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200 

turning on the first active Switch Q1, 
and then turning off the first active 210 
Switch Qi when the current flowing 
in the first inductor Lr is equal to 
ZeO 

turning on the third active switch 
Q, and then turning off the third 
active switch Q, when the current 
flowing in the second inductor Lr, 
is equal to Zero 

220 

turning on the second active 
switch Q2, and then turning off 
the second active switch Q2 when 
the current flowing in the first 
inductor Lr is equal to Zero 

230 

turning on the fourth active switch 
Q4, and then turning off the 
fourth active switch Q4 when the 
current flowing in the second 
inductor Lr is equal to Zero 

240 

FIG. 2 

  



Patent Application Publication Jun. 6, 2013 Sheet 3 of 7 US 2013/014 1949 A1 

Control signal of the Switch Q 

Control signal of the Switch Q2 

Control signal of the Switch Q3 

Control signal of the Switch Q4 

Current in the inductor Lr 

Current in the inductor Lr: 

NU/ 
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FIG 3 
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DC-TO-DC VOLTAGE REGULATOR AND ITS 
OPERATING METHOD THEREOF 

0001. The present application is based on, and claims pri 
ority from, Taiwan Application Serial Number 100.144816, 
filed 2011 Nov. 6, the disclosure of which is hereby incorpo 
rated by reference herein in its entirety 

TECHNICAL FIELD 

0002 The present disclosure relates to a DC-to-DC volt 
age regulator, and more particularly, to an operating method 
for controlling the active Switches in the Voltage regulator. 

TECHNICAL BACKGROUND 

0003 Conventionally, the voltage converting circuits can 
have their applications in Solar energy systems, being in par 
allel with the household electricity, so that they have a wide 
range of DC voltage at the input terminals thereof. For house 
hold usage, the Solar cell modules can be connected in parallel 
or in series to each other to Supply the home appliances with 
electricity of proper DC voltages. However, throughput of the 
Solar energy system can be affected once one of the Solar cell 
modules was out of order for some how, so a DC-to-AC 
Voltage converter was included in a solar cell module. Low 
Voltage power generation of the Solar cell module can be 
transferred to an AC power by the DC-to-AC voltage con 
verter and then in paralleled with the household electricity: 
thereby, reliability and efficiency of the household power 
Supply system can be improved. 
0004. The DC-to-AC voltage converter in solar cell mod 
ules can be constructed by a DC-to-DC voltage converting 
circuit of high-frequency switching in the first stage and a 
DC-to-AC Voltage converting circuit of low-frequency 
switching in the second stage. With regard to the DC-to-DC 
Voltage converting circuit therein, it is based on the pulse 
width-modulation (PWM) mechanism. The PWM technique 
to operate the DC-to-DC voltage converting circuit is of slow 
response and not in the soft-switching condition for all pos 
sible loading scenarios. Therefore, it is in need to develop an 
operating method for controlling the active Switches in the 
DC-to-DC voltage converting circuit to improve its perfor 
aCC. 

TECHNICAL SUMMARY 

0005 According to one aspect of the present disclosure, an 
embodiment provides a DC-to-DC voltage regulator having 
input and output terminals, the Voltage regulator comprising: 
a push-pull DC-to-DC converting unit comprising first and 
second active Switches and configured to converta Voltage V 
at the input terminal to a square-wave signal of Voltage; an 
isolation transformer having two primary windings and one 
secondary winding, wherein the primary windings are 
coupled to the first and second active Switches, respectively; 
a resonant unit comprising a capacitor and first and second 
inductors, the first inductor coupled to the secondary winding 
of the isolation transformer; third and forth active switches 
coupled to a terminal of the second inductor; first and second 
rectifiers coupled to the third and forth active switches, 
respectively; and an output stage of full-wave rectification 
comprising four passive Switches and a plurality of connec 
tionjoints and configured to provide a Voltage V at the output 
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terminal, wherein the connection joints are coupled to the 
resonant unit, the isolation transformer, and the first and sec 
ond rectifiers, respectively. 
0006. According to another aspect of the present disclo 
Sure, another embodiment provides a method for operating 
the DC-to-DC Voltage regulator according to the foregoing 
embodiment, the method comprising the steps of turning on 
the first active switch, and then turning off the first active 
switch when the current flowing in the first inductor is equal 
to Zero; turning on the third active Switch, and then turning off 
the third active switch when the current flowing in the second 
inductor is equal to Zero; turning on the second active Switch, 
and then turning off the second active switch when the current 
flowing in the first inductor is equal to Zero; and turning on the 
fourth active switch, and then turning off the fourth active 
switch when the current flowing in the second inductor is 
equal to Zero. 
0007 Further scope of applicability of the present appli 
cation will become more apparent from the detailed descrip 
tion given hereinafter. However, it should be understood that 
the detailed description and specific examples, while indicat 
ing exemplary embodiments of the disclosure, are given by 
way of illustration only, since various changes and modifica 
tions within the spirit and scope of the disclosure will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The present disclosure will become more fully 
understood from the detailed description given herein below 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the present 
disclosure and wherein: 
0009 FIG. 1 shows a circuit diagram of a DC-to-DC volt 
age regulator according to an embodiment of the present 
disclosure. 
0010 FIG. 2 shows a flowchart of the operating method 
for controlling the active switches in the DC-to-DC voltage 
converter. 

0011 FIG.3 plots the control signals of the active switches 
Q/Q2/Q/Q and the flowing currents of the first and second 
inductors L, and L, in the operating method. 
(0012 FIG. 4A shows the current path in the DC-to-DC 
voltage regulator in the dashed line in the step 210. 
(0013 FIG. 4B shows the current path in the DC-to-DC 
voltage regulator in the dashed line in the step 220. 
(0014 FIG. 4C shows the current path in the DC-to-DC 
voltage regulator in the dashed line in the step 230. 
(0015 FIG. 4D shows the current path in the DC-to-DC 
voltage regulator in the dashed line in the step 240. 

DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

0016 For further understanding and recognizing the full 
filled functions and structural characteristics of the disclo 
Sure, several exemplary embodiments cooperating with 
detailed description are presented as the following. 
0017 FIG. 1 shows a circuit diagram of a DC-to-DC volt 
age regulator according to an embodiment of the present 
disclosure, which is also used to describe the operating 
method for the DC-to-DC voltage regulator. As shown in FIG. 
1, the DC-to-DC voltage regulator 100 has input and output 
terminals and is configured to convert a DC voltage V at the 
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input terminals to a DC voltage V at the output terminals. The 
DC-to-DC voltage regulator includes a DC-to-DC converting 
unit 110, an isolation transformer TR, a resonant unit 120, 
third and forth active Switches Q and Q, first and second 
rectifiers D and D, and an output stage 130. Each element in 
the DC-to-DC voltage regulator 100 is going to be described 
below in detail. 
0018. The isolation transformer TR having a first primary 
winding, a second primary winding, and a secondary wind 
ing, in which the turns ratio of the first primary winding to the 
second primary winding is 1:1, while the turns ratio of the 
secondary winding to the primary winding is n:1, where n is 
more or less than 1. In other words, the number of turns 
among the windings of the isolation transformer TR is in the 
ratio 1:1:n, and a center tap is formed between the first and 
second primary windings. If n is more than 1, the isolation 
transformer TR can be used for stepping up the Voltage; 
otherwise, it can be used for stepping down the Voltage. 
0019. The DC-to-DC converting unit 110 can serve as an 
input stage of the DC-to-DC voltage regulator 100, and 
includes a first active Switch Q and a second active switch Q. 
In the embodiment, the active switches are formed of MOS 
FETs. The positive terminal of the input voltage V is con 
nected to the center tap of the primary windings in the isola 
tion transformer TR, and its negative terminal is connected to 
the first and second active switches Q, and Q. The other 
terminal of the first active switch Q is connected to the 
negative terminal of the first primary winding, while the other 
terminal of the second active Switch Q is connected to the 
positive terminal of the second primary winding. Due to the 
switching control of push-pull operation between the first and 
second active Switches Q and Q, the DC-to-DC converting 
unit 110 can convert the input voltage V at the input terminals 
to a square-wave signal of Voltage, so as to facilitate the 
electro-magnetically inductive coupling effect in the isolation 
transformer TR. 
0020. The resonant unit 120 can be composed of a capaci 
tor C., a first inductors L, and a second inductors L, in 
which the first and second inductors L, and L are connected 
to one of two terminals of the capacitor C, to respectively 
form a LC serial resonant circuit. The resonance frequencies 
of the LC serial resonant circuits can be used to control the 
operational states, “On' or “Off”, of the active switches in the 
embodiment, which will be described later in more detail. 
Moreover, the first inductor L is connected to one of two 
terminals of the secondary winding in the isolation trans 
former TR. 

0021. The third and forth active switches Q and Q can 
also be implemented by MOSFETs and are connected to one 
of two terminals of the second inductors L, as to control the 
current flowing in the secondary winding of the isolation 
transformer TR. It will be described later in more detail, 
0022. The first rectifier D is connected to the third active 
switch Q, while the second rectifier D is connected to the 
forth active switch Q. The first and second rectifiers can be 
implemented by clamping diodes, so as to clamp the current 
direction of the secondary winding in the isolation trans 
former TR. Thereby, the current can be limited to flow in only 
one direction to avoid fault operation of the DC-to-DC volt 
age regulator 100 caused by the current in the opposite direc 
tion. It will be described later in more detail. 
0023 The output stage 130 can be implemented by a full 
wave rectifier circuit, which includes four passive switches 
D/D/Ds/D. Each two of the passive switches D/D/Ds/D 
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are cascaded and then the cascades are connected in parallel, 
forming two cascade and two parallel connection joints. As 
shown in FIG. 1, the passive Switches D and D are cascaded 
with a cascade connection joint formed between them, the 
passive Switches Ds and D are cascaded with another cas 
cade connection joint formed between them, and then the two 
cascades are connected in parallel with two parallel connec 
tion joints formed at both sides, respectively. In other words, 
the connection joints of the passive switches D/D/Ds/D 
include two cascade and two parallel connectionjoints, which 
are further connected to the resonant unit 120, the isolation 
transformer TR, and the first and second rectifiers D and D, 
respectively. In the embodiment, the two cascade connection 
joints are connected to the other terminals of the capacitor C. 
and the secondary winding, respectively, while the two par 
allel connection joints are connected to the other terminals of 
the first and second rectifiers D and D, respectively. After 
that, the voltage V at the output terminals of the DC-to-DC 
voltage regulator 100 can be extracted from the two parallel 
connection joints of the output stage 130. 
0024. An appropriate method of operation can be applied 
to each active Switch in the foregoing embodiment to realize 
DC-to-DC Voltage conversion in a high-frequency Switching 
mode, wherein the operating frequency is variable with a 
maximum of 200 KHZ. By proper designation of switching 
frequency for the active switches and turns ratio for the iso 
lation transformer TR, the DC voltage V at the input termi 
nals of the DC-to-DC voltage regulator 100 can be increased 
to the DC voltage V at its output terminals. But it is not 
limited thereby; the DC-to-DC voltage regulator 100 can also 
produce a DC voltage decrease from V to V without limi 
tations on its allowable voltage range. The DC-to-DC voltage 
regulator 100 according to the embodiment can have its appli 
cations in the DC-to-DC voltage conversion unit of high 
frequency switching mode for the pre-stage of Solar cell mod 
ules; but it is not limited thereby. 
0025 Regarding the DC-to-DC voltage regulator as set 
forth in the previous embodiments, an operating method 200 
is then provided to control the On or Off states of the active 
Switches Q/Q/Q/Q in the DC-to-DC voltage regulator 
100. Please refer to FIG. 2, showing a flowchart of the oper 
ating method 200 which includes the following steps. In step 
210, the first active switch Q is turned on and kept in its On 
state, and then it is turned off when the current flowing in the 
first inductor L is equal to zero. In step 220, the third active 
Switch Q is turned on and kept in its On State, and then it is 
turned off when the current flowing in the second inductor L, 
is equal to Zero. In step 230, the second active Switch Q is 
turned on and kept in its On state, and then it is turned off 
when the current flowing in the first inductor L, is equal to 
Zero. In step 240, the forth active switch Q is turned on and 
kept in its On state, and then it is turned off when the current 
flowing in the second inductor L, is equal to Zero. The steps 
are going to be described in more detail. 
0026 FIG.3 plots the control signals of the active switches 
Q/Q2/Q/Q and the flowing currents of the first and second 
inductors L, and L, in the operating method 200. In order to 
facilitate knowing the operation of the DC-to-DC voltage 
regulator 100 according to the operating method 200 in the 
embodiment, all the active switches Q/Q/Q/Q can be 
turned off and then the steps 210, 220, 230 and 240 proceed in 
Sequence. 

0027 Of all the active switches Q/Q/Q/Q only the 
first active switches Q is turned on in the first step 210, so that 
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the current path flowing in the DC-to-DC voltage regulator 
100 can be illustrated as the dashed line in FIG. 4A. Due to the 
On state of the first active switch Q, the current I can be 
conducted to flow into the isolation transformer TR through 
the positive terminal of the first primary winding, and then its 
secondary-winding current I can be produced according to 
the electro-magnetically inductive coupling effects in the 
transformer. The current I may follow along the path of the 
first inductor L, the capacitor C, and the passive switches 
D. With the closed state of the passive switches D, the 
DC-to-DC voltage regulator 100 can output the DC voltage 
V at its output terminals. The capacitor C, can be charged to 
store electrical energy due to the current I. The current I 
may increase and then decrease sinusoidally, in accordance 
with the current curve of the first inductor L, as shown in 
FIG.3. Once the current I or the current flowing in the first 
inductor L, is equal to Zero, the first active Switch Q can be 
turned off so as to proceed to the next step of switching the 
active Switches in sequence. 
0028. In the next step 220, the third active switches Q is 
turned on so that the current path flowing in the DC-to-DC 
voltage regulator 100 can be illustrated as the dashed line in 
FIG. 4B. Due to the On state of the third active switches Q. 
the energy stored in the capacitor C, can be discharged to form 
the new current I, which flow along the path of the second 
inductor L, the third active switches Q and the first rectifier 
D. With the closed state of the passive switches D, the 
DC-to-DC voltage regulator 100 can output the DC voltage 
V at its output terminals. The current I may increase and 
then decrease sinusoidally, in accordance with the current 
curve of the second inductor L, as shown in FIG.3. Once the 
current I or the current flowing in the second inductor L, is 
equal to zero, the third active switches Q can be turned offso 
as to proceed to the next step of Switching the active Switches 
in sequence. 
0029. In the next step 230, the second active switches Q, is 
turned on so that the current path flowing in the DC-to-DC 
voltage regulator 100 can be illustrated as the dashed line in 
FIG. 4C. Due to the On state of the second active switches Q. 
the current I can be conducted to flow into the isolation 
transformer TR through the negative terminal of the second 
primary winding, and then its secondary-winding current I 
can be produced according to the electro-magnetically induc 
tive coupling effects in the transformer. The current I may 
follow along the path of the passive Switches D, the capacitor 
C, the first inductor L, and the passive Switches Ds, so that 
the DC-to-DC voltage regulator 100 can output the DC volt 
age V at its output terminals. Again, the capacitor C, can be 
charged to accumulate electrical energy due to the current 
I. The current I may increase and then decrease sinusoi 
dally, in accordance with the current curve of the first inductor 
L as shown in FIG. 3. Once the current I or the current 
flowing in the first inductor L, is equal to Zero, the second 
active Switches Q can be turned off so as to proceed to the 
next step of Switching the active Switches in sequence. 
0030. In the next step 240, the forth active switches Q is 
turned on so that the current path flowing in the DC-to-DC 
voltage regulator 100 can be illustrated as the dashed line in 
FIG. 4D. Due to the On state of the forth active switches Q. 
the energy stored in the capacitor C. can be discharged to form 
the new current I, which flow along the path of the second 
rectifiers D, the forth active switches Q, the second inductor 
L., the capacitor C, and the passive Switches D. So that the 
DC-to-DC voltage regulator 100 can output the DC voltage 
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V at its output terminals. The current I may increase and 
then decrease sinusoidally, in accordance with the current 
curve of the second inductor L, as shown in FIG.3. Once the 
current I or the current flowing in the second inductor L is 
equal to zero, the forth active switches Q can be turned off so 
as to be ready for the next cycle of switching the active 
Switches in sequence. 
0031. In the embodiment, the active switches Q/Q/Q/ 
Q can be operated according to the control signals in FIG. 3, 
respectively. The On-state duration of each active switch 
Q/Q/Q/Q is based on its corresponding resonance fre 
quency of the resonant unit 120. When the resonance current 
in the resonant unit 120 is equal to zero, the active switch at 
the primary-winding side of the isolation transformer TR is 
turned off and the active Switch at its secondary-winding side 
can be turned on and kept for a proper On-state duration; 
thereby, the switching loss happened in the Off state of the 
active switches can be minimized. Moreover, the resonant 
unit 120 is disposed at the secondary-winding side of the 
isolation transformer TR with a higher voltage than its pri 
mary-winding side, so the operating loss happened in the On 
state of the active Switches can be lowered. Consequently, 
Such kind of Voltage converting unit can have improved con 
version efficiency. 
0032. It can be inevitable for an active switch to have 
energy lost in its Switching operation, such as Switching loss 
and turning-on loss. However, in the embodiments according 
to the present disclosure, only one of the active switches in the 
DC-to-DC voltage regulator 100 can be switched on and stay 
in the On State at every single time. As to the conventional 
full-bridge DC-to-DC voltage regulators, at least two active 
Switches are Switched and stay in the On state at every single 
time. Therefore, it may be of low-loss advantage for the 
DC-to-DC Voltage regulators according to the embodiments. 
0033. With respect to the above description then, it is to be 
realized that the optimum dimensional relationships for the 
parts of the disclosure, to include variations in size, materials, 
shape, form, function and manner of operation, assembly and 
use, are deemed readily apparent and obvious to one skilled in 
the art, and all equivalent relationships to those illustrated in 
the drawings and described in the specification are intended to 
be encompassed by the present disclosure. 
What is claimed is: 
1. A DC-to-DC Voltage regulator having input and output 

terminals, the Voltage regulator comprising: 
a push-pull DC-to-DC converting unit comprising first 

active Switch and second active Switch and configured to 
convert a Voltage V at the input terminal to a square 
wave signal of Voltage; 

an isolation transformer having two primary windings and 
one secondary winding, wherein the primary windings 
are coupled to the first and second active Switches, 
respectively; 

a resonant unit comprising a capacitor and first inductor 
and second inductor, the first inductor coupled to the 
secondary winding of the isolation transformer, 

third active switch and forth active switch coupled to a 
terminal of the second inductor; 

first rectifier and second rectifier coupled to the third active 
switch and forth active switch, respectively; and 

an output stage of full-wave rectification comprising four 
passive Switches and a plurality of connection joints and 
configured to provide a Voltage V at the output terminal, 
wherein the connection joints are coupled to the reso 
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nant unit, the isolation transformer, and the first and 
second rectifiers, respectively. 

2. The DC-to-DC voltage regulator of claim 1, wherein the 
turns ratio of the two primary windings is 1, while the turns 
ratio of the secondary winding to the primary winding is more 
than 1 in the isolation transformer. 

3. The DC-to-DC voltage regulator of claim 1, wherein the 
first and second inductors are coupled to a terminal of the 
capacitor, and each two of the passive Switches are cascaded 
and then the cascades are connected in parallel, forming two 
cascade and two parallel connection joints, wherein the two 
cascade connection joints are coupled to the other terminals 
of the capacitor and the secondary winding, respectively, and 
the two parallel connection joints are coupled to the other 
terminals of the first and second rectifiers, respectively. 

4. The DC-to-DC voltage regulator of claim 1, wherein the 
first rectifier comprises a first clamping diode and the second 
rectifier comprises a second clamping diode. 

5. A method for operating the DC-to-DC voltage regulator 
of claim 1, the method comprising the steps of: 

(A) turning on the first active Switch, and then turning off 
the first active switch when the current flowing in the 
first inductor is equal to Zero; 

(B) turning on the third active switch, and then turning off 
the third active switch when the current flowing in the 
second inductor is equal to Zero; 

(C) turning on the second active Switch, and then turning 
off the second active switch when the current flowing in 
the first inductor is equal to Zero; and 
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(D) turning on the fourth active switch, and then turning off 
the fourth active switch when the current flowing in the 
second inductor is equal to Zero. 

6. The method of claim 5, wherein the steps of (A), (B), (C) 
and (D) are taken in the alphabetical sequence. 

7. The method of claim 6, wherein all the active switches 
are turned off before the step (A) is initiated. 

8. A method for operating the DC-to-DC voltage regulator 
of claim 3, the method comprising the steps of: 

(A) turning on the first active Switch, and then turning off 
the first active switch when the current flowing in the 
first inductor is equal to Zero; 

(B) turning on the third active switch, and then turning off 
the third active switch when the current flowing in the 
second inductor is equal to Zero; 

(C) turning on the second active Switch, and then turning 
off the second active switch when the current flowing in 
the first inductor is equal to Zero; and 

(D) turning on the fourth active switch, and then turning off 
the fourth active switch when the current flowing in the 
second inductor is equal to Zero. 

9. The method of claim 8, wherein the steps of (A), (B), (C) 
and (D) are taken in the alphabetical sequence. 

10. The method of claim 9, wherein all the active switches 
are turned off before the step (A) is initiated. 

k k k k k 


