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Abstract- In this paper, a novel self-driven zero-voltage-

switching (ZVS) non-isolated full bridge (FB) converter is 
presented for 12V input VRM application. Existing multiphase 
buck controller and buck driver can be directly used in the 
proposed converter. The advantages of the proposed converter 
are: 1) duty cycle extension; 2) significant switching losses 
reduction due to ZVS of all the control MOSFETs; 3) reduced 
reverse recovery loss and lower voltage rating synchronous 
rectifier (SR) MOSFET with lower RDS(on); 4) high drive voltage to 
reduce RDS(on) and the conduction losses of SRs due to gate energy 
recovery capability; 5) reduced body diode conduction and no 
external drive IC chips with dead time control needed for SRs due 
to the inherent current source gate drive circuit structure. The 
experimental results verify the principle of operation and 
significant efficiency improvement. At 12V input, 1.3V output and 
1MHz switching frequency, the proposed VRM improves the 
efficiency from 80.7% using the buck converter to 83.6% at 50A, 
and from 77.9% using the buck converter to 80.5% at 60A. 

Index term: voltage regulator module (VRM), zero-voltage-
switching (ZVS), full-bridge (FB), self-driven, synchronous 
rectifier (SR) 

I. INTRODUCTION 
In high current and low voltage applications, the output 

voltage of a Voltage Regulator Module (VRM) keeps reducing 
while the output currents are increasing consistently due to the 
high power consumption of microprocessors. In order to 
achieve high power density, high switching frequency (> 
1MHz) operation of VRMs is strongly desired [1]- [2]. 

In order to extend the extremely low duty cycle, the tapped 
inductor buck converter is proposed in [2], however, the 
leakage inductance due to the nonideal coupling of the coupled 
inductor causes high voltage spikes over the main power 
MOSFET. Non-isolated half-bridge (NHB) converters with 
extended duty cycle are proposed in [3]-[5], which reduce the 
current stresses of the power MOSFETs and improve 
efficiency. A family of buck-type dc-dc converters including 
forward, push-pull, half-bridge topologies, which take 
advantages of autotransformers, are proposed in [6]. Similarly, 
an autotransformer version converter with input current shaper 
for VRM applications is proposed in [7]. Unfortunately, in the 
above mentioned topologies, the control power MOSFETs are 
still under hard-switching condition, which results in high 
switching losses at high frequencies (>1MHz). 

A phase-shift buck (PSB) converter featuring zero-voltage-
switching (ZVS) and reduced SR MOSFET conduction loss is 

proposed in [8]. This topology is able to form an 
autotransformer structure during the power transfer stages, 
which can significantly reduce the current stresses of the 
transformer windings. However, because more active 
MOSFETs are used in the PSB converter and all control 
MOSFETs have floating grounds, the gate drive signals 
become complex and external level-shift drive circuits must  be 
used. In order to recover the gate drive losses of the SR 
MOSFETs, an improved self-driven 12V VRM topology is 
proposed based on the PSB converter in [9], which achieves 
high efficiency and is attractive in VRM applications. Though 
a simple level-shift drive scheme is used, the drive path of the 
control MOSFETs goes though the synchronous MOSFETs, 
which increases the parasitic inductance, especially the 
common source inductance. This may result in high turn off 
losses. Additionally, the drain-to-source voltage oscillation of 
the SR MOSFETs, due to the reverse recovery of the body 
diode, may cause high voltage spikes over the control 
MOSFETs. 

A non-isolated full-bridge (NFB) topology with direct 
energy transfer capability is proposed in [10]. Due to direct 
energy transfer capability, the current stresses of the 
transformer windings and the power MOSFETs are reduced. In 
this NFB topology, traditional phase-shift control is applied 
and auxiliary transformer windings are used to drive the SR 
MOSFETs. The disadvantage of using the drive transformer 
self-driven scheme is that the leakage inductance causes the 
propagation delay of the SR drive signals, which results in a 
high conduction loss of the body diode. 

The objective of this paper is to present a new ZVS self-
driven non-isolated full-bridge (FB) converter, which can use 
existing multiphase buck controller and buck driver directly. 
The proposed topology achieves duty cycle extension and 
features ZVS, self-driven capability with SR gate energy 
recovery and reduced voltage stress over the SR MOSFETs. 
Owing to the duty cycle extension, lower output inductors can 
be used and the reverse recovery losses of the body diodes can 
also be reduced. All these advanced features improve the 
efficiency significantly to achieve high switching frequency 
and fast dynamic response. 
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II. PROPOSED ZVS SELF-DRIVEN NON-ISOLATED FB VRM 

A. Derivation of Proposed ZVS Non-Isolated FB VRM 
Fig. 1 illustrates the derivation of the proposed ZVS self-

driven converter. Fig. 1(a) shows the conventional isolated FB 
converter with current doubler rectifier for high current 
applications. Vin is the input voltage, Q1-Q4 are the control 
MOSFETs, Tr is the power transformer (n is the turns ratio), Lk 
is the leakage of the transformer and Q5-Q6 are the SR 
MOSFETs, L1 and L2 are the output filter inductors and Co is 
the output filter capacitor. 

The derivation of the proposed converter includes the 
following steps: 

1) In order to achieve fast switching and gate energy 
recovery, the dual low side current source MOSFET driver, 
proposed in [11], is used to drive SR Q5 and Q6, as shown in 
Fig. 1 (b). In the current source driver, S1-S4 are the gate drive 
switches, Lr is the resonant inductor and Vc is the drive voltage. 
According to the operation given in [11], in order to achieve 
the desired drive waveforms for Q5 and Q6, the asymmetrical 
control is applied to drive S1-S4. 

2) It should be observed that for 12V input VRM 
applications, there is no requirement for isolation. Therefore, it 
is possible to have the primary side of the transformer share the 
same ground of the secondary side as indicated in Fig. 1 (b). 

3) It is interesting to notice that the dual low side current 
source gate drive circuit is also a full-bridge structure. Though 
phase-shift control is generally used for the conventional FB 
converter, the asymmetrical control featuring ZVS capability 
can also be applied to two bridge legs of the FB converter 
respectively, while the voltage applied to the primary side of 
the transformer is still symmetrical. The other benefit of the 
asymmetrical control is that existing buck drivers can be 
directly used to drive the upper and lower MOSFETs in one 
bridge leg. Therefore, the drive switch pair (S1&S2 and S3&S4) 
can merge with the control MOSFETs (Q1&Q2 and Q3&Q4) of 
the primary side respectively as indicated in Fig. 1 (c). At the 
same time, the resonant inductor Lr can merge with the leakage 
inductance Lk. The primary side of the transformer shares the 
same ground as the secondary side, which can provide the gate 
drive currents a path for the SRs Q5 and Q6. Therefore, by 
connecting the bridge leg midpoints of A and B to the gate 
terminals of Q5 and Q6, as shown in Fig. 1(d), the proposed FB 
VRM can be derived. Thus Vin becomes the SR gate drive 
voltage. 

Since the MOSFETs in the current source driver emerge 
with the main power MOSFETs in the proposed circuit, there 
is no additional control required for the SR MOSFETs. In 
addition, the resonant inductor is eliminated, which helps to 
shrink the size of the converter and increase the power density. 
Meanwhile, owing to the gate energy recovery of the current 
source gate driver, high gate drive voltage can be applied to the 
SR MOSFETs Q5 and Q6 to reduce the conduction losses 
further. 
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Fig. 1 Proposed ZVS self-driven non-isolated FB converter 

B. Principle of Operation 
The key waveforms of the proposed topology are shown in 

Fig. 2. The purpose of the asymmetrical control, for each leg, 
is that Q1 and Q2, and Q3 and Q4 are controlled 
complementarily with the dead time set to achieve ZVS. It is 
noted that the primary voltage vAB is still a symmetrical 
waveform. In this case, Q1 and Q3 are the upper control 
MOSFETs; Q2 and Q4 are the lower control MOSFETs. 

There are twelve switching modes in a switching period. The 
equivalent circuits in half of a switching cycle are shown in Fig. 
3 accordingly. D1-D4 are the body diodes and C1-C4 are the 
intrinsic output capacitors of Q1-Q4 respectively, assuming 
C1=C2=C3=C4=Coss. Cgs_Q5 and Cgs_Q6 are the input capacitors 
of SRs Q5 and Q6 respectively, assuming Cgs_Q5=Cgs_Q6=Cgs. 
The output inductors are large enough to be regarded as current 
sources. The inductor currents iL1=iL2=Io/2, where Io is the total 
output current. 
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Fig. 2 Key waveforms of the proposed topology 

1) Mode 1 [t0, t1] [Fig. 3 (a)]: Prior to t0, Q1 and Q3 are on, 
the voltage over the primary side and the secondary side of the 
transformer is zero. The gate drive voltages of the SR Q5 and 
Q6 are all clamped high to the input voltage. At t0, Q1 turns off, 
the primary current ip charges C1 and discharges C2 and Cgs_Q6 
at the same time. As C1 and C2 and Cgs_Q6 limit the slew rate of 
the voltage of C1, Q1 is under zero-voltage turn-off condition. It 
should be noted that the gate drive energy of the SR 
capacitance Cgs_Q6 is returned to the input voltage source so 
that the high gate drive losses of SRs can be reduced 
significantly. During this stage, the energy to discharge C2 and 
Cgs_Q6 is provided by the leakage inductance of the transformer. 

At t1, vC1=Vin and vC2=0, D2 conducts, which provide a zero-
voltage turn-on condition for Q2. The interval of [t0, t1] and the 
value of ip at t1 are 
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where )2/( gsosskr CCLZ +=  and )2(/1 gsosskr CCL +=ω . 

2) Mode 2 [t1, t3] [[Fig. 3 (b)]: During this stage, ip decreases 
and is not enough to power the load. iL1 freewheels through the 
body diode of Q5 and iL2 freewheels through Q6. At t2, ip 
increases inversely but is still not large enough to power the 
load. 

3) Mode 3 [t3, t4] [[Fig. 3 (c)]: At t3, ip rises to the reflected 
load current causing D3 to turn off. During this stage, the 
voltage over the transformer is the input voltage and the energy 
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Fig. 3 Equivalent circuits of operation 
transfers from the primary side of the transformer to the load. 

4) Mode 4 [t4, t5] [[Fig. 3 (d)]: At t4, Q2 turns off, the 
primary current ip charges C2 and Cgs_Q6 and discharges C1. As 
C1 and C2 and Cgs_Q6 limit the slew rate of the voltage of C2, Q2 
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is under zero-voltage turn-off condition. During this stage, the 
energy to discharge C1 is provided by the leakage inductance 
and L1. L1 is large enough to be regarded as a constant current 
source so that the primary current ip keeps the value Ip2=IL1/n, 
where IL1 is the dc current of L1. The voltage C2 rises linearly 
and the voltage of C2 decays linearly.  

5) Mode 5 [t5, t6] [[Fig. 3 (e)]: At t5, D1 conducts, which 
provides a zero-voltage turn-on condition for Q1. The voltage 
over the primary side is zero. The gate drive voltages of the 
SRs Q5 and Q6 are all clamped high to the input voltage again. 
At t6, the other half of switching cycle starts and the principle 
of operation is similar except for polarity changes. 

III. DUTY CYCLE LOSS, ZVS CONDITION AND LOSS ANALYSIS 

A. Duty Cycle Loss 
As shown in Fig. 2, during [t0, t3] and [t6, t9], the leakage 

inductance of the transformer limits the rise (or decay) slope of 
ip. Finite time is required for ip to make the transition from the 
positive direction to the negative direction (or vice versa). 
During this transition time, vAB is +Vin or -Vin, ip is lower than 
the reflected load current and all the SR MOSFET diodes 
conduct. This makes the secondary rectified voltage vA and vB 
zero, thus vAB loses the voltage in [t0, t3] and [t6, t9] respectively. 

The duty cycle loss Dloss during [t0, t3] and [t6, t9] is 

in

k

s

o
loss V

L
Tn

ID ⋅
⋅

=  (3) 

where Io is the output current, Lk is the leakage inductance and 
n is the transformer turns ratio. It is noted that the leakage 
inductance of the transformer should be minimized to reduce 
the duty cycle loss. 

B. Condition of ZVS 
From the principle of operation in Section II, it is noted that 

the energy to realize the upper control MOSFETs (Q1 and Q3) 
is provided by the output inductor so that they can achieve 
ZVS in a wide load range. For the lower control MOSFETs (Q2 
and Q4), the energy to realize ZVS is provided by the leakage 
inductance of the transformer, so (4) should be satisfied 
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where Coss are the output capacitances of Q2 and Q4 and Cgs_Q5 
is the gate capacitance of Q5. It is noted that the larger leakage 
inductance, the easier to achieve ZVS. However, the larger 
leakage inductance results in higher duty cycle loss. Therefore 
a design tradeoff should be made between the ZVS range and 
the duty cycle loss.  

C. Loss Analysis 
(a) Switching Losses 
Due to ZVS, there is no turn on losses for the control 

MOSFETs. The total turn off losses are  

soffswoffinoffturn ftIV
n

P ⋅⋅⋅⋅= __
2  (5) 

where Ioff is the turn off current, tsw_off is the turn off transition 
time and fs is the switching frequency. 

(b) Conduction Losses of Control MOSFETs 
The RMS current flowing through Q1 and Q3 is 

DII oRMS −⋅⋅= 1
2
1

1  (6) 

where D is the duty cycle. 
The RMS current flowing through Q2 and Q4 is 

DII oRMS ⋅⋅=
2
1

2  (7) 

From (6) and (7), the total conduction loss of Q1-Q4 is  

controlFETDS
o

controlFETcond R
n

IP _2

2

_ 2
=  (8) 

where RDS_controlFET is the on-resistance of Q1-Q4 , assuming Q1-
Q4 are the same. 

(b) Gate Drive Losses of Control MOSFETs 
The gate drive losses of Q1-Q4 is 

sgsgcontrolFET fVQP ⋅⋅⋅= 4  (9) 

where Qg is the total gate charge of Q1-Q4, assuming Q1-Q4 are 
the same. Vgs is the gate drive voltage and is usually 5V. It 
should be pointed that the gate drive losses can be reduced 
since the Qgd charge is eliminated due to the zero-voltage turn-
on condition of the control MOSFETs. For example, for 
Vishay Si7368DP with Qgd=4.5nC and Qg=17nC at Vgs=5V, 
the gate drive losses can be reduced by 26% for the primary 
power MOSFETs. 

(c) Body Diode Loss and Reverse Recovery Loss of 
Synchronous Rectifier 

Fig. 4 gives the key waveforms of the turn on transition and 
the turn off transition of the SR MOSFET Q6. For the turn on 
transition [t4, t5] of SR Q6 [see Fig. 4 (a)], the equivalent circuit 
is shown in Fig. 3 (d). The primary current ip is the reflected 
current from the load and charges C2 and Cgs_Q6 linearly until 
vgs_Q6 reaches the input voltage at t5 causing SR Q6 to turn on. 
Then the primary side of the transformer is clamped at zero-
state and ip equals Io/2n. Though SR Q6 turns on before t6, the 
drain current of Q6 remains zero during the zero-state. 
Therefore, there is no body-diode conduction for the turn on 
transition of SR Q6, as shown in Fig. 4 (a). 

 
(a) Turn on transition                              (b) Turn off transition 

Fig. 4 waveforms of turn on transition and turn off transition of SR Q6 
For the turn off transition [t0, t1] of SR Q6 [see Fig. 4 (b)], 

the equivalent circuit is shown in Fig. 3 (a). At t0, Q1 turns off 
and the leakage inductance Lk starts to resonate with the 
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capacitance C2 and Cgs_Q6 until vgs_Q6 reaches zero at t1, which 
means SR Q6 turns off. The current through Q6 then transfers 
to the body diode D6 until ip changes its polarity and reaches 
the load current of Io/2n at t3. Therefore, from t1 to t3 as shown 
in the shaded area, the body diode conducts see Fig. 4 (b). 

From (2), at t1, the current of the body diode Id_Q6(t1) is  
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At t3, id_Q6 reaches zero, so the conduction time of the body 
diode is  
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From (10) and (11), the total conduction losses of the body 
diodes of the two SRs are 
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where VF is the forward voltage drop of the body diode and fs 
is the switching frequency. It is noted that the conduction loss 
of the body diode is proportional to the leakage inductance of 
the transformer. The larger leakage inductance results in a 
longer time required [t1, t3], as shown in Fig. 4(b), for the 
primary current to change its polarity, thus resulting in a higher 
body diode conduction loss. 

The reverse recovery loss of the body diode is Prr=Qrr·Vs·fs, 
where Vs= Vin/n, which is the peak voltage of the switching 
node. For the buck converter, the switching node voltage Vs is 
12V. For the proposed non-isolated FB converter with n=3, Vs 
is 4V. Therefore, the reverse recovery loss can be reduced by 
67%. 

(d) Losses of the SR MOSFETs Gate Driver 
As discussed in section II, the gate driver for the SR 

MOSFETs is actually a current source driver, which can 
achieve gate energy recovery. The efficiency of the gate energy 
recovery depends on the gate mesh resistance Rg.  

Using the parameters in the experimental prototype in 
Section V, a curve of the self-driven gate circuit loss as a 
function of Rg is given in Fig. 5 to demonstrate the potential 
benefits of using MOSFETs with lower Rg. 

D. Loss Comparison 
Based on the loss analysis using the parameters of the 

prototype in Section V, Fig. 6 gives the loss breakdown of the 
buck converter and the proposed converter. The self-driven 
ZVS FB converter reduces the switching losses significantly, 
especially the turn off losses (9W, 12% of the output power) in 
the buck converter. Other frequency dependent losses 
including body diode conduction, reverse recovery and gate 
drive loss are all reduced significantly. In additional, the output 
inductor conduction losses are also reduced since lower value 
inductors are used owing to the duty cycle extension. However, 

the SR conduction losses are increased due to the circulating 
currents in a FB structure converter and an additional 
transformer winding loss has to be taken into account. But the 
overall loss reduction is 4.2W a reduction of 5.4% of the total 
output power (4.2W/1.3V/60). 

 
Fig. 5 SR MOSFET gate loss as function of internal mesh resistance Rg 

Vin=12V, Io=60A, Vo=1.3, Fs=1MHz

1.0

10.5

22.6

3.5
1.0

0.1

1.41.31.4

4.3

1.7
0.6

0.30.40.40.6

2.41.9

18.4

8.3

0

5

10

15

20

25

Turn
-O

n

Turn
-O

ff

Con
tro

l F
ET co

nd
uc

tio
n

SR co
nd

uc
tio

n

BD co
nd

uc
tio

n

Rev
re

se
 re

co
ve

ry

Ind
uc

tor
 

SR D
riv

e

Con
tro

l F
ET D

riv
e

Tran
sfo

rne
r L

os
s

Tota
l

Lo
ss

 (W
)

Buck Self-driven ZVS FB

 
Fig. 6 Loss breakdown comparison 

IV. ADVANTAGES OF PROPOSED ZVS SELF-DRIVEN FB VRM 

The advantages of the proposed converter are highlighted as 
follows: 

A. Duty Cycle Extension 
The voltage gain of the proposed converter is (13).  

D
n

VV in
o ⋅=  (13) 

As an example, in order to achieve Vin=12V, and Vo=1.3V, 
n=3, the required duty cycle is D=0.33. However, for the same 
output voltage and input voltage, the duty cycle of a buck 
converter is only 0.11. Therefore, the duty cycle is extended by 
three times. 

B. ZVS of the Control MOSFETs with Low Voltage Stress 
For the proposed converter, owing to the asymmetrical 

control used to achieve ZVS, there are no turn on losses. The 
turn off losses are 

sQoffswQoffinQ ftIV
n

P ⋅⋅⋅⋅⋅= 1_)(1_)(1 2
11  (14) 

In a practical design, for instance, for Vin=12V, Vo=1.3V, 
n=3, switching frequency 1MHz, output inductance Lf=300nH 
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and total output current Io=60A, for two phase buck converters, 
the turn off current of each control MOSFETs is 35A and the 
total turn off current is 70A. However, for the proposed 
converter, the turn off current of the control MOSFETs is only 
10A and the total turn off current is 40A (a reduction of 43%). 
This results in a significant reduction of turn off losses due to 
the duty cycle extension.  

For a 12V input buck converter, 30V MOSFETs are 
generally used for the control MOSFETs. In the proposed 
converter, the voltage stress of the control MOSFETs is the 
input voltage (12V, usually), so a 20V MOSFETs with lower 
RDS(on) can be used to reduce the conduction losses. 

C. Gate Energy Recovery of SR MOSFETs and Reduced Body 
Diode Conduction 

One of the most important advantages of the new topology is 
the self-driven capability so that no driver ICs are needed. It is 
inherent adaptive drive control for SR MOSFETs so that no 
additional dead time control circuit is needed anymore. 

With the self-driven control, the dead time is minimized 
inherently to reduce the body diode conduction loss in the 
proposed topology. For the turn on transition, there is no body 
diode conduction. For the turn off transition, the body diode 
conduction is minimized. More importantly, the self-driven 
circuit actually forms a current source drive using the leakage 
inductance of the transformer to ensure fast turn on and turn 
off transition of the SRs and recovery of the gate energy. This 
is very beneficial at high switching frequency operation 
(>1MHz) and allows for high drive voltages (input voltage, 
usually 12V) for SR MOSFETs with lower RDS(on) to reduce the 
conduction losses further. Compared to 5V drive voltage for 
the SR MOSFETs, the RDS(on) value with 12V drive voltage is 
reduced by 20%. This translates into a 20% reduction of the SR 
conduction loss. 

D. Reduced Conduction Losses and Reverse Recovery Losses of SR 
MOSFETs 

Similar to the control MOSFETs, 30V rated MOSFETs are 
generally used as SRs in 12V input buck converters due to the 
parasitics. However, due to duty cycle extension of the new 
topology, the voltage stresses of the SR MOSFETs (including 
the ringing) are reduced to less than 10V when n=3. Thus 
lower voltage rating MOSFETs with lower RDS(on) can be 
chosen to reduce the conduction further. New low-voltage 
devices, with extremely low RDS(on) (sub 1 mΩ), will be in 
production in the near future. This provides the new topology 
with potential to achieve an even greater efficiency 
improvement. For example, if the 7V lateral power MOSFETs 
using CSP concept with 0.9 mΩ at VGS=6V is chosen as SR 
MOSFETs [12], the SR conduction losses can be further 
reduced from 8.1W to 4.3W. This is a significant loss 
reduction of 4.9% of the output power (3.8W/1.3V/60A). 

The reverse recovery loss of the body diode is Prr=Qrr·Vs·fs, 
where Vs= Vin/n, is the peak voltage of the switching node. 
Therefore, for n=3, since Vs is reduced from 12V to 4V, the 

reverse recovery losses are also significantly reduced by as 
much as 67%. 

E. Design Compatibility with Existing VRM Technology 
Another important aspect mentioned is that since the control 

MOSFETs are located in the legs of the FB structure, low cost 
commercial drive ICs of high side and low side drivers for the 
conventional buck converter can be directly used to drive these 
control MOSFETs without additional auxiliary circuitry. The 
SR MOSFET can be driven directly without extra driver nor 
auxiliary windings. Exiting VRM controller and existing Buck 
converter driver can be used. In addition, the design procedure 
of the proposed topology is very straightforward and similar to 
a traditional FB converter, which is familiar to most design 
engineers. Therefore, less design efforts are required by the 
proposed topology. 

V. EXPERIMENTAL VERIFICATION AND DISCUSSION 

A 1MHz self-driven ZVS FB VRM was built to verify the 
operation of principle and demonstrate the advantages. Fig. 7 
shows a photograph of the prototype. The specifications are as 
follows: input voltage Vin=12V; output voltage Vo=1.3V; 
output current up to 60A; switching frequency fs=1MHz, 
transformer turns ratio n=3:1. The PCB uses six-layers of 2 oz 
copper. The components used in the circuit are listed as 
follows: Control MOSFET Q1- Q4: Si7368DP; Synchronous 
MOSFET Q5 and Q6: IRF6691; Power transformer: RM50 
(core materials 3F5); Output filter inductors: L1= L2=190nH. 

Fig. 8 shows the gate drive signal vGS, the voltage across the 
drain and source vDS of the upper control MOSFET Q1, which 
indicates that ZVS has been achieved for Q1. Similarly, Fig. 9 
demonstrates ZVS achievement of Q2. 

Fig. 10 shows the gate drive signal vGS and the drain-to-
source voltage vDS of the SR MOSFET Q6. It is noted that the 
gate drive voltage is 12V, which means the RDS(on) of SRs is 
only 1.6 mΩ compared to 2.2 mΩ with 5V gate drive voltage 
(a reduction of 20%). This reduces the conduction losses by 2.2 
W (30% of the output power). Moreover, there is no body 
diode conduction time for the turn on transition of Q6 since the 
gate voltage has been applied before vDS reaches zero. It is also 
noted that the peak rectified voltages vC and vD (i.e. drain-to-
source voltage of the SR MOSFET) is only 5V, which means a 
significant reduction of the reverse recovery losses. 

 
Fig. 7 Photograph of the prototype 
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Fig. 11 gives the measured efficiency comparison between 
the proposed topology and the conventional buck converter at 
1.3V output. It is observed that at 50A, the efficiency is 
improved from 80.7% to 83.6% (an improvement of 2.9%) and 
at 60A, the efficiency is improved from 77.9% to 80.5% (an 
improvement of 2.6%). The efficiency improvement is due to 
the significant reduction of the frequency dependent losses. It 
is noted that only two SR MOSFETs are used for the current 
doubler rectifier and the efficiency can be further improved 
using more SR MOSFETs paralleled and low rating SR 
MOSFETs to reduce the conduction losses. 

 
Fig. 8 vDS and vgs of upper control MOSFET Q1@Io=60A 

 
Fig. 9 vDS and vGS of lower control MOSFET Q2@Io=60A 

 
Fig. 10 Gate drive signal and drain-to-source voltage of Q6@Io=60A 

 
Fig. 11 Efficiency comparison with different load currents: 

VI. CONCLUSION 
A novel self-driven ZVS non-isolated FB converter is 

presented for 12V input VRM applications in this paper. 
Existing multiphase buck controller and buck driver can be 
directly used in the proposed converter. A 12V input prototype 
of the proposed converter with a switching frequency of 1 
MHz was built to verify the operation and demonstrates the 
significant loss savings. The proposed power converter 
achieves a significant efficiency improvement over the 
conventional buck converter. At 12V input and 1.3V output 
voltage, the proposed converter improves the efficiency from 
80.7% using the buck converter to 83.6% at 50A, and from 
77.9% using the buck converter to 80.5% at 60A. 

REFERENCES 
[1] A. Ball, D. Sterk and F.C. Lee, “The combination of thermal and 

electrical improvements in a 1U 100A VRM,” in Proc. IEEE PESC, 
2007, pp. 15-20. 

[2] K. Yao, M. Ye, M. Xu and F.C. Lee, “Tapped-inductor buck converter 
for high-step-down DC-DC conversion,” IEEE Trans. Power Electron., 
Vol. 20, No. 4, pp. 775–780, Jul. 2005. 

[3] Z. Zhang, W. Eberle, Y.F. Liu and P.C. Sen, “A novel non-isolated ZVS 
asymmetrical buck converter for 12V VRs,” in Proc. IEEE PESC, 2008, 
pp. 974-978. 

[4] M. Batarseh, X. Wang and I. Batarseh, “Non-isolated half bridge buck 
based converter for VRM application,” in Proc. IEEE PESC, 2007, pp. 
2393-2398. 

[5] Z. Yang, S. Ye and Y.F. Liu, “A novel non-isolated half bridge DC-DC 
converter”, in Proc. IEEE APEC, 2005, pp. 301-307. 

[6] K. Yao, Y. Ren, J. Wei, M. Xu and F.C. Lee, “A family of buck-type 
DC-DC converters with autotransformer,” in Proc. IEEE APEC, 2003, 
pp. 114- 120. 

[7] R. T. Chen; “Single-stage autotransformer-based VRM with input 
current shaper,” IEEE Transactions on Power Electronics, Vol. 22, No. 
6, pp. 2375 – 2385, Nov. 2007. 

[8] J. Wei and F.C. Lee, “Two novel soft-switched, high frequency, high-
efficiency, non-isolated voltage regulators-the phase-shift buck 
converter and the matrix-transformer phase-buck converter,” IEEE 
Transactions on Power Electronics, Vol. 20, No. 2, pp. 292–299, Mar. 
2005. 

[9] J. Zhou, M. Xu; J. Sun and F.C. Lee, “A self-driven soft-switching 
voltage regulator for future microprocessors,” IEEE Trans. Power 
Electron., Vol. 20, No. 4, pp. 806–814, Jul. 2005. 

[10] S. Ye, W. Eberle and Y.F. Liu, "A novel non-Isolated full bridge 
topology for VRM applications", IEEE Transactions on Power 
Electronics, Vol. 23, No. 1, pp. 427-437, Jan. 2008. 

[11] Z. Yang, S. Ye and Y.F. Liu, " A new dual channel resonant gate drive 
circuit for low gate drive loss and low switching loss ", IEEE 
Transactions on Power Electronics, Vol. 23, No. 3, pp. 1574-1583, May 
2008. 

[12] Z. J. Shen, D. Okada, F. Lin, S. Anderson, and X. Cheng, “Lateral 
Power MOSFET for Megahertz-Frequency, High-density DC/DC 
Converters,” IEEE Transactions on Power Electronics, Vol. 21, Issue 1, 
pp. 11-17, Jan, 2006. 

978-1-422-2812-0/09/$25.00 ©2009 IEEE 1475

http://www.ece.queensu.ca/directory/laboratories/powergroup/publications/2008pesc_zz_paper.pdf
http://www.ece.queensu.ca/directory/laboratories/powergroup/publications/2008pesc_zz_paper.pdf
http://www.ece.queensu.ca/directory/laboratories/powergroup/publications/2008tpel_zy_paper.pdf
http://www.ece.queensu.ca/directory/laboratories/powergroup/publications/2008tpel_zy_paper.pdf

