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(57) ABSTRACT 
A high ef?ciency converter for ZVS {Zero voltage switch 
ing} is disclosed above which can reduce drain-source 
voltage of switch (MOSFET), heighten adapter ef?ciency 
and eliminate need of input voltage doubler circuit by means 
of making the converter to act in ZVS for wide range of 
whole input voltage where the converter is particularly 
featured by comprising high side switch (SWH) and low 
side switch (SWL) making a closed circuit with input 
voltage and each making a switching action that is opposite 
to each other according to output signal of external driver, 
?rst capacitor connected in series between the above SWH 
and SWL, a transformer that induces primary side voltage to 
secondary side according to switching action of the above 
SWH and SHL, and a recti?er that recti?es output voltage of 
secondary side of the above transformer while moreover the 
converter comprises a diode connected to the above ?rst 
capacitor in parallel, ?rst and second feedback diodes 
respectively connected to the above SWH and SWL in 
parallel, and second capacitor connected to primary coil of 
the above transformer in series. 
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HIGH EFFICIENCY CONVERTER FOR ZERO 
VOLTAGE SWITCHING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates a high efficiency converter 
for ZVS {Zero voltage switching}, particularly that having 
both advantages of traditional active clamp ?yback circuit 
and asymmetric ?yback circuit so as to act in ZVS for Whole 
Wide range of input voltage. 

[0003] 2. Description of the Prior Art 

[0004] Recently We are under state of continual inevitable 
request of system speci?cation augmentation such as mul 
timedia system construction, acceleration of CPU to high 
speed, memory increase according to WorldWide trend that 
notebook PC becomes day by day smaller, lighter, slimmer 
and pursuing high functionaliZation. 

[0005] And as capacity for each resource of each system 
speci?cation is increasing, though noW AC adapter for 
notebook PC uses 45~50 Watts, gradually need is rising up 
for making high capacity of 60 W, 75 W, 80 W or more, for 
making it a micro slip easy and simple of carrying and 
handling, and for high ef?ciency. 

[0006] Particularly the reason to make AC adapter in high 
ef?ciency is that higher efficiency means loWer internal 
electricity loss, Which means loWer internal heat generation 
so that miniaturiZation be feasible. 

[0007] Accordingly soft sWitching is adopted to make AC 
adapter in high ef?ciency for the most typical type used in 
AC adapter so far, Whence sWitch loss should be minimiZed 
by means of typically applying ZVS for the above soft 
sWitching. 

[0008] Typical circuit realiZation methods for the above 
ZVS are symmetrical ?yback circuit and active clamp 
?yback circuit, among Which there occurs setback that input 
voltage should be doubled up by installing doubler circuit in 
case of the above asymmetric ?yback circuit. 

[0009] And there occurs disadvantage that drain-source 
voltage of PET used for sWitching element in the above 
active clamp ?yback circuit is clamped to substantially high 
voltage adding the input voltage and the clamp capacitor 
voltage together. 

[0010] Problem matter of traditional technique is consid 
ered hereunder With reference to appended draWings. 

[0011] FIG. 1 is circuit diagram that shoWs active clamp 
?yback circuit layout in traditional technique, referring to 
Which Figure the circuit is laid out by high side sWitch SWH 
and loW side sWitch SWL making a closed circuit With input 
voltage Vin and each making a sWitching action that is 
opposite to each other according to output signal of eXternal 
driver (not shoWn in Figure), a capacitor C connected in 
series betWeen the above SWH and SWL, a transformer T 
that induces primary side voltage to secondary side accord 
ing to sWitching action of the above SWH and SHL, and a 
recti?er that recti?es output voltage of secondary side of the 
above Transformer T. 

[0012] Operation of traditional technique With con?gura 
tion as above is explained hereunder. 
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[0013] At ?rst comment, leakage energy is used for main 
sWitch’s ZVS Which is realiZed as current Ic ?oWs through 
parasitic diode of SWL in section betWeen t1 and t3 and 
current Is ?oWs through parasitic diode of SWH in section 
betWeen t4 and t6. 

[0014] Whence total action is as shoWn in FIG. 2 Where 
high voltage is clamped by sum of input voltage Vin and 
capacitor C’s voltage Vc for the above SWH and SWL’s 
voltages VDSH, VDSL. 
[0015] Typically used asymmetric ?yback circuit With 
active clamp ?yback circuit described above is laid out as in 
appended FIG. 3 Where con?gurational difference from 
appended FIG. 1 is that capacitor C is placed betWeen SWL 
and primary side coil of transformer T. 

[0016] Thus simple difference in con?guration makes to 
shoW a very large difference in its action state as shoWn in 
appended FIG. 4. 

[0017] Namely in traditional technology as aforesaid 
While there is advantage in active clamp ?yback circuit 
shoWn in FIG. 1 that here is no need of doubler necessary 
in asymmetric ?yback circuit shoWn in appended FIG. 3, in 
contrast there is a different advantage in the above asym 
metric ?yback circuit that FET’s drain-source voltage used 
for sWitching element is stable because it is related only to 
input voltage differently from case of the above active clamp 
?yback circuit Where the voltage is clamped in a consider 
ably high voltage adding the input voltage and the clamp 
capacitor voltage together. 

[0018] Accordingly (dis) advantage is so manifest for 
either side of the above active clamp ?yback circuit and 
asymmetric ?yback circuit that a designer should design 
taking advantage of only one side of the tWo cases but it 
contained problem matter that it has limit in satisfying users’ 
need Which is strengthened step by step. 

SUMMARY OF THE INVENTION 

[0019] This invention is devised to solve the above prob 
lem matter Whose purpose is to provide high ef?ciency 
converter for ZVS combining both side advantages of tra 
ditional active clamp ?yback circuit and asymmetric ?yback 
circuit to reduce drain-source voltage of sWitch (MOSFET), 
enhance adapter ef?ciency, and make the input voltage 
doubler circuit be not needed by means of making the 
converter to act in ZVS in Wide range of Whole input 
voltage. 
[0020] According to main feature of this invention to 
achieve the above purpose, a high ef?ciency converter for 
ZVS is provided comprising high side sWitch (SWH) and 
loW side sWitch (SWL) making a closed circuit With input 
voltage and each making a sWitching action that is opposite 
to each other according to output signal of eXternal driver, 
?rst capacitor connected in series betWeen the above SWH 
and SWL, a transformer that induces primary side voltage to 
secondary side according to sWitching action of the above 
SWH and SHL, and a recti?er that recti?es output voltage of 
secondary side of the above transformer While moreover the 
converter comprises a diode connected to the above ?rst 
capacitor in parallel, ?rst and second feedback diodes 
respectively connected to the above SWH and SWL in 
parallel, and second capacitor connected to primary coil of 
the above transformer in series. 
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[0021] Whence it is preferable according to additional 
feature of this invention that the above SWH and SWL are 
laid out containing MOSFET {metal-oxide semiconductor 
?eld-effect transistor}. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is circuit diagram that shoWs converter 
con?guration by active clamp ?yback circuit in traditional 
technique. 

[0023] 
FIG. 1. 

[0024] FIG. 3 is circuit diagram that shoWs converter 
con?guration by asymmetric ?yback circuit in traditional 
technique. 

FIG. 2 is Wave shape diagram that shoWs action by 

[0025] FIG. 4 is Wave shape diagram that shoWs action by 
FIG. 3. 

[0026] FIG. 5 is circuit diagram that shoWs converter 
con?guration according to the present invention. 

[0027] FIG. 6 is Wave shape diagram that shoWs action by 
FIG. 5. 

[0028] FIG. 7 through FIG. 13 are equivalent circuit 
diagrams that shoW actions at respective intervals for present 
invention. 

DETAILED DESCRIPTION 

[0029] Various merits and purpose of this invention as 
described above Will be more manifested for persons skilled 
in this technical ?eld according to preferable practice 
example of this invention explained hereafter With reference 
to appended draWings. 

[0030] NoW the preferable practice example of this inven 
tion is explained in detail as folloWs With reference to 
appended draWings. 

[0031] FIG. 5 is circuit diagram that shoWs converter 
con?guration according to the present invention and FIG. 6 
is Wave shape diagram that shoWs action by FIG. 5. 

[0032] Referring to FIG. 5, it comprises in same manner 
as in FIG. 1 high side sWitch SWH and loW side sWitch SWL 
making a closed circuit With input voltage Vin and each 
making a sWitching action that is opposite to each other 
according to output signal of external driver (not shoWn in 
Figure), ?rst capacitor C1 connected in series betWeen the 
above SWH and SWL, a diode D connected to the above C1 
in parallel, a transformer T that induces primary side voltage 
to secondary side according to sWitching action of the above 
SWH and SHL, second capacitor C2 connected to primary 
coil of the above transformer T in series, and a recti?er that 
recti?es output voltage of secondary side of the above 
transformer T. 

[0033] Whence ?rst and second feedback diodes D1, D2, 
connected by dotted or broken lines not explained hereabove 
but shoWn in appended FIG. 5 for explanation of the above 
con?guration, that are connected in parallel to the above 
SWH and SWL if these tWo sWitches comprise MOSFET, 
are internal diodes of the above SWH and SWL so that those 
do not shoW actual con?guration but are shoWn here to be 
laid out in order to facilitate this invention explanation. 
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[0034] Action by present invention With con?guration as 
above is explained as folloWs. 

[0035] Though total action of present invention is accord 
ing to FIG. 5, let us consider action at each interval With 
reference to equivalent circuit diagrams of appended FIG. 7 
through FIG. 13 that shoW actions at respective intervals for 
present invention. Referring to FIG. 7, the above SWH is 
turned on and the above SWL is turned off in interval 
betWeen t7 and t8 and in interval betWeen t0 and t1. And Ilk 
becomes positive and reaches Im at t8. Whence Is also 
becomes positive at t7 While second capacitor C2 performs 
electricity charging. 
[0036] And referring to FIG. 8, SWH is turned off and 
SWL maintains the off state in interval betWeen t1 and t2. 
And parasitic diode of the above SWL is turned on While 
electricity charging of ?rst and second capacitors C1, C2 
continues to perform. Whence energy is transmitted to 
secondary side at the above transformer T. 

[0037] MeanWhile referring to FIG. 9, SWH is turned off 
While SWL is turned on in interval betWeen t2 and t3. And 
the above ?rst second capacitor C1, C2 continue to perform 
in charging state. 

[0038] And referring to FIG. 10, SWH maintains the off 
state and SWL maintains the on state in interval betWeen t3 
and t4. Whence Ic becomes negative state so that Cl and C2 
perform discharge. 
[0039] And referring to FIG. 11, SWH maintains the off 
state and SWL maintains the on state in interval betWeen t4 
and t5. Whence Ic maintains negative state and C2 continues 
to perform discharge While diode D is turned on. 

[0040] And referring to FIG. 12, SWH maintains the off 
state and SWL becomes the off state in interval betWeen t5 
and t6. Whence parasitic diode of SWH is turned on and C2 
continues to perform discharge While Is becomes negative 
state. 

[0041] And referring to FIG. 13, SWH becomes the on 
state and SWL maintains the off state in interval betWeen t6 
and t7. Whence C2 continues to perform discharge While Is 
maintains negative state. 

[0042] Eventually there occur turn-on intervals of para 
sitic diodes of SWH and SWL (interval betWeen t1 and t3 
and interval betWeen t5 and t7) so that high ef?ciency may 
be made by ZVS. 

[0043] And operation reliability is secured by reduction of 
drain-source voltage of SWH and SWL. 

[0044] Though this invention has been hereabove illus 
trated by draWing and explained relatedly to particular 
practice example(s), it Will be easily understood by anyone 
having common knoWledge in this industry ?eld that diverse 
modi?cation, modulation and variation Will be feasible 
Within limit not escaping from area and concept of invention 
appearing at my patent claim scope that is appended here 
after. 

[0045] Because high ef?ciency converter for ZVS of this 
invention as explained above can act in ZVS for Wide range 
of Whole input voltage, there becomes no need of input 
voltage doubler circuit so that circuitry is made simple and 
also there becomes other effect to be able to cut doWn 
product cost accordingly. 
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[0046] And there becomes effect to enhance product 
operation reliability because drain-source voltage of sWitch 
(MOSFET) may be reduced and adapter ef?ciency may be 
lifted. 

What is claimed is: 
1. A high ef?ciency converter for ZVS {Zero voltage 

switching} comprising: 
high side sWitch (SWH) and loW side sWitch (SWL) 

making a closed circuit With input voltage and each 
making a sWitching action that is opposite to each other 
according to output signal of external driver; 

?rst capacitor connected in series betWeen said SWH and 
SWL; 
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a transformer that induces primary side voltage to sec 
ondary side according to sWitching action of said SWH 
and SWL; 

a recti?er that recti?es output voltage of secondary side of 
said transformer; 

a diode connected to said ?rst capacitor in parallel; and 

second capacitor connected to primary coil of said trans 
former in series. 

2. The converter in claim 1, Wherein each of said SWH 
and SWL comprises MOSFET{metal-oxide semiconductor 
?eld-effect transistor} that has respective feedback diode 
inside of it. 


