
US 20070236967Al 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2007/0236967 A1 

Liu et a]. (43) Pub. Date: Oct. 11, 2007 

(54) FULL-RESONANT POWER CIRCUIT (52) US. Cl. ........................................................ .. 363/21.02 
DEVICE FOR RECEIVING A VARIABLE 
INPUT VOLTAGE 

(76) Inventors: Chih-Lung Liu, Taoyuan City (TW); (57) ABSTRACT 
Tsai-Liang Hsu, Bade City (TW) 

Correspondence Address: The present invention provides a full-resonant poWer circuit 
ROSENBERG, KLEIN & LEE device for receiving a variable input voltage that a poWer 
3458 ELLICOTT CENTER DRIVE'SUITE 101 factor correcting circuit for separating a variable input 
ELLICOTT CITY’ MD 21043 (Us) voltage AC into a plurality of supply voltages, and the input 

_ voltage sections are detected to separately sWitch corre 
(21) Appl' NO" 11/399’329 sponding sWitch transistors for suitably adding resonance 

(22) Filed: APL 7, 2006 inductors to the input voltage sections to be used by the 
full-resonant poWer c1rcu1t device to reduce the large voltage 

Publication Classi?cation difference of a conventional poWer factor corrector so as to 
improve the e?iciency of the poWer circuit device and 

(51) Int, Cl, improve a half-bridge resonance circuit that is only operated 
H02M 3/335 (2006.01) in a ?xed voltage source. 

AC6 powar factor _ 
corrector 

1/6 

t | 

1 D1 1 / 
| | 

.r ----- ~ 5 TC" R“ 

t a t l 
1 i D2 1 T 
1 ' l 
L--:~ voltage L AAAAAAAA —~‘ 

detector 

8 



Patent Application Publication Oct. 11, 2007 Sheet 1 0f 4 US 2007/0236967 A1 



Patent Application Publication Oct. 11, 2007 Sheet 2 0f 4 US 2007/0236967 A1 

my 

- K 

| ND _1 |||||||||||||||||||||||||||||||||||| |J_ % m > m 

II_ n “ 

0U H NO W M 

H a __ m m 

H M Ii “ |_ S 3 Q8 “ 

Q U H _ Um A I H _ 

0 HI m mo U Una w W QUEUMW m 

m - x élIQ 
\ N\-/L,_ 9am 83 m 

,1 | | l | | | | | | I l I | I | | l I | l I i | | | l | | | F I I l I | I ||L 



Patent Application Publication Oct. 11, 2007 Sheet 3 0f 4 US 2007/0236967 A1 

63028 8 63 $56 



Patent Application Publication Oct. 11, 2007 Sheet 4 0f 4 US 2007/0236967 A1 

1111 J 
_ 

630:8 683 $53 

0% 



US 2007/0236967 A1 

FULL-RESONANT POWER CIRCUIT DEVICE FOR 
RECEIVING A VARIABLE INPUT VOLTAGE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the invention 

[0002] The present invention relates to a full-resonant 
power circuit device for receiving a variable input voltage, 
and more particularly, the full-resonant poWer circuit device 
sWitches to vary a resonance inductor for providing a stable 
voltage to a load in response to the variable input voltage. 

[0003] 2. Description of the Prior Art 

[0004] Reference is made from FIG. 1, Which is a sche 
matic vieW of a half-bridge full-resonant converter of the 
prior art. In the present day, a structure of a full-resonant 
converter is based on a half-bridge topology or a full-bridge 
topology. A sWitch Q1 and a sWitch Q2 are connected to be 
a half-bridge structure and are sWitched by a variable 
sWitching frequency controlling method. When a sWitching 
frequency betWeen the sWitch Q1 and sWitch Q2 is higher 
than a resonance frequency obtained from a resonance 
capacitor Cr and a resonance inductor Lr, the sWitch Q l and 
the sWitch Q2 are conducted at a Zero voltage for reducing 
the consumption of the sWitch Q1 and the sWitch Q2 ther 
ebetWeen. Moreover, the half-bridge full-resonant poWer 
circuit adjusts the sWitching frequency betWeen the sWitch 
Q1 and the sWitch Q2 or the resonance frequency obtained 
from the resonance capacitor Cr and the resonance inductor 
Lr for adjusting a magnitude of an output voltage V0. 

[0005] HoWever, no matter the half-bridge or the full 
bridge full-resonant converter, for obtaining the stabiliZation 
of the output voltage VD, the value of the resonance inductor 
Lr should be designed in response to a variational input 
voltage AC. Hence, the range of the variational input voltage 
AC can’t too large for the half-bridge or the full-bridge 
full-resonant converter. 

[0006] Reference is made from FIG. 2, Which is schematic 
vieW of the half-bridge full-resonant converter With a poWer 
factor corrector (PFC) of the prior art. The half-bridge 
full-resonant converter is often applied to supply a high 
poWer, and due to the high poWer of the full-resonant 
converter, the poWer factor of the full-resonant converter is 
relatively loW. Therefore, it is often to use a poWer factor 
corrector 2 to improve the poWer factor so as to conform to 
the IEC6l000-3-2 standards. And the poWer factor corrector 
2 not only improves the poWer factorbut provides a stable 
voltage to the full-resonant converter so as to stabiliZe the 
output voltage VO thereof. HoWever, the poWer factor cor 
rector 2 boosts variational input voltage AC into a supply 
voltage Vin for being used by the full-resonant converter, the 
poWer factor corrector 2 Will produce a high current in the 
conversion condition to increase the consumption of a 
sWitch transistor QPFC of the poWer factor corrector 2 so as 
to reduce the ef?ciency of the poWer circuit device. 

[0007] The inventor of the present invention recogniZes 
the above shortage should be corrected and special effort has 
been paid to research this ?eld. The present invention is 
presented With reasonable design and good effect to resolve 
the above problems. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a full-resonant 
poWer circuit device for receiving a variable input voltage, 
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Wherein a poWer factor correcting circuit separates the 
variable input voltage into a plurality of poWer voltages. The 
full-resonant poWer circuit device controls the sWitch tran 
sistors for sWitching so as to feed proper resonance inductors 

by detecting the variable input voltage and improve the 
ef?ciency of the poWer circuit device. 

[0009] In a ?rst embodiment of the present invention, a 
poWer factor corrector for receiving a variable input voltage 
and boosting the variable input voltage to be a supply 
voltage, and a square Wave generator for producing a series 
of square Wave voltages in response to the supply voltages. 
Moreover, the present invention has a primary resonance 
loop coupled With the square Wave generator, includes a 
serial capacitor, a ?rst serial inductor, and a second serial 
inductor that are mutually serially connected, and a ?rst 
sWitch is coupled With the primary resonance loop. And at 
least one secondary resonance loop is coupled With the 
square Wave generator, have the serial capacitor is coupled 
With the ?rst serial inductor and the ?rst serial inductor is 
coupled With at least one auxiliary serial inductor, and at 
least one second sWitch is separately coupled With the 
secondary resonance loops. And a recti?er circuit coupled 
With the primary resonance loop for outputting a direct 
current (DC) voltage in response to the series of square 
Wave, and a voltage detector for detecting the variable input 
voltage, and separately controlling the ?rst sWitch to con 
duct a function of the primary resonance loop and the second 
sWitch to conduct a function of the secondary resonance 
loop in response to a magnitude of the variable input 
voltage. 

[0010] In a second embodiment of the present invention, 
a poWer factor corrector for receiving a variable input 
voltage and boosting the variable input voltage to be a 
supply voltage, and a square Wave generator for producing 
a series of square Wave voltages in response to the supply 
voltages. Moreover, the present invention has a primary 
resonance loop coupled With the square Wave generator, 
includes a serial capacitor, a ?rst serial inductor, and a 
second serial inductor that are mutually serially connected, 
and a ?rst sWitch is coupled With the primary resonance 
loop. And at least one secondary resonance loop is coupled 
With the square Wave generator, have the ?rst serial inductor 
is coupled With at least one auxiliary serial capacitor, and at 
least one second sWitch is separately coupled With the 
secondary resonance loops. And a recti?er circuit coupled 
With the primary resonance loop for outputting a direct 
current (DC) voltage in response to the series of square 
Wave, and a voltage detector for detecting the variable input 
voltage, and separately controlling the ?rst sWitch to con 
duct a function of the primary resonance loop and the second 
sWitch to conduct a function of the secondary resonance 
loop in response to a magnitude of the variable input 
voltage. 

[0011] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. Other advantages and 
features of the invention Will be apparent from the folloWing 
description, draWings and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and further advantages of this invention 
may be better understood by referring to the following 
description, taken in conjunction With the accompanying 
draWings, in Which: 

[0013] FIG. 1 is a schematic vieW of a half-bridge full 
resonant converter of the prior art; 

[0014] FIG. 2 is schematic vieW of the half-bridge full 
resonant converter With a poWer factor corrector (PFC) of 
the prior art; 

[0015] FIG. 3 is a schematic vieW ofa ?rst embodiment of 
a full-resonant poWer circuit device for receiving a variable 
input voltage of the present invention; and 

[0016] FIG. 4 is a schematic vieW of a second embodiment 
of the full-resonant poWer circuit device for receiving a 
variable input voltage of the present invention. 

[0017] The draWings Will be described further in connec 
tion With the folloWing detailed description of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] Reference is made from FIG. 3, Which is a sche 
matic vieW of a ?rst embodiment of a full-resonant poWer 
circuit device for receiving a variable input voltage of the 
present invention. The half-bridge full-resonant poWer cir 
cuit device 1 includes a poWer factor corrector 14 receives 
the variable input voltage AC and boosting the variable input 
voltage AC to be a supply voltage Vin, and a square Wave 
generator 10 is coupled With the poWer factor corrector 14 
for producing a series of square Wave voltages (not shoWn) 
in response to the supply voltages Vin and the square Wave 
generator 10 has sWitches Q1, Q2 connected to be a half 
bridge structure or four sWitches (not shoWn) connected to 
be a full-bridge structure. A primary resonance loop is 
coupled With the square Wave generator 10, has a serial 
capacitor CI is coupled With a ?rst serial inductor Lr1 and the 
?rst serial inductor Lr1 is coupled With a second serial 
inductor LIZ, and a ?rst sWitch S 1 is coupled With the primary 
resonance loop and a ground reference G. A secondary 
resonance loop is coupled With the square Wave generator 
10, has the serial capacitor CI is coupled With the ?rst serial 
inductor Lr1 and the ?rst serial inductor Lr1 is coupled With 
an auxiliary serial inductor LC, and a second sWitch S2 is 
separately coupled With the secondary resonance loop and 
the ground reference G. 

[0019] The half-bridge full-resonant poWer circuit device 
1 further comprises a transformer T, a primary side of the 
transformer T has the ?rst serial inductor Lr1 and the second 
serial inductor Lr2 and a secondary side of the transformer T 
is coupled With a recti?er circuit 16, and the transformer T 
receiving the series of square Wave voltages for providing a 
direct current (DC) voltage V0 to a load circuit RD and the 
recti?er circuit 16 is a center tap recti?er circuit. A voltage 
detector 12 for detecting the variable input voltage AC or the 
supply voltages Vin, and separately controlling the ?rst 
switch S1 to conduct a function of the primary resonance 
loop and the second sWitch S2 to conduct a function of the 
secondary resonance loop according to a magnitude of the 
variable input voltage AC or the supply voltages Vin. 
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[0020] The poWer factor corrector 14 is used to divide the 
variable input voltage AC into an AC loW voltage (90-132 
volts) and an AC high voltage (180-264 volts) so as to make 
the voltages conform to speci?cations of a global common 
variable input voltage AC. In AC loW voltage, the poWer 
factor corrector 14 detects the AC loW voltage and boosts it 
to a 240-volt supply voltage; in AC high voltage, the poWer 
factor corrector 14 detects the AC high voltage and boosts it 
to 400-volt supply voltage. Hence, a voltage difference 
betWeen an input end (90-132 volts or 180-264 volts) of the 
poWer factor corrector 14 and an output end (240 volts or 
400 volts) of the poWer factor corrector 14 is smaller than a 
voltage difference of the conventional poWer factor correc 
tor, a current is relatively smaller, and losses of a sWitch 
transistor QPFC of the poWer factor corrector 14 are smaller 
so as to improve the ef?ciency of the poWer circuit device. 
Moreover, the poWer factor corrector 14 is also used to 
divide the variable input voltage AC into a plurality of 
sections so as to output different kinds of the supply voltages 

Vin. 
[0021] The voltage detector 12 of the half-bridge full 
resonant poWer circuit device 1 for receiving the variable 
input voltage AC and the supply voltages Vin to sWitch the 
?rst switch S1 or the second sWitches S2 according to the 
?uctuation of the variable input voltage AC and the supply 
voltages Vin to suitably add resonance inductor Lr to be used 
for adjusting a resonance frequency to stabiliZe the output 
voltage V0. 

[0022] When the voltage detector 12 detects a high volt 
age, i.e. the ?rst switch S1 is conducted, the serial capacitor 
Cr, the ?rst serial inductor Ln, and the second serial inductor 
Lr2 are mutually coupled as the primary resonance loop and 
a resonance inductor Lr equals Lr1 plus Lr2 (i.e. Lr=Lrl+Lr2) 
for providing the resonance frequency and larger Winding 
numbers for the resonance circuit. When the voltage detector 
12 detects a loW voltage, i.e. the second sWitch S2 is 
conducted, the serial capacitor Cr, the ?rst serial inductor 
Ln, and the auxiliary serial inductor LC are mutually coupled 
as the secondary resonance loop and a resonance inductor Lr 
equals Lr1 plus LC (i.e. Lr=Lr1+LC) for providing the reso 
nance frequency and smaller Winding numbers for the 
resonance circuit. 

[0023] In this embodiment of the present invention, the 
resonance loop can have a Wide expansion. When the poWer 
factor corrector 14 divides the variable input voltage AC into 
a plurality of sections to output different kinds of supply 
voltages Vin, the secondary resonance loop has more one 
second sWitches S2 and a plurality of auxiliary serial induc 
tors LC to obtain a multi-section adjustment of the secondary 
resonance loop. Hence, a voltage difference betWeen the 
input end of the poWer factor corrector 14 and the output end 
of the poWer factor corrector 14 is minimal and losses of the 
sWitch transistor QPFC of the poWer factor corrector 14 are 
relatively minimal so as to improve the efficiency of the 
poWer circuit device. Moreover, the ?rst sWitches S 1 and the 
second sWitches S2 of the present invention are Widely 
selected such as BJTs, MOSFETs, SCRs, RELAYs, IGBT, or 
so on. 

[0024] Reference is made from FIG. 4, Which is a sche 
matic vieW of a second embodiment of the full-resonant 
poWer circuit device for receiving a variable input voltage of 
the present invention. The differences betWeen the half 
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bridge full-resonant power circuit device 1 and the half 
bridge full-resonant power circuit device 3 are the primary 
resonance loops and the secondary resonance loops. 

[0025] The primary resonance loop of the half-bridge 
full-resonant poWer circuit device 3 has a serial capacitor Cr, 
a ?rst serial inductor Ln, and a second serial inductor Lr2 are 
mutually connected, and a ?rst sWitch S 1 is coupled With the 
primary resonance loop and a ground reference G; the 
secondary resonance loop has the ?rst serial inductor Lr1 and 
an auxiliary serial capacitor C0 are mutually connected, and 
a ?rst sWitch S2 is coupled With the secondary resonance 
loop and the ground reference G. 

[0026] The voltage detector 12 of the half-bridge full 
resonant poWer circuit device 3 for receiving the variable 
input voltage AC and the supply voltages Vin to sWitch the 
?rst switch S1 or the second sWitches S2 according to the 
?uctuation of the variable input voltage AC and the supply 
voltages Vin to suitably add resonance inductor Lr to be used 
for adjusting a resonance frequency to stabilize the output 
voltage V0. 
[0027] When the voltage detector 12 detects a high volt 
age, i.e. the ?rst sWitch S 1 is conducted, the serial capacitor 
Cr, the ?rst serial inductor Ln, and the second serial inductor 
Lr2 are mutually coupled as the primary resonance loop and 
a resonance inductor Lr equals Lr1 plus Lr2 (i.e. Lr=Lrl+Lr2) 
for providing the resonance frequency and larger Winding 
numbers for the resonance circuit. When the voltage detector 
12 detects a loW voltage, i.e. the second sWitch S2 is 
conducted, the ?rst serial inductor Lr1 and the auxiliary 
serial capacitor C0 are mutually coupled as the secondary 
resonance loop and a resonance inductor Lr equals Lr1 (i.e. 
Lr=Lrl) for providing the resonance frequency and smaller 
Winding numbers for the resonance circuit. 

[0028] In this embodiment of the present invention, the 
resonance loop can have a Wide expansion. When the poWer 
factor corrector 14 divides the variable input voltage AC into 
a plurality of sections to output different kinds of supply 
voltages Vin, the secondary resonance loop has more one 
second sWitches S2 and a plurality of auxiliary serial capaci 
tor CC to obtain a multi-section adjustment of the secondary 
resonance loop. Hence, a voltage difference betWeen the 
input end of the poWer factor corrector 14 and the output end 
of the poWer factor corrector 14 is minimal and losses of the 
sWitch transistor QPFC of the poWer factor corrector 14 are 
relatively minimal so as to improve the ef?ciency of the 
poWer circuit device. Moreover, the ?rst sWitches S 1 and the 
second sWitches S2 of the present invention are Widely 
selected such as B] Ts, MOSFETs, SCRs, RELAYs, IGBT, or 
so on. 

[0029] It folloWs from What has been said that the full 
resonant poWer circuit device for receiving a variable input 
voltage that the poWer factor correcting circuit for separating 
the variable input voltage AC into a plurality of supply 
voltage sections outputted, and the input voltage sections are 
detected to separately sWitch corresponding sWitch transis 
tors for suitably adding resonance inductors to the input 
voltage sections to be used by the full-resonant poWer circuit 
device to reduce the large voltage difference of a conven 
tional poWer factor corrector 2 so as to improve the effi 
ciency of the poWer circuit device and improve a half-bridge 
resonance circuit that is only operated in a ?xed voltage 
source. 
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[0030] Although the present invention has been described 
With reference to the preferred embodiment thereof, it Will 
be understood that the invention is not limited to the details 
thereof. Various substitutions and modi?cations have been 
suggested in the foregoing description, and others Will occur 
to those of ordinary skill in the art. Therefore, all such 
substitutions and modi?cations are intended to be embraced 
Within the scope of the invention as de?ned in the appended 
claims. 

What is claimed is: 
1. A full-resonant poWer circuit device for receiving a 

variable input voltage, comprising: 

a poWer factor corrector received the variable input volt 
age for boosting the variable input voltage into a supply 
voltage; 

a square Wave generator coupled With the poWer factor 
corrector for producing a series of square Wave volt 
ages in response to the supply voltage; 

a primary resonance loop coupled With the square Wave 
generator and composed of a serial capacitor, a ?rst 
serial inductor and a second serial inductor, Wherein the 
serial capacitor coupled With the ?rst serial inductor 
and the ?rst serial inductor coupled With the second 
serial inductor; 

a ?rst sWitch coupled With the primary resonance loop; 

at least one secondary resonance loop coupled With the 
square Wave generator and composed of the serial 
capacitor, the ?rst serial inductor and at least one 
auxiliary serial inductor, Wherein the serial capacitor 
coupled With the ?rst serial inductor and the ?rst serial 
inductor coupled With the auxiliary serial inductor; 

at least one second sWitch separately coupled With the 
secondary resonance loop; 

a recti?er circuit coupled With the primary resonance loop 
for outputting a direct current (DC) voltage in response 
to the series of square Wave voltages; and 

a voltage detector for detecting the variable input voltage 
and separately controlling the ?rst sWitch and the 
second sWitch in response to the variable input voltage. 

2. The full-resonant poWer circuit device as in claim 1, 
Wherein the square Wave generator has tWo sWitches con 
nected to be a half-bridge structure for generating the square 
Wave voltages. 

3. The full-resonant poWer circuit device as in claim 1, 
Wherein the square Wave generator has four sWitches con 
nected to be a full-bridge structure for generating the square 
Wave voltages. 

4. The full-resonant poWer circuit device as in claim 1, 
Wherein the voltage detector detects the variable input 
voltage, and separately controls the ?rst sWitch to conduct 
the function of the primary resonance loop or the second 
sWitch to conduct the function of the secondary resonance 
loop in response to the variable input voltage. 

5. The full-resonant poWer circuit device as in claim 1, 
Wherein the recti?er circuit is a center tap recti?er circuit. 

6. A full-resonant poWer circuit device for receiving a 
variable input voltage, comprising: 
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a power factor corrector received the variable input volt 
age for boosting the variable input voltage into a supply 
voltage; 

a square Wave generator coupled With the poWer factor 
corrector for producing a series of square Wave volt 
ages in response to the supply voltage; 

a primary resonance loop coupled With the square Wave 
generator and composed of a serial capacitor, a ?rst 
serial inductor and a second serial inductor, Wherein the 
serial capacitor coupled With the ?rst serial inductor 
and the ?rst serial inductor coupled With the second 
serial inductor; 

a ?rst sWitch coupled With the primary resonance loop; 

a ?rst sWitch coupled With the primary resonance loop; 

at least one secondary resonance loop coupled With the 
square Wave generator and composed of the ?rst serial 
inductor and at least one auxiliary serial inductor, 
herein the ?rst serial inductor coupled With the auxil 
iary serial capacitor; 

at least one second sWitch separately coupled With the 
secondary resonance loop; 
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a recti?er circuit coupled With the primary resonance loop 
for outputting a direct current (DC) voltage in response 
to the series of square Wave voltages; and 

a voltage detector for detecting the variable input voltage 
and separately controlling the ?rst sWitch and the 
second sWitch in response to the variable input voltage. 

7. The full-resonant poWer circuit device as in claim 6, 
Wherein the square Wave generator has tWo sWitches con 
nected to be a half-bridge structure for generating the square 
Wave voltages. 

8. The full-resonant poWer circuit device as in claim 6, 
Wherein the square Wave generator has four sWitches con 
nected to be a full-bridge structure for generating the square 
Wave voltages. 

9. The full-resonant poWer circuit device as in claim 6, 
Wherein the voltage detector for detects the input voltage, 
and separately controls the ?rst sWitch to conduct the 
function of the primary resonance loop or the second sWitch 
to conduct the function of the secondary resonance loop in 
response to a magnitude of the input voltage. 

10. The full-resonant poWer circuit device as in claim 6, 
Wherein the recti?er circuit is a center tap recti?er circuit. 

* * * * * 


