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Letters

A High-Efficiency Asymmetrical Half-Bridge Converter With Integrated Boost
Converter in Secondary Rectifier

Jung-Kyu Han, Student Member, IEEE, Jong-Woo Kim, Member, IEEE, and Gun-Woo Moon, Member, IEEE

Abstract—A conventional asymmetrical half-bridge (AHB) con-
verter is one of the most promising topologies in low-to-medium
power applications because of zero-voltage switching of all switches
and small number of components. However, when the converter is
designed taking a hold-up time into consideration, it has a large DC
offset current in a transformer and a small transformer turns-ratio.
To solve these problems, a new AHB converter with an integrated
boost converter is proposed in this letter. Because the proposed
converter compensates for the hold-up time using the integrated
boost converter without additional loss in the nominal state, it can
achieve the optimized efficiency regardless of the hold-up time. The
effectiveness and feasibility are verified with a 250-400-V input and
45 V/3.3 A output prototype.

Index Terms—Asymmetrical half-bridge (AHB) converter,
DC/DC converter, high efficiency, hold-up time.

1. INTRODUCTION

N MANY applications such as TVs and PCs, power supplies
I should maintain an output voltage for a moment after an input
AC line is lost. Generally, the output voltage should remain for
tens of milliseconds after the AC loss, and this duration is called
the hold-up time [1]-[4]. Since the DC/DC converter operates
using the energy stored in the link capacitor located between
the PFC converter and the DC/DC converter, the voltage of the
link capacitor decreases during the hold-up time resulting in
a decrease of the input voltage of the DC/DC converter. As a
result, the DC/DC converter should be designed considering a
wide input voltage range due to the hold-up time.

Among the various DC/DC converter topologies, the asym-
metrical half-bridge (AHB) converter is one of the most promis-
ing topologies in low-to-medium power applications because of
the zero-voltage switching (ZVS) of all switches, a small num-
ber of components, and a clamped voltage stress of primary
switches [5]-[13]. However, the AHB converter has several
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Fig. 1. Conventional AHB converters. (a) DCS HB converter and (b) boost-
cascaded AHB converter.

problems when it is designed with a wide input voltage range.
Since the AHB converter has the maximum voltage gain with
0.5 duty-ratio, it has increasing duty-ratio during the hold-up
time, which results in small duty-ratio in the nominal state. As a
result, the AHB converter has a small turns-ratio and large DC
offset current in the transformer [5]-[9].

Several studies have been done to overcome the draw-
backs of the conventional AHB converter in wide input volt-
age range [10]-[13]. Among them, the duty-cycle-shifted half-
bridge (DCS HB) converter shown in Fig. 1(a) eliminates the DC
offset current by controlling the half-bridge switches symmet-
rically [12]. And ZVS operation of all switches is ensured with
duty-cycle-shifted gate signal of switch ()9 and freewheeling
switch @ 4. However, the problem caused by the small trans-
former turns-ratio still remains in the DCS HB converter result-
ing in large primary RMS current and large voltage stress on
the rectifier diodes because it also has the maximum gain with
0.5 duty-ratio. Furthermore, the freewheeling current flowing
through the additional components causes additional conduc-
tion losses.

A boost-cascaded AHB converter shown in Fig. 1(b) solves
the problem of the wide input voltage range [13]. It consti-
tutes a cascaded boost converter by adding a switch and a
diode to the secondary side while sharing the output induc-
tor. In the nominal state, the additional switch Q4 is turned
off, and the boost-cascaded AHB converter operates the same

See http://www.ieee.org/publications_standards/publications/rights/index.html tor more intormation.
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Fig. 2.

with the conventional AHB converter. When AC loss occurs,
the Q4 is turned on, and the output voltage is regulated us-
ing the additional voltage gain of the cascaded boost converter.
Thus, because the cascaded boost converter compensates for the
hold-up time, the AHB converter can be designed regardless of
the wide input voltage range which solves the aforementioned
problems such as the small duty-ratio, the large DC offset cur-
rent in the transformer and the small transformer turns-ratio.
However, regrettably, the boost diode D 4 located in the main
current path causes an additional conduction loss even though
the boost switch () 4 is not turned ON. Therefore, a new method
is essential to solve the aforementioned problems without any
additional conduction loss.

In this letter, a new boost-integrated AHB converter is pro-
posed. Compared to the conventional boost-cascaded AHB con-
verter, a boost-integrated rectifier of the proposed converter does
not cause any additional conduction loss in the nominal state
because the main current does not flow through the additional
components. Therefore, the proposed rectifier enabling the AHB
converter can be designed optimally in the nominal state regard-
less of the hold-up time.

This letter is an extended version of “Efficiency Optimized
Asymmetric Half-Bridge Converter With Hold-Up Time Com-
pensation [1]” in Proc. IEEE Power Electron Conf., May 2016.
This version focuses on a secondary rectifier especially about
derivation and intuitive understanding.

II. DERIVATION OF THE PROPOSED CONVERTER

Fig. 2 shows the derivation of the boost-integrated rectifier
for proposed converter. As shown in Fig. 2(a), the proposed
rectifier merges the center-tapped rectifier and boost converter.
To integrate the boost converter in rectifier, an additional switch
@4 is added, while L, and D4 are merged with Ly and D;.
The current direction of ) 4 should be unidirectional and it can
be realized with a switch and a diode.

(b)

Derivation of the proposed rectifier. (a) Type-1 rectifier and (b) type-2 rectifier.

Lig n11 D2

Fig. 3. Proposed converter.

Compared with the boost-cascaded rectifier shown in
Fig. 1(b), the proposed rectifier does not cause a conduction
loss at the boost diode in the nominal state since it merges the
boost diode D, and rectifier diode D;. As a result, the pro-
posed rectifier operates exactly the same as the conventional
AHB converter in the nominal state since the integrated boost
converter is used only during the hold-up time.

Fig. 2(b) shows another structure of the proposed rectifier.
Compared with a type-1 rectifier shown in Fig. 2(a), type-2
rectifier has advantage that it does not need a floating gate driver.
In case of using synchronous rectifiers (SRs), the type-1 rectifier
can be better choice since the type-2 rectifier needs two floating
gate drivers for SRs.

III. OPERATIONAL PRINCIPLE

The proposed converter has different operational principle
during the nominal and hold-up state, since it utilizes the inte-
grated boost converter during the hold-up state only. The op-
erational principle of the proposed converter is analyzed in the
nominal state and hold-up state. The proposed converter with
type-2 rectifier shown in Fig. 3 is discussed in this letter.

A. Operational Principle in the Nominal State

In the nominal state, since the additional switch is turned
off, the proposed converter has the same circuit structure with
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Fig. 5. Equivalent circuit of the proposed converter during the hold-up time.

the conventional AHB converter as shown in Fig. 4(a). The
operational principle is also the same with the conventional
AHB converter except that the proposed converter is designed
to use a duty-ratio of the (), as 0.5 in the nominal state. During
the period 1, where the (), is turned on and the ()5 is turned off,
main current flows through the red line path shown in Fig. 4(a).
And during the period 2, the main current flows through the
blue dashed-line path. Because the integrated boost cell is not
conducted during the whole switching period, the additional
conduction loss does not occur while it enables the proposed
converter to have the maximum duty-ratio of the Q).

B. Operational Principle in the Hold-Up State

In the hold-up state the hold-up time, the boost switch @ 4 is
turned on to obtain the additional voltage gain by boost converter
operation. As shown in Fig. 4(b), the Q4 and @), are turned on
during the period 1’ and the integrated boost converter utilizes
the rectifier voltage V.. as an input voltage source. And during
the period 1’, the main current flows through the red short-
dashed-line which builds-up an energy to the output inductor.
When the Q4 is turned off, the period 1" starts, and the en-
ergy built-up during the period 1’ is transferred to the output
through the red-line, same with the boost converter. And during
the period 2, the energy built-up during the period 1’ is still
transferred to the output while the current path is just changed
to blue dashed-line from red-line.

The boost converter operation can be more intuitively under-
stood with an equivalent circuit of the proposed converter. As
shown in Fig. 5, the proposed converter operates the same with
the boost converter, which utilizes the rectifier voltage as an
input voltage source. The rectifier voltages vyec1 and vyeco are
obtained as follows:

Vrecl = (VS 7VCB)/77J: (17DQ1)V5/71:V5/271 (1)
Urec2 :VCB/HZDQ1V5/TL=V5/271 (2)

where the D1 and D» are duty-ratio of the switch Q1 and @2,
Vep = Dg1Vs by voltage—second equation to the transformer,
and Do = Dgo = 0.5. In terms of the boost converter oper-
ation, the period 1’ is the build-up mode and the period 1" and
period 2 are the powering mode, while the boost diode is just
changed D, from D;. As a result, the proposed converter op-
erates like a two-stage structure consists of the AHB converter
and boost converter, and the voltage gain is also obtained as
a multiplication of voltage gains of two converters. However,
since the boost converter utilizes the V.1 during the powering
mode, ()4 must be turned on when the V;; is positive and this
makes the ()4 be turned on within the Dg;.

IV. CHARACTERISTICS OF THE PROPOSED CONVERTER

A. Voltage Gain Comparison

Fig. 6 shows a normalized voltage gain graph of the con-
ventional AHB converter and the proposed converter based on
the voltage gain formula in Table I. As shown in Fig. 6(a), the
conventional AHB converter is designed to have Dg; = 0.5
during the hold-up state, where the input voltage is the lowest
since the voltage gain is maximum at D¢ = 0.5. As a result,
unavoidably, the large DC offset current in the transformer oc-
curs in the nominal state since it uses small duty-ratio when
input voltage is high. Also, because the transformer turns-ratio
is determined with the low-input voltage, it is designed to have
a small value resulting in a large primary RMS current and large
voltage stresses on a secondary rectifier.

On the other hand, as shown in Fig. 6(b), the proposed con-
verter utilizes the additional voltage gain of the integrated boost
converter to compensate low-input voltage during the hold-up
time. Therefore, ()1 operates with 0.5 duty-ratio in the nominal
state regardless of the hold-up time and the DC offset current in
the transformer does not occur. Also, the transformer turns-ratio
can be higher, since it is designed at the nominal state where
the input voltage is high. So, the primary RMS current and volt-
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TABLE I
CHARACTERISTICS OF THE CONVERTERS

Conventional AHB converter Proposed converter

Voliage gain Yo _ 2010001 Yo _ a1l
: I—DIQ P

Duty-ratio D¢ ; in the Minimum duty Maximum duty

nominal state

DC offset current in the Large Zero

transformer

Transformer turns-ratio n Small Large

age stresses on the secondary rectifier are also reduced. These
characteristics are summarized in Table I.

From these advantages, the proposed converter can reduce
the size of the transformer and primary conduction loss. Addi-
tionally, by using a diode with a low voltage rating, the forward
voltage drop and reverse recovery current in the rectifier diodes
can be decreased. As a result, the proposed converter achieves a
high efficiency in the nominal state, where the efficiency is the
most important.

B. Comparisons With a Cascaded Boost Converter

As mentioned before, the boost switch ()4 must be turned
on synchronously with the half-bridge switch )7 since the inte-
grated boost converter utilizes the v, as an input source. And
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it makes the duty-ratio of Dg 4 be limited to 0.5 and the maxi-
mum boost gain is double. But in the case of the cascaded boost
converter, since it can have larger duty-ratio than 0.5, it has wide
input voltage range resulting in large hold-up time or a small
link capacitor. However, although the cascaded boost converter
has large hold-up time, the proposed converter can achieve high
efficiency because it eliminated the additional conduction loss
at diode in nominal state. Therefore, the proposed converter is
appropriate topology for high-efficiency AHB converter.

C. Design Considerations of the Integrated Boost Converter

In the proposed converter, a design of the secondary rectifier
is important because it not only decides the hold-up time but
also affects an output inductor and capacitor by boost converter
operation.

The hold-up time is related with the link capacitor and input
voltage range. Since the link capacitor can be reduced when
the input voltage range is large, the proposed converter should
be designed to have large input voltage range. Suppose that the
input voltage range is Vg ~ %VS with maximum boost gain, the
hold-up time is obtained as follows:

1 1
thold = n (2C’Link‘/:9,nom2 - 2CLinkVS,min2> /PO

3
n (SCLinkVS,1101112> /PO (3)

where the 1,014 1S a hold-up time, 7 is a converter efficiency,
Chink is a link capacitor, Vg ,om is a nominal voltage of the link
capacitor, Vg iy 1s @ minimum voltage of the link capacitor,
and Pp is an output power.

And since the proposed converter integrates the boost con-
verter in the secondary rectifier, an output inductor and capacitor
have characteristics of the boost converter resulting in large in-
ductor ripple and discrete output current during the hold-up time.
The inductor ripple and current stress of the output capacitor are
obtained as follows:

UreC D
Aloy-y = =1 0
Ico.rMS
1 /DQ aTs ) /Ts ( D 04 ) 2
= — —Ip) dt + —Jp | dt
TS\/.() ( ) DQATS 1_DQA
(5

where the Al}o -, is an inductor ripple, f; is a frequency of
Q1, Ico rus is the current stress of the output capacitor, and
Ip is a output current. Since a frequency of ()4 is the same
with @; and the maximum duty-ratio is 0.5, the largest voltage
ripples are obtained as } ,Io when Dg 4 = 0.5.

Vrec
2Lo
V. EXPERIMENTAL RESULTS

The effectiveness and feasibility of the proposed converter
were verified with experimental results. Design examples for

experiment are listed in Table II. Fig. 7 shows the waveforms
of the conventional AHB converter and the proposed converter
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TABLE II
DESIGN EXAMPLES

Conventional AHB DCS HB Boost-cascaded AHB Proposed
Input voltage range 250400 V 250400 V 100400 V 250400 V
Primary switches (Q1, Q2) IPP6OR600(600 V, 600 m2)
Duty-ratio in the nominal state 0.19 0.38 0.38
DC offset current in the 1.02 0.19 0.19
transformer (I m  ¢..\)
Transformer core PQ2620 (5490 mm?) PQ2020 (2790 mm?) PQ2020 (2790 mm?) PQ2020 (2790 mm?)
Turns-ratio (n) 40:20:20 62:26:26 81:20:20 81:20:20
Voltage stress of rectifier diodel 76V 168V YRRY YRRY%
V1)
Voltage stress of rectifier diode2 324V 168 V 122V 122V
Vp2)
Rectifier diode (D7) MBR20150CTP (150 V, 0.75 V)  MBR40250G (250 V, 0.8 Vi)  MBR20150CTP (150 V, 0.75 Vg) ~ MBR20150CTP (150 V, 0.75 V)
Rectifier diode (D) MBR40250G (250 V, 0.8 Vy) MBR40250G (250 V, 0.8 Vp) MBR40250G (250 V, 0.8 Vi)

IDT12S60C (600 V, 1.2 Vi)
Additional switch (@ 4 ) _
Additional diode (D 4 ) —

IPP60R600 (600 V, 600 mS2)
MBR4 0250 (250 V, 0.8 Vi)

TPPSOCN1ON (100 V, 80 mS2)
MBR20100CTG (100 V, 0.8 Vi)

TPPSOCNION (100 V, 80 m€2)
MBR20100CTG (100 V, 0.8 Vi)

Link capacitor (C'p,ink ) 164 uF 164 uF 164 uF 164 uF
Hold-up time 48 ms 48 ms 72 ms 48 ms
r\—-_ ‘ i'll[.._ ! r|' | #\_
Va1(10 V/d{lg) {  Vao(10V/div) | _ | Vai(1 GVIi:\:} vaz(ny/d;v)
> > rv

\ f’Lm_offser e
> \aa A

w——— /. (200VINT

;’ \.’M ‘ Vi1(200V/div) ,-'*.‘:A M

AA
YY Yy A

(a)

Fig. 7.

in the nominal state with a full load condition (400-V input,
45 V/3.3 A output). As mentioned before, the conventional
AHB converter has a large DC offset current I7,, offset 1N
the transformer due to the small duty-ratio of @}; as shown
in Fig. 6(a). Additionally, because of the small transformer
turns-ratio, it has the large primary RMS current and large
voltage stresses on the rectifier diodes. On the other hand, as
shown in Fig. 7(b), the proposed converter has a small 7, ofrset
since the proposed converter operates with the large duty-ratio.
Also, the primary RMS current and voltage stresses on the
rectifier diodes are considerably reduced compared with the
conventional AHB converter. Although the duty-ratio of the ¢y
is 0.5 in ideal case, it is designed to be slightly smaller than 0.5
considering 120-Hz ripple of the input voltage in actual case.

Fig. 8 shows the waveforms of the transient operation dur-
ing the hold-up time. When AC loss occurs, the boost switch
Q4 is turned on to regulate the output voltage constantly.
As shown in figure, the output voltage is tightly regulated
during the hold-up time while the input voltage decreases
continuously.

Fig. 9 shows the measured efficiencies of the prototype con-
verters in the nominal state. As mentioned before, the proposed
converter achieved the high efficiency in the overall load con-

i Ikg( 2A/di V)
P

—

-‘.N"‘ L".w'.'- _Ua1"" vfmw

(b)

‘Waveforms of the prototype converters with 400-V input, 3.3 A/45 V output. (a) Conventional AHB converter and (b) proposed converter.

Input voltage (50V/div)

AC loss occured

Output voltage (10V/div)
{45V during the hold-up time

Qa tumns on to obtain |
the additional gain

Vas(10V/div)
Yo 1VIIN)

Hold-up time

' Toase = 10ms/div

Fig. 8. Transient operation during the hold-up time.

dition compared to the conventional AHB converter because it
has a small DC offset current in the transformer, a small pri-
mary RMS current, and small voltage stresses on the rectifier
diodes. The boost-cascaded AHB converter also achieved the
high efficiency, but the additional conduction loss at the boost
diode D4 degraded the overall efficiency. Also, the DCS HB
converter has low efficiency compared with these converters
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due to small transformer turns-ratio and additional conduction
losses at switch Q4 and diode Dy .

VI. CONCLUSION

In this letter, a boost-integrated AHB converter is proposed.
The proposed converter integrates a boost converter in the recti-
fier in a new manner. Because the proposed converter can obtain
an additional voltage gain during a hold-up time, it can be de-
signed optimally in the nominal state regardless of the hold-up
time requirement. Furthermore, since the proposed converter
does not cause an additional loss in the nominal state, it can
achieve the optimized efficiency.
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