
(19) United States 
US 20020064.059A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0064059 A1 
Ying et al. (43) Pub. Date: May 30, 2002 

(54) DC-TO-DC CONVERTER AND METHOD (30) Foreign Application Priority Data 
FOR CONVERTING DIRECT CURRENT TO 
DIRECT CURRENT Nov. 30, 2000 (TW).......................................... 89 125523 

(75) Inventors: Jianping Ying. Neihu Taipei (TW); 
Chau-Chun Wen, Neihu Taipei (TW); 
Hai Geng, Neihu Taipei (TW); 
Jianhong Zeng, Neihu Taipei (TW) 

Correspondence Address: 
Klein & Szekeres, LLP 
Suite 700 
4199 Campus Drive 
Irvine, CA 926.12 (US) 

(73) Assignee: Delta Electronics, Inc. 

(21) Appl. No.: 09/865,220 

(22) Filed: May 25, 2001 

Control signal 

Q1 Q3 

Ud L1 

Q2 Q4 

Publication Classification 

(51) Int. Cl." .................................................... H02M 3/335 
(52) U.S. Cl. ................................................................ 363/17 

(57) ABSTRACT 

A DC-to-DC converter and a method thereof is provided. 
The DC-to-DC converter includes a power supply for pro 
Viding a first direct current, a first capacitor, a first Switch 
assembly for converting the first direct current into a first 
alternating current, a transformer for converting the first 
alternating current to a Second alternating current, a recti 
fying circuit for converting and rectifying the Second alter 
nating current to a Second direct current, a filtering circuit, 
and a range winding assembly for adjusting the output 
Voltage of the Second direct current in response to the 
Voltage drop of the first direct current. 
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DC-TO-DC CONVERTER AND METHOD FOR 
CONVERTING DIRECT CURRENT TO DIRECT 

CURRENT 

FIELD OF THE INVENTION 

0001. The present invention relates to a DC-to-DC con 
verter and a converting method, and more particularly to a 
DC-to-DC converter and a converting method for adjusting 
an output DC voltage in response to a Voltage drop of an 
input DC voltage. 

BACKGROUND OF THE INVENTION 

0002 Presently, the traditional topological structure of 
DC-to-DC converter is mainly divided into four types: 
full-bridge converter, forward converter, flyback converter 
and asymmetrical half-bridge converter. 

0.003 FIG. 1 illustrates a circuit diagram of a conven 
tional full-bridge topological DC-to-DC converter, wherein 
the power Switching devices Q1 to Q4 are MOSFETs. 

0004. In view of FIG. 1, the DC-to-DC converter 
includes a direct current (DC) voltage Ud provided from the 
DC power supply or obtained from a rectified AC power 
Supply, a filtering energy Storage capacitor C1, a Switch 
assembly Q1 to Q4, a transformer T1, two rectifying diodes 
D2 and D3 and a filtering circuit LC having a capacitor C3 
and an inductor L2. The filtering energy Storage capacitor C1 
is charged by the DC voltage Ud provided from the DC 
power Supply or obtained from a rectified alternating current 
(AC) power Supply. The input DC voltage is converted into 
a high frequency AC Voltage by alternately conducting and 
shutting the Switch assembly Q1 to Q4. Furthermore, the 
high frequency AC voltage transformed by the transformer 
T1 is transferred to the secondary winding N2 and N2' in the 
transformer T1, which are rectified through the rectifying 
diodes D2 and D3 respectively and then a DC output voltage 
is outputted from the filtering circuit LC. 
0005. During normal operation, the maximum duty ratio 
in the Switch assembly Q1 to Q4 is generally small. The 
Small duty ratio is obtained So as to conform to a hold-up 
time in a power supply. When the input DC outputted from 
the power Supply is dropped, a Voltage outputted from the 
filtering energy Storage capacitor C1 is decreased therewith. 
Nevertheless, the power Supply is required to maintain a 
hold-up time, e.g. 20 ms, of rated output Voltage of the 
converter after the input Voltage drop. Consequently, the 
duty ratio of the converter is raised through the hold-up time, 
for example the duty ratio is raised from 70% of working 
normally to 90%, thereby the limited output voltage of the 
converter is performed. 

0006 The duty ratio of the converter is less during the 
normal operation, and hence the efficiency of the converter 
could not be increased. Moreover, the converter needs a 
larger filtering energy Storage capacitor C1 to maintain the 
rated output Voltage, which increases the Volume of the 
converter and the price thereof. In addition, Voltage on the 
secondary winding of the transformer T1 should be raised 
due to the leSS duty ratio and the StreSS generated from the 
rectifying diodes D2 and D3 would be increased. 
0007 Furthermore, other topological structures of the 
DC-to-DC converter also exist the above-mentioned short 
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comings according to the prior art. It is therefore tried by the 
applicant to deal with the above Situation encountered by the 
prior art. 

SUMMARY OF THE INVENTION 

0008. It is therefore an object of the present invention to 
provide a DC-to-DC converter and a method for keeping a 
rated output voltage by adjusting the ratio of an transformer 
when the input Voltage outputted from a power Supply is 
dropped. 
0009. It is another object of the present invention to 
provide a DC-to-DC converter and a method for converting 
direct current to direct current including a better converting 
efficiency by raising the duty ratio of a Switch assembly 
during the normal operation. 
0010. According to an aspect of the present invention, the 
DC-to-DC converter includes a power Supply, a first capaci 
tor, a first Switch assembly, a transformer, a rectifying 
circuit, a filtering circuit and a range winding assembly. The 
power Supply is used for providing a first direct current 
(DC). The first capacitor is electrically connected to the 
power Supply for being charged by the power Supply. The 
first Switch assembly is electrically connected to the first 
capacitor for converting the first direct current into a first 
alternating current by Switching the first Switch assembly. 
The transformer has a primary winding and a Secondary 
winding for converting the first alternating current to a 
Second alternating current, wherein the primary winding is 
electrically connected to the first Switch assembly and the 
Secondary winding has a tap. The rectifying circuit is 
electrically connected to the Secondary winding for convert 
ing and rectifying the Second alternating current to a Second 
direct current. The filtering circuit is electrically connected 
to the rectifying circuit for filtering the Second direct current. 
In addition, the range winding assembly is electrically 
connected to the Secondary winding and is one portion of the 
Secondary winding for adjusting the output Voltage of the 
Second direct current in response to the Voltage drop of the 
first direct current. 

0011 Preferably, the power supply is a direct current 
(DC) power Supply. 
0012 Preferably, the power supply is an alternating cur 
rent (AC) power Supply capable of providing the first direct 
current via rectifying. 
0013 Preferably, the first capacitor is a filtering capacitor. 
0014 Preferably, the first alternating current is a high 
frequency alternating current. 
0015 Preferably, the tap is a central tap. 
0016 Preferably, the rectifying circuit includes two first 
rectifying diodes electrically connected to two ends of the 
Secondary winding, respectively. 

0017 Preferably, the filtering circuit includes an inductor 
and a Second capacitor electrically connected to the tap. 
0018 Preferably, the range winding assembly includes 
two subwindings electrically connected with two ends of the 
Secondary winding, respectively. 
0019 Preferably, the two Subwindings are electrically 
connected with two Second rectifying diodes, respectively, 
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wherein the output ends of the two Second rectifying diodes 
are connected together and electrically connected to the 
inductor of the filtering circuit. 
0020 Preferably, the DC-to-DC converter further 
includes a third rectifying diode electrically connected to the 
range winding assembly, and a Second Switch electrically 
connected between the third rectifying diode and the filter 
ing circuit. 
0021 Preferably, the DC-to-DC converter further 
includes a control circuit electrically connected to the Sec 
ond Switch for controlling the Second Switch in response to 
the Voltage drop. 
0022 Preferably, the control circuit is electrically con 
nected to the first capacitor for providing a control Signal to 
Switch the Second Switch in response to the Voltage drop of 
the first capacitor when the first direct current outputted 
from the power Supply is dropped. 
0023 Preferably, the control circuit is electrically con 
nected to the Secondary winding of the transformer for 
providing a control Signal to Switch the Second Switch in 
response to the Voltage drop of the Secondary winding when 
the first direct current outputted from the power Supply is 
dropped. 
0024 Preferably, the DC-to-DC converter is one selected 
from a group consisting of a flyback converter, a forward 
converter and a half-bridge converter. 
0.025 According to another aspect of the present inven 
tion, the DC-to-DC converter includes a power Supply for 
providing a first direct current (DC), a first capacitor elec 
trically connected to the power Supply for being charged by 
the power Supply, a first Switch assembly electrically con 
nected to the first capacitor for converting the first direct 
current into a first alternating current by Switching the first 
Switch assembly, a transformer having a primary winding 
electrically connected to the first Switch assembly and a 
Second winding for converting the first alternating current 
into a Second alternating current, a rectifying circuit elec 
trically connected to a first end of the Secondary winding for 
converting and rectifying the Second alternating current to a 
Second direct current, a filtering circuit having an inductor 
and a Second capacitor for filtering the Second direct current, 
wherein the inductor is electrically connected to the recti 
fying circuit, and the Second capacitor is electrically con 
nected to a Second end of the Secondary winding, a Sub 
winding electrically connected to the first end of the 
Secondary winding, a Second rectifying diodes electrically 
connected to the Subwinding, wherein the output end of the 
Subwinding is electrically connected to the inductor of the 
filtering circuit, a Second Switch electrically connected 
between the Subwinding and the filtering circuit, and a 
control circuit electrically connected to the Second Switch 
for controlling the second Switch to be turned on when the 
Voltage of the first direct current is dropped. 
0.026 Preferably, the control circuit is electrically con 
nected to the first capacitor for providing a control Signal to 
Switch the Second Switch in response to the Voltage drop of 
the first capacitor when first direct current outputted from 
the power Supply is dropped. 
0027 Preferably, the DC-to-DCDC-to-DC converter is 
one Selected from a group consisting of a flyback converter, 
a forward converter and a half-bridge converter. 
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0028. According to another aspect of the present inven 
tion, the DC-to-DC converter includes a power supply for 
providing a first direct current (DC), a first capacitor elec 
trically connected to the power Supply for being charged by 
the power Supply, a first Switch electrically connected to the 
first capacitor for converting the first direct current into a 
first alternating current by Switching the first Switch assem 
bly, a transformer having a primary winding electrically 
connected to the first Switch and a Second winding for 
converting the first alternating current into a Second alter 
nating current, a rectifying circuit electrically connected to 
the Second winding for converting and rectifying the Second 
alternating current to a Second direct current, a filtering 
circuit having an inductor and a Second capacitor, and 
electrically connected to the rectifying circuit for filtering 
the Second direct current, a Second Switch having one end 
electrically connected to a central tap of the primary winding 
and the other end electrically connected to the first capacitor, 
and a control circuit for controlling the first Switch and the 
Second Switch in response to the Voltage drop of the first 
direct current outputted from the power Supply. 
0029 Preferably, the control circuit is electrically con 
nected to the first capacitor for providing a control Signal to 
Switch the Second Switch in response to the Voltage drop of 
the first capacitor when first direct current outputted from 
the power Supply is dropped. 
0030 Preferably, the DC-to-DCDC-to-DC converter is 
one Selected from a group consisting of a flyback converter, 
a forward converter and a half-bridge converter. 
0031. According to another aspect of the present inven 
tion, there is provided a method for converting direct current 
to direct current, adapted to be applied in a DC-to-DC 
converter. The method includes Steps of charging a first 
capacitor, Switching a first Switch assembly for converting a 
first direct current outputted from the first capacitor into a 
first alternating current, converting the first alternating cur 
rent to a Second alternating current via a transformer, detect 
ing whether the Voltage of the first direct current is dropped, 
and adjusting the ratio of the windings for changing the 
output voltage of the Second alternating current in response 
to the Voltage drop, rectifying and converting the Second 
alternating current into a Second direct current via a recti 
fying circuit, and filtering the Second direct current via a 
filtering circuit. 
0032 Preferably, the detecting step is performed by 
detecting the Voltage drop of the first capacitor. 
0033 Preferably, the detecting step is performed by 
detecting the Voltage drop of a Second winding of the 
transformer. 

0034 Preferably, the adjusting step is performed by 
increasing the number of a Second winding of the trans 
former. 

0035) Preferably, the adjusting step is performed by 
reducing the number of a primary winding of the trans 
former. 

0036 Preferably, the DC-to-DC converter is one selected 
from a group consisting of a flyback converter, a forward 
converter and a half-bridge converter. 
0037. The present invention may be well understood 
through the following descriptions with reference to the 
accompanying drawings, in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.038 FIG. 1 is a circuit diagram of a full-bridge topo 
logical DC-to-DC converter according to the prior art; 
0.039 FIG. 2a is a circuit diagram of a full-bridge topo 
logical DC-to-DC converter according to the first preferred 
embodiment of the present invention; 
0040 FIG.2b is a circuit diagram of a fall-bridge topo 
logical DC-to-DC converter according to the Second pre 
ferred embodiment of the present invention; 
0041 FIG. 3a is a circuit diagram of an asymmetrical 
half-bridge topological DC-to-DC converter according to 
the third preferred embodiment of the present invention; 
0.042 FIG. 3b is a circuit diagram of an asymmetrical 
half-bridge topological DC-to-DC converter according to 
the fourth preferred embodiment of the present invention; 
0.043 FIG. 4a is a circuit diagram of a flyback DC-to-DC 
converter according to the fifth preferred embodiment of the 
present invention; 
0044 FIG.4b is a circuit diagram of a flyback DC-to-DC 
converter according to the Sixth preferred embodiment of the 
present invention; 
004.5 FIG. 5a is a circuit diagram of a forward DC-to 
DC converter according to the seventh preferred embodi 
ment of the present invention; 
0046 FIG. 5b is a circuit diagram of a forward DC-to 
DC converter according to the eighth preferred embodiment 
of the present invention; and 
0047 FIG. 6 is a view showing the equivalent winding 
construction of the transformer according to the above 
mentioned preferred embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.048 FIGS. 2a and 2b are circuit diagrams according to 
the first and Second embodiments of the present invention, 
wherein the circuits are developed on basis of the conven 
tional DC-to-DC converter shown as FIG. 1. The circuit 
structures in FIGS. 2a and 2b are the same as that in FIG. 
1 except that a range Switch Q5 and a control circuit TC are 
introduced and the transformers T2 or T3 is different form 
T1. 

0049. The secondary winding of the transformer T2 
includes a first Secondary winding and a Second Secondary 
winding. The first Secondary winding is a Secondary winding 
of a central tap in the transformer T2 and includes two 
subwindings N22 and N22". Moreover, a central tap of the 
first Secondary winding is electrically connected to a capaci 
tor C3 of a filtering circuit LC and two ends of the first 
Secondary winding are electrically connected to the rectify 
ing diodes D1 and D2 respectively. 
0050. Furthermore, the second secondary winding 
includes two Subwindings N23 and N23". The Subwinding 
N23 in the Second Secondary winding is electrically con 
nected to the Subwinding N22 in the Second Secondary 
winding and the winding N23' in the Second Secondary 
winding is electrically connected to the Subwinding N22' in 
the Second Secondary winding. Consequently, the Subwind 
ings N23 and N23' of the second secondary winding provide 
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the function of changing the ratio of the transformer T2 and 
hence the Second Secondary winding also is called a range 
winding. Two Subwindings N23 and N23' of the range 
winding are electrically connected to the Second rectifying 
diodes D1 and D4, respectively. The output ends of the 
Second rectifying diodes D1 and D2 are connected with each 
other and then connected to the range Switch Q5. The range 
Switch Q5 is connected to an inductor L2 of the filtering 
circuit LC. Therefore, the transformer T2 is also a variable 
ratio transformer because of adding a range winding therein. 
0051. The range Switch Q5 could employ a power Switch 
ing device such as MOSFET or IGBT, which is controlled to 
conduct or shut by a control circuit TC. A Voltage drop could 
be detected by the control circuit TC. In normal operation, 
i.e. the input Voltage of the power Supply Ud is not dropped, 
the range switch Q5 would be shut. At that time, the 
adjusting ratio of the transformer T2 should be N21/N22 and 
N21/N22. When the input voltage Ud is dropped, a voltage 
outputted from a filtering energy Storage circuit C1 would be 
decreased. The limited output voltage of the original ratio of 
the transformer T2 would be not maintained under a prede 
termined threshold voltage, which is detected by the control 
circuit TC, and a control signal outputted from the control 
circuit TC is outputted to the range Switch Q5, therefore, the 
range Switch Q5 would be turned shut into conducting. At 
this time, the adjusting ratio of the transformer T2 would be 
decreased to N21/(N22+N23) and N21/(N22'+N23') and the 
output voltage of the Secondary winding in the transformer 
T2 would be increased. Consequently, the rated output 
voltage outputted from the converter can be maintained 
during the hold-up time. 
0052 According to the above-mentioned description, the 
output voltage outputted from the transformer T2 is raised 
by adjusting the ratio thereof according to the present 
invention. Moreover, the 20 ms of rate output voltage could 
be maintained after the Voltage drop, and the hold-up time 
problem is not required to be Solved by raising the duty ratio 
of the Switch assembly Q1 to Q4. Therefore, the duty ratio 
of the Switch assembly Q1 to Q4 would be settled in high 
value, and the efficiency of the converter will be promoted. 
0053. In views of FIGS. 2a and 2b, a control signal 
outputted from the control circuit TC could be generated by 
detecting the decreased Voltage either in the filtering energy 
Storage capacitor C1 or in the Secondary winding of the 
transformer T2. FIG. 2a does not show the connection 
relationships between the control circuit TC and the filtering 
energy Storage capacitor C1 and between the control circuit 
TC and the secondary winding of the transformer T2. 
0054 FIG.2b shows a full-bridge topological DC-to-DC 
converter according to the Second preferred embodiment of 
the present invention. The difference in the circuit between 
FIG. 2a and FIG.2b is that the ratio secondary winding of 
the transformer T3 has a subwinding N33 connected to a 
subwinding N32 of the first secondary winding and another 
subwinding N32 of the first secondary winding is not 
connected to the variable Secondary winding. Nevertheless, 
the operation principle of FIG.2b is the same with that of 
FIG. 2d. 

0055 FIGS. 3a and 3b illustrate the circuit diagrams of 
a half-bridge (as well as working under an asymmetric 
condition) topological DC-to-DC converter according to the 
present invention. The variable ratio transformers T2 and T3 
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shown in FIGS. 3a and 3b are equivalent to the variable 
ratio transformers T2 and T3 shown in FIGS. 2a and 2b. The 
half-bridge topological DC-to-DC converter also includes a 
control circuit TC, as shown in FIGS. 3a and 3b. The 
distinction between FIG. 2 and FIG. 3 is that the half-bridge 
topological circuit is used in FIG. 3, i.e. a Switch assembly 
includes two Switches Q1 and Q2 to construct the present 
half-bridge Structure. Nevertheless, the adjusting ratio prin 
ciple of FIG. 3 is identical to FIG. 2. 
0056. In the above-mentioned embodiments of FIG. 2 
and FIG. 3, the output voltage outputted from the DC-to-DC 
converter would be raised by means of changing the ratio of 
the Secondary winding to adjust the ratio of the transformer. 
0057 FIGS. 4a and 4b illustrate circuit diagrams of a 
flyback DC-to-DC converter according to the present inven 
tion. In a view of FIG. 4a, the flyback excited DC-to-DC 
converter is implemented by employing a Switch Q6. The 
Switch Q6 is conducted and shut at a high frequency to 
convert a DC current to a high frequency AC current. A 
secondary winding of the variable ratio transformer T4 
shown in FIG. 4a includes a first secondary winding N42 
and a second secondary winding N43. The first secondary 
winding N42 is connected to the Second Secondary winding 
N43 in Series. In addition, the Second Secondary winding 
N43 is connected to a range switch Q5 via a second 
rectifying diode D1 and connected to a filtering capacitor 
C2. 

0058. The power switching device such as MOSFET and 
IGBT would be used in the range switch Q5, which are 
controlled to be conducted or shut by a control circuit TC 
(not shown). In the normal operation, i.e. no input voltage 
drop, the range switch Q5 would be shut. The ratio of the 
transformer T4 is N41/N42 at present. When an input 
Voltage outputted from the power Supply Ud is dropped, the 
Voltage of a filtering energy Storage capacitor C1 is 
decreased. When the Voltage of the filtering energy Storage 
capacitor C1 is Smaller than a predetermined threshold 
Voltage, a rated output voltage would not be kept under the 
original ratio of the transformer T4. Furthermore, the volt 
age drop is detected by the control circuit TC and a control 
Signal is outputted to the range Switch Q5. Therefore, the 
range switch Q5 would be turned on. At the moment, the 
ratio of the transformer T4 would be decreased to N41/ 
(N42+43) and the output voltage outputted from the sec 
ondary winding of the transformer T4 would be raised. 
Consequently, the converter can keep the rated output Volt 
age during the hold-up time. 

0059. In accordance with the foregoing statements, the 
output voltage outputted from the transformer T4 would be 
raised through adjusting the ratio of the transformer T4 and 
the hold-up time, e.g. 20 ms, of rated output voltage out 
putted from the DC-to-DC converter would be maintained 
after the Voltage drop according to of the present invention. 
Consequently, the duty ratio of the Switch Q5 would be 
raised in the normal working Status and the working effi 
ciency of the converter would be enhanced. 
0060. In the embodiments shown in FIGS. 4a and 4b, the 
control signal outputted from the control circuit TC could be 
detected through detecting the decrease of the output voltage 
in the filtering energy Storage capacitor C1 or through 
detecting the decrease of the output voltage in the Secondary 
winding of the transformers T4 and T5. 
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0061 FIG. 4b shows a circuit diagram of a flyback 
DC-to-DC converter according to the sixth preferred 
embodiment of the present invention. In a view of FIG. 4a, 
a means for adjusting the ratio of the transformer is per 
formed by modulating the Secondary winding of the trans 
former T4. The ratio of the transformer T5 is modulated by 
changing the primary winding of the transformer T5 to raise 
the output voltage thereof, as shown in FIG. 4b. 

0062. In a view of FIG. 4b, the primary winding of the 
transformer T5 includes a central tap (not shown) composed 
of two Subwindings N51 and N52. One end of the Subwind 
ing N52 and the central tap are connected to a first Switch Q7 
and a second switch Q8, respectively. The DC-to-DC con 
verter shown in FIG. 4b includes a control circuit TCX. The 
first Switch Q7 and the second Switch Q8 are controlled by 
the control circuit TCX in order to activate respectively 
under the different condition. The input voltage drop of the 
power supply Ud would be determined by the control circuit 
TCX. In a normal operation, i.e. when the input Voltage Ud 
is not dropped, the second Switch Q8 keeps shut and the first 
Switch Q7 is activated for being conducted and shut at a high 
frequency to output a high frequency AC. Now, the ratio of 
the transformer T5 is (N51+N52)/N53. When the input 
Voltage Ud is dropped, a Voltage outputted from a filtering 
energy Storage capacitor C1 would be decreased. When the 
Voltage of the filtering energy Storage capacitor C1 is Smaller 
than a predetermined threshold Voltage, the rated output 
Voltage would not be kept under the original ratio of the 
transformer T5. Furthermore, the voltage drop is detected 
through the control circuit TCX to sent out a control signal 
to the first Switch O7 and the second Switch Q8, and the first 
Switch O7 would be shut off and the second Switch Q8 
would be activated by conducting and Shutting with the high 
frequency to output a high frequency AC. At this time, the 
ratio of the transformer T5 would be decreased to N51/N53 
and the output Voltage outputted from the Secondary wind 
ing of the transformer T5 would be raised. Consequently, the 
converter can keep the limited output voltage during the 
hold-up time. 

0063. In accordance with the foregoing statements, the 
output voltage outputted from the transformer T5 would be 
raised through adjusting the ratio of the transformer T5 and 
the hold-up time, e.g. 20 ms, of rated output voltage out 
putted from the DC-to-DC converter would be maintained 
after a Voltage drop according to the present invention. 
Consequently, the duty ratio of the Switches Q7 and Q8 
would be raised in the normal working Status and the 
working efficiency of the converter would be promoted. 

0064. In the preferred embodiment of FIG. 4b, the input 
Voltage drop signal outputted from the control circuit TCX 
could be detected through detecting the decrease of the 
output Voltage outputted from the filtering energy Storage 
capacitor C1 or through detecting the decrease of the output 
Voltage outputted from the Secondary winding of the trans 
former T5. FIG. 4b does not illustrate the connection 
relationship between the control circuit TCX and the filter 
ing energy Storage capacitor C1 and between the control 
circuit TCX and the secondary winding of the transformer 
T5. 

0065 FIGS. 5a and 5b illustrate circuit diagrams of a 
forward DC-to-DC converter according to the present inven 
tion. The difference between the circuit diagrams of the 
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forward DC-to-DC converter in FIGS. 5a and 5b and the 
circuit diagrams of the flyback DC-to-DC converter in 
FIGS. 4a and 4b is that the primary winding and the 
Secondary winding have the reverse coils in the transformers 
T4 and T5 of the flyback DC-to-DC converter, as shown in 
FIGS. 4a and 4b. Nevertheless, the primary windings N61, 
N71 and N72 and the secondary windings N62, N63 and 
N73 in the transformers T6 and T7 exist forward coils 
respectively according to the forward DC-to-DC converter 
of FIGS. 5a and 5b. In addition, the equivalent winding 
construction of the transformers T1 to T7 according to the 
above-mentioned drawings of the present invention is shown 
in FIG. 6. 

0.066 While the invention has been described in terms of 
what are presently considered to be the most practical and 
preferred embodiments, it is to be understood that the 
invention need 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. Therefore, the above 
description and illustration should not be taken as limiting 
the scope of the present invention which is defined by the 
appended claims. 
What we claim is: 

1. A DC-to-DC converter, comprising: 
a power Supply for providing a first direct current (DC); 
a first capacitor electrically connected to said power 

Supply for being charged by Said power Supply; 
a first Switch assembly electrically connected to Said first 

capacitor for converting said first direct current (DC) 
into a first alternating current by Switching Said first 
Switch assembly; 

a transformer having a primary winding and a Secondary 
winding for converting Said first alternating current to 
a Second alternating current, wherein Said primary 
winding is electrically connected to Said first Switch 
assembly and Said Secondary winding has a tap, 

a rectifying circuit electrically connected to Said Second 
ary winding for converting and rectifying Said Second 
alternating current to a Second direct current; 

a filtering circuit electrically connected to Said rectifying 
circuit for filtering Said Second direct current; and 

a range winding assembly electrically connected to Said 
Secondary winding and being one portion of Said Sec 
ondary winding for adjusting the output voltage of Said 
Second direct current in response to the Voltage drop of 
Said first direct current. 

2. The DC-to-DC converter according to claim 1, wherein 
said power Supply is a direct current (DC) power Supply. 

3. The DC-to-DC converter according to claim 1, wherein 
said power Supply is an alternating current (AC) power 
Supply capable of providing Said first direct current via 
rectifying. 

4. The DC-to-DC converter according to claim 1, wherein 
Said first capacitor is a filtering capacitor. 

5. The DC-to-DC converter according to claim 1, wherein 
Said first alternating current is a high frequency alternating 
Current. 
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6. The DC-to-DC converter according to claim 1, wherein 
Said tap is a central tap. 

7. The DC-to-DC converter according to claim 1, wherein 
Said rectifying circuit comprises two first rectifying diodes 
electrically connected to two ends of Said Secondary wind 
ing, respectively. 

8. The DC-to-DC converter according to claim 1, wherein 
Said filtering circuit comprises an inductor and a Second 
capacitor electrically connected to Said tap. 

9. The DC-to-DC converter according to claim 8, wherein 
Said range winding assembly comprises two Subwindings 
electrically connected with two ends of Said Secondary 
winding, respectively. 

10. The DC-to-DC converter according to claim 9, 
wherein Said two Subwindings are electrically connected 
with two Second rectifying diodes, respectively, wherein the 
output ends of Said two Second rectifying diodes are con 
nected together and electrically connected to Said inductor of 
Said filtering circuit. 

11. The DC-to-DC converter according to claim 1, further 
comprising: 

a third rectifying diode electrically connected to Said 
range winding assembly, and 

a Second Switch electrically connected between Said third 
rectifying diode and Said filtering circuit. 

12. The DC-to-DC converter according to claim 11, 
further comprising a control circuit electrically connected to 
Said Second Switch for controlling Said Second Switch in 
response to the Voltage drop. 

13. The DC-to-DC converter according to claim 12, 
wherein Said control circuit is electrically connected to Said 
first capacitor for providing a control Signal to Switch Said 
Second Switch in response to the Voltage drop of Said first 
capacitor when Said first direct current outputted from Said 
power Supply is dropped. 

14. The DC-to-DC converter according to claim 12, 
wherein Said control circuit is electrically connected to Said 
Secondary winding of Said transformer for providing a 
control Signal to Switch Said Second Switch in response to the 
Voltage drop of Said Secondary winding when Said first direct 
current outputted from Said power Supply is dropped. 

15. The DC-to-DC converter according to claim 1, 
wherein said DC-to-DC converter is one selected from a 
group consisting of a flyback converter, a forward converter 
and a half-bridge converter. 

16. A DC-to-DC converter, comprising: 
a power Supply for providing a first direct current (DC); 
a first capacitor electrically connected to Said power 

Supply for being charged by Said power Supply; 
a first Switch assembly electrically connected to Said first 

capacitor for converting said first direct current (DC) 
into a first alternating current by Switching Said first 
Switch assembly; 

a transformer having a primary winding electrically con 
nected to Said first Switch assembly and a Second 
winding for converting Said first alternating current into 
a Second alternating current; 

a rectifying circuit electrically connected to a first end of 
Said Secondary winding for converting and rectifying 
Said Second alternating current to a Second direct cur 
rent, 
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a filtering circuit having an inductor and a Second capaci 
tor for filtering Said Second direct current, wherein Said 
inductor is electrically connected to Said rectifying 
circuit, and Said Second capacitor is electrically con 
nected to a Second end of Said Secondary winding; 

a Subwinding electrically connected to Said first end of 
Said Secondary winding; 

Second rectifying diodes electrically connected to Said 
Subwinding, wherein the output end of Said Subwinding 
is electrically connected to Said inductor of Said filter 
ing circuit; 

a Second Switch electrically connected between Said Sub 
winding and Said filtering circuit, and 

a control circuit electrically connected to Said Second 
Switch for controlling Said Second Switch to be turned 
on when the Voltage of Said first direct current is 
dropped. 

17. The DC-to-DC converter according to claim 16, 
wherein Said control circuit is electrically connected to Said 
first capacitor for providing a control Signal to Switch said 
Second Switch in response to the Voltage drop of Said first 
capacitor when first direct current outputted from Said power 
Supply is dropped. 

18. The DC-to-DC converter according to claim 16, 
wherein said DC-to-DC converter is one selected from a 
group consisting of a flyback converter, a forward converter 
and a half-bridge converter. 

19. A DC-to-DC converter, comprising: 
a power Supply for providing a first direct current (DC); 
a first capacitor electrically connected to Said power 

Supply for being charged by Said power Supply; 
a first Switch electrically connected to Said first capacitor 

for converting said first direct current (DC) into a first 
alternating current by Switching Said first Switch assem 
bly; 

a transformer having a primary winding electrically con 
nected to Said first Switch and a Second winding for 
converting Said first alternating current into a Second 
alternating current; 

a rectifying circuit electrically connected to Said Second 
winding for converting and rectifying Said Second 
alternating current to a Second direct current; 

a filtering circuit having an inductor and a Second capaci 
tor, and electrically connected to Said rectifying circuit 
for filtering Said Second direct current; 

a Second Switch having one end electrically connected to 
a central tap of Said primary winding and the other end 
electrically connected to Said first capacitor; and 
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a control circuit for controlling Said first Switch and Said 
Second Switch in response to the Voltage drop of Said 
first direct current outputted from Said power Supply. 

20. The DC-to-DC converter according to claim 19, 
wherein Said control circuit is electrically connected to Said 
first capacitor for providing a control Signal to Switch Said 
Second Switch in response to the Voltage drop of Said first 
capacitor when first direct current outputted from Said power 
Supply is dropped. 

21. The DC-to-DC converter according to claim 19, 
wherein said DC-to-DC converter is one selected from a 
group consisting of a flyback converter, a forward converter 
and a half-bridge converter. 

22. A method for converting direct current to direct 
current, adapted to be applied in a DC-to-DC converter, 
comprising Steps of: 

charging a first capacitor; 

Switching a first Switch assembly for converting a first 
direct current outputted from Said first capacitor into a 
first alternating current; 

converting Said first alternating current to a Second alter 
nating current via a transformer, detecting whether the 
Voltage of Said first direct current is dropped, and 
adjusting the ratio of Said windings for changing the 
output Voltage of Said Second alternating current in 
response to the Voltage drop, 

rectifying and converting Said Second alternating current 
into a Second direct current via a rectifying circuit; and 

filtering Said Second direct current via a filtering circuit. 
23. The method according to claim 22, wherein said 

detecting Step is performed by detecting the Voltage drop of 
Said first capacitor. 

24. The method according to claim 22, wherein Said 
detecting Step is performed by detecting the Voltage drop of 
a Second winding of Said transformer. 

25. The method according to claim 22, wherein said 
adjusting Step is performed by increasing the number of a 
Second winding of Said transformer. 

26. The method according to claim 22, wherein Said 
adjusting Step is performed by reducing the number of a 
primary winding of Said transformer. 

27. The method according to claim 22, wherein said 
DC-to-DC converter is one Selected from a group consisting 
of a flyback converter, a forward converter and a half-bridge 
COnVerter. 


