforred to as "back electromotive
generation time") is T2, the inductance of the transformer is L, the oscillation
frequency is F, and the load power is P.

First, when the load power is above a critical current, i.e. when the load

- power is large, the transformer carries continuous current and the following

equations hold:
VixTy=VoxT, (1)
F=1/(T,+T) (@

‘When the load power is below this critical current and oscillation
frequency F is constant, pulse widths T, and T, change with the crest values of
the output and input voltages of the transformer windings. The crest value of
the transformer output voltage is equal to that of the output Wltage and the
crest value of the transformer input voltage is equal to that of the input volta:ge‘ _
Direet current does not develop through the transformer wmdmgs

. Therefore, Vi xT, - Vo X T, = 0, i.e. Vi XT; = Vo X T, holds theoretically. .

Changes in power will not cause changes in pulse width; and when the
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frequency is constant, pulse widths T, and T, only relate to input voltage Vi and
output voltage Vo and do not relate to load power P.

Consequently, as indicated by the waveforms generated under load above
the critical current, as shown in FIGs.5A and 5B, load power P has no relation

with feedback amount (T,, T,). FIG.5A shows a wavefonﬁ generated when the

load is large and FIG.5B shows a waveform generated when the load is small.

The difference between them is only the current waveform.

When the load power is below the critical current, ie. when the load
current is small and the transformér does not carry continuous current, the
following equations hold: .

P=(U2XxFxT2xVo/L. (8)

P=(U2)XFXTZxWV/L (@

VixTy =T, xVo 5)
where equation (3) is based on the output voltage of the transformer seen from
the output side and equation (4) is based on the input voltage of the transformer
seen from the input side, and equation (5) shows a relation among input and
output voltages and pulse widths.

Like these, equation (4) shows that output power P relates to the square
of input voltage Vi, when oscillation frequency F and inductance L of the
transformer are constant, and the feedback amount corresponding to ON-time
T, of the transistor is also constant.

Frequency control based on a feedback amount starts when the feedback
amount is a predetermined value, i.e. when the feedback amount corresponding
to ON-time T, of transistor 310 is constant. Therefore, when input voltage Viis
low, the frequency control starts at low power; and when input voltage Vi is high,
the frequency control starts at high power. Voltage waveforms generated when .
the load is below the critical current are shown in FIG.6A and 6B. FIG.6A



A -

10

15

20

25

T T e e T e N

I

Sheet Has Been Replaced

L B

shows a case where the frequency control starts at high power when the input
voltage is high and T, is constant. FIG.6B shows a case where the frequency
control starts at low power when the input voltage is low.

The abové-mentioned switching power supply has the following problem.

In a conventional switching power supply, load power P is obtained by the
detection of a feedback amount. The feedback amount varies with output
voltage Vo and input voltage Vi, when the load power is constant, ie. P in
equation (3) is constant. Furthermore, when load power P and output voltage
Vo are constant, ie. output voltage Vo and pulse width T, are constant, the
feedback amount varies with input voltage Vi.

For this reason, when the frequency control based on a constant feedback
amount is performed, since load power P is proportional to the square of input
voltage Vi, the load .power at which the frequency control starts is proportional
to the square of input voltage Vi although such load power should be constant.

Therefore, the frequency control is not performed at the load power determined

~ ideal for starting it. Voltage waveforms generated when the load is below a

critical current, T,is constant, and input voltage Vi is different are shown in
FIGs.7A and 7B. As shown in FIG.7A, when input voltage Vi is high, the
frequency control starts at high load power; and as shown in FIG.7B, when

input voltage Vi is low, the frequency control starts at low load power. - This has’

been the problem.

Summary of the Invention
In order to address the above-‘mentioned problem, this invention aims to

lower the switching frequency to a predetermined value at load power less than

a pfedetermixied value by detecting pulse waveforms of the output transformer,

and to perform pulse width control when the frequency has been lowered to the

-~
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The load power under low load is closely related to the pulse width of the

predetermined value.

output transformer as shown by equation (4). Thus, detecting the pulse width
from the pulse waveform of the voltage of the transformer winding provides the
load power; and when the load is below a predetermined value, lowering the
switching frequency will minimize a decrease in efficiency under low load.

As mentioned above, the present invention allows stable detection of
predetermined 'lload power regardless of variations of input voltages and
improves power supply efficiency in a stable manner at load power below a
predetermined value. At load power above the predetermined value, stable

output can be supplied with the original power supply operation.

Brief Descﬁption of the Drawings -

FIG.1 shows a circuit diagram of a switching power supply in accordance
with a first exemplary embodiment of the present invention;

FIG.2 shows a circuit diagram of a load power detecting circuit in the
switching power supply;

FIG.3 shows a cu'cult diagram of a switching power supply in accordance
with a second exémplary embodiment of 'the present inventi_(m;

F1G.4 shows a circuit diagram of a conventional switching power supply;

FIGs.5A and 5B are waveforms showing the operation of the power
supply;

FIGs.6A and 6B are waveforms showing the operation of the power
supply; and

FIGs.7TA and 7B are waveforms showing the operation of the power

supply.
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Preferred Embodiments of the Invention
Exemplary embodiments of the present invention are described

hereinafter with reference to the accompanying drawings.

(First Embodiment)

FIG.1 shows a circuit diagram of a switching power supply in accordance
with the first embodiment. |

In FIG.1, the other terminal of DC power supply 1 whose one terminal is
grounded is connected to one terminal of auxiliary winding 16 of output
transformer 2. The othér terminal of auxiliary winding 16 is connected to one
output terminal of switching element 3. The other output terminal of

switching element 3 is grounded via primary winding 15 of transformer 2,

rectiﬁer diode 10, and rectifying capacitor 11. One terminal of oscillating

capacitor 17 whose other terminal is grounded is connected to frequency
variable oscillation circuit 8. One terminal of minimum frequency determining
resistor 13 whose other terminal is grounded.is connected to frequency variable
osci]latidn circuit 8. The output of frequency variable oscillation circuit 8 is
connected to pulse width modulating (PWM) circuit 9. The output of PWM
circuit 9 is connected to the input terminal of swifcching element 3. Between
the node of frequency variable osci]latio;l clrcult 8' an:i PWM circuit 9 and the
other terminal of power supply 1, resistor 12 is connected.

The other terminal of auxiliary winding 16 is connected to the other |
terminal of power supply 1 via rectifier diode 4 and rectifying capacitor 5. The
cathode of rectifier diode 4 is connected to the other terminal of power supplj} 1
via load resistor 18. One terminal of output voltage detecting circuit 6
comprising a voltage regulation diode is conmnected to one terminal of load_

resis_toi' 18, i.e. the other terminal of power supply 1. The other terminal of load
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resistor 18 is connected to the other terminal of output voltage detecting circuit

6 via a photo-diode in feedback photo coupler 7. As for a phototransistor in

photo coupler 7, its emitter is grounded and its collector is connected to PWM

circuit 9. The anode of rectifier diode 10 is connected to load power detecting
circuit 19 whose one terminal is grounded. Between frequency variable

oscillation circuit 8 and load power detecting cireuit 19, frequency control

. resistor 14 is connected.

The switching power supply with the above arrange_mént of the first
embodiment is structured to have a pulse width detecting circuit in windings of
output transformer 2, i.e. primary winding 15 and auxiliary winding 16; and the
output of the pulse width detecting circuit is connected to frequency variable
oscillation circuit 8. When the period of time during which back electromotive
force is generated in oufput transformer 2 is not greater than a predetermined
value, the oscillation frequency of oscillation circuit 8 is lowered. Such an
arrangement eliminates insulation on primai'y and secondary sides of the
transformer that has been necessary in the conventional arrangement shown in
F1G.4, thus allowing the structure of switching power supply to be simplified.

Next, its operation is described.

In FIG.1, ]jC power supply 1 supplies input power. Output transformer
2 converts output voltages from primary winding 15 side to auxiliary winding 16
side. Switching element 3 converts ihput DC current to AC current. Rectifier
diode 4 converts AC current to DC current. Rectifying capacitor § smoothes
and converts the pulsating DC current converfed by rectifier diode 4 to stable
DC current. Output voltage detecting circuit 6 detects output voltages. Photo

~ coupler 7 feeds error signals detected by output voltage detecting circuit 6 back

to the primary side. Frequency variable oscillation circuit 8 can change

oscillation frequencies according to external signals. PWM circuit 9 controls
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pulse widths according to the feedback amount. Minimum frequency
determining resistor 13 prevents an exce_ssive decrease in frequency.
Frequency control resistor 14 controls frequencies and also restricts the
maximum frequency. Load power detecﬁng circuit 19 detects load power
according to back electromotive force generation time T, of the output waveform
of auxiliary winding 16. A waveform analogoﬁs to that of primary winding 15
is supplied to auxiliary winding 16. Load power detecting circuit 19 detects
back electromotive foice generation time T, in the pulse waveform of primary )
winding 15. When back electromoj:ive force generation time T, is not greater
than a predetermined value, the switching power supply controls the
frequencies of frequency variable oscillation circuit 8 so as to lower them from
the maximum one to the minimum one according to its load conditions.

. Frequency variable oscillation circuit 8 is configured so that it can be set
to a predetermined operating frequency. This operating frequency is

determined by oscillating capacitor 17, minimum frequency determining

- resistor 13, and frequency control resistor 14 that are connected to frequency

variable oscillation circuit 8.

At low load power, tl}e frequency is lowered according to the signals
detected by load power detecting circuit 19 and the'opfarating frequency is
determined by the current ﬂowmg through frequency control resistor 14.
Moreover, the frequency is restricted below a value determined by frequency
control resistor 14. Frequency variable oscillation circuit 8 is also configured so
that the frequency is maintained above the predetermined value even When it is
sﬁﬂiciently lowered. In other words, even when load power detecting circuit;.19
operates and the current through frequency control resistor 14 is lowered to zero,
the minimum frequency is restricted by minimum frequency determining .

resistor 13.
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Moreover, frequency variable oscillation circuit 8 is configured so as to
control output voltages in a stable manner. That is, the pulse width control
restricts output pulse when load power is so decreased that output voltages are
made high, regardiess of whether load power detecting circuit 19 controls to
lower oscillation frequencies to a predetermined .value or load power decreases
and the ffeqtiency control suppresses output voltages.

FIG.Z shows a detailed example of load power detecting circuit 19.

In FIG.2, one terminal of power supply 28 whose other terminal is
grounded is connected to the collector- of transistor 22 via load resistor 21. One
terminal of capacitor 27 whosé other terminal is grounded is connected to the
collector. The emitter of the above transistor 22 is grounded and its base is
connected to one terminal of auxiliary winding 26 of the transformer via
integrating resistor 25. The other terminal of awn‘]im;y winding 26 is grounded. _
The cathode of diode 24 and one terminal of infegrating capacitor 23 are

connected to the base of the above transistor 22, respectively. The anode of

- diode 24 and the other terminal of integrating capacitor 23 are grounded,

respectively.

Next, the opération of the load power detecting circuit with the above
arrangement will be described.

In the circuit shown in FIG.Z, the voltage of auxiliary winding 26 is
integrated by integrating resistor 25 and integrating capacitor 23 and generates
triangular waves. The pulse width of this signal is detected with base-emitter
voltage Vi across the base and emitter of transistor 22 as a threshold value.
When the output power and the back electromotive force of auxiliary winding 26
are large, back electromotive force generation time T, and the crest valﬁe of the
triangular wave increase and thereby transistor 22 conducts and current flows

through load resistor 21. The larger back electromotive force causes transistor
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22 to conduct better.
When the load power is low, back electromotive force generation time T,
and the crest value of the triangular wave decrease and thereby transistor 22
opens and no load current flows. These operations allow the detection of load
5 power at predetermined values. |
The first embodiment is a circuit for detecting Vo x T,, and also serves as
a circuit for detecting T, when Vo is constant; | Iti a case where the winding
phase of the transformer is opposite, T, X Vi can be detected; therefore, as seen
from equation (5), predetermined load power can be detected in a similar
10 manner regardless of the phase of auxiliary winding output for output power
detection. . .
Thus, load power can be detected with any winding, regardless of primary
and secondary windings, in any. phase, in a similar manner. Even in a
switching power supply with a primary winding only, load power can be
15  detected.

(Second Embodiment)

FIG.3 shows a circuit diagram of a switching power supply in accordance
with the second embodiment. . |
20 In the second embodiment, power xeductidn has been accomplished more
effectively than that of the first embodiment‘ |
In FIG.3, the same reference numerals are given to the cpmﬁone,nts
similar to those shown in FIG.1 for ease of explanation. The components added
in FIG.3 are starting resistor 51, start detection circuit 52, and transistor 53, ie.
25 a switch. The collector of transistor 53 is connected to power supply 1 via

resistor 12. The base of transistor 53 is connected to power supply 1 via

starting resistor 51 and also connected to start detecting circuit 52. The
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emitter of transistor 53 is connected to the node of frequency variable oscillation
circuit 8 and PWM circuit 9, and also connected to the node of diode 10 and
capacitor 11. Start detection circuit 52 is connected to load power detection
circuit 19. "

Next, the operation of a switching power supply with the above
arrangement will be described.

When power supply 1 is turned on, transistor 53 is turned on via starting
resistor 51. Then, supply voltage is supplied from power sp.pply 1 via resistor
12. After the activation, volfage can be supplied from the node of diode 10 and
capacitor 11 to continue the circuit operation and thus transistor 53 is turned off,
At this moment, start detecting circuit 52 detects output pulses and lowers the
voltage across the base of transistor 53 and turns off the transistor.  Start
detection circuit 52 can be configured like load power detection circuit 19. As
mentioned above, a switching power supply of the second embodiment can
interrupt the current flowing through resistor 12 after activation. This

operation can prevent power loss and reduce power more effectively than that of

the first embodiment.

Industrial Applicability

A switching power supply of this invention has a switching circuit for
éupplying a predetermined output voltage regardless of load variations and
converting input voltages into the predetermined output voltage; a pulse width
control circuit for controlling the switching circuit; a circuit for detecting load

power; and an oscillation frequency variable oscillation circuit. Thls

arrangement can change the switching frequencies and prevent a decrease in

efficiency under low load.
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What is claimed is:
1. A switching power supply for decreasing switching frequencies to a

predetermined value by detecting pulse waveforms of an output transformer

when load i)ower is less than a predetermine& value, and for performing pulse

‘width contrdllwhen said frequencies are lowered to the predetermined value or

" less.

2. The switching power supply described in Claim 1 wherein load power is

detected regardless of a phase of a winding of said output transformer.

h et Has Been Replaced




