
 

Abstract - In this paper a new isolated full bridge is proposed. 
Compared with conventional full bridge the new topology can 
double the output power since its primary side and secondary 
side operate like two conventional full bridges in parallel and 
phase shift from each other. But it saves two switches at primary 
side and it achieves better efficiency. To demonstrate the 
advantages of the new topology two 48V input, 1V/70A output, 
1MHz, power module were built on a 12 layers, 2oz copper PCB, 
one with four output inductors, the other with three output 
inductors. 81.3% &80.8% efficiency are achieved respectively at 
full load (1V/70A) compared with two paralleled FB 80.4% at 
full load (1V/70A) around 1% improvement is achieved. At light 
load (1V/20A), 4% improvement is achieved. 

I. INTRODUCTION 
Most of today’s high end server and workstation use 64-bit 

CPUs, and 64-bit CPUs consume much more power than 32-
bit CPU. In the server there will be several CPUs work in 
parallel, usually their power consumption is around several 
KW, and the power supply used for server application usually 
is called power pod. To meet this high power consumption 
requirement, 48V bus voltage has to be used for the power pod 
design. Since the 48V bus voltage can reduce the conduction 
loss, input filter size, and it is more stable than 12V bus 
voltage during load transition [1] [1]. 

There are lots of isolated topologies which can be used for 
power pod. Such as half bridge, push-pull ects. The major 
drawback of those topologies is that they operate in hard 
switching mode, so they are not capable to operate at 1MHz 
switching frequency. In the future in order to reduce the power 
consumption, the CPU will need supply voltage below 1V, 
and require tight voltage tolerance during load transition. This 
will push the operation frequency of power supply to 
operation in the MHz range [3]-[10]. 

For the ZVS full bridge, when the output current required is 
very high around 100A, two or more isolated full bridge or 
other topology will be needed to supply the output current in 
parallel. This solution makes current sharing difficult, and not 
cost effective 

In this paper a new two-phase isolated full bridge is 
proposed to solve the aforementioned problem. The new 
topology is capable to achieve soft switching and double the 
output current; in addition it can achieve higher efficiency 
than two one-phase FBs in parallel. In following sections the 
detail operation of the new topology will be analyzed. 

II. DERIVATION AND OPERATION OF THE TWO-
PHASE NON ISOLATED FULL BRIDGE 

Fig 1 illustrates the evolution of the two-phase isolated full 
bridge from two paralleled one-phase FBs. Fig 1 a) illustrates 

two one-phase FBs in parallel. Since the conduction loss of 
the SR is the most significant loss in low voltage high current 
applications, we simply parallel the two rectifier stages, and 
this forms the rectifier stage of the two-phase NFB shown in 
Fig 1b). 

When the rectifier stage is in parallel, the primary side 
should also operate in parallel, this is illustrated in Fig 1b). 
Since the primary side operates in parallel, point B and D 
shown in Fig 1b) can be connected together. When the two 
primary side windings are connected at B as show in Fig 1c), 
it is observed that QA, Q3 and Q4, QB actually operates in 
parallel. Considering the conduction loss at the primary side is 
usually insignificant, four MOSFETs (Q3, Q4, QA and QB) 
can be combined to two MOSFETs (Q3 and Q4) to simplify 
the circuit. After making the aforementioned modifications, a 
new topology is created, as shown in Fig 2.  

The primary side windings of T1 and T2 in Fig 2 are 
connected at B, which means for the secondary side windings, 
there are two points that have the same voltage and can be 
connected together. It is observed that the DS voltages of SR1 
and SR4 are exactly the same, so they can be connected 
together and SR4 and L4 can be removed. The further 
simplified two-phase FB is show in Fig 3. This change will 
result in higher conduction loss for the rectifier stage, but the 
total gate loss and cost is reduced. 

 

 
Fig 1 Evolution of the two-phase isolated full bridge from two 

paralleled one-phase NFBs 
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Fig 2 Proposed new two-
phase isolated full bridge 

Fig 3 Two-phase isolated 
full bridge with simplified 

rectifier stage 

Fig 4 depicts the key waveforms of the two-phase FB. 
There are thirteen operation modes and they will be analyzed 
in detail in section III. In Fig 4 VGSQ1-VGSQ6 are the gate 
driving signals of corresponding MOSFETs in Fig 2, Ip1 and 
Ip2 represent the current goes through the primary windings of 
transformer T1 and T2 shown in Fig 2. 

The synchronous MOSFET driving signal VGSSR1&SR4, 
VGSSR2, and VGSSR3 are generated by the voltages VA VB VC 
from point A, B, C respectively as shown in Fig 2. SR1 and 
SR4 are driven by the same driver because they operate in 
parallel. 

 
Fig 4 Key waveforms of the two-phase NFB operating in 

phase shift mode. 

III. OPERATION MODES 
In this section the operation modes of the new topology are 

analyzed in detail, and the impact of transformer’s leakage 
inductance on the SR body diode conduction time will also be 
discussed. There are a total of thirteen operation modes. The 
thirteen operation modes are in correspondence with the key 
waveforms shown in Fig 4. In the analysis T1 and T2 
represent the two transformers in Fig 2, and Ip1 and Ip2 
represent the current goes through the primary windings of 
transformer T1 and T2. 

The first state is shown in Fig 5 from t0- t1. In this 
operation mode Q1, Q4, Q5, SR2, SR3 are on. Q2, Q3, Q6 
SR1 and SR4 are off. Energy is transferred by transformer T1 
and T2 from the primary side to the secondary side. Two 
transformers operate in parallel and the input current flows to 
the load side directly. The current stress of the output 
inductors and the SRs is reduced as a result. During this time 
interval the current in Q1 and Q5 both conduct through Q4 
causing the current stress of Q4 to be doubled compared to 
that of Q1 and Q5 

The second state t1-t2 is shown in Fig 6. In this operation 
mode Q4 is turned off at t1 to prepare for the zero voltage 
turn-on of Q3. The load current reflected from the secondary 
side begins charging C4 while discharging C3. The voltage at 
point B(VB) increases linearly from 0 to Vin. The gate voltage 
of SR1 and SR4 also begins to increase, and SR1 and SR4 will 
be turned on after their gate voltage increases above the 
threshold. However, due to the leakage inductance, SR1 and 
SR4 will not share the load current after they are turned on. In 
this transition, the gate capacitors of SR1 and SR4 are charged 
by a constant current source and their gate loss can be reduced. 

  
Fig 5 t0-t1 Fig 6 t1-t2 

The third mode is from t2-t3 illustrated in Fig 7. When the 
voltage across Q3 equals zero, Q3 is turned on with ZVS at t2.  

The fourth state is shown in Fig 8. Q5 is turned off at t3 to 
prepare for the ZVS turn-on of Q6. The energy stored in the 
leakage inductance of T2 charges C5 and discharges C6. The 
voltage at point C (VC) decreases from Vin to 0. The gate 
voltage of SR3 also begins to decrease, and its body diode 
begins conducting for a short period of time after its gate 
voltage reduces below the threshold. This time interval should 
be as small as possible. 

  
Fig 7 t2-t3 Fig 8 t3-t4 

The fifth state is shown in Fig 9. Q6 is turned on at t4 after 
the voltage across it becomes zero. The primary side current 
of T2 can not change direction instantly after Q6 is turned on. 
Thus Vin is applied across the leakage inductance of T2 
before the primary side current -Ip2 changes to +Ip2. The 
body diode of SR3 is conducting and will be turned off after -
Ip2 changes to +Ip2. 
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The sixth state is shown in Fig 10. Q6 is turned off at t5 to 
prepare for the ZVS turn-on of Q5. The load current reflected 
from secondary side charges C6 and discharges C5. Vc 
increases from 0 to Vin. The gate voltage of SR3 also 
increases. SR3 is turned on after its gate voltage increases 
above the threshold; however SR3 will not conduct the load 
current immediately after it is turned on due to the leakage 
inductance. 

  
Fig 9 t4-t5 Fig 10 t5-t6 

The seventh state is shown in Fig 11. Q5 is turned on at t6 
after the voltage across it becomes zero. At this time the 
primary side and secondary side of T2 are both shortened, 
SR3 begins to share the load current.  
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Fig 11 t6-t7 Fig 12 t7-t8 

The eighth state is shown in Fig 12. Q1 is turned off at t7 to 
prepare for the ZVS turn-on of Q2. The energy stored in the 
leakage inductance of T1 charges C1 and discharges C2. The 
voltage at point A (VA) decreases from Vin to 0. The gate 
voltage of SR2 also decreases and its body diode begins to 
conduct for a very short time after its gate voltage reduces 
below the threshold.  

The ninth state is shown in Fig 13. Q2 is turned on at t8 
after VA decreases to 0. Due to the leakage inductance the 
primary current Ip1 can not change direction instantly; Vin 
will be applied across the leakage inductance of T1 before Ip1 
completely changes to –Ip1. After Ip1 changes to –Ip1, SR2 is 
turned off completely and T1 begins to transfer energy to the 
secondary side. 

The tenth state is shown in Fig 14. Q2 is turned off at t9 to 
prepare for the ZVS turn-on of Q1, the load current reflected 
from the secondary side charges C2 and discharges C1. VA 
increases from 0 to Vin. The gate voltage of SR2 also begins 
to increase and SR2 is turned on after its gate voltage 
increases above the threshold; However, SR2 will not conduct 
the load current after it is turned on due to the leakage 
inductance 

 
 
 

  
Fig 13 t8-t9 Fig 14 t9-t10 

The eleventh state is shown in Fig 15. Q1 is turned on at t10 
after the voltage across it becomes zero. The primary windings 
of T1 are shortened, the primary side and secondary side are 
decoupled, and SR2 begins to conduct the load current. 

The twelfth operation state is shown in Fig 16. Q3 is turned 
off at t11 to prepare for the ZVS turn-on of Q4. The energy 
stored in the leakage inductance of T1 and T2 charges C3 and 
discharges C4. VB decreases from Vin to 0. The gate voltage 
of SR1 and SR4 also begins to decrease, and their body diodes 
begin to conduct for a very short time after their gate voltages 
reduce below the threshold.  

  
Fig 15 t10-T11 Fig 16 t11-t12 

The thirteenth state is shown in Fig 17. After the voltage 
across Q4 becomes zero, Q4 is turned on with ZVS at t12. 
Due to the leakage inductance primary current can not change 
its direction instantly, Vin is applied across the leakage 
inductance of T1 and T2 and the primary current of T1:-Ip1 
changes to +Ip1 and T2: +Ip2 changes to –Ip2. SR1 and SR4 
are turned off completely after the primary currents of T1 and 
T2 change direction completely and both transformers T1 and 
T2 begin to transfer energy to the secondary side. At this point 
one cycle is completed. 

 

 

Fig 17 t12-t13  

IV. ZERO VOLTAGE TRANSITION 
From the analysis in the previous sections it is shown that 

the Q1, Q3 and Q5 are leading leg MOSFETs. Q2, Q4 and Q6 
are lagging legs MOSFETs. The output capacitors of the 
lagging leg MOSFETs are discharged by the energy stored in 
the leakage inductance, so it is more difficult for them to 
achieve zero voltage turn-on. The detail analysis will be 
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discussed in this section. 

A. Leading legs transition [t9-t10] 
The transition paths of the leading leg are shown in Fig 14, 

Q2 is turned off to prepare for the zero voltage turn on of Q1. 
The current reflected from the secondary side charges C2 and 
discharges C1. During this transition the time required to 
charge C2 to Vin and discharge C1 from Vin to zero voltage is 
dependent on the load current. Since this time interval is very 
short, it can be assumed that the charge current is constant 
during the transition. Equations (1) and (2) can be used to 
calculate the voltage across C1 and C2, assuming C1=C2, (3) 
can be used to calculate the dead time needed to achieve zero 
voltage switching. Equation (3) is derived based on the 
assumption that during the duration of [t9~t10], the current is 
constant to charge charges C2 and discharges C1.ILavg in (1)-(3) 
represents the average current in L2 and can be calculated 
using (4).  

The minimum dead time required to achieve ZVS turn-on. 
is calculated by using (3). The operation parameters are as 
follows: Vin=48V, Np:Ns=12:1,Np:Ns=10:1, C1=350pF at 
30A load, Td=53ns for N=12 and 44.8ns for N=10. 
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B. Lagging Legs, transition during [t7-t8] (Q2 Q4 Q6) 
The transition paths of the lagging leg are shown in Fig 18. 

Initially, Q1 is turned off to prepare for the zero voltage turn 
on of Q2. If the voltage at point A can be discharged from Vin 
to 0, the body diode of Q2 will be turned on, in this case in 
order to achieve ZVS turn-on, Q2 must be turn-on before the 
current through the leakage inductance decreases to zero. The 
voltages across C1 and C2 can be calculated using (5)-(8) 
assuming C1=C2. The leakage current, ILeakage  in (5) represent 
the current at the instant Q1 is turned off and can be estimated 
by using (10), where Ip is the primary side current. From (5) it 
is observed that in order to achieve ZVS, (9) must be satisfied.  

 
Fig 18 Lagging leg transition equivalent circuit 

The minimum dead time of the lagging leg transition 
needed between Q1 and Q2 can be calculated by using (9) 
with Vin=48V, Vo=1V, C1=C2=350pF, LLeakage=3uH. It is 
clear that it is much more difficult for the lagging leg to 
achieve zero voltage turn-on in comparison to the leading leg, 
and it seems that we need very big leakage inductor (3uH). 
Big leakage inductor will cause duty cycle loss and limit the 
operation frequency of the converter.  

The calculated results: Td=35ns for N=12 and 28ns for 
N=10. So in the real circuit the lagging leg will be hard 
switching at most of the load range, since the leakage 
inductance required is very large, and the planar transformer 
used in this design has leakage inductance around 100nH. 
According to the calculation when leakage inductor=100nH 
ZVS turn on can not be achieved at full load for lagging leg. 
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V. LOSS COMPARISON BETWEEN TWO PARALLELED ONE-
PHASE FB AND THE NEW TWO-PHASE FB 

In this section the losses of two paralleled FB and the new 
proposed two-phase FB will be compared. It will demonstrate 
that the new proposed two-phase FB will have better 
efficiency. In the comparison the conditions are: Vin=48V, 
Vo=1V, Iout=70A, Fs=1MHz, Np:Ns=12:1, primary side 
MOSFETs SI4580, SR IRF6619. The output inductor is 
100nH. 
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A. Switching loss 
The switching loss can be calculated using (11) and (12). In 

a real circuit, the switching loss may be larger due to parasitic 
components [11]-[15], but (11) and (12) can still be used to 
estimate the switching loss. In the new two-phase FB Q1, Q2 
Q5 and Q6 will have the same current stress; Q3 and Q4 have 
higher current stress.  

rPKondsson tIVfP
2
1

=  (11)

fPKoffdssoff tIVfP
2
1

=  (12)

 
Two-Phase FB Q1,Q2,

Q5,Q6 
Q3 Q4 Q7,Q8

Ipkoff 1.78A 1.78A 3.54A X 
Ipkon 1.15A 1.15A 2.29A X 
Vds 48V 48V 48V X 
Fs 1MHz 1MHz 1MHz X 

Two One-Phase 
FB 

Q1,Q2,
Q5,Q6 

Q3 Q4 Q7,Q8

Ipkoff 1.78A 1.78A 1.78A 1.78A 
Ipkon 1.15A 1.15A 1.15A 1.15A 
Vds 48V 48V 48V 48V 
Fs 1MHz 1MHz 1MHz 1MHz

Table 1 Current stress comparison between two one-phase FB 
and two-phase FB  

Table 1 lists the peak current stress comparison between 
two paralleled one-phase FBs and the two-phase FB (the 
circulating current is neglected in the calculation). Form the 
table it is noticed that the current stress of Q4 is doubled 
compared with other MOSFETs. For Q3 since Iq3=Iq2+Iq6, 
and Iq2 and Iq6 are 120 degree out of phase from each other, 
Q3 has the same peak current as Q1, Q2 Q5 Q6.  

Solely considering the switching loss, the two-phase FB 
save one primary side MOSFETs compared with two one-
phase FBs in parallel. Since the total switching loss of the 
two-phase FB is 7 times of the switching loss of Q1; for the 
two parallel one-phase FBs is 8 times the switching loss of Q1. 

If only four MOSFETs at the primary side and four SRs for 
the rectifier stage are used, compared with two paralleled one-
phase FBs no switching loss could be saved since the current 
stress of the MOSFETs at primary side would be doubled.  

If we assume 1)Ton=10nS and Toff=15nS, 2) Lagging leg 
does not achieve ZVS 3) Leading legs can achieve ZVS and 
recovery 75% of the switching loss. The calculated results: 
Two-phase FB 5.77W, two paralleled FB 6.48W, therefore, 
0.71W is saved. 

B. Conduction loss 
The conduction loss can be calculated using (13).Table 2 

shows the RMS current comparison between two paralleled 

one-phase FBs and two-phase FB. Q4’s RMS current is 
doubled compared with Q1. Q3’s RMS current is between Q1 
and Q4; this benefit is achieved by phase shifting current in 
Q2 and Q6 120 degree from each other. 

 

onRMScon RIP =  (13) 

 
Two-Phase 

FB 
Q1,Q2,
Q5,Q6

Q3 Q4 Q7,Q8 SR 

IRMS 0.88A 1.24A 1.75A X 21.4A
Two One-
Phase FB 

Q1,Q2
,Q5,Q6

Q3 Q4 Q7,Q8 SR 

IRMS 0.88A 0.88A 0.88A 0.88A 21.4A
Table 2 RMS current comparison between two one-phase 

NFBs and two-phase NFB 

Compared with two paralleled FB at the primary side the 
two-phase FB will have more conduction loss, at secondary 
side they will have the same conduction loss. The calculated 
total MOSFETs conduction loss: Two-phase FB 3.17W, two 
paralleled FB 3.143W.  

C. Loss summary 
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Fig 19 Losses breakdown comparison between the two-phase 

FB and two paralleled FB at 1MHz and 1V/70A load 

The loss breakdown comparison between the two-phase FB 
and two paralleled FB at 1MHz switching frequency is shown 
in Fig 19, it is observed that the total loss is reduced form 
14.32W(for two paralleled FB) to 13.28W (for two-phase FB), 
1.04W loss is saved because of the fewer MOSFETs results in 
less gate loss and phase-shift control reduce the switching loss. 

VI. EXPERIMENTAL RESULTS 
To verify the analysis in previous sections two prototypes 

were built on a 12 layers 2oz copper PCB, one with four 
output inductors, the other with three output inductors. 
Primary MOSFET is SI4850, four IRF6619s are used as 
synchronous MOSFETs. 

Fig 20 illustrates the leading leg transition of Q5 at 50A, 
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1MHZ. It is observed that Vgs rises after Vds reduces to zero, 
and ZVS turn-on is achieved. 

 
Fig 20 Zero voltage turned on of Leading Leg MOSFET Q5 at 

50A 

Fig 21 shows the switching transition of the lagging leg 
at 1V/65A, from the testing results we can see that lagging leg 
did not achieve ZVS turn on. The failure of ZVS turn-on 
occurs because at 48V input the input current is small which 
limit the energy stored in the leakage inductance. This is also 
proved the analysis in section IV. 

 

Fig 21 Zero voltage turned on of Lagging Leg MOSFET Q6 is 
not achieved 

48V Input
  1V Output

Vgs-SR1&SR4

Vgs-SR2

Vgs-SR3

3 phase Rectifier 
Phase Shift 120 

Degree from 
each other

 
Fig 22 Gate driving signal of synchronous MOSFETs, each 

phase shift 120 degree. 

Fig 22 shows the gate signal of the synchronous MOSFETs, 

each phase is 120 degree shifted from each other so the ripple 
current of the output inductor can cancel each other; therefore, 
small output inductor can be used to improve dynamic 
performance. 

Fig 23 illustrates the synchronous MOSFETs turn-on and 
turn-off transition. From the waveform it is observed that 
during the turn-on transition SR will be turned on before it 
begins to conducts the current, and SR’s body diode does not 
turn on during the turn-on transition. 

 
Fig 23 Synchronous MOSFET turn-on and turn-off transition 
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Fig 24 Measured efficiency of Two Phase Isolated Full Bridge 
at 1MHz switching frequency， compared with two parallel 

FB . 

Fig 24 depicts the measured efficiency curve of the two-
phase FB prototype operating at 1MHZ switching frequency, 
from 1V/10A till 1V/70A. From the testing result we can see 
that for the prototype with four output inductors 81.3% 
efficiency is achieved at full load compared with the two 
paralleled FB 80.4% around 1% improvement is achieved. At 
light load 20A around 4% improvement is achieved. This is 
because two-phase FB has fewer components at primary side 
and phase shift control results in less switching loss and gate 
loss. When the number of inductors are reduced from four to 
three at full load 1V/70A 80.8% is achieved, and efficiency is 
reduced by 0.5% because higher conduction loss from the 
output inductor. 

Compared with the results of the one-phase FB with four 
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paralleled synchronous MOSFETs shown [1], at the same 
operation condition but with lower output voltage (reduce 
from 1.2V to 1V), only 0.4% efficiency is reduced (form 
81.7% to 81.3%).  

VII. CONCLUSION  
Two new isolated two-phase full bridge topologies are 

proposed in this paper, one with four output inductors and one 
with three inductors, as shown in Fig 2 and Fig 3 respectively. 
The new topology save two MOSFETs at the primary side 
compared with two paralleled one-phase FB. The three legs in 
the new topology can phase shift 120 degree from each other, 
and ZVS turn-on can be achieved. In addition the number of 
inductor and synchronous can be reduced to three to further 
simplify the power train circuit. 

The most significant advantages of the new topology is that 
compared with the two paralleled traditional full bridge 
topology, the two-phase full bridge can handle the same power 
but can achieve better efficiency with lower cost. And the 
advantages are summarized as below: 

1) Components cost is reduced. At the primary side, two 
MOSFTEs are saved. At the secondary side, only three 
MOSFET drivers are needed to drive four SRs. 

2) Better efficiency is achieved since fewer MOSFETs 
and phase shift control result in less switching loss and 
gate loss. 

3) Current sharing is simplified due to the sharing leg 
(Q3, Q4) makes two power stages coupled with each 
other. 

4) Compared with the single phase full bridge topology, 
a smaller output capacitor and inductor can be used to 
improve dynamic performance, since the two-phase 
FB can triple the frequency of the output ripple current. 
In addition, the output inductor current of the two-
phase FB has a phase shift 120 degrees from each 
other, which also reduces the ripple current. 

5) Compared with the current-tripler dc/dc converter 
proposed in [16] the new proposed topology reduces 
the power transformer from three to two. 

To demonstrate the advantages of this topology, two VRM 
modules were built and tested at 48V input and 1V output, 
70A load and 1MHz switching frequency and 81.3% 
efficiency is achieved at full load which is around 1% higher 
than the two paralleled one-phase FB. At light load 20A 4% 
improvement is achieved. 

REFERENCE 
 

[1] M. Xu, Yuancheng Ren, Jinghai. Zhou and F.C. Lee “1MHz Self 
Driven ZVS Full Bridge Converter for 48V Power Pod and 
DC/DC Brick” IEEE Transactions on Power Electronics, Vol. 20, 
No. 5, No 5, September 2005, pp. 997-1006. 

[2] Ed Standford “Power Technology Road Map for Microprocessor 
Voltage Regulators” APEC2004 Presentation. 

[3] X. Zhou, P.L. Wong, P. Xu, F.C. Lee, and A.Q. Huang, 
“Investigation of candidate VRM topologies for future 
microprocessors,” IEEE Transactions on Power Electronics, Vol. 
15, No. 6, November 2000, pp. 1172-1182. 

[4] J. Wei, P. Xu, and F.C. Lee, “A high efficiency topology for 12 V 
VRM-push-pull Buck and its integrated magnetics 
implementations,” IEEE Applied Power Electronics Conference 
(APEC) 2002, Vol. 2, March 2002, pp. 679-685. 

[5] K. Yao, Y. Qiu, M. Xu and F.C. Lee, “A novel winding-coupled 
Buck converter for high-frequency, high-step-down DC-DC 
conversion,” IEEE Transactions on Power Electronics, Vol. 20,  
No. 5, Sept. 2005, pp. 1017-1024. 

[6] P. Xu, J. Wei and F.C. Lee, “The active-clamp couple-Buck 
converter-a novel high efficiency voltage regulator modules,” 
IEEE Applied Power Electronics Conference (APEC) 2001, Vol. 
1, March 2001, pp. 252-257. 

[7] K. Yao, M. Ye, M. Xu and F.C. Lee,  “Tapped-inductor Buck 
converter for high-step-down DC-DC conversion,” IEEE 
Transactions on Power Electronics, Vol. 20,  No. 4,  July 2005, pp. 
775-780. 

[8] B. Barry, R. Morrison, M.G. Egan, B. O'Sullivan and K. Kelliher, 
“Comparison of two 12 V voltage regulator module topologies,” 
IEEE Applied Power Electronics Conference (APEC) 2004, Vol. 
2, pp. 1301-1305. 

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

[10] P. Alou, J.A. Cobos, O. Garcia, R. Prieto and J. Uceda,  “A new 
driving scheme for synchronous rectifiers: single winding self-
driven synchronous rectification,” IEEE Transactions on Power 
Electronics, Vol. 16,  No. 6,  Nov. 2001, pp. 803-811. 

[11] Y. Ren, M. Xu, J. Zhou and F.C. Lee, “Analytical loss model of 
power MOSFET,” IEEE Transactions on Power Electronics, Vol. 
21,  No. 2, March 2006, pp. 310-319. 

[12] Brown, J, “Modeling the switching performance of a MOSFET in 
the high side of a non-isolated buck converter,” IEEE 
Transactions on Power Electronics, Vol 21,  No 1, Jan. 2006 pp:3-
10. 

[13] Shen, Z.J.; Okada, D.N.; Lin, F.; Anderson, S.; Xu Cheng, 
“Lateral power MOSFET for megahertz-frequency, high-density 
DC/DC converters,” IEEE Transactions on Power Electronics, 
Vol 21,  No 1, Jan. 2006 pp:11-17. 

[14] Chen, Y.; Liang, Y. C.; Samudra, G. S, “Design of Gradient 
Oxide-Bypassed Superjunction Power MOSFET Devices” IEEE 
Transactions on Power Electronics, Vol 22, No 4, July. 2007 pp: 
1303-1310 

[15] McNutt, T.R.; Hefner, A.R.; Mantooth, H.A.; Berning, D.; Sei-
Hyung Ryu, “Silicon Carbide Power MOSFET Model and 
Parameter Extraction Sequence” IEEE Transactions on Power 
Electronics, Vol 22, No 2, March. 2007 pp: 353-363 

[16] Ming Xu; Jinghai Zhou; Lee, F.C. “A current-tripler dc/dc 
converter Power Electronics”, IEEE Transactions on Volume 19,  
Issue 3,  May 2004 Page(s):693 – 700. 

359



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


