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Phase-Shifted Full Bridge(PSFB) DC/DC Converter with a Hold-up Time
Compensation Circuit for Information Technology (IT) Devices

Kang-Hyun viT

Abstract - A hold-up time compensation circuit is proposed to get high efficiency of the front-end
phase-shifted full bridge DC/DC converter. The proposed circuit can make the phase-shifted full bridge
front-end DC/DC converter built with 0.5 duty ratio so that the conduction loss of the primary side and
voltage stress across rectifier in the secondary side are reduced and the higher efficiency can be obtained.
Furthermore, the requirement of an output filter significantly can diminish due to the perfect filtered waveform.
A 12V/100A prototype has been made and experimental results are given to verify the theoretic analysis and

detailed features.
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1. Introduction

is very important
in a power supply for the information
(I personal
server computers or telecommunication

Energy conversion efficiency
concern
technology equipment such as
computers,
equipments. As shown in Fig. 1, some consortiums
have recommended higher efficiency every year.
Therefore, the efficiency of the power system is the
most critical part in IT devices.

The power system for the IT apparatus is generally
distributed power system (DPS), which is composed
of a power factor correction (PFC) AC/DC stage, a
front-end DC/DC converter and point of load (POL)
converters as shown in Fig. oM The front-end
converter is important part to transfer huge energy
from a link capacitor in the PFC stage to the system
so that it is crucial part to get high energy

conversion efficiency. The front-end converter has
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width modulation (PWM)
half bridge
converter, an active clamped forward converter, and a

phase-shifted full bridge (PSFB) converter to get
[2-6]

employed the pulse
converters such as an asymmetrical

reduced switching loss

However, a hold up time satisfaction is special
requirement, which the power supply is remaining the
output voltage during 20ms after ac line is lost in the
IT devices. As the link voltage of the PFC stage is
decreased after ac line is lost, the front-end DC/DC
converter has to be designed to coverage wide input
range as shown in Fig. 3. So, when the ac line is
live, the operation condition is poor with a small duty
ratio, a small turn ratio of a transformer, high current
stress in the primary side and high voltage stress of
rectifiers in the secondary side. It can be an obstacle
to get high energy conversion efficiency in the PWM
front-end DC/DC converter.

In this paper, a strategy for the high efficiency of
the front-end DC/DC converter will be discussed. The
almost power loss in the DC/DC converter is the
loss and the switching If the
maximum duty cycle, 0.5, can be used, the conduction

conduction loss.

loss in the primary side of the isolation transformer
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Fig. 1 Required efficiency by Climate Savers
Computing Initiative (CSCI)
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will be minimized. If an additional circuit is operated
only when the ac line is lost, the higher efficiency
can be obtained when the ac line is live and the hold
up time specification can be satisfied. In the prior
approach, the secondary turn ratio of the isolation
transformer is changed by additional
(78 Another approach is
applying auxiliary boost converter for extending hold
up time!

switching
devices in secondary side

. The prior approaches use the high cost
devices and apply additional power supply for the
hold up time extension so the cost and the volume of
the power supply are increased. Therefore, a hold up
time compensation circuit is proposed to improve the
power conversion efficiency in the normal operation
state with simpler structure than that of prior
approach in this paper. The proposed circuit can help
the PWM converter to get high efficiency without
considering the input range. When the ac line is lost,
the shortly
compensate the hold up time specification. In addition,
this hold up time extension circuit can be adapted to
other front-end DC/DC converter. To verify the
advantages, the theoretical the
experimental results with applying the proposed circuit
in the PSFB converter will
12V-100A prototype.

hold up time extension circuit can

analysis  and

be shown with a

2. The proposed converter

Fig4 shows circuit diagram and key waveform of
the PSFB converter with the proposed hold up time
compensation circuit. The hold up time extension
circuit has two auxiliary switches and one transformer
in the primary side of the isolation transformer. In the

normal operation, ac line on, the hold up time

Hold-up time compensation cell
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Fig. 4 Proposed PSFB with the hold up time extension circuit
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extension circuit i1s not operated so the operation of
the proposed converter is same with the conventional
PSFB converter which has the maximum duty ratio.
The operation of the proposed converter will be
considered in the ac line on and the ac line off each
other.

2.1 AC line on

As mentioned above, the proposed PSFB converter
is same with the conventional full bridge converter
with 0.5 duty ratio in the ac line on. As shown in Fig.5 (a),
with that of the
conventional 05 duty ratio full bridge converter.
Therefore, the peak value of the primary current

the primary current is same

ac line on
[ M, M,
[ M, M,
H
A
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Fig. 5 Operational waveform of the proposed circuit

is smaller than that of the conventional PSFB
converter without the hold up time extension circuit
as shown in Fig. 5 (a). The hold up time extension
circuit is not operated, which the S and S» are
turned off and the vad of the auxiliary transformer is
OV. In the normal operation, there are small free
wheeling current in the hold up time extension circuit.

2.2 AC line off

When the ac line is lost, the output voltage is
sustained with the hold up time extension circuit. In
this case, the proposed circuit is same with the
conventional PSFB converter. The regulation of the
output voltage is made by the difference of phase of
the M1 M+ When the auxiliary switch, Ss is turned
on, the additional input voltage is enforced to the
main transformer as shown Fig. 5 (b). Since the ac
line is lost, the input voltage of the proposed
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Fig. 6 Simplified conduction path of the proposed circuit in
each mode
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converter is decreased but the primary voltage of the
main transformer is not decreased by the hold up
time extension circuit. The turn ratio of the auxiliary
transformer can be the design parameter to satisfy
the hold up time specification and to get high
efficiency. The turn on signal of the supplementary
switches can be made by the logical AND gate with
signal of the main switches.

3. Features of the Proposed Circuit

3.1 Reducing the link capacitance

The link capacitor is the energy storage element to
transfer the PFC output to the front-end DC/DC
converter. The PFC link capacitance can be reduced
by using the hold up time extension circuit. Fig. 7
shows the minimum voltage of the link capacitor after
it takes 20ms to lose the ac line according to the link
capacitance. As the link capacitance is smaller, the
conventional PSFB converter has to cover the wider
voltage range. While we can use the larger link
capacitors to shorten the input range of the front-end
converter, it results in increasing the size and the
cost. We can obtain the high efficiency and the hold
up time satisfaction with the hold up time extension
circuit and the front-end DC/DC converter has to
cover the wide input range with the small link
capacitor. It results from designing the turn ratio of
in the hold up time
extension circuit. Fig. 8 shows the turn ratio of the
link
capacitance. So, the proposed converter can have th

the auxiliary transformer
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Fig. 7 The minimum voltage after 20ms according to
the link capacitance

small link capacitance in the DPS so the low cost
and the high power density can be obtained.

3.2 Reducing the current stress in the primary
side and the voltage stresses on rectifiers

The proposed converter uses the maximum duty
ratio with the smallest turn ratio of the main
transformer so a peak and root mean square (RMS)
values of the reflected output current in the primary
side can be reduced. The peak value of the primary
current can be obtained in the PSFB converter as
follows

Vout TS 1
= —2 (0.5 — 2 |x = 1
DT iy [0 + L (O 5 Dnom) 4 n ( )

o

where Dmm is the duty ratio in the ac line on, Vou
is output voltage, /o is output current, 7s is switching
period and n=N»/Ns is the turn ratio of the main
transformer. Fig. 9 shows the peak value of the
primary current in the conventional PSFB converter
and the proposed converter. Since the duty ratio of
the conventional converter is small according to the
minimum link voltage, the peak value of the primary
current is larger. However, the hold up time extension
circuit can cover the minimum link voltage, thus the
peak primary current value can be reduced during the
AC line on. It results in reducing the conduction loss
in the primary side and core loss of the main
transformer. Since the turn ratio of the transformer
becomes small, the voltage stress of the rectifiers can
be reduced the cost can be less.
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Fig. 8 The minimum voltage after 20ms according to the
link capacitance
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3.3. Reducing the requirement of an output filter

The output inductance design is an issue for
satisfying the output voltage ripple. If the small
output inductance is designed, the volume, the cost
and the power consumption can be reduced. For
example, the output inductance is designed in the
PSEB converters as follows

V,(0.5— D, ;)T
[Lo,rz’pple = I s (2)

where Iroriple 1S an output ripple current, 1o is an
output voltage, Deff'is a effective duty ratio, Lo is an
output inductance and 7s is a switching period. By
the proposed hold up time circuit, Des can be large so
the filter inductance can be reduced with the same
output voltage ripple. It results in the less volume
and the higher efficiency in the front-end DC/DC
converter.

The conventional PSFB converter

The PSFB converter with the proposed circuit
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Fig. 10 Conduction loss comparison in the

transformer with 12V/100A output
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Table 1 Specific Components of a Prototype

Parameters Symbol Value/Part
Input voltage range Vin 320V ~ 400V
Output voltage Vo 12v
Max. power rating Poax 1200W
Turn ratio (T) Np:Na:Ne 29:1:1
Turn ratio (T,) Npa:Naa 4:1
Main Switches M~M, SPP20N60C
Auxiliary Switches S., So SPP20N60C
Resonant inductance Ly 10uH
Output inductance L, 1.5uH
Synchronous rectifier S, S, IRF3206 (6EA)
Transformer core T E13026 (2EA)
Transformer core Ta EI3026 (1IEA)
T Vit 200V/di, T ; .
— N Tpr b " ipric 2A/div
4 [
J
Vs a2 50V ."/(Iiv - vs2 a2 S0V/diy
e | T il | —
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Pt SIS
timescale:2us/div
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(b) The PSFB with the proposed circuit

Fig. 11 Experimental key waveform

3.4 Less power loss in the transformer

As the 05 duty can be designed in the proposed
PSFB converter, the turn ratio, n=Nsi/Np, can be
designed small and the RMS value of the primary
side is less. The transformer loss is consisted of
conduction and core loss. Since the number of the
primary turns is large, the core of the
transformer comes low[w]. Also, the conduction loss or
the transformer is low because the RMS value of the
primary current is small. Therefore, the proposed
circuit has less power loss in the transformer than
the conventional circuit as shown in Fig. 10.

loss

4. Experimental Results

Prototype i1s built to verify the operation and
performance of the proposed circuit with the
12V/100A output. The conventional PSFB converter is
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Fig. 12 The power conversion efficiency with the
load variation

designed with 320V minimum voltage and 1000uF link
capacitance and the proposed PSFB converter is done
with 4:1 turn ratio of the auxiliary transformer to
satisfy the hold up time in 320V input after the ac
line is lost. Fig. 11 shows the key waveform of the
conventional and proposed converter. As expected, the
proposed circuit has about 0.5 duty ratio and smaller
primary current. Also, the voltage stress of secondary
rectifiers is less than that of the conventional PSFB
converter. It results in the higher efficiency as shown
in Fig. 12. The experimental results verify that the
proposed circuit has the superiority in the
performance and efficiency compared with the
conventional converter.

5. Conclusion

The PSFB converter with the hold up time
extension circuit is proposed in this paper. The
proposed converter can be operated in the optimal
point to get high efficiency and performance. It
results in the reduced link capacitor, smaller peak
value of the primary current and less output filter.
Moreover, the proposed circuit has increased the
power conversion efficiency which is most important
in the power supply for the IT equipment. The
proposed hold up time compensation circuit can easily
be employed to other PWM front-end DC/DC
converter. Therefore, it is expected that the proposed
circuit is suitable for the front-end DC/DC converter
for IT devices..

2 20124 ofoistw Wi oAH| X
Holl ofslf AT =ASFHCEL

References

[1] Lee, F.C., Barbosa, P., Peng Xu, Jindong Zhang, Bo Yang

A and Canales, F. [“Topologies and design
considerations for distributed power system applications,”
Proceedings of the IEEE, Vol. 89, Issue 6, pp. 939-930,
June 2001.

[2] Bo Yang, Peng Xu and Lee, F.C, “Range winding for
wide input range front-end DC/DC converter,”
Proceeding of IEEE 16th APEC, Vol. 1, pp. 476-479,
March 2001.

[3] Ki-Bum Park, Chong-Fun Kim, Gun-Woo Moon and
Myung-Joong  Youn,“Voltage Oscillation  Reduction
Technique for Phase Shift Full Bridge Converter,”
Trans. of the KIPE, Vol. 10, No. 6, pp. 598-609, Dec.
2005.

[4] Xin-Lan Li, Yong-Hwan Shin, Jae-Sun Won, Jong-Sun
Kim and Hwi-Beom Shin, “Integrated Magnetic
Transformer for ZVS Phase Shift Full Bridge
Converter,” Trans. of the KIPE, Vol. 15, No. 2, pp.
119-126, April 2010.

[5] Jin-Ho Kim, Jae-Sung Park, Hong-Kwon Kim, Jun-Woo
Park, ong-Saeng Shin, Sang-Keun Ji, Sang-Ho Cho,
Chung-Wook Roh and Sung-Soo Hong, “Phase-Shift
Full-Bridge DC/DC  Converter with  Fixed-Phase
Operation Inverter,” 7rans. of the KIPE, Vol. 18 No. 2,
pp. 117-204, April 2013.

[6] Yong-Saeng Shin, Chung-Wook Roh, Sung-Soo Hong,
and Sang-Kyoo Han, ‘A New Mode Changable
Asymmetric Full Bridge DC/DC Converter having 07100
% Duty Ratio,” Trans. of the KIPE, Vol. 15, No. 2, pp.
103-110, April 2010.

[7] Xiangcheng Wang, Feng Tian and Batarseh, I, “High
Efficiency Parallel Post Regulator for Wide Range Input
DC-DC Converter,” [EEE Transactions on Power
FElectronics, Vol. 23, Issue 2, pp. 82-858, March 2008.

[8] V. G. Gangadhar Phadke, “Circuit for maintaining
hold-up time while reducing bulk capacitor size and
improving efficiency in a power suppy,” U.S. Patent
760121282, June 13, 2006.

[9] Yungtaek Jang and Milan M. Jovanovic, “Hold-up-time
extension circuits,” U.S Patent 3650449782, Jan. 7,
2003.

[10] Chen Zhao, Xinke Wu, Zhaoming Qian, “Design and
Comparison of Two Front-end DC/DC Converters:
LLC  Resonant  Converter and  Soft-switched
Phase-shifted Full-bridge Converter with Primary-side
Energy Storage Inductor,” Proceedings of the IEEE
24th APEC, pp. 1073-1077, Feb. 2009.

ol Z & (FR#)



