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(57) ABSTRACT 

A switching power conversion circuit includes a power cir­
cuit, a feedback circuit and a control circuit. The power circuit 
includes a switching circuit and a first magnetic element. The 
first magnetic element generates a magnetic flux change by 
alternately conducting or shutting off the switching circuit, so 
that an input voltage is converted into the output voltage by 
the power circuit. The feedback circuit generates a feedback 
signal according to the output voltage. The control circuit is 
used for controlling an on duration and an off duration of the 
switching circuit, thereby maintaining the output voltage at a 
rated voltage. The off duration of the switching circuit is 
maintained at a constant interval under control of the control 
circuit. The on duration of the switching circuit is adjusted to 
be a specified interval smaller than a maximum on duration 
according to the magnitude of the input voltage. 

20 Claims, 8 Drawing Sheets 
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SWITCHING POWER CONVERSION 
CIRCUIT 

FIELD OF THE INVENTION 

The present invention relates to a power conversion circuit, 
and more particularly to a switching power conversion cir­
cuit. 

BACKGROUND OF THE INVENTION 

A switching power conversion circuit principally com­
prises a switching circuit and at least a magnetic element. The 
magnetic element is for example a transformer or an inductor. 
By alternately conducting or shutting off the switching circuit 
of the switching power conversion circuit, the input power is 
converted by the magnetic element into an output voltage 
including at least a regulated voltage level. The output voltage 
is used to drive the load that is connected to the output termi­
nal of the switching power conversion circuit. In addition, the 
magnetic element can be used to achieve voltage-increasing, 
voltage-decreasing, filtering or other purposes. 

When the switching circuit of the switching power conver­
sion circuit is alternately conducted or shut off, the magnetic 
element will generate corresponding magnetic flux according 
to the formula B=VxT

0
)(TsxA), in which Bis the magnetic 

flux, Vis the input voltage of the switching power conversion 
circuit, T 0n is the on duration of the switching circuit, Ts is the 
coil turn of the magnetic element, and A is an effective area 
passing through the magnetic flux. Generally, the on duration 
T 0n of the switching circuit is dependent on the output voltage 
to be transmitted to the load. As the output voltage is 
increased, the on duration T

0
n of the switching circuit is 

extended. Since the coil turn Ts and the effective area A are 
determined after the switching power conversion circuit is 
fabricated, the magnetic flux B is changed with the input 
voltage V and the on duration T

0
n of the switching circuit. 

The switching circuit is usually operated at a constant 
switching frequency. As the output voltage is increased, the 
on duration Ton of the switching circuit is extended. The 
magnetic flux B generated may exceed the maximum satura­
tion magnetic flux of the magnetic element. If the magnetic 
element is saturated, the impedance of the magnetic element 
becomes very small. Under this circumstance, the current 
flowing through the magnetic element becomes extremely 
large. Consequently, the magnetic element or other compo­
nents of the switching power conversion circuit may be 
immediately burned out. 

2 
immediately burning out the magnetic element and other 
components of the switching power conversion circuit. 

Another object of the present invention provides a switch­
ing power conversion circuit with no additional bootstrap 
circuit in order to reduce the fabricating cost. 

A further object of the present invention provides a switch­
ing power conversion circuit for precisely controlling the load 
current, so that the operation of the load is optimized. 

In accordance with an aspect of the present invention, there 
10 is provided a switching power conversion circuit for convert­

ing an input voltage into an output voltage and issuing the 
output voltage to a load. The switching power conversion 
circuit includes a power circuit, a feedback circuit and a 

15 control circuit. The power circuit is interconnected between 
an input terminal of the switching power conversion circuit 
and the load, and includes a switching circuit and a first 
magnetic element. The first magnetic element generates a 
magnetic flux change by alternately conducting or shutting 

20 off the switching circuit, so that the input voltage is converted 
into the output voltage by the power circuit. The feedback 
circuit has an input terminal connected to an output terminal 
of the power circuit. The feedback circuit generates a feed­
back signal according to the output voltage. The control cir-

25 cuit is connected to the input terminal of the switching power 
conversion circuit, the switching circuit and an output termi­
nal of the feedback circuit for controlling an on duration and 
an off duration of the switching circuit, thereby maintaining 
the output voltage at a rated voltage. The off duration of the 

30 switching circuit is maintained at a constant interval under 
control of the control circuit. The on duration of the switching 
circuit is adjusted by the control circuit according to the 
feedback signal. The on duration of the switching circuit is 

35 
adjusted to be a specified interval smaller than a maximum on 
duration according to the magnitude of the input voltage. 

The above contents of the present invention will become 
more readily apparent to those ordinarily skilled in the art 
after reviewing the following detailed description and accom-

40 parrying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of a switching power 
45 conversion circuit according to a first embodiment of the 

present invention; 

Moreover, the conventional switching power conversion 50 

circuit has a bootstrap circuit for driving the switching circuit 

FIG. 2 is a schematic circuit diagram illustrating a variation 
example of the switching power conversion circuit according 
to the first preferred embodiment of the present invention; 

FIG. 3 is a schematic circuit diagram illustrating a switch­
ing power conversion circuit according to a second preferred 
embodiment of the present invention; at the high-voltage terminal of the switching power conver­

sion circuit. Since the bootstrap circuit is very costly, the use 
of the bootstrap circuit increases extra cost. For solving these 
problems, some literatures have disclosed a method ofadjust- 55 

ing the locations or the number of the switching circuit. Such 
a method, however, fails to precisely control the output cur­
rent or the output voltage of the switching power conversion 
circuit, and thus the operation of the load is not optimized. 

Therefore, there is a need of providing a switching power 60 

conversion circuit to obviate the drawbacks encountered from 
the prior art. 

FIG. 4 is a timing waveform diagram schematically illus­
trating related current signals and the statuses of the switch­
ing circuit described in the switching power conversion cir­
cuit of FIG. 3; 

FIG. 5 is a schematic circuit diagram illustrating a variation 
example of the switching power conversion circuit according 
to the second preferred embodiment of the present invention; 

FIG. 6 is a schematic circuit diagram illustrating a switch­
ing power conversion circuit according to a third preferred 
embodiment of the present invention; 

SUMMARY OF THE INVENTION 

An object of the present invention provides a switching 
power conversion circuit for minimizing the possibility of 

FIG. 7 is a timing waveform diagram schematically illus-
65 trating related current signals and the statuses of the switch­

ing circuit described in the switching power conversion cir­
cuit of FIG. 6; and 
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FIG. 8 is a schematic circuit diagram illustrating a variation 
example of the switching power conversion circuit according 
to the third preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described more specifi­
cally with reference to the following embodiments. It is to be 
noted that the following descriptions of preferred embodi­
ments of this invention are presented herein for purpose of 
illustration and description only. It is not intended to be 
exhaustive or to be limited to the precise form disclosed. 

FIG. 1 is a schematic circuit diagram of a switching power 
conversion circuit according to a first preferred embodiment 
of the present invention. In this embodiment, the switching 
power conversion circuit 1 is a fly-back switching power 
conversion circuit, but it is not limited thereto. After an input 
voltage V,n is received, the input voltage V,n is converted by 
the switching power conversion circuit 1 into an output volt­
age V

O 
required for powering a load 9. 

As shown in FIG. 1, the switching power conversion circuit 
1 principally comprises a power circuit 11, a control circuit 12 
and a feedback circuit 113. The power circuit 11 is connected 
to the control circuit 12 and the load 9. The power circuit 11 
comprises a first magnetic element, a switching circuit 111 
and a rectifying and filtering circuit 112. In this embodiment, 
the first magnetic element is a transformer T. The primary 
winding assembly Nfof the transformer Tis connected to the 
input terminal lA of the switching power conversion circuit 
1. The input voltage V,n is received by the primary winding 
assembly Nfand then magnetically transmitted to the second­
ary winding assembly Ns of the transformer T. As such, the 
secondary winding assembly Ns generates a conversion volt­
age Vs. The switching circuit 111 is connected to the control 
circuit 12, the primary winding assembly Nfand a common 
terminal. Under control of the control circuit 12, the switch­
ing circuit 111 is alternately conducted or shut off. As such, 
the electric energy received by the primary winding assembly 
Nf will be magnetically transmitted to the secondary winding 
assembly Ns of the transformer T. 

When the switching circuit 111 is alternately conducted or 
shut off under control of the control circuit 12, the primary 
winding assembly Nfor the secondary winding assembly Ns 
of the transformer T will generate corresponding magnetic 
flux change according to the formula B=V,nxT

0
)(TsxA), in 

which Bis the magnetic flux generated on the primary wind­
ing assembly Nforthe secondary winding assembly N,, V,n is 
the input voltage received at the input terminal lA of the 
switching power conversion circuit 1, Ton is the on duration of 
the switching circuit 111, Ts is the coil turn of the primary 
winding assembly Nfor the secondary winding assembly N,, 
and A is an effective area passing through the magnetic flux. 
Since the coil turn Ts of the primary winding assembly Nfor 
the secondary winding assembly Ns and the effective area A 
are determined after the switching power conversion circuit 1 
is fabricated, the magnetic flux B is changed with the input 
voltage V,n and the on duration Ton of the switching circuit 
111. 

The rectifying and filtering circuit 112 is connected 
between the secondary winding assembly Ns, and a first out­
put terminal 1B and a second output terminal lC of the 
switching power conversion circuit 1. The first output termi­
nal 1B and the second output terminal lC are connected to 
both ends of the load 9. The rectifying and filtering circuit 112 
is used for rectifying and filtering the conversion voltage V,, 
thereby generating the output voltage V 

0
• The rectifying and 

4 
filtering circuit 112 comprises a first diode D1 and a first 
capacitor C1 . The positive end of the first diode D1 is con­
nected to the secondary winding assembly Ns. The negative 
end of the first diode D1 is connected to the first capacitor C1 

and an end of the load 9. The first capacitor C1 is also con­
nected to the other end of the load 9. In addition, the power 
circuit 11 further includes a second capacitor C2 . The second 
capacitor C2 is connected to the input terminal lA of the 
switching power conversion circuit 1 and the primary wind-

10 ing assembly NJ' The second capacitor C2 is used for filtering 
the input voltage V,n· 

The input terminal of the feedback circuit 113 is connected 
to the output terminal of the rectifying and filtering circuit 
112. The output terminal of the feedback circuit 113 is con-

15 nected to the control circuit 12. According to the output 
voltage V 

0
, the feedback circuit 113 generates a feedback 

signal Vf to the control circuit 12. 
The control circuit 12 is connected to the input terminal lA 

of the switching power conversion circuit 1, the feedback 
20 circuit 113 and the switching circuit 111. The control circuit 

12 is used for adjusting the on duration and the off duration of 
the switching circuit 111, so that the magnitude of the output 
voltage V

0 
is maintained at a rated voltage. In this embodi­

ment, the off duration of the switching circuit 111 is main-
25 tained at a constant interval under control of the control 

circuit 12. According to the feedback signal Vfi the on dura­
tion of the switching circuit 111 is adjusted by the control 
circuit 12. According to the magnitude of the input voltage 
V,m the on duration of the switching circuit 111 is adjusted to 

30 be a specified interval, which is smaller than a maximum on 
duration. Since the maximum on duration of the switching 
circuit 111 is varied with the magnitude of the input voltage 
V,n, the real on duration is correlated with the input voltage 
V,n according to a formula T

0
n~KIV,m in which K is an 

35 adjustable parameter. Since the on duration Ton is restricted 
by the input voltage V,m a ratio of the on duration T

0
n to the 

input voltage V,n is also restricted. As a consequence, the 
relation between the input voltage V,n and the on duration Ton 
of the switching circuit 111 may be changed by adjusting the 

40 adjustable parameter K under control of the control circuit 12. 
In the above embodiment, when the switching circuit 111 

is alternately conducted or shut off under control of the con­
trol circuit 12, the primary winding assembly Nfor the sec­
ondary winding assembly Ns of the transformer Twill gen-

45 erate corresponding magnetic flux according to the formula 
B=V,nxT

0
)(TsxA). Since the coil turn Ts of the primary 

winding assembly Nfor the secondary winding assembly Ns 
and the effective area A are determined after the switching 
power conversion circuit 1 is fabricated, the magnetic flux B 

50 is changed with the input voltage V,n and the on duration Ton 
of the switching circuit 111. According to the magnitude of 
the input voltage V,m the on duration of the switching circuit 
111 is adjusted to be a specified interval, which is smaller than 
a maximum on duration. The real on duration (i.e. the speci-

55 fled interval) is correlated with the input voltage V,n accord­
ing to a formula T

0
n <KIV,n. In a case that T

0
n is replaced by 

KIV,m the B=V,nxT
0
)(TsxA) may be deduced as a new for­

mula B~K/(TsxA). Since the coil turn Ts and the effective 
area A are known value, the magnetic flux B is changed with 

60 the adjustable parameter K and restricted under an upper 
limit. In other words, by predetermining the adjustable 
parameter K under control of the control circuit 12, the mag­
netic flux Bis restricted under the maximum saturation mag­
netic flux. Under this circumstance, when the switching cir-

65 cuit 111 is alternately conducted or shut off under control of 
the control circuit 12, the primary winding assembly Nfor the 
secondary winding assembly Ns of the transformer T fails to 
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be saturated. As a consequence, the possibility of immedi­
ately burning out the transformer T and other components of 
the switching power conversion circuit 1 will be largely 
reduced. 

FIG. 2 is a schematic circuit diagram illustrating a variation 
example of the switching power conversion circuit according 
to the first preferred embodiment of the present invention. In 
this embodiment, the switching power conversion circuit 1 is 

6 
ing circuit 311 is alternately conducted or shut off. As such, 
the inductor L2 and the first capacitor C3 will be charged by 
the input voltage V,n when the switching circuit 311 is con­
ducted; and the inductor L2 discharges the stored energy when 
the switching circuit 311 is shut off. In other words, by alter­
nately conducting or shut off the switching circuit 311, a 
magnetic flux change is generated on the inductor L2 . At the 
same time, the output voltage V 

0
, which is equal to the voltage 

difference across the first output terminal 3B and a second a forward switching power conversion circuit, but it is not 
limited thereto. In comparison with the switching power con­
version circuit 1 of FIG. 1, the rectifying and filtering circuit 
112 further comprises a second magnetic element and a sec­
ond diode D2 . An example of the second magnetic element is 

10 output terminal 3C of the switching power conversion circuit 
3, and the load current I

0 
are transmitted to the load 9. 

an inductor L. The inductor L is connected to the first diode 
D1 , the first capacitor C1 and the load 9. The inductor Land 
the capacitor C1 collectively forms a LC resonant circuit, 
thereby enhancing the filtering efficacy of the rectifying and 
filtering circuit 112. The negative end of the second diode D2 

The detecting circuit 312 is interconnected between the 
switching circuit 311 and a common terminal. When the 
switching circuit 311 is conducted, the detecting circuit 312 

15 receives the inductor current ID thereby generating a detect­
ing voltage V d· In this embodiment, the detecting circuit 312 
includes a resistor. 

The power circuit 31 further comprises a second capacitor 
C4 and a first diode D3 . An end of the second capacitor C4 is is connected to the first diode D1 and the inductor L. The 

positive end of the second diode D2 is connected to the first 
capacitor C1 . 

In the above embodiment, when the switching circuit 111 
is alternately conducted or shut off under control of the con­
trol circuit 12, the inductor L will also generate a magnetic 
flux change according to the similar formula relating to pri­
mary winding assembly Nfor the secondary winding assem­
bly Ns of the transformer T. In other words, the magnetic flux 

20 connected to the input terminal 3A of the switching power 
conversion circuit 3 and the inductor L2 . The other end of the 
second capacitor C4 is connected to the common terminal. 
The second capacitor C2 is used for filtering the input voltage 
V,n· The negative end of the first diode D3 is connected to the 

of the inductor Lis changed with the input voltage V,n and the 

25 second capacitor C4 and the inductor L2 . The positive end of 
the first diode D3 is connected to the first capacitor C3 . When 
the switching circuit 311 is shut off, the first diode D3 pro­
vides a discharging path of the inductor L2 . 

The input terminal of the feedback circuit 313 is connected 
30 to the output terminals of the power circuit 31. The output 

terminal of the feedback circuit 313 is connected to the con-

on duration Ton of the switching circuit 111. According to the 
magnitude of the input voltage V,n, the on duration of the 
switching circuit 111 is adjusted to be a specified interval, 
which is smaller than a maximum on duration. The real on 
duration (i.e. the specified interval) is correlated with the 
input voltage V,n according to a formula T on~KIV,n. In other 
words, by predetermining the adjustable parameter K under 35 

control of the control circuit 12, the magnetic flux of the 
inductor Lis restricted under the maximum saturation mag­
netic flux. As a consequence, the possibility of immediately 
burning out the inductor L of the switching power conversion 
circuit 1 will be largely reduced. 

trol circuit 32. According to the output voltage V
0

, the feed­
back circuit 313 generates a feedback signal V fl to the control 
circuit 32. 

The input terminal of the control circuit 32 is connected to 
the detecting circuit 312 and the feedback circuit 313 for 
receiving the detecting voltage V d from the detecting circuit 
312 and the feedback signal V fl from the feedback circuit 313. 
The output terminal of the control circuit 32 is connected to a 

FIG. 3 is a schematic circuit diagram illustrating a switch­
40 control terminal of the switching circuit 311. The control 

circuit 32 is used for adjusting the on duration and the off 
duration of the switching circuit 311, so that the magnitude of 
the output voltage V

O 
is maintained at a rated voltage. In this 

ing power conversion circuit according to a second preferred 
embodiment of the present invention. In this embodiment, the 
switching power conversion circuit 1 is a buck switching 
power conversion circuit, but it is not limited thereto. After an 45 

input voltage V,n is received, the input voltage V,n is converted 
by the switching power conversion circuit 3 into an output 
voltage V

O 
required for powering a load 9. 

As shown in FIG. 3, the switching power conversion circuit 
3 principally comprises a power circuit 31, a control circuit 32 50 

and a feedback circuit 313. The power circuit 31 is connected 
to the control circuit 32 and the load 9. The power circuit 31 
comprises a first magnetic element, a first capacitor C3 , a 
switching circuit 311 and a detecting circuit 312. In this 
embodiment, the first magnetic element is an inductor L2 . A 55 

first end of the inductor L2 is connected to the input terminal 
3A of the switching power conversion circuit 3. After the 
input voltage V,n is received by the inductor L2 , an inductor 
current IL is generated. A second end of the inductor L2 is 
connected to the first capacitor C3 and the load 9 such that the 60 

inductor current IL may flows to the first capacitor C3 and the 
load 9. An end of the first capacitor C3 is connected to the 
inductor L2 and the load 9. The other end of the first capacitor 
C3 is connected to the switching circuit 311. 

The switching circuit 311 is connected to the load 9, the 65 

first capacitor C3 , the control circuit 32 and the detecting 
circuit 312. Under control of the control circuit 32, the switch-

embodiment, the off duration of the switching circuit 311 is 
maintained at a constant interval under control of the control 
circuit 32. According to the feedback signal V fl' the on dura-
tion of the switching circuit 311 is adjusted by the control 
circuit 32. An upper limit current value Im (as shown in FIG. 
4) has been predetermined by the control circuit 32. Accord­
ing to the detecting voltage V d from the detecting circuit 312, 
the control circuit 32 will control the switching circuit 311 to 
be shut off if the inductor current IL reaches the current upper 
limit value Im. 

FIG. 4 is a timing waveform diagram schematically illus­
trating related current signals and the statuses of the switch­
ing circuit 311 described in the switching power conversion 
circuit of FIG. 3.At the time spot t1 , the switching circuit 311 
is conducted under control of the control circuit 32, so that the 
electric energy of the input voltage V,n is stored into the 
inductor L2 and the first capacitor C3 (in a charge state). The 
inductor current IL of the inductor L2 is gradually increased 
and divided to flow to the first capacitor C3 and the load 9. 
Since the switching circuit 311 is conducted, the inductor 
current IL may flow to the detecting circuit 312 through the 
switching circuit 311. According to the magnitude of the 
inductor current ID the detecting circuit 312 generates the 
detecting voltage V d to the control circuit 32. 
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At the time spot t2 , the inductor current IL is gradually 
increased to the upper limit current value Im. Meanwhile, 
according to the detecting voltage V d, the control circuit 32 
realizes that the inductor current IL reaches the upper limit 
current value Im. Accordingly, the switching circuit 311 is 
shut off under control of the control circuit 32. At the moment 
when the switching circuit 311 is shut off, the peak value IP of 
the inductor current IL is equal to the upper limit current value 

8 
of FIG. 3, the control circuit 32 is connected to the switching 
circuit 311, the detecting circuit 312, the feedback circuit 313 
and also connected to the input terminal 3A of the switching 
power conversion circuit 3. Similarly, according to the mag­
nitude of the input voltage V,m the on duration of the switch­
ing circuit 311 is adjusted to be a specified interval, which is 
smaller than a maximum on duration under control of the 
control circuit 32. In this embodiment, the load current I

0 
can 

Im. Meanwhile, the electric energy stored in the inductor L2 

begins to discharge through the first diode D3 and thus the 10 

inductor current IL is gradually decreased. Since the off dura­
tion of the switching circuit 311 is maintained at a constant 
interval ( e.g. Tf) under control of the control circuit 12, the 
switching circuit 311 is conducted under control of the con-

be precisely maintained at a constant value, so that the opera­
tion of the load 9 is optimized. In addition, when the switch­
ing circuit 311 is alternately conducted or shut off, the mag-
netic flux of the inductor L2 is restricted under the maximum 
saturation magnetic flux by predetermining the adjustable 
parameter K under control of the control circuit 32. For 
example, the magnetic flux of the inductor L2 is restricted 
under the maximum saturation magnetic flux. As a conse-

trol circuit 32 at the time spot t3 , in which t3=t2 + Ti' At the 15 

moment when the switching circuit 311 is conducted, the 
inductor current IL reaches a trough current value Ia. Mean­
while, the electric energy of the input voltage V,n is stored into 

quence, the possibility of immediately burning out the induc­
tor L2 or other components of the switching power conversion 
circuit 3 will be largely reduced. the inductor L2 and the first capacitor C3 (in the charge state). 

The inductor current IL of the inductor L2 is gradually 20 

increased. The above procedures are repeated, so that the 
input voltage V,n is converted by the switching power conver­
sion circuit 3 into the output voltage V

O 
required for powering 

FIG. 6 is a schematic circuit diagram illustrating a switch-
ing power conversion circuit according to a third preferred 
embodiment of the present invention. In this embodiment, the 
switching power conversion circuit 5 is an isolation switching 
power conversion circuit. After an input voltage V,n is the load 9. 

Please refer to FIG. 3 and FIG. 4. When the switching 
power conversion circuit 3 provides the output voltage V

O 
to 

the load 9, the load current I
0 

on the load 9 is changed with the 
peak value IP and the trough current value Ia of the inductor 
current IL according to the formula I

0 
=Ia+(Ip-Ia)/2. In addi­

tion, the relation between the peak value IP and the trough 
current value Ia may be indicated as Ia=IP-(V0 xT0ff)/Lfl in 
which V

0 
is the output voltage of the switching power con­

version circuit 3, T
0
ff is the off duration of the switching 

circuit 311, and Lfis the inductance of the inductor L2 . As a 
consequence, the trough current value Ia is changed with the 
peak value Ip, the output voltage V 

0
, the off duration T off and 

the inductance Lfofthe inductor. Since the inductance Lfis 
determined after the inductor L2 is fabricated, the off duration 
T

0
ffofthe switching circuit 311 is a canst interval Tfand the 

peak value IP of the inductor current IL is equal to the upper 
limit current value Im, the trough current value Ia is only 
changed with the output voltage V

0
• Due to the capacitance 

property of the first capacitor C3 , the variation of the output 
voltage V

O 
is very tiny and thus the variation of the trough 

current value Ia is very tiny. 
Since the load current I

0 
on the load 9 is changed with the 

peak value IP and the trough current value Ia of the inductor 
current IL and the variation of the trough current value Ia is 
very tiny, the load current I

0 
is mainly dependent on the peak 

value Ir Since the peak value IP of the inductor current IL is 
equal to the upper limit current value Im, the peak value IP of 

25 received, the input voltage V,n is converted by the switching 
power conversion circuit 5 into an output voltage V

O 
required 

for powering a load 9. 
As shown in FIG. 6, the switching power conversion circuit 

5 principally comprises a power circuit 51, a control circuit 52 
30 and a feedback circuit 514. The power circuit 51 is connected 

to the control circuit 52 and the load 9. The power circuit 51 
comprises a first magnetic element, a first capacitor Cs, a 
switching circuit 511, a detecting circuit 512, a rectifying 
circuit 513 and a second magnetic element. In this embodi-

35 ment, the second magnetic element is an isolation transformer 
T 3 . The primary winding assembly N fl of the transformer T 3 

is connected to the input terminal SA of the switching power 
conversion circuit 5. The input voltage V,n is received by the 
primary winding assembly Nfl and then magnetically trans-

40 mitted to the secondary winding assembly Ns1 of the trans­
former T3 . As such, the secondary winding assembly Ns1 

generates a conversion voltage Vs1 . In addition, when the 
input voltage V,n is received by the primary winding assembly 

45 

Nfl, a primary current Ifl is generated. 
The rectifying circuit 513 is connected to the secondary 

winding assembly Ns1 of the transformer T 3 for rectifying the 
conversion voltage Vs1 into a rectified voltage Vs2 . In this 
embodiment, the rectifying circuit 513 comprises a first diode 
D4 and a second diode Ds- The positive end and the negative 

50 end of the first diode D4 are respectively connected to the 
secondary winding assembly Ns1 of the isolation transformer 
T3 and the negative end of the second diode Ds. The positive 
end of the second diode Ds is connected to an insulation 
common terminal G. 

the inductor current IL may be controlled by adjusting the 
upper limit current value Im under control of the control cir­
cuit 32. Under this circumstance, the load current I

0 
can be 

precisely maintained at a constant value, so that the operation 55 

of the load 9 is optimized. 
In this embodiment, the first magnetic element is an induc-

tor L3 . A first end of the inductor L3 is connected to the 
rectifying circuit 513. After the rectified voltage Vs2 trans­
mitted from the rectifying circuit 513 is received by the induc­
tor L3 , an inductor current IL3 is generated. A second end of 

Please refer to FIG. 3 again. Since the switching circuit 311 
is located at the low-voltage terminal, no additional bootstrap 
circuit is required to drive the switching circuit 311 and the 
switching power conversion circuit 3 is relatively cost-effec­
tive. Moreover, since the load current I

0 
is precisely main­

tained at a constant value, the operation of the load 9 is 
optimized. 

FIG. 5 is a schematic circuit diagram illustrating a variation 
example of the switching power conversion circuit according 
to the second preferred embodiment of the present invention. 
In comparison with the switching power conversion circuit 3 

60 the inductor L3 is connected to the first capacitor Cs and the 
load 9 such that the inductor current IL3 may flows to the first 
capacitor Cs and the load 9. Due to the inherent property of 
the isolation transformer T 3 , the inductor current IL3 and the 
primary current Ifl are in a proportional relation. The propor-

65 tional relation is equal to the turn ratio of the primary winding 
assembly N fl to the secondary winding assembly Ns1 . Assum­
ing the coil tum of the primary winding assembly Nfl is 



014

US 8,014,175 B2 
9 

double of the coil turn of the secondary winding assembly 
N51 , the ratio of the inductor current IL3 to the primary current 
Ifl is 2: 1. An end of the first capacitor Cs is connected to the 
inductor L3 and the load 9. The other end of the first capacitor 
Cs is connected to the insulation common terminal G for 
filtering purpose. 

The switching circuit 511 is connected to the control circuit 

10 

52, the primary winding assembly Nfl of the transformer T3 

and the detecting circuit 512. Under control of the control 
circuit 52, the switching circuit 511 is alternately conducted 10 

or shut off. As such, the electric energy received by the pri­
mary winding assembly Nfl of the transformer T3 will be 
magnetically transmitted to the secondary winding assembly 
Ns1 . When the switching circuit 511 is conducted, the induc-

is conducted under control of the control circuit 52, so that the 
primary current Ifl is gradually increased and flows to the 
detecting circuit 512 through the switching circuit 511. At the 
same time, the secondary winding assembly Ns1 generates a 
conversion voltage Vs1 . By the rectifying circuit 513, the 
conversion voltage Vs1 is rectified into a rectified voltage Vs2 , 

which will charge the inductor L3 and the first capacitor Cs. 
During the charging period, the inductor current IL3 is gradu-
ally increased. Assuming the coil turn of the primary winding 
assembly Nfl is double of the coil turn of the secondary 
winding assembly N51 , the ratio of the inductor current IL3 to 
the primary current Ifl is 2:1. 

At the time spot t2 , the inductor current IL3 is gradually 
increased to the upper limit current value Im 1 . Meanwhile, 
according to the detecting voltage V du the control circuit 52 
realizes that the inductor current IL3 reaches the upper limit 
current value Im. Accordingly, the switching circuit 511 is 
shut off under control of the control circuit 52. At the moment 

tor L3 and the first capacitor Cs will be charged by the rectified 15 

voltage Vs2 and thus the inductor current IL3 is generated. 
When the switching circuit 511 is shut off, the inductor L3 

discharges the stored energy. In other words, by alternately 
conducting or shut off the switching circuit 511, a magnetic 
flux change is generated on the inductor L3 . At the same time, 20 

the output voltage V 
0

, which is equal to the voltage difference 
across the first output terminal 5B and a second output termi-

when the switching circuit 511 is shut off, the peak value IP 1 

of the inductor current IL3 is equal to the upper limit current 
value Imi· 

nal SC of the switching power conversion circuit 5, and the 
load current I

0 
are transmitted to the load 9. 

The detecting circuit 512 is interconnected between the 25 

switching circuit 511 and a common terminal. When the 
switching circuit 511 is conducted, the detecting circuit 512 
receives the primary current Ifl, thereby generating a detect-

When switching circuit 511 is shut off at the time spot t2 , 

the electric energy stored in the inductor L3 begins to dis­
charge and thus the inductor current IL3 is gradually 
decreased. Since the off duration of the switching circuit 511 
is maintained at a constant interval ( e.g. T fl) under control of 
the control circuit 52, the switching circuit 511 is conducted 
under control of the control circuit 52 at the time spot t3 , in 
which t3=t2 + T fl. At the moment when the switching circuit 
511 is conducted, the inductor current IL3 reaches a trough 

ing voltage V dl. Due to the inherent property of the isolation 
transformer T 3 , the inductor current IL3 and the primary cur- 30 

rent Ifl are in a proportional relation. In this embodiment, the 
ratio of the inductor current IL3 to the primary current Ifl is current value I01 . Meanwhile, the electric energy of the rec­

tified voltage V s2 is stored into the inductor L3 (in the charge 
state) and thus the inductor current IL3 of the inductor L3 is 
gradually increased. 

2: 1. The detecting circuit 512 is composed of a resistor. 
The input terminal of the feedback circuit 514 is connected 

to the output terminals of the power circuit 51. The output 35 

terminal of the feedback circuit 514 is connected to the con- Please refer to FIG. 6 and FIG. 7 again. When the switching 
power conversion circuit 5 provides the output voltage V

O 
to 

the load 9, the load current I
0 

on the load 9 is changed with the 
peak value IP1 and the trough current value I01 of the inductor 

trol circuit 52. According to the output voltage V
0

, the feed­
back circuit 514 generates a feedback signal V 12 to the control 
circuit 52. 

The power circuit 51 further comprises a second capacitor 
C6 . An end of the second capacitor C6 is connected to the 
input terminal SA of the switching power conversion circuit 5 
and the primary winding assembly N fl of the transformer T 3 . 

The other end of the second capacitor C6 is connected to the 
common terminal. The second capacitor C6 is used for filter­
ing the input voltage V,n· 

The input terminal of the control circuit 52 is connected to 
the detecting circuit 512 and the feedback circuit 514 for 
receiving the detecting voltage V dl from the detecting circuit 
512 and the feedback signal V 12 from the feedback circuit 514. 
The output terminal of the control circuit 52 is connected to a 
control terminal of the switching circuit 511. The control 
circuit 52 is used for adjusting the on duration and the off 
duration of the switching circuit 511, so that the magnitude of 
the output voltage V

O 
is maintained at a rated voltage. In this 

embodiment, the off duration of the switching circuit 511 is 
maintained at a constant interval under control of the control 
circuit 52. An upper limit current value Im 1 (as shown in FIG. 
7) has been predetermined by the control circuit 52. Accord­
ing to the detecting voltage V dl from the detecting circuit 512, 
the control circuit 52 will control the switching circuit 511 to 
be shut off if the inductor current IL3 reaches the current upper 
limit Imi· 

FIG. 7 is a timing waveform diagram schematically illus­
trating related current signals and the statuses of the switch­
ing circuit 511 described in the switching power conversion 
circuit of FIG. 6. At the time spot ti, the switching circuit 511 

40 current IL according to the formula I0 =I01 +(IP1 -I01 )/2. In 
addition, the relation between the peak value IP 1 and the 
troughcurrentvalueI01 maybe indicated as I0 =IP 1-(V

0
xT

0
ff)/ 

Lfl in which V
0 

is the output voltage of the switching power 
conversion circuit 5, T

0
ffis the off duration of the switching 

45 circuit 511, and Lfis the inductance of the inductor L3 . As a 
consequence, the trough current value I01 is changed with the 
peak value IP1 , the output voltage V

0
, the off duration T

0
ffand 

the inductance Lfofthe inductor. Since the inductance Lfis 
determined after the inductor L3 is fabricated, the off duration 

50 T off of the switching circuit 511 is a canst interval T fl and the 
peak value IP 1 of the inductor current IL3 is equal to the upper 
limit current value Imu the trough current value I01 is only 
changed with the output voltage V

0
• Due to the capacitance 

property of the first capacitor Cs, the variation of the output 
55 voltage V

O 
is very tiny and thus the variation of the trough 

current value I01 is very tiny. 
Since the load current I

0 
on the load 9 is changed with the 

peak value IP1 and the trough current value I01 of the inductor 
current IL3 and the variation of the trough current value I01 is 

60 very tiny, the load current I
0 

is mainly dependent on the peak 
value IP 1 . Since the peak value IP 1 of the inductor current IL3 
is equal to the upper limit current value Imu the peak value IP 1 

of the inductor current ILI may be controlled by adjusting the 
upper limit current value Im 1 under control of the control 

65 circuit 52. Under this circumstance, the load current I
0 

can be 
precisely maintained at a constant value, so that the operation 
of the load 9 is optimized. 



015

US 8,014,175 B2 
11 

FIG. 8 is a schematic circuit diagram illustrating a variation 
example of the switching power conversion circuit according 
to the third preferred embodiment of the present invention. In 
comparison with the switching power conversion circuit 5 of 
FIG. 6, the control circuit 52 is connected to the switching 
circuit 511, the detecting circuit 512, the feedback circuit 514 
and also connected to the input terminal SA of the switching 
power conversion circuit 5. Similarly, according to the mag­
nitude of the input voltage V,n, the on duration of the switch­
ing circuit 511 is adjusted to be a specified interval, which is 
smaller than a maximum on duration under control of the 
control circuit 52. In this embodiment, the load current I

0 
can 

be precisely maintained at a constant value, so that the opera­
tion of the load 9 is optimized. In addition, when the switch­
ing circuit 511 is alternately conducted or shut off, the mag­
netic fluxes of the first and second magnetic elements are 
restricted under the maximum saturation magnetic flux. As a 
consequence, the possibility of immediately burning out the 
components of the switching power conversion circuit 5 will 
be largely reduced. 

From the above description, the on duration of the switch­

12 
switching circuit is maintained at a constant interval 
under control of said control circuit, said on duration of 
said switching circuit is adjusted by said control circuit 
according to said feedback signal, and said on duration 
of said switching circuit is adjusted to be a specified 
interval smaller than a maximum on duration according 
to the magnitude of said input voltage. 

2. The switching power conversion circuit according to 
claim 1 wherein said first magnetic element is connected to 

10 said input terminal of said switching power conversion circuit 
for converting said input voltage into a conversion voltage. 

3. The switching power conversion circuit according to 
claim 2 wherein said first magnetic element is a transformer, 
and said switching circuit is interconnected between said 

15 transformer and a common terminal. 
4. The switching power conversion circuit according to 

claim 2 further comprising a rectifying and filtering circuit, 
which is interconnected between said first magnetic element 
and said load for rectifying and filtering said conversion volt-

20 age and generating said output voltage, and said rectifying 
and filtering circuit includes a first diode and a first capacitor, 
wherein the positive end of said first diode is connected to said 
first magnetic element, the negative end of said first diode is 

ing circuit is adjusted to be a specified interval smaller than a 
maximum on duration under control of the control circuit 
according to the magnitude of the input voltage. When the 
switching circuit is alternately conducted or shut off, the 25 

magnetic fluxes of the magnetic element is restricted under 

connected to an end of said first capacitor and said load, and 
the other end of said first capacitor is connected to a common 
terminal. 

the maximum saturation magnetic flux. As a consequence, the 
possibility of immediately burning out the components of the 
switching power conversion circuit will be largely reduced 

5. The switching power conversion circuit according to 

Moreover, since the switching circuit is located at the low- 30 

voltage terminal, no additional bootstrap circuit is required to 
drive the switching circuit and the switching power conver­
sion circuit is relatively cost-effective. Moreover, since the 
load current is precisely maintained at a constant value, the 
operation of the load is optimized. 35 

claim 1 wherein said first magnetic element is connected to 
said input terminal of said switching power conversion cir­
cuit, and said first magnetic element generates a load current 
to said load by alternately conducting or shutting off said 
switching circuit. 

6. The switching power conversion circuit according to 
claim 5 wherein said first magnetic element is an inductor. 

7. The switching power conversion circuit according to 
While the invention has been described in terms of what is 

presently considered to be the most practical and preferred 
embodiments, it is to be understood that the invention needs 
not be limited to the disclosed embodiment. On the contrary, 
it is intended to cover various modifications and similar 
arrangements included within the spirit and scope of the 
appended claims which are to be accorded with the broadest 
interpretation so as to encompass all such modifications and 
similar structures. 

What is claimed is: 
1. A switching power conversion circuit for converting an 

input voltage into an output voltage and issuing said output 
voltage to a load, said switching power conversion circuit 
comprising: 

a power circuit interconnected between an input terminal 
of said switching power conversion circuit and said load, 
and comprising a switching circuit and a first magnetic 
element, wherein said first magnetic element generates a 
magnetic flux change by alternately conducting or shut­
ting off said switching circuit, so that said input voltage 
is converted into said output voltage by said power cir­
cuit; 

a feedback circuit having an input terminal connected to an 
output terminal of said power circuit, wherein said feed­
back circuit generates a feedback signal according to 
said output voltage; and 

a control circuit connected to said input terminal of said 
switching power conversion circuit, said switching cir­
cuit and an output terminal of said feedback circuit for 
controlling an on duration and an off duration of said 
switching circuit, thereby maintaining said output volt­
age at a rated voltage, wherein said off duration of said 

claim 5 further comprising a first capacitor and a detecting 
circuit, wherein an end of said first capacitor is connected to 
said first magnetic element and said load, and the other end of 
said first capacitor is connected to said switching circuit, an 

40 end of said detecting circuit is connected to said control 
circuit and said switching circuit, the other end of said detect­
ing circuit is connected to a common terminal, and said 
detecting circuit receives a current generated by said first 
magnetic element when the switching circuit is conducted, 

45 thereby generating a detecting voltage. 
8. The switching power conversion circuit according to 

claim 7 wherein an upper limit current value is predetermined 
by said control circuit, wherein if said current generated by 
said first magnetic element reaches said current upper limit 

50 value, said switching circuit is shut off under control of said 
control circuit according to said detecting voltage, so that said 
load current is kept constant. 

9. The switching power conversion circuit according to 
claim 7 further comprising a first diode, wherein the negative 

55 end of said first diode is connected to said first magnetic 
element, and the positive end of said first diode is connected 
to said first capacitor, thereby providing a discharging path of 
said first magnetic element. 

10. The switching power conversion circuit according to 
60 claim 1 further comprising a second magnetic element, which 

is connected to said input terminal of said switching power 
conversion circuit for converting said input voltage into a 
conversion voltage. 

11. The switching power conversion circuit according to 
65 claim 10 wherein said second magnetic element is an isola­

tion transformer having a primary winding assembly and a 
secondary winding assembly. 
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a primary current generated by said primary winding assem­
bly of said second magnetic element and senses said current 
generated by said first magnetic element, thereby generating 
a detecting voltage according to said current generated by 
said first magnetic element, wherein said primary current and 
said current generated by said first magnetic element are in a 
proportional relation. 

17. The switching power conversion circuit according to 
claim 16 wherein an upper limit current value is predeter-

12. The switching power conversion circuit according to 
claim 11 further comprising a rectifying circuit, which is 
connected to said second magnetic element for rectifying said 
conversion voltage into a rectified voltage, wherein said rec­
tifying circuit comprises a first diode and a second diode, the 
positive end and the negative end of said first diode are respec­
tively connected to said second magnetic element and said 
first magnetic element, and the positive end and the negative 
end of said second diode are respectively connected to said 
first magnetic element and an insulation common terminal. 10 mined by said control circuit, wherein if said current gener­

ated by said first magnetic element reaches said current upper 
limit value, said switching circuit is shut off under control of 
said control circuit according to said detecting voltage, so that 

13. The switching power conversion circuit according to 
claim 11 wherein said first magnetic element is an inductor 
interconnected between said rectifying circuit and said load, 
wherein when said switching circuit is conducted, said induc­
toris charged by said rectified voltage and generates a current, 15 

and when said switching circuit is shut off, said inductor 
discharges such that said output voltage and a load current is 
transmitted to said load. 

14. The switching power conversion circuit according to 
claim 12 further comprising a first capacitor, wherein an end 
of said first capacitor is connected to said first magnetic 
element and said load, and the other end of said first capacitor 
is connected to an insulation common terminal. 

said load current is kept constant. 
18. The switching power conversion circuit according to 

claim 16 wherein said proportional relation is equal to the tum 
ratio of said primary winding assembly to said secondary 
winding assembly. 

19. The switching power conversion circuit according to 
20 claim 1 wherein said maximum on duration is varied accord­

ing to the magnitude of said input voltage, and the relation 
between said input voltage and said on duration of said 
switching circuit is changed by adjusting an adjustable 

15. The switching power conversion circuit according to 
claim 12 wherein said switching circuit is connected to said 25 

second magnetic element. 

parameter under control of said control circuit. 
20. The switching power conversion circuit according to 

claim 1 further comprising a second capacitor, wherein an end 
of said second capacitor is connected to said input terminal of 
said switching power conversion circuit, and the other end of 
said second capacitor is connected to a common terminal for 

16. The switching power conversion circuit according to 
claim 15 further comprising a detecting circuit, wherein an 
end of said detecting circuit is connected to said control 
circuit and said switching circuit, the other end of said detect­
ing circuit is connected to a common terminal, and when said 
switching circuit is conducted, said detecting circuit receives 

30 filtering said input voltage. 

* * * * * 




