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(57) ABSTRACT 

Aprimary side of a transformer has a switching transistor to 
on-off control the current ?owing in a primary winding on 
a primary side. A secondary side of the transformer has a 
commutating side FET to be turned on by applying the 
induced voltage of a tertiary winding on a secondary side of 
a current transformer, and a ?ywheel side FET with the 
primary winding on the primary side of the current trans 
former connected thereto in series. The current transforma 
tion ratio of the current transformer is small in the initial 
period when the ?ywheel side PET is turned on, and then, 
the current transformation ratio is increased by current 
controlling means comprising a saturable reactor, a diode or 
the like. 
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SYNCHRONOUS RECTIFICATION CIRCUIT OF 
DC-DC CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a synchronous 
recti?cation circuit of a DC-DC converter to commutate the 
voltage induced in a secondary Winding of a transformer by 
implementing the on-off control of a commutation side 
?eld-effect transistor and a ?ywheel side ?eld-effect tran 
sistor synchronous With the on-off operation of a sWitching 
transistor connected to a primary Winding of the transformer. 

[0003] 2. Description of the Related Art 

[0004] A diode has been generally employed in a com 
mutating circuit of conventional DC-DC converters. HoW 
ever, the poWer loss due to the forWard voltage drop of the 
diode is not negligible but large. Thus, in recent years, a 
Schottky diode small in poWer loss due to the forWard 
voltage drop has been extensively employed. 

[0005] An FET (Field-Effect Transistor) of at most several 
mQ in ON-resistance Was developed. Thus, the poWer loss 
can be more reduced by using such an PET in a commutating 
circuit than by using the Schottky diode. 

[0006] Thus, a con?guration Was proposed, in Which the 
PET is connected to a primary Winding of a transformer as 
a sWitching transistor, and is used in the commutating circuit 
of the DC-DC converter. In this case, the FET as the 
sWitching transistor implements the on-off control of the 
FET of the commutating circuit in a synchronous manner 
With the on-off timing. The commutating circuit can thus 
commutate the induced voltage in the secondary Winding of 
the transformer With less poWer loss. 

[0007] FIG. 1 is a circuit diagram of a conventional 
DC-DC converter, indicating a synchronous recti?cation 
circuit applied to a forWard converter. In FIG. 1, T denotes 
a transformer, n1 denotes a primary Winding, n2 denotes a 
secondary Winding, Q1 denotes a sWitching transistor (FET), 
Q2 denotes a commutating side FET, Q3 denotes a ?yWheel 
side PET, and L and C1 denote a reactor and a capacitor to 
constitute a smoothing circuit, respectively. A control circuit 
1 detects the output voltage Vout, and controls the ON 
period of the sWitching transistor Q1 by controlling the pulse 
Width or the like. This means that the control circuit 1 
controls the ON-period and the OFF-period of the sWitching 
transistor Q1 so that the smoothed output voltage Vout is the 
preset voltage. More speci?cally, the sWitching transistor Q1 
turns on/off the current ?oWing in the primary Winding n1 of 
the transformer Tbased on the input voltage Vin. The control 
circuit 1 shortens the ON-period When the output voltage 
Vout is higher than the preset voltage, and extends the 
ON-period When the output voltage Vout is loWer than the 
preset voltage. The control circuit 1 controls the output 
voltage Vout to be constant by the above operation. The 
detailed operation is described beloW. 

[0008] When the sWitching transistor Q1 is turned on, the 
commutating side FET Q2 is turned on by the induced 
voltage in the secondary Winding n2 of the transformer T. As 
a result, the current ?oWs in the capacitor C1 via the reactor 
L. In this condition, the ?yWheel side FET Q3 is turned off. 
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[0009] When the sWitching transistor Q1 is turned off, the 
polarity of the induced voltage in the secondary Winding n2 
of the transformer T is inverted, and the commutating side 
FET Q2 is turned off. As a result, the ?yWheel side FET Q3 
is turned on, and the current attributable to the accumulated 
energy in the reactor L ?oWs in the capacitor C1. 

[0010] HoWever, the transformer T is reset (to make the 
accumulated energy in the transformer T Zero) through the 
resonance effect of the parasitic capacity or the like of the 
sWitching transistor Q1 With the inductance of the trans 
former T. After the transformer T is reset, the induced 
voltage in the secondary Winding n2 becomes Zero. This 
means that the voltage applied to the gate of the ?yWheel 
side FET Q3 becomes Zero during the OFF-period of the 
sWitching transistor Q1, and the ?yWheel side FET Q3 is 
turned off. Thus, the ?yWheel current ?oWs via a parasitic 
diode (a body diode) of the ?yWheel side FET Q3, raising a 
problem of not taking an advantage of the loW ON-resis 
tance of the FET. 

[0011] Thus, the DC-DC converter shoWn in FIG. 2 Was 
proposed. In the ?gure, same symbols as those in FIG. 1 
shoW the same parts. In FIG. 2, n3 denotes a tertiary 
Winding of a transformer T, CT denotes a current trans 
former, Q4 denotes a transistor, D7 and D8 denote diodes, 
ZD7 denotes a Zener diode, R3 denotes a resistor, Dq1 to 
Dq3 denote parasitic diodes (body diodes), Cgs denotes the 
gate-source parasitic capacity (input capacity), and Cgd 
denotes the gate-drain parasitic capacity (input capacity), 
respectively. The control circuit 1 to implement the on-off 
control of the sWitching transistor Q1 by detecting the output 
voltage Vout is omitted in the ?gure. 

[0012] The tertiary Winding n3 is provided on the trans 
former T, and the induced voltage in this tertiary Winding n3 
is applied to the gate of the commutating side FET Q2. 
When the sWitching transistor Q1 turned on/off thereby, the 
commutating side FET Q2 is turned on/off in a synchronous 
manner With the on-off operation of the sWitching transistor 
Q1. 

[0013] The primary Winding of the current transformer CT 
is connected in series to the ?yWheel side FET Q3, and the 
induced voltage in the secondary Winding is applied to the 
gate of the ?yWheel side FET Q3 via the diodes D7 and D8. 
The resistor R3 corresponds to the terminating resistor of the 
current transformer CT. The induced voltage in the second 
ary Winding of the current transformer CT is applied to the 
Zener diode ZD7. The Zener diode ZD7 suppresses the 
voltage across the resistor R3 to the Zener voltage, and 
applies it to the base of the transistor Q4. Further, the Zener 
diode ZD7 suppresses the voltage across the resistor R3 to 
the Zener voltage, and applies it to the gate of the ?yWheel 
side FET Q3 via the diode D8. 

[0014] When the sWitching transistor Q1 on the primary 
side of the transformer T is turned on, the commutating side 
FET Q2 is turned on by the induced voltage in the tertiary 
Winding n3 of the transformer T. As a result, the current by 
the induced voltage in the secondary Winding n2 ?oWs via 
the turned-on commutating side FET Q2. In this condition, 
the ?yWheel side FET Q3 is turned off. 

[0015] When the sWitching transistor Q1 is turned off, the 
polarity of the induced voltage in the tertiary Winding n3 of 
the transformer T is inverted, and the commutating side FET 



US 2002/0021578 A1 

Q2 is turned off. The ?ywheel current ?oWs via the body 
diode Dq3 of the ?ywheel side FET Q3. This current ?oWs 
in the primary Winding of the current transformer CT. As a 
result, the induced voltage in the secondary Winding of the 
current transformer CT is applied to the gate of the ?yWheel 
side FET Q3 via the diodes D7 and D8 to charge the input 
capacities Cgs and Cgd. When this charging voltage exceeds 
the threshold, the ?yWheel side FET Q3 is turned on. Even 
When the induced voltage in the secondary Winding n2 
becomes completely Zero by resetting the transformer T, the 
?yWheel side FET Q3 continues the ON-condition thereof 
by the induced voltage in the secondary Winding of the 
current transformer CT. 

[0016] When the sWitching transistor Q1 is turned on, the 
commutating side FET Q2 is turned on by the induced 
voltage in the tertiary Winding n3 of the transformer T. As a 
result, the current by the induced voltage in the secondary 
Winding n2 of the transformer T ?oWs via the turned-on 
commutating side FET Q2. Thus, the current ?oWing in the 
current transformer CT becomes Zero. 

[0017] The induced voltage in the secondary Winding of 
the current transformer CT is inverted, and the reverse 
voltage is applied to the diode D8. The diode D8 is provided 
betWeen the emitter and the base of the transistor Q4, and the 
base of the transistor Q4 is disconnected from the emitter. As 
a result, the base electric potential of the transistor Q4 
becomes equal to the collector electric potential via the 
resistor R3, and the transistor Q4 is turned on. Thus, the gate 
and the source of the ?yWheel side FET Q3 are in a 
short-circuit condition, and the electric charges of the input 
capacity Cgs are rapidly discharged. Thus, the ?yWheel side 
FET Q3 is turned off. 

[0018] FIG. 3 shoWs the ?yWheel side FET Q3 illustrated 
in FIG. 2 as a three-terminal element. FIG. 4, similar to 
FIG. 3, shoWs the ?yWheel side FET Q3 illustrated in FIG. 
2 as a tWo-terminal element. More speci?cally, the induced 
voltage in the secondary Winding of the current transformer 
CT is applied to the gate of the ?yWheel side FET Q3. This 
means that the ?yWheel side FET Q3 is turned off by the 
induced voltage in the secondary Winding of the current 
transformer CT if the forWard current ?oWs in the body 
diode thereof. Thus, in this case, the ?yWheel side FET Q3 
can be used for the tWo-terminal element diode of the loW 
voltage drop characteristic as illustrated in FIG. 4. 

[0019] FIG. 5 is a schematic representation of the current 
Waveform and the voltage Waveform on the ?yWheel side 
FET Q3 shoWn in FIG. 2. 

[0020] In FIG. 5, Id denotes the current ?oWing in the 
primary Winding of the current transformer CT, Vgs denotes 
the gate-source voltage, and Vds denotes the drain-source 
voltage. TS denotes the period of the on-off control, Ton and 
Toff denote the ON-period and OFF period of the sWitching 
transistor Q3, Vf denotes the forWard voltage of the body 
diode Dq3, and Td denotes the current ?oW period of the 
body diode Dq3. 

[0021] When the sWitching transistor Q1 is turned on, the 
?yWheel side FET Q3 is turned off as described above, and 
the drain-source voltage Vds is increased. When the sWitch 
ing transistor Q1 is turned off, the current ?oWs via the body 
diode Dq3 of the ?yWheel side FET Q3 after a speci?ed time 
is elapsed. Thus, the drain-source voltage Vds becomes the 
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forWard voltage Vf of the body diode Dq3. As illustrated in 
FIG. 5, the ?yWheel side FET Q3 is turned on by the 
induced voltage in the secondary Winding of the current 
transformer CT after the period Td is elapsed, and the 
drain-source voltage Vds thereof becomes substantially 
Zero. 

[0022] FIG. 6 is a measured Waveform chart to shoW the 
operation of the prior art technology shoWn in FIG. 2. In 
FIG. 6, Q1 Vds and Q1ld denote the drain-source voltage 
and the drain current of the sWitching transistor Q1, and 
Q3Vgs and Q3Vds denote the gate-source voltage and the 
drain-source voltage of the ?yWheel side FET Q3. Td 
denotes the current ?oW period in the body diode Dq3 of the 
?yWheel side FET Q3. As illustrated in FIG. 6, the current 
?oW period Td in the body diode Dq3 of the ?yWheel side 
FET Q3 is relatively long as described in relation to FIG. 2. 

[0023] The prior art technology shoWn in FIG. 2 involves 
the folloWing problems. 

[0024] In the process to turn on the ?yWheel side FET Q3, 
a speci?ed time is required for the rise of the gate-source 
voltage Vgs. Thus, the loss in the current ?oW period Td in 
the body diode Dq3 becomes a problem. 

[0025] To shorten the above period Td, the folloWing 
countermeasures may generally be taken. The current trans 
former CT Which can rapidly charge the input capacity Cgs 
of the ?yWheel side FET Q3 is used so that the gate-source 
voltage Vgs may be charged in a short time. 

[0026] HoWever, if such a current transformer CT is used, 
the current ?oWing in the secondary Winding of the current 
transformer CT is increased, and the driving loss of the 
?yWheel side FET Q3 is increased, raising a problem that the 
driving loss of the synchronous recti?cation circuit of the 
DC-DC converter can not be reduced. 

SUMMARY OF THE INVENTION 

[0027] Accordingly, a ?rst object of the present invention 
is to reduce the driving loss (the poWer loss) of a synchro 
nous recti?cation circuit of a DC-DC converter With a 
relatively simple con?guration. 
[0028] A second object of the present invention is to 
increase the speed of the turning on of a ?yWheel side FET 
included in the synchronous recti?cation circuit, and to 
reduce the loss by a body diode. 

[0029] A third object of the present invention is to reduce 
the driving loss after the ?yWheel side FET included in the 
synchronous recti?cation circuit is turned on. 

[0030] A fourth object of the present invention is to 
prevent the DC-DC converter in the light-load mode from 
being inoperable due to the driving loss of the ?yWheel side 
FET included in the synchronous recti?cation circuit. 

[0031] A ?fth object is to prevent the ratio of the ON 
period to the OFF-period of a sWitching transistor provided 
on the primary side of a transformer from being limited. In 
other Words, a current transformer included in the synchro 
nous recti?cation circuit must usually prevent the saturation 
of the core thereof. For this purpose, the ratio of the 
ON-period to the OFF-period of the sWitching transistor is 
limited so that the product of the current and the time 
corresponding to the ON-period of the sWitching transistor 
is substantially equal to the product of the current and the 
time corresponding to the OFF-period of the sWitching 
transistor. 
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[0032] The ?rst to third objects are achieved by changing 
the current transformation ratio of the current transformer 
included in the synchronous recti?cation circuit as described 
below, Wherein the current transformation ratio means the 
ratio of the current 11 ?owing in the primary Winding to the 
current 12 ?oWing in the secondary Winding of the current 
transformer (11/12). 

[0033] According to one of the aspects of the present 
invention, the present invention includes a current control 
ling part for setting the current transformation ratio of the 
above current transformer to be a small value during the 
initial period When the ?yWheel side FET is turned on, and 
sets the current transformation ratio of the current trans 
former to be a large value after the above-described initial 
period has elapsed. 

[0034] The input capacity of the ?yWheel side FET is 
rapidly charged, and the turn-on speed of the ?yWheel side 
FET is increased. As a result, the driving loss attributable to 
the body diode of the ?yWheel side FET is reduced. The 
driving loss is also reduced after the ?yWheel side FET is 
turned on. 

[0035] According to another aspect of the present inven 
tion, a saturable current transformer is used for a current 
transformer of the synchronous recti?cation circuit. By this, 
after the ?yWheel side FET is turned on, the primary Winding 
of the saturable current transformer is saturated, and the 
impedance thereof is reduced. Thus, the driving loss can be 
further reduced. Also, even When both the commutating side 
FET and the ?yWheel side FET are simultaneously turned 
on, an excessive current How can still be suppressed, 
because the impedance of the primary Winding of the above 
saturable current transformer is increased. 

[0036] The fourth object of the present invention can be 
achieved in the folloWing Way. 

[0037] According to another aspect of the present inven 
tion, it is possible to omit a terminating resistor on the 
secondary side of the saturable current transformer because 
the saturable current transformer is used for a current 
transformer of the synchronous recti?cation circuit. Since 
poWer consumption by the terminating resistor is eliminated, 
cases can be prevented Where the ?yWheel side FET cannot 
be driven in a light-load mode. 

[0038] The ?fth object of the present invention can be 
achieved in the folloWing Way. 

[0039] According to another aspect of the present inven 
tion, the saturable current transformer induces the voltage in 
the secondary Winding and the current ?oWs, only in the 
initial period When the sWitching transistor provided on the 
primary side of the transformer turns on/off. Thus, the ratio 
of the ON-period of the sWitching transistor to the OFF 
period can be arbitrarily controlled. Thus, a problem of the 
core saturating because of the long ON-period of the FET by 
using a regular current transformer can be solved by using 
the saturable current transformer. 

BRIEF DESCRIPTION OF 7HE DRAWINGS 

[0040] The nature, principle, and utility of the invention 
Will become more apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings in Which like parts are designated by identical 
reference numbers, in Which: 
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[0041] FIG. 1 is a circuit diagram of a ?rst eXample of a 
conventional DC-DC converter; 

[0042] FIG. 2 is a circuit diagram of a second eXample of 
a conventional DC-DC converter; 

[0043] FIG. 3 shoWs a ?yWheel side FET Q3 in FIG. 2 
comprising a three-terminal element; 

[0044] FIG. 4 shoWs a ?yWheel side FET Q3 in FIG. 2 
comprising a tWo-terminal element; 

[0045] FIG. 5 is a Waveform chart to shoW the outline of 
the current Waveform and the voltage Waveform of the 
?yWheel side FET Q3 in FIG. 2; 

[0046] FIG. 6 is a measured Waveform chart to shoW the 
operation of a prior art technology shoWn in FIG. 2; 

[0047] FIG. 7 is a circuit diagram of a ?rst embodiment of 
the present invention; 

[0048] FIG. 8 is a measured Waveform chart to shoW the 
operation of the ?rst embodiment shoWn in FIG. 7; 

[0049] FIG. 9 is a circuit diagram according to a second 
embodiment of the present invention; 

[0050] FIG. 10 is a circuit diagram according to a third 
embodiment of the present invention; 

[0051] FIG. 11 is a measured Waveform chart to shoW the 
operation of the third embodiment of the present invention; 
and 

[0052] FIG. 12 is a circuit diagram according to a fourth 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] The embodiments of the present invention Will be 
described beloW. 

[0054] FIG. 7 is a circuit diagram according to a ?rst 
embodiment of the present invention. In FIG. 7, T denotes 
a transformer, n1 denotes a primary Winding, n2 denotes a 
secondary Winding, n3 denotes a tertiary Winding, Q1 
denotes a sWitching transistor (FET), Q2 denotes a commu 
tating side FET, Q3 denotes a ?yWheel side FET, Dq1 to Dq3 
denote parasitic diode (a body diode), Q4 denotes a transis 
tor, CT1 denotes a current transformer, nc1, nc2 and nc3 
denote a primary Winding, secondary Winding, and a tertiary 
Winding of the current transformer CT1, D1 to D3 denote 
?rst to third diodes, ZD1 denotes a Zener diode, R1 denotes 
a resistor, L denotes a reactor, C1 denotes a capacitor, Cgd 
denotes a gate-drain parasitic capacity (input capacity), Cgs 
denotes a gate-source parasitic capacity (input capacity), 
SR1 denotes a saturable reactor, and numeral 1 denotes a 
control circuit. 

[0055] The con?guration that the control circuit 1 com 
pares the output voltage Vout With the preset voltage to 
implement the on-off control of the sWitching transistor Q1 
to Which the input voltage Vin is applied is similar to the 
conventional one. When the sWitching transistor Q1 is 
turned on, the commutating side FET Q2 is turned on by the 
induced voltage of the tertiary Winding n3 of the transformer 
T, and the ?yWheel side FET Q3 is turned off. 

[0056] The secondary Winding nc2 and the tertiary Wind 
ing nc3 are connected in series to the secondary side of the 
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current transformer CT1. The secondary Winding nc2 side is 
connected to the source of the ?ywheel side FET Q3 and the 
collector of the transistor Q4. The tertiary Winding nc3 side 
is connected to a series circuit of the saturable reactor SR1 
and the diode D1. The diode D2 is connected to a tap of a 
connection point of the secondary Winding nc2 to the tertiary 
Winding nc3. 

[0057] The voltage via the diodes D1 and D2 is applied to 
the parallel circuit of the Zener diode ZD1 and the resistor 
R1. The voltage across the resistor R1 is thus applied to the 
base of the transistor Q4, and the voltage across the resistor 
R1 is applied to the gate of the ?yWheel side FET Q3 via the 
diode D3. 

[0058] Thus, the secondary Winding of the current trans 
former CT shoWn in FIG. 2 corresponds to the secondary 
Winding nc2 of the above-described current transformer 
CT1. The tertiary Winding nc3, the saturable reactor SR1 and 
the diode D1 are serially connected to the secondary Wind 
ing nc2, to realiZe the con?guration to substantially sWitch 
the current transformation ratio (i.e., a reciprocal number of 
the Winding ratio Nnc1/Nnc2). The current transformation 
ratio is set to be smaller than the current transformation ratio 
in the above-described prior art (refer to FIG. 2) in the 
above-described prior art technology. 

[0059] As described above, When the sWitching transistor 
Q1 is turned off after it is turned on, the commutating side 
FET Q2 is turned off since the induced voltage of the tertiary 
Winding n3 of the transformer T is of the reverse polarity. 
Thus, the ?ywheel current ?ows via the body diode Dq3 of 
the ?yWheel side FET Q3. This current ?oWs in the primary 
Winding nc1 of the current transformer CT1, and the voltage 
is induced in the secondary Winding nc2 and the tertiary 
Winding nc3. 

[0060] Since the saturable reactor SR1 is not in a saturated 
condition, the impedance thereof is a large value. Thus, the 
current ?oWing via the diode D1 due to the induced voltage 
of the tertiary Winding nc3 can be neglected. As a result, the 
induced voltage of the secondary Winding nc2 is applied to 
the gate of the ?yWheel side FET Q3 via the diodes D2 and 
D3, and applied to the base of the transistor Q4 via the diode 
D2. The input capacity Cgs of the ?yWheel side FET Q3 can 
be rapidly charged by the large current by the secondary 
Winding nc2 in the initial stage When the ?yWheel side FET 
Q3 is turned on, since current transformation ratio is small. 
The forWard voltage is applied to the diode D3 connected 
betWeen the base and the emitter of the transistor Q4, and the 
electric potential of the base is higher than that of the emitter. 
Thus, the transistor Q4 is turned off. The voltage determined 
by the resistor R1 and the Zener diode ZD1 is applied to the 
gate of the ?yWheel side FET Q3. 

[0061] As described above, the gate voltage can be rapidly 
raised due to the rapid charge of the input capacity Cgs of 
the ?yWheel side FET Q3, and the ?yWheel side FET Q3 can 
be rapidly turned on. 

[0062] Then, the current ?oWing via the diode D2 gener 
ated by the induced voltage of the secondary Winding nc2 
and the current generated by the induced voltage of the 
tertiary Winding nc3 ?oW via the saturable reactor SR1 and 
the diode D1. The saturable reactor SR1 is rapidly saturated, 
and the impedance thereof is reduced. The sum of the 
induced voltage of the secondary Winding nc2, the induced 
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voltage of the tertiary Winding nc3 and the voltage across the 
diode D1 is higher than the voltage via the diode D2 by the 
secondary Winding nc2 to realiZe the condition that the diode 
D2 is disconnected. This means that the current transforma 
tion ratio of the current transformer CT1 can be increased 
after the ?yWheel side FET Q3 is turned on. Thus, current 
controlling means of the current transformation ratio of the 
current transformer CT1 is formed of the saturable reactor 
SR1 and the diodes D1 and D2 to reduce the poWer loss by 
the current transformer CT1 When the ?yWheel side FET Q3 
is turned on. 

[0063] Next, When the sWitching transistor Q1 is turned 
on, the commutating side FET Q2 is turned on by the 
induced voltage of the tertiary Winding n3 of the transformer 
T. As a result, the current by the induced voltage of the 
secondary Winding n2 of the transformer T ?oWs via the 
commutating side FET Q2 in the ON condition. Thus, the 
voltage to alloW the ?yWheel current to How and the voltage 
of the reverse polarity are applied to the current transformer 
CT1, and the current in the primary Winding nc1 of the 
current transformer CT1 becomes Zero. In this condition, the 
induced voltage of the secondary Winding nc2 and that of the 
tertiary Winding nc3 are inverted. The voltage in the reverse 
direction is applied to the diode D3 due to this inversion. As 
a result, the base electric potential of the transistor Q4 is 
same as the collector electric potential via the resistor R1, 
and the transistor Q4 is turned on. The input capacity Cgs of 
the ?yWheel side FET Q3 is rapidly discharged through the 
transistor Q4. As a result, the ?yWheel side FET Q3 is 
rapidly turned off. 

[0064] Thus, the current transformer CT1 constitutes a 
transformer of the current transformation ratio capable of 
supplying a large current only by the secondary Winding nc2 
in the beginning of the turn-on of the ?yWheel side FET Q3. 
The input capacity Cgs of the ?yWheel side FET Q3 is 
rapidly charged. 

[0065] The current transformer CT1 constitutes the trans 
former of the current transformation ratio capable of sup 
plying a small current by the secondary Winding nc2 and the 
tertiary Winding nc3 after the ?yWheel side FET Q3 is turned 
on. Thus, the ON condition of the ?yWheel side FET Q3 can 
be maintained While the loss of the current transformer CT1 
can be reduced. The rapid charge of the input capacity Cgs 
increases the speed of the turn-on of the ?yWheel side FET 
Q3. Thus, the current ?oW period in the body diode Dq3 can 
be shortened, and the poWer loss by the body diode Dq3 can 
be reduced. 

[0066] FIG. 8 is the measured Waveform chart to shoW the 
operation of the ?rst embodiment shoWn in FIG. 7. FIG. 8 
shoWs the Waveform measured under a similar condition to 
that of the measured Waveform shoWn in FIG. 6 for the prior 
art technology in FIG. 2. 

[0067] In FIG. 8, Q1Vds and Q1ld denote the drain 
source voltage and the drain current, respectively, and 
Q3Vgs and Q3Vds denote the gate-source voltage and the 
drain-source voltage of the ?yWheel side FET Q3, respec 
tively. Td denotes the current ?oW period in the body diode 
Dq3 of the ?yWheel side FET Q3. 

[0068] According to the ?rst embodiment of the present 
invention, the rise of the gate-source voltage Q3Vgs can be 
steeper than that of the prior art technology shoWn in FIG. 
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6. Thus, the period Td can be shortened compared With the 
value by the prior art technology shoWn in FIG. 6. As a 
result, the poWer loss by the body diode Dq3 is reduced. 

[0069] FIG. 9 is a circuit diagram according to a second 
embodiment of the present invention, and same symbols are 
given to the same parts as those in the ?rst embodiment 
shoWn in FIG. 7. 

[0070] In FIG. 9, M1 denotes a comparator having the 
latch function, Q5 denotes a transistor, C2 denotes a capaci 
tor, R2 denotes a resistor, and Vr denotes a reference voltage. 

[0071] A control circuit 1 implements the on-off control of 
a sWitching transistor Q1. The on-off operation of the 
commutating side FET Q2 based on the induced voltage of 
the secondary Winding n2 of the transformer T and the 
induced voltage of the tertiary Winding n3 is similar to that 
according to the ?rst embodiment. The comparator M1 
having the latch function implements the latch operation 
during the period When, for eXample, the polarity of the 
induced voltage of the tertiary Winding nc3 is not changed, 
While the comparator is reset When the polarity is inverted. 

[0072] In the second embodiment, the current transforma 
tion ratio of the secondary Winding nc2 and the current 
transformation ratio of the tertiary Winding nc3 of the 
current transformer CT1 are sWitched by the resistor R2, the 
capacitor C2, the comparator M1 having the latch function 
and the transistor Q5. 

[0073] As described above, When the sWitching transistor 
Q1 is turned off and the commutating side FET Q2 is also 
turned off, the ?yWheel current ?oWs in the primary Winding 
nc1 of the current transformer CT1 via the body diode Dq3 
of the ?yWheel side FET Q3. As a result, the voltage is 
induced in the secondary Winding nc2 and the tertiary 
Winding nc3. 

[0074] In this condition, the transistor Q5 is turned off, and 
the induced voltage in the secondary Winding nc2 is applied 
to the gate of the ?yWheel side FET Q3 via the diodes D2 
and D3. Thus, the input capacity Cgs of the ?yWheel side 
FET Q3 is rapidly charged, and the ?yWheel side FET Q3 is 
turned on. During that time, the induced voltage of the 
tertiary Winding nc3 is applied to the capacitor C2 via the 
resistor R2. And, the terminal voltage of the capacitor C2 is 
increased according to the time constant to be determined by 
the resistor R2 and the capacitor C2. When the terminal 
voltage of the capacitor C2 eXceeds the reference voltage Vr, 
the transistor Q5 is turned on by the output of the comparator 
M1 having the latch function. The ON condition of the 
transistor Q5 is maintained until the polarity of the induced 
voltage of the tertiary Winding nc3 is inverted. Since the 
ON-condition of the transistor Q5 is maintained, the ON 
condition of the ?yWheel side FET Q3 is continued. This 
means that the total voltage of the induced voltage of the 
secondary Winding nc2 and the induced voltage of the 
tertiary Winding nc3 is applied to the gate of the ?yWheel 
side FET Q3 via the diode D1, transistor Q5 and the diode 
D3, and the ON-condition of the ?yWheel side FET Q3 is 
continued. 

[0075] As clearly described above, the ?yWheel side FET 
Q3 is turned on through a path (a ?rst path) of the diodes D2 
and D3 in the initial condition, and then, through a path (a 
second path) of the diode D1, the transistor Q5 and the diode 
D3. Thus, the current transformation ratio of the transformer 
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T in the initial turn-on (the ?rst path) of the ?yWheel side 
FET Q3 is smaller than the current transformation ratio of 
the transformer T in the subsequent turn-on condition (the 
second path). As a result, according to the second embodi 
ment, the turn-on of the ?yWheel side FET Q3 can be 
increased in speed, and the poWer loss can be reduced by 
shortening the current ?oW period in the body diode Dq3. 

[0076] Further, When the sWitching transistor Q1 is turned 
on, the commutating side FET Q2 is turned on as described 
above. Thus, the current ?oWing in the primary Winding nc1 
of the current transformer CT1 becomes Zero, and the 
polarity of the induced voltage of the secondary Winding nc2 
and the tertiary Winding nc3 is inverted. As a result, the 
transistor Q5 is turned off, and the transistor Q4 is turned on, 
and the electric charges in the input capacity Cgs of the 
?yWheel side FET Q3 are rapidly discharged. The ?yWheel 
side FET Q3 is rapidly turned off thereby. 

[0077] FIG. 10 is a circuit diagram according to a third 
embodiment of the present invention, and same symbols are 
given to the same parts as those in the ?rst embodiment 
shoWn in FIG. 7. In FIG. 10, SCT1 denotes a saturable 
current transformer, ns1 denotes a primary Winding, ns2 
denotes a secondary Winding, ZD2 to ZD4 denote Zener 
diodes, D4 denotes a diode, Ciss denotes the input capacity 
of the ?yWheel side FET Q3. A control circuit to implement 
the on-off control of the sWitching transistor Q1 is omitted 
in the ?gure. 

[0078] As shoWn in FIG. 10, the Zener diodes ZD2 and 
ZD3 are connected to the secondary Winding ns2 of the 
saturable current transformer SCT1 With reverse polarity. 
The terminal voltage of the Zener diode ZD2 is applied to 
the gate of the ?yWheel side FET Q3 via the diode D4, and 
also applied to the base of the transistor Q4 via the Zener 
diode ZD4. 

[0079] The on-off control of the sWitching transistor Q1 
and the on-off control of the commutating side FET Q2 are 
similar to those according to the ?rst and second embodi 
ments, and duplicate description is omitted. In the third 
embodiment, the current transformation ratio of the satu 
rable current transformer SCT1 is sWitched making use of 
the saturation characteristic of the saturable current trans 
former SCT1. 

[0080] As described above, When the sWitching transistor 
Q1 is turned off and the commutating side FET Q2 is turned 
off, the current ?oWs in the primary Winding ns1 of the 
saturable current transformer SCT1 via the body diode Dq3 
of the ?yWheel side FET Q3. As a result, the voltage is 
induced in the secondary Winding ns2 since the saturable 
current transformer SCT1 is not in a saturated condition. 
Thus, the voltage corresponding to the Zener voltage of the 
Zener diode ZD2 is applied to the gate of the ?yWheel side 
FET Q3 via the diode D4 to rapidly charge the input capacity 
Ciss. Thus, the ?yWheel side FET Q3 is turned on, and the 
current ?oW period in the body diode Dq3 can be shortened. 
The transistor Q4 is turned off since the voltage is applied to 
the base via the Zener diode ZD4, and the base electric 
potential is higher than the emitter electric potential. 

[0081] The saturable current transformer SCT1 is in the 
saturated condition due to the increase of the current ?oWing 
in the primary Winding ns1, and the impedance of the 
primary Winding ns1 is reduced While the induced voltage of 
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the secondary winding ns2 is dropped to substantially Zero. 
Thus, the loss by the saturable current transformer SCT1 is 
small. The turn-on of the ?ywheel side FET Q3 can be 
increased in speed, and the power loss in the ?ywheel side 
FET Q3 can be reduced by shortening the current ?ow 
period in the body diode Dq3 of the ?ywheel side FET Q3. 

[0082] The saturable current transformer SCT1 is in a 
saturated condition due to the increase in the current ?owing 
in the primary winding ns1, and the impedance of the 
primary winding ns1 is reduced, and the induced voltage in 
the secondary winding ns2 is reduced and becomes substan 
tially Zero. Thus, the loss due to the saturable current 
transformer SCT1 is small. Further, the current ?ow period 
of the body diode Dq3 of the ?ywheel side FET Q3 is 
shortened, the turn-on speed of the ?ywheel side FET Q3 is 
increased, and the power loss in the ?ywheel side FET Q3 
can be reduced. 

[0083] Since the switching transistor Q1 is turned on and 
the commutating side FET Q2 is turned on, the current 
?owing in the primary winding ns1 of the saturable current 
transformer SCT1 becomes Zero, and the polarity of the 
induced voltage in the secondary winding ns2 is inverted. 
Thus, the voltage in the reverse direction is applied to the 
diode D4, and the base electric potential of the transistor Q4 
is equal to the collector electric potential via the secondary 
winding nc2 and the Zener diode ZD4. The emitter electric 
potential of the transistor Q4 is the gate electric potential of 
the ?ywheel side FET Q3, and the transistor Q4 is turned on. 
Thus, the electric charges of the input capacity Ciss of the 
?ywheel side FET Q3 are rapidly discharged, and the 
?ywheel side FET Q3 is turned off. 

[0084] Further, since the primary winding ns1 of the 
saturable current transformer SCT1 is connected to the 
?ywheel side FET Q3 in series, the current in the reverse 
direction ?ows in the primary winding ns1 if there occurs a 
case where the commutating side FET Q2 and the ?ywheel 
side FET Q3 are simultaneously turned on. However, in this 
condition, the saturable current transformer SCT1 is in a 
non-saturated condition, the impedance of the primary wind 
ing ns1 is increased, and the transient short-circuit current 
caused by the simultaneous turn-on can be suppressed. In the 
third embodiment, the saturable current transformer SCT1 is 
used, and thus, the resistor R1 (refer to FIGS. 7 and 9) in 
a case where the current transformer CT1 is used can be 
omitted. Thus, the condition where the charging current of 
the input capacity Ciss of the ?ywheel side FET Q3 becomes 
insu?icient attributable to the existence of the resistor R1 
can be prevented. 

[0085] In the saturable current transformer SCT1, the 
voltage is induced in the secondary winding and the current 
?ows therein only in the initial period when the switching 
transistor Q1 provided on the primary side of the trans 
former T is turned on and turned off. Thus, the ON-period 
and the OFF period of the switching transistor Q1 can be 
arbitrarily controlled. By using the saturable current trans 
former SCT1, the problem of the core saturation attributable 
to the long ON-period of the PET in using a regular current 
transformer can be solved. 

[0086] FIG. 11 is a measured waveform chart to show the 
operation according to the third embodiment. In FIG. 11, 
Q1Vds denotes the drain-source voltage of the switching 
transistor Q1, Q1ld denotes the drain current of the switch 
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ing transistor Q1, Q3ld denotes the drain current of the 
?ywheel side FET Q3, Vns2 denotes the induced voltage of 
the secondary winding ns2 of the saturable current trans 
former SCT1, Q3Vgs denotes the gate-source voltage of the 
?ywheel side FET Q3, and Q3Vds denotes the drain-source 
voltage of the ?ywheel side FET Q3. 

[0087] The period that the drain-source voltage Q1Vds of 
the switching transistor Q1 is Zero is the ON-period of the 
switching transistor Q1, and other period is the OFF-period. 
In the above OFF-period, the drain current Q1ld becomes 
Zero. In the ON-period of the switching transistor Q1, the 
?ywheel side FET Q3 is turned off, and the drain current 
Q3ld becomes Zero. During the rise and fall of the drain 
current Q3ld, the induced voltage Vns2 of the secondary 
winding ns2 of the saturable current transformer SCT1 
becomes a large value, while the induced voltage becomes 
close to Zero. 

[0088] The induced voltage Vns2 of the secondary wind 
ing ns2 of the saturable current transformer SCT1 rapidly 
charges the input capacity Ciss of the ?ywheel side FET Q3. 
Thus, the gate-source voltage Q3Vgs of the ?ywheel side 
FET Q3 rises steeply and continues the on-condition. When 
the polarity of the induced voltage Vns2 in the secondary 
winding ns2 of the saturable current transformer SCT1 is 
inverted, the transistor Q4 is turned on, and the above input 
capacity Ciss is rapidly discharged. The gate-source voltage 
Q3Vgs of the ?ywheel side FET Q3 has the rapid fall 
characteristic. Thus, the turn-on and turn-off of the ?ywheel 
side FET Q3 can be increased in speed. 

[0089] As illustrated in the drain-source voltage Q3Vds of 
the ?ywheel side FET Q3, the current ?ow period via the 
body diode Dq3 can be shortened. Thus, the power loss by 
the body diode Dq3 and the loss due to the saturable current 
transformer SCT1 can be reduced. 

[0090] Since the saturable current transformer SCT1 is 
used, a terminating resistor on the secondary side can be 
omitted. Thus, a situation in the light-load mode where the 
input capacity Ciss of the ?ywheel side FET Q3 lacks in 
charging current, and the synchronous recti?cation circuit 
becomes unable to drive can be avoided. 

[0091] When the current transformer is used, the core is 
saturated if the ON-period of the ?ywheel side FET Q3 is 
increased. As a result, there raises a problem that the current 
transformer is not operated as the current transformer. How 
ever, there raises no such as problem when the saturable 
current transformer is used. 

[0092] FIG. 12 is a circuit diagram according to the fourth 
embodiment of the present invention, and same symbols are 
given to the same parts as those of the third embodiment in 
FIG. 10. In FIG. 12, SCT2 denotes a saturable current 
transformer, ns1, ns2 and ns3 denote a primary winding, a 
secondary winding, and a tertiary winding, respectively, 
SR2 denotes a saturable current reactor, D5 denotes a diode, 
and Q6 denotes a transistor. 

[0093] In the fourth embodiment, the tertiary winding ns3 
is provided on the saturable current transformer SCT2, and 
the transistor Q6 is driven by the induced voltage of the 
tertiary winding ns3. In the fourth embodiment, the transis 
tor Q6 and the saturable current reactor SR2 are connected 
between the gate and the source of the ?ywheel side FET 
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Q3, and When the transistor Q6 is turned on, the electric 
charges of the input capacity Ciss of the ?ywheel side FET 
Q3 are discharged. 

[0094] In the fourth embodiment shoWn in FIG. 12, the 
transistor Q6 corresponds to the transistor Q4 shoWn in FIG. 
10, and the diode D5 corresponds to the diode D4 in FIG. 
10. 

[0095] When the sWitching transistor Q1 is turned off, the 
commutating side FET Q2 is turned off. In this condition, the 
induced voltage in the secondary Winding ns2 of the satu 
rable current transformer SCT2 is applied to the gate of the 
?yWheel side FET Q3 via the diode D5. As a result, the 
?yWheel side FET Q3 is turned on. The induced voltage in 
the tertiary Winding ns3 is applied betWeen the base and the 
emitter of the transistor Q6, and the transistor Q6 is turned 
off While the base electric potential is kept loWer than the 
emitter electric potential. 

[0096] When the sWitching transistor Q1 is turned on, the 
commutating side FET Q2 is turned on. The current ?oWing 
in the primary Winding ns1 of the saturable current trans 
former SCT2 becomes Zero, and the polarity of the induced 
voltage in the secondary Winding ns2 and the tertiary 
Winding ns3 is inverted. The induced voltage in the tertiary 
Winding ns3 is applied betWeen the base and the emitter of 
the transistor Q6, and the base electric potential is kept 
higher than the emitter electric potential. Thus, the transistor 
Q6 is turned on. The input capacity Ciss of the ?yWheel side 
FET Q3 is rapidly discharged, and the ?yWheel side FET Q3 
is turned off. 

[0097] The saturable current reactor SR2 forcibly turns off 
the ?yWheel side FET Q3 When the ?yWheel side FET Q3 
is unsuccessfully turned off. This means that the input 
capacity Ciss of the ?yWheel side FET Q3 is charged via the 
diode D5, and the input capacity Ciss of the ?yWheel side 
FET Q3 is discharged by turning on the transistor Q6. When 
this operation is normal, the saturable current reactor SR2 is 
in a non-saturated condition, and high in impedance. 

[0098] HoWever, if the transistor Q6 is not turned on, only 
the current in one direction ?oWs in the saturable current 
reactor SR2 resulting in a saturated condition With loW 
impedance. This condition is same as that When the transis 
tor Q6 is turned on. The electric charges of the input capacity 
Ciss of the ?yWheel side FET Q3 are discharged through the 
saturable current reactor SR2 in the above-described loW 
impedance condition, and as a result, the ?yWheel side FET 
Q3 is turned off. 

[0099] In the saturable current transformer SCT2, the 
voltage is induced in the secondary Winding ns2 and the 
current ?oWs therein only in the initial period When the 
sWitching transistor Q1 provided on the primary side of the 
transformer T is turned on/off. Thus, the ratio of the ON 
period to the OFF-period of the sWitching transistor Q1 can 
be arbitrarily controlled. Thus, a problem of the core satu 
ration attributable to the long ON-period of the FET When a 
regular current transformer is used can be solved by using 
the saturable current transformer SCT2. 

[0100] In the above-described embodiments, a high-fre 
quency core is used in the saturable current transformers 
SCT1 and SCT2, and the above high-frequency core can be 
used in an area of magnetic saturation. 
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[0101] The invention is not limited to the above embodi 
ments and various modi?cations may be made Without 
departing from the spirit and scope of the invention. Any 
improvement may be made in part or all of the components. 

What is claimed is: 
1. A synchronous recti?cation circuit of a DC-DC con 

verter comprising: 

a sWitching transistor for on-off controlling a current 
?oWing in a primary Winding on a primary side of a 
transformer; 

a commutating side FET for being on-off controlled by 
induced voltage in a tertiary Winding on a secondary 
side of said transformer being applied to a gate, and 
induced voltage in a secondary Winding on a secondary 
side of said transformer being applied to a source; 

a current transformer in Which a drain of said commutat 
ing side PET is connected to one end of the primary 
Winding on the primary side; 

a ?yWheel side FET for being on-off controlled by the 
other end of said one end of the primary Winding on the 
primary side of said current transformer being con 
nected to a drain, and induced voltage in the secondary 
Winding on the secondary side of said current trans 
former being applied to a gate; and 

current controlling means for setting a current transfor 
mation ratio of said current transformer to be a small 
value during an initial period When said ?yWheel side 
PET is turned on, and set the current transformation 
ratio of said current transformer to be a large value after 
said initial period has elapsed. 

2. A synchronous recti?cation circuit of a DC-DC con 
verter according to claim 1, 

Wherein the current controlling means for sWitching the 
current transformation ratio of said current transformer 
comprises: 

a saturable reactor and a ?rst diode connected to each 
other in series in Which the total voltage of the 
induced voltage in the secondary Winding on the 
secondary side and the induced voltage in the tertiary 
Winding on the secondary side of said current trans 
former is applied to a gate of said ?yWheel side PET; 
and 

a second diode in Which the induced voltage in the 
secondary Winding on said secondary side of is 
applied to the gate of said ?yWheel side FET. 

3. A synchronous recti?cation circuit of a DC-DC con 
verter according to claim 1, 

Wherein the current controlling means for sWitching the 
current transformation ratio of said current transformer 
comprises: 

a capacitor in Which the secondary Winding on the 
secondary side and the tertiary Winding on the sec 
ondary side of said current transformer are connected 
to each other in series, and to Which a total of the 
induced voltages in the secondary Winding on said 
secondary side and the tertiary Winding on said 
secondary side is applied via a resistor; 
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a transistor Which turns on When an output voltage of 
said capacitor exceeds a preset value; 

a ?rst diode for applying the total voltage of the 
induced voltages of said secondary Winding and said 
tertiary Winding to the gate of said ?yWheel side FET 
via said transistor When said transistor turns on; and 

a second diode in Which the induced voltage in said 
secondary Winding is applied to the gate of said 
?yWheel side FET. 

4. A synchronous recti?cation circuit of a DC-DC con 
verter according to claim 1, further comprising a transistor 
Which is connected betWeen the gate and the source of said 
?yWheel side PET, and turned off by a voltage of When said 
PET is turned on, and turned on by a voltage of When said 
PET is turned off, and discharges electric charges of an input 
capacity of said FET. 

5. A synchronous recti?cation circuit of a DC-DC con 
verter according to claim 2, further comprising a transistor 
Which is connected betWeen the gate and the source of said 
?yWheel side PET, and turned off by a voltage of When said 
PET is turned on, and turned on by a voltage of When said 
PET is turned off, and discharges electric charges of an input 
capacity of said FET. 

6. A synchronous recti?cation circuit of a DC-DC con 
verter according to claim 3, further comprising a transistor 
Which is connected betWeen the gate and the source of said 
?yWheel side PET, and turned off by a voltage of When said 
PET is turned on, and turned on by a voltage of When said 
PET is turned off, and discharges electric charges of an input 
capacity of said FET. 

7. A synchronous recti?cation circuit of a DC-DC con 
verter comprising: 

a sWitching transistor for on-off controlling a current 
?oWing in a primary Winding on a primary side of a 
transformer; 

a cornrnutating side FET for being on-off controlled by 
induced voltage in a tertiary Winding on a secondary 
side of said transforrner being applied to a gate, and 
induced voltage in a secondary Winding on a secondary 
side of said transforrner being applied to a source; 
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a current transforrner in Which a drain of said commutat 
ing side PET is connected to one end of the primary 
Winding on the primary side; and 

a ?yWheel side FET for being on-off controlled by the 
other end of said one end of the primary Winding on the 
primary side of said current transforrner being con 
nected to a drain, and induced voltage in the secondary 
Winding on the secondary side of said current trans 
former being applied to a gate, Wherein 

said current transformer is a saturable current transforrner, 
said saturable current transforrner comprising a diode 
for applying the induced voltage in the secondary 
Winding of said saturable current transforrner to the 
gate of said ?yWheel side FET. 

8. A synchronous recti?cation circuit of a DC-DC con 
verter comprising: 

a sWitching transistor for on-off controlling a current 
?oWing in a primary Winding on a primary side of a 
transformer; 

a cornrnutating side FET for being on-off controlled by 
induced voltage in a tertiary Winding on a secondary 
side of said transforrner being applied to a gate, and 
induced voltage in a secondary Winding on a secondary 
side of said transforrner being applied to a source; 

a saturable current transforrner in Which the secondary 
Winding on the secondary side and the tertiary Winding 
on the secondary side are connected to each other in 

series; 
a diode for applying the induced voltage in the secondary 

Winding on said secondary side to the gate of said 
?yWheel side PET; and 

a transistor for applying the induced voltage in the tertiary 
Winding on the secondary side of said saturable current 
transforrner to a base to turn on the transistor When said 
?yWheel side FET turns off, and for discharging electric 
charges of an input capacity of said ?yWheel side FET. 

* * * * * 


