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Abstract—A conventional asymmetrical half-bridge (AHB) con-
verter is one of the most promising topologies in low-power appli-
cations because of the zero-voltage switching (ZVS) of all switches
and the small number of components. However, when it operates
with an asymmetrical duty ratio, it has a large dc-offset current in
the transformer, which increases the size and core loss of the trans-
former. Moreover, because the dc-offset current decreases ZVS en-
ergy for one of the half-bridge switches, it has low efficiency in a
light load condition. In addition, because most of the output current
is concentrated in high-voltage-rating diodes that have large for-
ward voltage drops, large conduction loss occurs in the secondary
rectifier. To solve these problems, a new AHB converter with a cou-
pled inductor rectifier (CIR) is proposed in this paper. By adopting
the CIR structure in the AHB converter, the proposed converter
not only eliminates the dc-offset current in the transformer, but it
also has equalized current stress in the rectifier diodes. As a result,
the proposed converter achieves high efficiency in entire load con-
dition, compared to an AHB converter with a full-bridge rectifier.
The effectiveness and feasibility are verified with a 250–400 V input
and 100 V/200 W output prototype.

Index Terms—Asymmetrical half-bridge (AHB) converter, cou-
pled inductor rectifier (CIR), dc-offset current, high efficiency,
zero-voltage switching (ZVS).

I. INTRODUCTION

AN ASYMMETRICAL half-bridge (AHB) converter
shown in Fig. 1(a) is one of the most promising topolo-

gies for low-power applications, such as TV and LED drivers,
because of its small number of components. In addition, all of the
primary switches not only have zero-voltage switching (ZVS)
capability, but also have clamped voltage stress [1]–[4].
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However, when the AHB converter is designed to operate over
a wide range of input voltage to satisfy a hold-up time require-
ment, it has asymmetrical duty ratio in the nominal state that
causes many problems [5]–[9]. First, it has a large dc-offset cur-
rent in the transformer as shown in Fig. 1(b) [10]–[13]. Because
the large dc-offset current increases the maximum flux density of
the transformer, it increases the size and core loss of the trans-
former. In addition, because it has small negative current due
to the positive dc-offset current, the half-bridge switch Q1 has
small ZVS energy.

Second, it has unbalanced current stress at the rectifier diodes.
In the AHB converter, the rectifier diodes D2 and D3 have much
larger forward voltage drop VF than that of D1 and D4 be-
cause D2 and D3 have high voltage stress [14]–[17]. However,
as shown in Fig. 1(b), most of the output current flows to D2 and
D3, which have large VF , and this causes severe conduction loss
in the rectifier stage.

Several studies have been done to resolve the drawbacks of
the conventional AHB converter [11]–[22]. Among them, the
zero dc-offset AHB converter shown in Fig. 2(a) was proposed
in [20]. By inserting the secondary blocking capacitor Cb2 in
the rectifier, it eliminates the dc-offset current in the transformer
and it has large ZVS energy. In addition, since it does not require
any active devices, it simply solves the problems of the dc-offset
current and can be applied to applications. However, when Q2

is turned ON, it has large peak current at primary side and sec-
ondary side, which causes large conduction losses. Furthermore,
when D1 and D3 are turned ON, large current flows to the output
capacitor resulting in the increase in the output filter size.

Other researches have investigated the methods to eliminate
the dc-offset current of the AHB converter using additional
devices [21], [22]. In [21], a duty-cycle-shifted half-bridge
(DCS HB) converter was proposed in Fig. 2(b). By using addi-
tional devices and a duty-cycle-shifted control, it eliminated the
dc-offset current of the transformer. As a result, it also solved
the problems caused by the dc-offset current of the transformer.
However, because large circulating current flows to the addi-
tional components when Q1 and Q2 are turned OFF, it causes
large conduction loss. In addition, the additional components
increase the cost and complexity, which limits its effectiveness.
In other work [22], a boost-integrated AHB converter was
proposed. In it, a boost converter cell is integrated within the
secondary rectifier by adding an additional switch and diode as
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Fig. 1. Conventional AHB converter. (a) Circuit diagram. (b) Key waveforms.

Fig. 2. Recent studies on a conventional AHB converter and its key waveforms. (a) Zero dc-offset AHB converter [20]. (b) DCS HB converter [21].
(c) Boost-integrated AHB converter [22].

shown in Fig. 2(c). Because it can obtain additional voltage gain
of the integrated boost converter, it regulates the output voltage
with the Qa when the input voltage is low. Therefore, when the
input voltage is high, the additional switch Qa does not operate
and primary switches can operate with large duty ratio regardless
of the input voltage range, which solves the problems caused by
the wide range of input voltage. However, the additional devices

not only increase its cost and complexity, but also cause large
conduction loss and switching loss when the input voltage is low.
In addition, the output filter has to be increased because it has
discontinuous output current when Qa operates.

Therefore, to solve more simply the aforementioned problems
without adding other components, an AHB converter with a new
coupled inductor rectifier (CIR) is proposed in this paper. By
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Fig. 3. Proposed AHB converter. (a) Circuit diagram. (b) Key waveforms.

adopting the CIR structure in the AHB converter instead of the
full-bridge rectifier (FBR), the proposed converter eliminates the
dc-offset current of the transformer, and it has balanced current
stress at the rectifier diodes. In addition, it has better ZVS con-
dition for Q1 because it does not have positive dc-offset current
in the transformer. Therefore, the proposed converter achieves
high efficiency compared to a conventional AHB converter with
FBR.

The remainder of this paper is organized as follows. The
concept and operational principles are analyzed in Sections
II and III, respectively. In Section IV, the characteristics of
the proposed converter are analyzed. A 250–400 V input and
100 V/200 W output prototype was built and tested to verify
the effectiveness and feasibility of the proposed converter in
Section V. Finally, the conclusions are presented in Section VI.

II. CONCEPT OF THE PROPOSED CONVERTER

Fig. 3 shows the proposed AHB converter and its key wave-
forms. As shown in this figure, the proposed converter has a
new rectifier structure using a coupled output inductor while the
primary side of the proposed converter and the control method
are the same as in the conventional AHB converter. Because the
proposed converter does not need additional components or a
control method, its cost and complexity are not increased.

The proposed converter has three main advantages by adopt-
ing the CIR structure instead of the FBR to the conventional
AHB converter. Fig. 4 presents comparison of the characteristics
of the each rectifier. In the case of the conventional AHB con-
verter with FBR shown in Fig. 4(a), the rectifier diodes D1 and
D4 conducted when Q1 is turned ON and D2 and D3 conducted
when Q2 is turned ON. Therefore, the average current flowing
through D1 and D4 is dQ1Io during dQ1 and the average current
flowing through D2 and D3 is (1–dQ1)Io during dQ2(= 1–dQ1).
Because the AHB converter has small dQ1 in the nominal state,
a large current is concentrated at D2 and D3, which has large
forward voltage drop VF and it causes severe conduction loss.
In addition, the difference of average current between D1 and
D2 flows to the secondary winding of the transformer and it is
transferred to the primary side. Because the average current of
Cb is zero, the transformer has a positive dc-offset current as
(1–2dQ1)/n, and it degrades the transformer design and ZVS
condition of Q1.

However, in the case of the proposed converter shown in
Fig. 4(b), the average current flowing through the secondary

Fig. 4. Characteristics of each rectifier. (a) Conventional AHB converter with
FBR. (b) Proposed AHB converter with CIR.

winding of the transformer < is > is always zero, because the
average current of Cs1 and Cs2 is zero. Therefore, the proposed
converter does not have dc-offset current, which improves the
transformer design and ZVS condition of Q1. In addition, be-
cause < iCs1 >, < iCs2 >, and < is > are zero, D1 and D2

have the same current stress, which relieves the conduction loss
at the rectifier diodes.

As a result, compared with a conventional AHB converter with
FBR, the proposed AHB converter has advantages in transformer
design, ZVS operation of Q1, and current balance between rec-
tifier diodes by adopting the CIR structure, which results in a
high efficiency for the entire load condition.

III. OPERATIONAL PRINCIPLES

To explain the operational principles of the proposed con-
verter, the current paths and key waveforms are presented in Figs.
5 and 6, respectively. As shown in Fig. 5(a)–(e), the proposed
converter has five operating modes and each mode is analyzed
in detail. For the simplicity of the analysis, some assumptions
are made as follows.

1) All parasitic components except for those specified in
Fig. 5 are ignored.
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Fig. 5. Current paths of the proposed converter. (a) Mode 1. (b) Mode 2.
(c) Mode 3. (d) Mode 4. (e) Mode 5.

2) The magnetizing inductance Lm, the output inductor Lo1,
and Lo2 are large enough to be considered as a constant
current source during a dead time of the primary switches.

3) The turns ratio of the coupled inductor is 1:1 and it has a
large coupling coefficient.

4) The magnetizing inductance is large enough than the leak-
age inductance.

Fig. 6. Key waveforms of the proposed converter.

Mode 1 [t0–t1]: Mode 1 starts when the current commutation
between D1 and D2 is finished. Since the parasitic capacitor of
D2 resonates with primary and secondary leakage inductors, it
causes voltage ringing up to 2× (Vrec + VLo + VCs2). During
mode 1, Vs–VCb is applied to the transformer, and it is trans-
ferred to the secondary side of the transformer as (Vs–VCb)/n.
Accordingly, (Vs–VCb)/n–VCs1 is applied to the output induc-
tor Lo1 and Lo1 builds up the output current. The magnetizing
current of the transformer iLm(t), primary current ipri(t), and
output inductor current iLo1(t) are determined as follows:

iLm(t) = iLm(t0) +
Vs − VCb

Lm
(t− t0) (1)

iLo1(t) = iLo1(t0) +
(Vs − VCb)/n− VCs1

Lo1
(t− t0) (2)

ipri(t) = iLm(t) +
iLo1(t)

n
. (3)

Mode 2 [t1–t2]: Mode 2 starts when Q1 is turned OFF. Since
Q1 is turned OFF, the current flows through the output capacitor
of Q1. As a result, the output capacitor of Q1 starts charging,
and the output capacitor of Q2 starts discharging. And, since
the output capacitor of Q2 is discharged, vLm and vrec start to
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decrease. When vrec reaches Vo/2–VCs2, vD2 becomes zero,
and D2 conducts. Because both D1 and D2 are conducted during
mode 2, the voltage across the output inductor is clamped to
–Vo/2 and vrec is clamped to Vo/2–VCs2. Accordingly, vLm

is clamped to n(Vo/2–VCs2) and –n(Vo/2–VCs2)–VCb is
applied to Llkg. Therefore, ipri starts to decrease with a slope of
(–vLm–VCb)/n and current commutation occurs between Lo1

andLo2. Assume that the iLm, iLo1, and iLo2 are constant during
the dead time, and ipri, iLo1, and iLo2 are determined as follows:

ipri(t) = iLm(t1) + ipri(t1)

+
−n(Vo/2− VCs2)− VCb

Llkg
(t− t1) (4)

iLo1(t) = iLo1(t1) +
n

2

(−n(Vo/2− VCs2)− VCb

Llkg

)
(t− t1)

(5)

iLo2(t) =
n

2

(
n(Vo/2− VCs2) + VCb

Llkg

)
(t− t1). (6)

Mode 3 [t2–t3]: When Q2 is turned ON, mode 3 starts. Since
the output capacitor of Q2 is discharged during mode 2, the ZVS
of Q2 can be achieved. And ipri continues to decrease with the
same slope as in mode 2 until the current commutation between
D1 and D2 is ended. Because the output current flows through
D1 and D2 when Q2 is turned ON, D1 and D2 have balanced
current stress, whereas the conventional AHB converter handles
the output current with D2 only when Q2 is turned ON.

Mode 4 [t3–t4]: Mode 4 starts when iD1 reaches zero. Because
Q2 is turned ON, VLm is clamped to –VCb and vrec is clamped
to –VCb/n. During mode 4, Lo demagnetizes the output current
with a slope of (–Vrec–VCs2)/Lo2. iLm(t), ipri(t), and iD2(t)
are determined as follows:

iLm(t) = iLm(t3) +
−VCb

Lm
(t− t3) (7)

iLo2(t) = iLo2(t3) +
VCb/n− VCs2

Lo2
(t− t3) (8)

ipri(t) = iLm(t) +
iLo2(t)

n
. (9)

Mode 5 [t4–t5]: Mode 5 starts when Q2 is turned OFF. Because
the output capacitors of Q2 and Q1 start charging and discharg-
ing, respectively, VLm and Vrec increase together. When Vrec

reaches Vo/2–VCs2, vD1 becomes zero and D1 is conducted.
Since D1 and D2 are conducted as shown in Fig. 5(e), –Vo/2
is applied to Lo1 and Lo2, which makes vrec be clamped to
Vo/2–VCs2. Accordingly, vLm is clamped ton(Vo/2–VCs2) and
Vs–n(Vo/2–VCs2)–VCb is applied to Llkg. Therefore, ipri starts
to increase rapidly with a slope of (Vs–vLm–VCb)/Llkg and cur-
rent commutation occurs between Lo1 and Lo2. Assume that the
iLm, iLo1, and iLo2 are constant during the dead time, ipri, iLo1,
and iLo2 are determined as follows:

ipri(t) = iLm(t4) + ipri(t4)

+
Vs − n(Vo/2− VCs2)− VCb

Llkg
(t− t4) (10)

Fig. 7. Normalized voltage gain graphs of the proposed converter and the
conventional AHB converter.

iLo1(t) =
n

2

(
Vs − n(Vo/2− VCs2)− VCb

Llkg

)
(t− t4) (11)

iLo2(t) = iLo2(t4)

−n

2

(
Vs − n(Vo/2− VCs2)− VCb

Llkg

)
(t− t4). (12)

IV. CHARACTERISTICS OF THE PROPOSED CONVERTER

A. Voltage Gain

The voltage gain of the proposed converter is obtained by
using a voltage–second balance equation to the output inductor.
Assuming that a dead time of switches is small enough and
duty ratio of the mode 4 is the same as of the mode 2 in Fig. 6,
the voltage–second balance equation is obtained as follows:(

Vs − VCb

n
− VCs1

)
· dQ1 +

(
−Vo

2

)
· (1− 2dQ1)

+

(
VCb

n
− Vo + VCs1

)
· dQ1 = 0 (13)

Vo

Vs
=

2dQ1

n
(14)

where n is the turns ratio of the transformer and
VCs1 + VCs2 = Vo.

Based on (14), the normalized gain graphs of the proposed
converter and the conventional AHB are shown in Fig. 7. Since
the proposed converter does not have a (1–dQ1) term in the
numerator, it has a linear voltage gain which is two times larger
than that of the conventional AHB converter when dQ1 is 0.5.
The turns ratio n of the proposed converter and the conventional
AHB converter is designed as 2.5 and 1.25 in ideal case with a
250–400 V input voltage and 100 V output voltage specification.
In practice, the turns ratio is slightly reduced because of the duty-
cycle loss.

B. Voltage Gain

The ZVS condition of the primary switches is analyzed in
detail with Fig. 8. As shown in the figure, when Q1 is turned
OFF at t1, ipri starts to charge/discharge an output capacitor
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Fig. 8. ZVS operation of the proposed converter.

of Q1 and Q2. Accordingly, vLm decreases until it reaches to
n(Vo/2–VCs2) at t2. Because D1 and D2 are turned ON at t2,
vLm is clamped to n(Vo/2–VCs2) and the drain–source voltage
vds_Q1 and vds_Q2 are charged/discharged by Llkg. Because a
general equation between the magnetic and capacitive elements
is expressed as 1

2LI
2 = 1

2CV 2, the ZVS condition of Q2 can be
determined as follows:

1

2
Llkgipri(t2)

2 =
1

2
Llkg

(
2Io
n

)2

≥
(
1

2
CossVs

2 − 1

2
Coss(Vs − VCb − n(Vo/2− VCs2))

2

)

+
1

2
Coss(VCb + n(Vo/2− VCs2))

2 = CossVs
nVCs1

2dQ1
(15)

where Coss is the output capacitance of the primary switches.
And when Q2 is turned OFF at t6, ipri starts to charge/discharge

an output capacitor of Q2 and Q1 until vLm decreases to
n(Vo/2–VCs2). Because vLm is clamped ton(Vo/2–VCs2) from
t7, vds_Q1 and vds_Q2 are charged/discharge by Llkg. The ZVS
condition of Q1 is obtained as follows:

1

2
Llkgipri(t7)

2 =
1

2
Llkg

(
2Io
n

)2

≥ 1

2
Coss(Vs − VCb − n(Vo/2− VCs2))

2

+

(
1

2
CossVs

2 − 1

2
Coss (VCb + n(Vo/2

−VCs2))
2
)

= CossVs

(
Vs − nVCs1

2dQ1

)
. (16)

Since the required ZVS energy for Q1 is much larger than that
of Q2,Llkg is designed to achieve the ZVS of Q1 similar with the

Fig. 9. Required leakage inductance for the ZVS of Q1.

conventional AHB converter. Using (16) and (17), which is the
ZVS condition of Q1 in the conventional AHB converter [11],
the requiredLlkg of both converters are drawn as shown in Fig. 9

1

2
Llkg

(
−2dQ1Io

n

)2

≥ Coss (1− dQ1)Vs
2. (17)

As shown in the figure, the conventional AHB converter re-
quires largeLlkg at small duty ratio because it has small negative
current due to the positive offset current in the transformer. On
the other hand, the proposed converter easily achieves the ZVS
of Q1 even at the small duty ratio since it does not have the offset
current.

C. Voltage and Current Stresses of the Secondary Rectifier

The voltage stresses of the secondary rectifier can be deter-
mined with Figs. 5 and 6. Assuming that (t1–t0)Ts = dQ1_ATs,
(t3–t1)Ts = dQ2_ATs, (t4–t3)Ts = dQ2_BTs, and (t5–t4)Ts =
dQ1_BTs in Fig. 5, the following equations are obtained using a
current slope of ipri during a dead time:

n(Vo/2− VCs2) + VCb

Llkg
(dQ2_A)Ts

=
Vs − n(Vo/2− VCs2)− VCb

Llkg
(dQ1_B)Ts =

4Io
n

(18)

where dQ1_A + dQ1_B + dQ2_A + dQ2_B = 1. And, assuming
that dQ1_A = dQ2_B , following equations can be obtained using
(18):

VCs1 =
4IoLlkg

n2dQ2_ATs
(19)

VCs2 = Vo − 4IoLlkg

n2dQ2_ATs
(20)

V s

V s− n(Vo/2− VCs2)
dQ2_A + 2dQ2_B = 1. (21)

Therefore, VCs1 and VCs2 can be drawn as shown in Fig. 10
based on (19) and (21) according to the duty variation of
dQ2_A + dQ2_B .
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Fig. 10. Voltage stresses of the secondary capacitors Cs1 and Cs2.

Fig. 11. Current stresses of the rectifier diodes at the conventional AHB
converter and the proposed converter.

As shown in the figure, VCs1 = VCs2 = Vo/2 when dQ2_A +
dQ2_B = 0.5, which means the maximum duty-ratio of the con-
verter. And, as dQ2_A + dQ2_B becomes larger, VCs1 starts to
decrease and VCs2 starts to increase.

The voltage stresses of D1 and D2 are also obtained with Figs.
5 and 6 as follows:

VD1 = −vrec + vLo + VCs1 = 2VCs1 (22)

VD2 = vrec + vLo + VCs2 =
2Vs

n
− 2VCs1. (23)

Since VCs1 has maximum voltage stress as Vo/2 at dQ2_A +
dQ2_B = 0.5, VD1 and VD2 are same as Vo when dQ2_A +
dQ2_B = 0.5. And, when dQ1_A + dQ1_A < 0.5, VD2 is larger
than VD1 similar to that of the conventional AHB converter.

Fig. 11 shows the average current stresses of the rectifier
diodes in the conventional AHB converter and the proposed con-
verter. In the conventional AHB converter, the average current
of D2 and D3 is larger than that of D1 and D4. However, since D2

and D3 have much larger voltage stress, it causes large conduc-
tion loss. On the other hand, the proposed converter has same
current stress at D1 and D2 although D1 has larger voltage stress

Fig. 12. Output inductor current iLo1 and iLo2.

than D2. Therefore, the proposed converter reduces conduction
loss at the rectifier diode.

D. Coupled Inductor Design

The proposed converter uses a coupled inductor as an output
inductor to construct the CIR. There are guidelines to design the
output filters for the CIR structure. First, the turns ratio of the
coupled inductor should be designed as 1:1. Although the turns
ratio of the coupled inductor can be designed as asymmetric,
the asymmetric turns ratio causes a biased voltage and current
stresses at the rectifier didoes.

Second, the maximum flux density Bmax of the inductor core
should be designed by taking into consideration the dc-offset
current ILo_DC of iLo1 and iLo2. Fig. 12 shows the current flow-
ing through the coupled inductor. Because the average current
of D1 and D2 is Io as shown in Fig. 4(b), ILo_DC is determined
as the following equation, assuming that the ripple current and
duty-cycle loss are ignored and (t0∼t1) Ts = (t2 ∼ t3)Ts:

1

2
(dQ1 + (1− dQ1)) ILo_DC = Io (24)

ILo_DC = 2Io. (25)

Third, the windings of the coupled inductor should be selected
by taking into consideration the rms value of iLo1 and iLo2. The
rms value can be calculated using Fig. 12 as follows:

iLo1_RMS = iLo2_RMS

=

√∫ t1
0 I2Lo_DCdt+

∫ t2
t1

(
− ILo_DC

1−2dQ1
t+

1−dQ1

1−2dQ1
ILo_DC

)2

dt.

(26)
Combining (26) with (25) gives the rms current as follows:

iLo1_RMS = iLo2_RMS = 2Io

√
dQ1 + 1

3
. (27)

V. EXPERIMENTAL RESULTS

The effectiveness and feasibility of the proposed converter
were compared to the conventional AHB converter with FBR
in 250–400 V input and 100 V/200 W output specifications.
Design examples of the prototype converters are listed in Table I.
As shown in the table, the proposed converter is designed to
use a small transformer core, because the proposed converter
does not have a dc-offset current in the transformer. In addition,
since it has larger ZVS energy, it does not require an external
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TABLE I
DESIGN EXAMPLES OF THE PROTOTYPE CONVERTERS

Fig. 13. Picture of the prototype converters.

inductor to achieve the ZVS of Q1. The sum of Llkg_tr and
Llkg_ext is expressed as Llkg and two prototype converters have
same ZVS energy although they have different Llkg. However,
in the case of the output inductor, the proposed AHB converter
uses larger inductor core since it requires larger winding area to
make coupled inductor. Finally, the proposed converter adopts
secondary capacitors Cs1 and Cs2 to the secondary side instead
of D3 and D4.

Fig. 13 shows the prototypes of the conventional AHB
converter and the proposed AHB converter. Since the proposed
converter has larger ZVS energy than the conventional AHB
converter, it does not require an external inductor for ZVS.
In the case of the transformer and the output inductor, the

proposed converter has smaller transformer size due to zero
dc-offset current while it uses larger output inductor size due to
large winding area of the coupled inductor. And, the proposed
converter adopts secondary capacitors for Cs1 and Cs2 instead
of D3 and D4.

Table II shows the cost comparison between the conventional
AHB converter and the proposed converter. As shown in the
table, the proposed converter has low cost in the primary side
since it not only uses small transformer core, but also does not
use an external inductor. In the case of the secondary side, the
proposed converter has high cost in the output inductor due to
large core size. However, because the secondary side capacitors
are cheaper than the active devices, it reduces the cost of the
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TABLE II
COST COMPARISON OF THE PROTOTYPE CONVERTERS

Fig. 14. Picture of the experimental setup.

Fig. 15. Key waveforms of the prototype converters at 100% load condition. (a) Conventional AHB converter. (b) Proposed AHB converter.

secondary side. As a result, the total cost of the proposed
converter is reduced compared with the conventional AHB
converter.

Fig. 14 shows the picture of the experimental setup and the
Table III shows the detailed information. As shown in figure and
table, the input source is DLM600-5E, which is a 3000-W dc
power supply, and the electric load PEL 600-120-120 is used for
the output load. Both input power and output power are analyzed
with PM3000A.

Fig. 15 shows the key waveforms of the prototype converters
at the 100% load condition. As shown in Fig. 15(a), the conven-
tional AHB converter has a large dc-offset current in the trans-
former. Since the primary current is biased to positive direction,
it has small negative current which degrades a ZVS condition
for Q1. On the other hand, as shown in Fig. 15(b), the proposed
converter does not have a dc-offset current in the transformer
and it has large negative current compared to the conventional
AHB converter. In addition, since the proposed converter
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TABLE III
INSTRUMENTS DETAILS

Fig. 16. ZVS waveforms for Q1 of the prototype converters. (a) Conventional AHB converter at 100% load condition. (b) Proposed converter at 100% load
condition. (c) Conventional AHB converter at 50% load condition. (d) Proposed converter at 50% load condition.

uses small Llkg, it has small voltage ringing in the rectifier
diodes.

Fig. 16 shows the ZVS waveforms of Q1 of the prototype
converters. Fig. 16(a) and (b) show the ZVS waveforms at the
100% load condition and Fig. 16(c) and (d) show the ZVS wave-
forms at the 50% load condition. As shown in Fig. 16(a) and (b),
both converters achieve the ZVS of Q1 at 100% load condition

even though the proposed converter has small Llkg since it has
large negative current. And, when the output load decreases,
both converters start to do hard switching because the ZVS en-
ergy decreases. However, as shown in Fig. 16(c) and (d), the
proposed converter turns ON Q1 at lower Vds_Q1 than that of
the conventional AHB converter even it has small Llkg, which
significantly reduces the switching loss.
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Fig. 17. Measured efficiency of the prototype converters. (a) VS = 400 V and (b) VS = 250 V.

Fig. 17 shows the measured efficiency of the prototype con-
verters in 250–400 V input voltage and 100 V/200 W output
specifications. Because the proposed converter does not have a
dc-offset current in the transformer, it not only reduces the size of
the transformer, but also does not require an external inductor to
achieve the ZVS. Although the proposed converter does not use
the external inductor, it has small switching loss in light-load
condition, which results in higher efficiency than the conven-
tional AHB converter. In addition, since the proposed converter
has balanced current stress at rectifier diodes when the switches
operate with asymmetrical duty ratio, it relieves the conduction
loss of the high-voltage-rating diode. As a result, the proposed
converter achieves high efficiency than the conventional AHB
converter.

VI. CONCLUSION

In this paper, a new AHB converter with a CIR structure is
proposed. By adopting the CIR structure to the conventional
AHB converter, the proposed converter eliminates the dc-offset
current in the transformer, which reduces the size of the trans-
former and improves the ZVS condition for Q1. In addition,
the two rectifier diodes have the same current stress even in
the asymmetrical duty ratio, which reduces conduction loss in
high-voltage-rating diode. As a result, the proposed converter
achieves higher efficiency than the conventional AHB converter
with FBR. Furthermore, because the proposed converter does
not need additional components and a control method, its cost
and complexity are not increased. Consequently, the proposed
converter will be a good candidate for low-power and wide input
voltage range applications.
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