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Abstract— This paper presents a new interleaved active clamp 
forward converter for low and wide input, and high current 
output applications. In the proposed converter, the operating 
duty ratio can be extended over 0.5 due to the additional 
powering path resulting from additional series-connected 
secondary windings from each transformer. As a result, the 
proposed converter can be designed with large transformer turns 
ratio. Thus, since the proposed converter can reduce not only the 
primary RMS current but also switch turn-off current, it can 
achieve high efficiency. Moreover, since all secondary switches 
can operate without floating gate drivers, the proposed converter 
can maintain simple structure and low complexity of gate driving 
circuits in the secondary side. The validity of this proposed 
converter is verified by the experimental results from 36V-72V 
input and 12V/500W output for the DC/DC prototype.  

Index Terms― Active clamp forward, high current, interleaved, 
wide input.1 

I. INTRODUCTION 
NFORMATION technology has been remarkably developed 
with the help of the growth of consumer electronic devices 

such as personal computer (PC), smart phone, and tablet PC. 
To manage explosive IT resources, the number of data center 
has increased, and also energy consumption of those becomes 
increased dramatically in accordance with this tendency. As a 
result, governments and manufacturers make an effort to 
improve overall efficiency by increasing efficiency of 
components, such as power distribution unit (PDU), 
uninterruptable power supply (UPS), and power supply unit 
(PSU) [1]-[3]. However, data center still suffers from huge 
energy consumption resulting from many power conversion 
stages. Thus, the structure of data center has been researched 
and developed to minimize power conversion stages. 

The AC power distribution system, as shown in Fig. 1(a), 
has been widely used in the data center [4]. From this figure,  
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480VAC is applied to the building entrance called the boundary
between the electrical system of the data center and the utility 
grid. Then, through the uninterruptible power supply (UPS), 
480VAC is transferred into the power distribution unit (PDU). 
In the UPS, it is noted that not only AC/DC rectifier but also 
DC/AC inverter is required to charge the battery and invert 
back to AC output again, respectively. Moreover, since 
230VAC is applied to the server rack, the power supply unit 
(PSU) should use the two-stage structure for providing 12VDC
output. As a result, due to many power conversion stages, the 
AC power distribution system causes low total efficiency of 
the data center. In order to improve the efficiency, the DC 
power distribution system, as shown in Fig. 1(b), has recently 
received much attention in several companies such as 
Facebook and Google [5]-[6]. As can be seen in this figure, 
unlike the AC power distribution system, it can eliminate not 
only the DC/AC inverter of the UPS but also the AC/DC stage 
of the PSU by converting 480VAC to 48VDC. Thus, it can 
minimize the number of conversion stages, which results in 
high overall system efficiency compared to the conventional 
systems [7]-[8]. 

In the 48VDC power distribution system, the DC/DC power 
supply is connected with the 48VDC battery so it has many 
desirable features such as high reliability and easy 
maintenance [8]. However, it has some important design 
considerations. First, due to wide operating range of the 
battery, the DC/DC power supply should be designed with 
wide-input-voltage range (36-72VDC). Especially, among the 
range, the highest efficiency is required at 48VDC, i.e., the 
nominal input voltage (VS-Nom), because the DC/DC power 
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(b) 
Fig. 1. Block diagram of a data center power system configuration. (a) AC 
power distribution. (b) DC power distribution. 
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supply mostly operates at VS-Nom. Second, the primary current 
should be minimized to obtain a high-efficiency DC/DC 
power supply because low input voltage and restricted voltage 
gain makes the transformer turns-ratio be limited, which 
results in large reflected current in the primary side. Therefore, 
the DC/DC power supply should be designed considering the 
low and wide input voltage of the 48VDC power distribution 
system. 

Many DC/DC topologies have been developed, which 
characterize the high efficiency [8]-[15]. Among them, a 
conventional phase-shift full-bridge (PSFB) converter, as 
shown in Fig. 2(a), has received considerable attention from 
medium to high-power applications since it features low 
voltage stresses on primary switches, low output filter due to 
twice powering in a period, and zero-voltage switching (ZVS) 
operation. However, the PSFB converter has a serious 
disadvantage in wide input applications, i.e., the nominal duty 
ratio is decreased as the input voltage range is increased. This 
small duty ratio induces the large circulating current and 
associated conduction loss as shown in Fig. 2(b), and it also 
causes the large switch turn-off loss and high ripple current 
through the output inductor [10]-[12]. To overcome these 
problems, in [10], a new PSFB converter with reduced 
circulating current was proposed. However, this converter 
requires two additional switches and additional resonant 
inductor, which increases circuit complexity and cost. In [11] 
and [12], the PSFB converter integrated with an additional 
converter was proposed to reduce the circulating current. 
However, these methods also require too many components 
resulting in high circuit complexity and cost. 

For wide input applications, an interleaved active clamp 
forward (IACF) converter can be a good candidate for the 
DC/DC part [13]-[15]. The IACF converter is consist of two 
active clamp forward converters with interleaving operation, 
as shown in Fig. 3. Thus, it can reduce large circulating 
current and obtain the same DC conversion ratio to the PSFB 
converter. Moreover, unlike the forward converter with RCD 

snubber, the IACF converter is able to achieve ZVS operation 
of all switches because active clamp snubber can change the 
current waveforms of the converter [16]-[17]. However, it still 
has a disadvantage: the low nominal duty ratio due to the limit 
of the maximum duty ratio of 0.5 which is the same feature 
with the PSFB converter. To cope with this problem, new 
methods applying the topology morphing concept [14]-[15] 
and [18]-[19] to the IACF converter have been researched 
[14]-[15]. In [14], an IACF converter with parallel input and 
series-parallel output is proposed for 36-72V input application, 
as shown in Fig. 4(a). In the converter, the secondary windings 
of transformers work in series and parallel according to input 
variation like topology morphing concept. Thus, the series-
parallel output structure provides that the duty ratio is not 
limited within 0.5, and conduction and switch turn-off losses 
are reduced. However, synchronous switches including two 
floating gate drivers instead of rectifier diodes are required in 

 

(a) 

 

(b) 
Fig. 2. PSFB converter. (a) Circuit diagram. (b) Simplified transformer 
primary current waveforms. 
 

 

(a) 

 

(b) 
Fig. 3. IACF converter. (a) Circuit diagram. (b) Simplified transformer 
primary current waveforms. 
 

 

(a) 

 

(b) 
Fig. 4. Circuit diagram of previous research for IACF converter. (a) Converter 
in [14]. (b) Converter in [15]. 
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high output current applications, which results in high circuit 
complexity and low power density. In [15], a new interleaved 
forward converter adopting the series-input and series-rectifier 
structure with a common transformer reset circuit is proposed 
for 400V input application, as shown in Fig. 4(b). The series 
input structure provides the low voltage stresses on primary 
switches using series input capacitors at the expense of higher 
primary current. One common reset circuit is shared with two 
forward converters. The series-rectifier structure guarantees 
the balanced output current and allows the operating duty ratio 
to extend over 0.5. However, the conduction path in the 
secondary side always consists of two diodes, so the 
conduction loss can be considerably increased in high current 
applications. Even though switches are used, the power loss is 
still high and two floating gate drivers are added.  

In this paper, a new interleaved active clamp forward 
converter, as represented in Fig. 5, is proposed. The operating 
duty range of the proposed converter is extended over 0.5 by 
using an additional current path composing of series-
connected windings from each transformer. Also, all 
secondary MOSFET switches are connected directly to the 
secondary ground without floating gate drivers while 
maintaining simple structure and low complexity of gate 
driving circuits in the secondary side. 

II. OPERATIONAL PRINCIPLES 
Fig. 5 shows the circuit diagram of the proposed converter. 

From this figure, the proposed converter consists of two 
interleaved active clamp forward converters like the 
conventional IACF converter. Thus, the primary main 
switches Q2 and Q4 are the powering switch, and auxiliary 
switches Q1 and Q3 compose the active clamp snubber with 
clamping capacitors C1and C2, which leads to the ZVS 
operation of all switches. In the secondary side, the switches 
are replaced with diodes to reduce the secondary conduction 
loss. The switches Q5 and Q6 consist of the powering path with 
windings NS1 and NS2 of transformers T1 and T2 for each active 
clamp forward converter. The switch Q8 provides the 

freewheeling path of the output inductor current iLO when both 
Q1 and Q3 are ON state. On the other hand, unlike the 
conventional IACF converter, the secondary windings NS1 and 
NS2 of each transformer are series-connected in the proposed 
converter. Thus, the proposed converter can provide another 
powering path with the switch Q7 during D > 0.5, which 
enables the proposed converter to achieve high efficiency with 
large transformer turns-ratio. Fig. 6(a) and 6(b) show the 
secondary side circuit of the proposed converter during D ≤ 
0.5 and D > 0.5 respectively. To explain operational modes, it 
is assumed that the turns ratio is n=NP/NS1=NP/NS2, the leakage 
inductance (Llkg) is much smaller than the magnetizing 
inductance Lm, and all parasitic components except for those 
specified in Fig. 5 are neglected. 
A. Operation of Proposed Converter during D ≤ 0.5 

During D ≤ 0.5, the operation of the proposed converter is 
the same with that of the conventional IACF converter. Thus, 
when Q2 or Q4 are turned on, the input power is transferred 
through Q5 or Q6, respectively. Moreover, when both Q1 and 
Q3 are ON state, Q8-leg is active for providing the 
freewheeling path. As a result, Q7-leg is always inactive 
during D ≤ 0.5. Fig. 7 shows the operational key waveforms of 
the proposed converter during D ≤ 0.5. From this figure, each 
switching period is divided into two half cycles, t0~t8 and t8-t15. 
Because the operational principles of two half cycles are 
symmetric, only the first half cycle is described. The 
secondary switches are controlled by gate signals of primary 
switches. The gate signals of Q5, Q6, and Q8 are generated 
simply from logically ‘AND’ of Q2 and Q3, Q1 and Q4, and Q1 
and Q3 individually, and each switch is directly driven without 
the floating gate driver.  
Mode 1 [t0-t1]: when the commutation between the current of 
Q5 and Q8 (iQ5 and iQ8), this mode starts. Since Q2 is turned on 
after the voltage across Q2 (vds2) becomes zero, Q2 can achieve 

 
(a) 

 
(b) 

Fig. 6. Secondary side circuit according to D. (a) D ≤ 0.5. (b) D > 0.5. (‘P’ 
and ‘F’ mean powering and freewheeling, respectively) 
 

 

Fig. 5. Circuit diagram of proposed IACF converter. 
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the ZVS operation. In this mode, the input voltage (VS) and 
input power are transferred to the secondary side, and VS/n-VO 
is applied to LO. 
Mode 2 [t1-t2]: At time t1, Q2 is turned off so Q5 is also turned 
off. The sum of the reflected output inductor current (iLo/n) 
and current of magnetizing inductor Lm1 (iLm1), i.e., ipri(t1), 
discharges and charges the output capacitance of Q1 and Q2 
(Coss1 and Coss2), respectively. Thus, the voltage across Q1 (vds1) 
and vpri1 simultaneously decrease. This mode ends when vpri1 
decreases from VS to zero, i.e., vds1 decreases from VS+VC to VC.  
Mode 3 [t2-t3]: vpri1 reaches zero at t2, then both iQ5 and the 
current of Q8 (iQ8) conduct. Thus, the leakage inductor of 
transformer T1 (Llkg1) resonates with Coss1 and Coss2. The 
equivalent circuit of this mode can be depicted as in Fig. 8(a). 
From this figure, the energy stored in Llkg1 charges and 
discharges Coss2 and Coss1 so the ZVS condition of Q1 can be 
equal to that of the conventional IACF converter as follows: 

2 2
1 1 2

1 1( ) (2 ) ,
2 2lkg pri oss CL i t C V≥  (1) 

where Coss=Coss1=Coss2=Coss3=Coss4.  
Mode 4 [t3-t4]: vds1 reaches zero at t3, then ipri1 flows through 
the antiparallel diode of Q1 .Thus, Q1 can obtain the ZVS 
operation. In this mode, since -VC1 is applied to Llkg1, ipri1 
decreases linearly and the commutation between iQ5 and iQ8 is 
accelerated.   
Mode 5 [t4-t5]: iQ5 reaches zero at t4 and the commutation is 
finished. The transformers T1 and T2 are reset by clamping 
capacitor voltage, i.e., VC=VC1=VC2. This operation means the 
freewheeling mode,  
Mode 6 [t5-t6]: At time t5, Q3 is turned off. In this mode, ipr2(t5) 
discharges and charges Coss4 and Coss3. Thus, vds4 decreases and 
vpri2 increases simultaneously until vds4 is VS and vpri2 is zero.  
Mode 7 [t6-t7]: vpri2 reaches zero at t6, then both iQ6 and iQ8 
conduct. Thus, the leakage inductor of transformer T2 (Llkg2) 
resonates with Coss3 and Coss4. The equivalent circuit of this 
mode can be depicted as in Fig. 8(b). From this figure, the 
energy stored in Llkg2 charges and discharges Coss3 and Coss4 so 
the ZVS condition of Q4 can be equal to that of the 
conventional IACF converter as follows: 

2 2
2 2 6

1 1( ) (2 ) .
2 2lkg pri oss SL i t C V≥  (2) 

Mode 8 [t7-t8]: vds4 reaches zero at t7, then ipri2 flows through 
the antiparallel diode of Q4 .Thus, Q4 can obtain the ZVS 
operation. In this mode, since VS is applied to Llkg2, ipri2 
increases linearly and the commutation between iQ6 and iQ8 is 
accelerated. 

B. Operation of Proposed Converter during D > 0.5 
During D > 0.5, both Q2 and Q4 can be ON state. Thus, 

unlike the operation during D ≤ 0.5, Q7-leg can be active, 
which results in higher DC conversion ratio. On the other hand, 
both Q1 and Q3 cannot be ON state so Q8-leg becomes inactive 
and there is no freewheeling period during D > 0.5. Fig. 9 
shows operational key waveforms of the proposed converter 
during D >0.5. From this figure, each switching period is 
divided into two half cycles, t0~t8 and t8-t15. Because the 
operational principles of two half cycles are symmetric, only 
the first half cycle is described like the operation during D ≤ 
0.5. The gate signals of secondary switches are also simply 
provided by logically ‘AND’ of Q2 and Q3 for Q5, Q1 and Q4 
for Q6, and Q2 and Q4 for Q7, respectively. 
Mode 1 [t0-t1]: when the commutation between iQ6 and iQ7 is 
finished, this mode starts. Since Q2 is turned on after vds2 
becomes zero, Q2 can achieve the ZVS operation. In this mode, 
each transformer, i.e., T1 and T2, can transfer VS to the 
secondary side so 2VS/n-VO is applied to LO. Therefore, Q7-leg 
can provide the additional power path, which enables the 
proposed converter to achieve high DC conversion ratio with 
over 0.5 duty ratio. 
Mode 2 [t1-t2]: At time t1, Q4 is turned off. Thus, since the sum 
of iLo/n and iLm2, i.e., ipri2(t1), discharges and charges Coss3 and 
Coss4, respectively, the voltage across vds4 and vpri2 
simultaneously decrease. This mode ends when vpri2 decreases 
from VS to zero, i.e., vds4 decreases from VS+VC to VC . 

 

Fig. 7. Key waveforms of proposed converter during D ≤ 0.5. 
 

   

             (a)                              (b) 
Fig. 8. Equivalent circuit of proposed converter during D ≤ 0.5. (a) Mode3. 
(b) Mode 6. 
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Mode 3 [t2-t3]: vpri2 reaches zero at t2, then both iQ5 and iQ7 
conduct. Thus, the leakage inductor of transformer T2 (Llkg2) 
resonates with Coss3 and Coss4. The equivalent circuit of this 
mode can be shown in Fig. 10(a). From this figure, the energy 
stored in Llkg2 charges and discharges Coss3 and Coss4 so the 
ZVS condition of Q3 can be equal to that of the conventional 
IACF converter as follows: 

2 2
2 2 2

1 1( ) (2 ) .
2 2lkg pri oss CL i t C V≥  (3) 

Mode 4 [t3-t4]: vds3 reaches zero at t3, then ipri2 flows through 
the antiparallel diode of Q3 .Thus, Q3 can obtain the ZVS 
operation. In this mode, since -VC2 is applied to Llkg2, ipri2 
decreases linearly and the commutation between iQ5 and iQ7 is 
accelerated.   
Mode 5 [t4-t5]: iQ7 reaches zero at t4 and the commutation is 
finished. In this mode, T2 is reset by VC2 and T1 transfers VS to 
the secondary side solely. Therefore, when D > 0.5, the 
proposed converter does not have the freewheeling period. 

Mode 6 [t5-t6]: At time t5, Q3 is turned off. ipr2(t5) discharges 
and charges Coss4 and Coss3. Thus, vds4 decreases and vpri2 
increases simultaneously until vds4 is VS and vpri2 is zero. 
Mode 7 [t6-t7]: vpri2 reaches zero at t6, then both iQ6 and iQ7 
conduct. Thus, Llkg2 resonates with Coss3 and Coss4. The 
equivalent circuit of this mode can be shown in Fig. 10(b). 
From this figure, the energy stored in Llkg2 charges and 
discharges Coss3 and Coss4 so the ZVS condition of Q4 can be 
equal to that of the conventional IACF converter as follows: 

2 2
2 2 6

1 1( ) (2 ) .
2 2lkg pri oss SL i t C V≥  (4) 

Mode 8 [t7-t8]: vds4 reaches zero at t7, then ipri2 flows through 
the antiparallel diode of Q4 .Thus, Q4 can obtain the ZVS 
operation. In this mode, since VS is applied to Llkg2, ipri2 
increases linearly and the commutation between iQ5 and iQ8 is 
accelerated. 

III. ANALYSIS OF PROPOSED CONVERTER 
In this section, for the convenience of the analysis, several 

assumptions are made as bellow: 
1) All parasitic components neglected, and commutation and 
transition periods are also ignored; 
2) The output capacitor CO and clamp capacitors C1 and C2 are 
large enough to be considered as constant voltage sources; 
3) The output inductor LO is large enough to be assumed as a 
constant current source during the switching period; 
4) The magnetizing inductance Lm1 and Lm2 of transformers are 
large enough to ignore the effect of the magnetizing current 
during the switching period; 

A. DC Conversion Ratio and Voltage Stresses on Switches 
The DC conversion ratio of the proposed converter can be 

simply derived from the voltage-second balance of LO. Fig. 11 
shows the applied voltage on LO of the proposed converter 
during D > 0.5 and D < 0.5 individually, and the voltage-
second balance of LO can be represented as follows: 

( ) (0.5 ) , 0.5,S
O S O S

V
D V T D V T during D

n
− = − ≤  (5) 

2( 0.5)( ) (1 )( ) , 0.5,S S
O S O S

V VD V T D V T during D
n n

− − = − − >  (6) 

where D is the duty ratio of Q2 and Q4, and the turns ratio is 
represented by n= NP/NS1=NP/NS2, and TS is the switching 
period. From those, the DC conversion ratio is achieved as 

2 , 1.0.O

S

V D D
V n

= <  (7) 

As can be seen in (7), the DC conversion ratio of the 
proposed converter is the same as that of the conventional 
IACF converter except for the ability to extend the duty ratio 
over 0.5. Fig, 12 shows the normalized DC conversion ratio of 
the conventional IACF and proposed converters according to 
D. From this figure, the DC conversion ratio of the 
conventional IACF converter is limited to 1.0 at D=0.5. Thus, 
the maximum duty ratio of the conventional IACF converter is 
restricted to 0.5. On the other hand, the DC conversion ratio of 
the proposed converter can be higher than that of the 
conventional IACF converter during D > 0.5. Moreover, the 

 

Fig. 9. Key waveforms of proposed converter during D > 0.5. 
 

   

             (a)                              (b) 
Fig. 10. Equivalent circuit of proposed converter during D > 0.5. (a) Mode3. 
(b) Mode 6. 
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DC conversion ratio of the proposed converter continuously 
and linearly increases according to D. Thus, the DC 
conversion ratio of the proposed converter does not varies 
wildly when operating from D ≤ 0.5 to D > 0.5. Furthermore, 
when the input voltage is changed during the normal operation, 
the proposed converter can regulate the output voltage 
smoothly by controlling the duty ratio. Based on (7), clamping 
capacitor voltages can be expressed as DVS/(1-D), and the 
voltage stress on primary switches is VS/(1-D). Also, the 
voltage stresses on secondary switches can be classified 
according to the duty ratio as shown in Table I. 

B. Conduction Loss of Primary Side 
The conventional PSFB and IACF converters are commonly 

used for high power applications due to the twice powering 

during one switching period and ZVS characteristics. However, 
in wide input voltage applications, the conventional PSFB 
converter suffers from the low nominal duty ratio because it 
induces large primary and circulating currents which increase 
conduction and switch turn-off losses. Although the 
conventional IACF converter reduces circulating current and 
conduction losses of Q1 and Q3 due to the active clamp 
structure, it still has a drawback, i.e., the low nominal duty 
ratio which is same characteristic of PSFB coveter. On the 
other hand, the proposed converter not only makes up for the 
large circulating current and conduction loss but also achieves 
extended the duty ratio over 0.5. This is because that the 
proposed converter also adopts the active clamp structure 
which reduces circulating current and conduction loss of Q1 
and Q3. Moreover, as already mentioned, due to additional 
series-connected secondary windings, the proposed converter 
can transfer the power to the secondary side with the duty ratio 
over 0.5. As a result, the proposed converter can be designed 
with large transformer turns ratio from (7), and it can achieve 
the small primary current, as shown in Table II, which shows 
small conduction and switch turn-off losses. 

C. Core Loss 
Generally, from the original Steinmetz equation (OSE), the 

transformer core loss is proportional to the flux variation (ΔB) 
and volume of the transformer core (VC) as (8): 

( ) ( )core S CP B f V
γβα= ∆  (8) 

where 𝛼𝛼  and  𝛽𝛽 , and 𝛾𝛾  are OSE coefficients of the core 
material, and fS is the frequency of a sinusoidal waveforms. 
However, the practical core loss for a non-sinusoidal 
waveform is larger than a result of OSE. For this reason, in 
this paper, the improved generalized Steinmetz equation 
(IGSE) is used to analyze the transformer core loss of the 
conventional and proposed converters. Since the voltage 
across the magnetizing inductor are symmetric during two half 
cycles, the transformer core loss based on the IGSE can be 
expressed as follows: 

 

(a) 

 
(b) 

Fig. 11. Applied voltage on LO of proposed converter. (a) D ≤ 0.5. (b) D > 0.5. 
 

 

Fig. 12. Normalized DC conversion ratio according to D. 
 

TABLE I 
VOLTAGE STRESSES ON SECONDARY SWITCHES 

 

 D ≤ 0.5 D > 0.5 

Q5,Q6 (VS+VC)/n 

Q7 2VC/n VC/n 

Q8 VS/n 2VS/n 

 

TABLE II 
RMS CURRENT ON PRIMARY SWITCHES 

 

 PSFB IACF Proposed IACF 

Q1,Q3 ( )/ 2OI n
 

- 

Q2,Q4 ( )/ 2OI n
 

/OI D n  
 

 

Fig. 13. Normalized primary conduction loss according to input voltage. 
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( )
0.5

0

2 ( )STC
core i

S

V dB tP k B dt
T dt

γ
β γ−= ∆∫  (9) 

where dB(t)/dt is the rate of change of the flux density, and ki 
is the coefficient given by 

21

0

.
(2 ) cos 2

ik
d

π γγ β γ

α

π θ θ− −
=

∫  (10) 

In order to analyze core loss, ΔB should be analyzed and 
compared in advance because the core loss is hugely affected 
by ΔB with the relatively large coefficient 𝛽𝛽. The ΔB of the 
proposed and conventional converters is expressed as 

,
2

S S O

P e S e S

DV T V
B

N A N A f
∆ = =  (11) 

where NP and NS are primary and secondary turns of the 
transformer, and Ae is the effective cross-section area of the 
transformer core. In the proposed converter, due to the 
extended duty ratio, the ΔB of the proposed converter can be 
increased compared with those of conventional converters. 
Thus, the core loss of the proposed converter can be larger 
than that of the conventional IACF and PSFB converters, 
which degrades the light load efficiency of the proposed 
converter. However, since the proposed converter has small 
turn-off switching loss with larger transformer turns-ratio, the 
effect of the increased core loss can be small. Furthermore, the 
proposed converter can achieve high efficiency more and more 
as load increased due to reduced primary conduction and 
switch turn-off losses because the core loss is small enough to 
be negligible in medium and heavy load conditions. Moreover, 
the secondary switches of the proposed converter are driven 
directly without floating gate drivers so the proposed 
converter can maintain simple structure and low complexity of 
gate driving circuits in the secondary side. Therefore, the 
proposed converter is a good candidate for high efficiency in 
wide input voltage and high output current applications. 

IV. EXPERIMENTAL RESULTS 
To verify the operation and analysis of the proposed 

converter, the prototype is implemented with specification of 
VS = 36V-72V, VO = 12V/500W, fS = 90kHz, Transformer 
=EI3023, Lm = 45uH, Llkg = 2.5μH, NP = 6, NS1 = NS2 = 2, Q1-
Q4 = IPP600N25N3G, Q5-Q8 = IPP023NE7N3G, and Table III 
presents elemental components of conventional and proposed 
converters. 

To regulate the output voltage, as shown in Fig. 14, the 
proposed converter used a DSP that is TMS320F28069PZT 
with 90MHz clock frequency and 12-bit analog to digital 
conversion (ADC) module to implement the output voltage 
control and generate gate driving signals. In addition, since the 
DSP is placed in the secondary side, the isolated gate driver 
(Si8233) which can transfer gate signals from the secondary 
side to the primary side is adopted. In addition, for measuring 
the performance of the conventional and proposed converters, 
NFES2000S is used as an input power supply, Chroma DC 
Electronic load 63203as an output electronic load, 
YOKOGAWA WT1600 as input power analyzer, FLUKE 45A 
digital multi-meter for the output voltage and current 

measuring, and Wave-runner 64xi TELEDYNE LECROY to 
capture the experimental waveforms. 

Fig. 15 shows the experimental waveforms of proposed and 
conventional converter at 48V input and 100% load conditions. 
As shown in Fig. 15(a), the conventional PSFB converter has 
large conduction and switch turn-off losses due to the large 
circulating and primary currents caused by the low nominal 
duty ratio. The conventional IACF converter presented in Fig. 
15(b) also suffers from the low nominal duty ratio resulting in 
the large conduction and switch turn-off losses. On the other 
hand, the proposed IACF converter operates with the extended 
duty ratio shown in Fig. 15(c), and transformers which have 
relatively larger turns ratio than that of conventional 
converters are used to the proposed converter. As a result, the 
primary current of the proposed converter is reduced 
considerably resulting in low primary conduction and switch 
turn-off losses. 

Fig. 16 shows the key experimental waveforms at the 

TABLE III 
DESIGNED COMPONENTS 

 

 Conventional 
PSFB 

Conventional 
IACF Proposed IACF 

Primary 
switch 

IPP180N10N 
Vds=100V, 

Rds_on=18mΩ 

IPP530N15N3G 
Vds=150V, 

Rds_on=53mΩ 

IPP600N25N3G 
Vds=200V, 

Rds on=60mΩ 

Secondary 
switch 

IRFP4568, 
2parallel, 
Vds=150V, 

Rds on=4.8mΩ 

IPP023NE7N3G,  
Vds=75V, 

Rds_on=2.3mΩ 

IPP023NE7N3G,  
Vds=75V, 

Rds_on=2.3mΩ 

Transformer 
Core=EE3633  
Ae = 240mm2 
Lm=94.7μH, 
Llkg=0.91μH 

Core=EE3023(2EA)  
Ae = 200mm2 
Lm=25.1μH, 
Llkg=1.75μH 

Core=EE3023(2EA)  
Ae = 200mm2 
Lm=25.3μH, 
Llkg=1.81μH 

Turns ratio 
8:4:4 

pri 0.1Фx120 
sec 0.1Фx250 

T1 6:3, T2 6:3 
pri 0.1Фx120 
sec 0.1Фx250 

T1 6:2:2, T2 6:2:2 
pri 0.1Фx120 
sec 0.1Фx250 

Output 
inductor CH270060, 0.1Фx120x3EA, 5turns, 5μH 
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Fig. 14. Control block diagram of proposed converter. (a) Control block 
diagram. (b) Gate driving logic. 
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minimum and maximum input voltage conditions under full 
load condition. In 36V input conditions, the duty ratio is over 
0.5, and switch Q7 is turned on providing another power path 
when both primary main switches Q2 and Q4 are ON state. In 
72V input voltage condition, the duty ratio is under 0.5, and 

Q8 is turned on in freewheeling mode, which is the same with 
conventional IACF converter. 
 Fig. 17 shows experimental waveforms according to the load 
transient at minimum input (36V) and input voltage variation. 
Since the duty to output voltage transfer function of the 
proposed and conventional IACF converters is the same, the 
output voltage is well regulated and vary within 600mV 
despite worst case, i.e., the 60% load variations and minimum 
input, as shown in Fig. 17 (a). Moreover, as presented in Fig. 
17 (b), the output voltage of the proposed converter is well 
controlled while the input voltage varies from 72V to 36V. In 
addition, as above mentioned, Q8 is activated and Q7 is always 
turned off during D <0.5. On the other hand, Q7 is activated 
and Q8 is fully turned off during D > 0.5. 

Fig. 18 shows measured efficiency of the conventional 
PSFB, conventional IACF, and proposed IACF converters at 
the nominal input voltage (VS=48V) with load variations. 
Since the primary current decreases as the load decreases, the 
ratio of core loss becomes larger in total loss. Thus, the PSFB 
converter can achieve much higher efficiency than the 
conventional IACF converter at 10% load condition. However, 
since the proposed converter can reduce the primary condition 
loss and switching turn-off loss compared to the conventional 
converters, it can achieve similar efficiency with that of the 
conventional PSFB converter at 10% load condition. On the 
other hand, the proposed converter shows significantly 
increased efficiency in heavy load conditions, since the 
conduction and switch turn-off losses of the proposed 
converter are reduced more and more as the load is increased. 
This tendency can be also found in the other input voltage 
conditions as shown in Fig. 19. From this figure, when the 
input voltage increases, the proposed converter can obtain 
much higher efficiency than the conventional converters 
because the freewheeling period of the conventional converter 
increases. As a result, the proposed converter can achieve 
higher efficiency over the entire input and load conditions 
compared to the conventional PSFB and IACF converter. 

 
(a) 

 
(b) 

 
(c) 

Fig. 15. Key experimental waveforms at 48V input and 100% load conditions. 
(a) Conventional PSFB converter. (b) Conventional IACF converter. (c) 
Proposed IACF converter. 
 

 
(a) 

 
(b) 

Fig. 16. Key experimental waveforms of proposed converter. (a) 36V input 
voltage and 100% load condition. (b) 72V input voltage and 100% load 
condition.  
 

 
(a) 

 
(b) 

Fig. 17. Experimental waveforms with load transient and input voltage 
variation. (a) Load transient from 10% to 70% at minimum input (VS=36V). 
(b) Input voltage variation from maximum input (VS=72V) to minimum input. 
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Moreover, since all secondary switches of the proposed 
converter are directly connected to the secondary ground, it is 
easy to implement secondary switches without the floating 
gate driver, and the proposed converter provides the low 
circuit complexity. 

V. CONCLUSION 
In this paper, a new interleaved active clamp forward 

converter with series-connected secondary windings is 
presented in order to achieve high efficiency in wide input 
voltage and high current output applications. The operational 
principles and features are illustrated, and the validity of the 
basic operational principle is confirmed by the experiment 
with 12V/500W prototype. In the proposed converter, due to 
the series-connected secondary winding, the operating duty 
range is extended over 0.5, and the transformer has the large 
turns ratio. As a results, the small primary current is achieved, 
and the conduction and switch turn-off loses are significantly 
reduced. In additions, the secondary switches are driven 
without floating gate drivers since they are connected to the 
secondary ground. Because of these advantages, the proposed 
converter has not only a high efficiency but also simple 
structure. Therefore, the proposed converter is expected to be 
widely utilized for wide input and high current output 

applications such as the server power supply in DC power 
distribution system. 
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