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Abstract

A new output inductor less phase shift full bridge converter with
current reduction technique for server power application is proposed
in this paper. The proposed converter can reduce the current stress
by using the auxiliary circuit. Since the auxiliary circuit causes the
additional resonance between the leakage inductor and auxiliary
capacitor before the powering period, the proposed converter has
lower current stress even no output filter inductor. Small size and
circulating energy can be also the merits of the proposed converter.
The operational principles and analysis are presented. Experimental
results demonstrate that the current stress can be reduced effectively
by using the auxiliary circuit without large output filter inductor.

1. INTRODUCTION

Recently, it is trend to design server power supply with server
system infrastructure (SSI). The common way is that a boost
converter as PFC stage rectifier the AC line to 380VDC or higher
and the front-end dc-dc converter converts the 380VDC to 12VDC.
After that, the dc-dc modules regulate 12VDC to whatever voltage
needed.[1] Generally, since the input voltage of dc-dc modules is
the same as the output voltage of PFC stage, one of characteristics in
dc-dc modules can be the high input voltage. In addition, dc-dc
modules for server power supply must supply the high output
current. Thus, the secondary side of transformer in dec-dc modules
not only should be simple structure with few components, but also
operates symmetrically for the balanced voltage/current stress. Until
now, several de-dc converters, which can realize the high efficiency,
small size, and high power density, have been proposed for the
front-end dc-dc converter. Among them, one of good solutions is the
phase shift full bridge (PSFB) converter which has been widely
discussed to reduce component current/voltage stress and to provide
the zero voltage switching (ZVS) operation of all power
switches.[2-4] Generally, the output filter inductor is reasonable to
reduce the current stress of both primary and secondary side of the
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Fig. 1: Circuit diagram of the proposed circuit
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transformer, because the front-end dc-dc converter with low output
voltage and high output current is needed.[1] However, it also
makes the large power loss, such as the core loss and conduction
loss, bulky system, and increased cost. Moreover, the considerably
large circulating energy is inevitable to achieve the ZVS operation.
To avoid using the output filter inductor, another good solution is
frequently the full bridge LLC resonant converter which shows
many unique characteristics such as simple structure, excellent ZVS
performance, and low voltage stress of primary power
switches.[5-6] Even such good advantages, it still has some
difficulties to apply to server power supply. This converter not only
has a small magnetizing inductor, but also operates in the below
resonance mode with the narrow powering period, in order to have a
narrow variation of switching frequency.[5-6] This results in
considerably higher current stress and lager conduction loss of both
side of the transformer. Besides, the large output capacitance
induced by the large current stress causes it to be bulky. To
overcome above all problems effectively, we propose a new current
stress reduction technique in PSFB converter without the output
filter inductor for server power supply as shown in Fig. 1. The
circuit diagram of proposed converter is very similar to those of the
conventional PSFB converter with no output filter inductor except
the auxiliary circuit. Since the output filter inductor doesn’t exist in
the proposed converter, the secondary side of the transformer is
operating in discontinuous conduction mode (DCM). To reduce the
current stress, the leakage inductor, Ly, additionally resonates with
the auxiliary capacitor, C, by controlling the auxiliary switches, My
after the commutation of SR; and SR, is finished. This results in
both the primary and secondary current of the transformer is rapidly
built up before powering. Therefore, although there is no output
filter inductor, the current stress can be the almost same as that of
conventional PSFB converter and much smaller than that of full
bridge LLC resonant converter. In addition, the proposed converter
has considerably smaller circulating energy compared with that of
conventional PSFB converter. Thus, the proposed converter can be
expected to eliminate the large output filter inductor effectively, to
have small current stress and small circulating energy, and can
realize the high power density, high performance and high
efficiency.

2. OPERATIONAL PRINCIPLES
Fig. 2 shows the key waveforms of the proposed converter. The
operation of the proposed converter can be divided into ten modes.
One switching cycle of the proposed circuit is divided into two half
cycles, ty~ts and ts~t;,. Since the operational principles of two half
cycles are symmetric, only the first half cycle is explained. A half



cycle can be divided into 5 modes and its equivalent circuits are
shown in Fig. 3. The switches of leading leg (Q, and Q3) and lagging
leg (Q; and Q,) are turned on and off alternately with the constant
duty ratio. The phase difference between both legs determines the
operational duty cycle of the converter, where DT is the
operational conduction time and Dg,T; is the phase shifted time. To
illustrate the steady state operation, two assumptions are made as
follow:

m The power switches such as Q,, Q,, Qz, Q4, SRy, SR,, and M,
are ideal except for their internal diodes and output capacitors,
Coss-

m The output voltage V, is constant during a switching period.

Mode 1 (to~t;): After the ZVS of Q, is achieved and the auxiliary
switch, M, is turned on, Mode 1 begins. During this mode, since the
leakage inductor, Ly, is resonated with the auxiliary capacitor, Ca,
the primary current, I is increased rapidly. Concurrently, the
secondary current, which flows through the auxiliary circuit, is also
increased rapidly during very short time. Thus, during mode 1, the
primary current can be expressed as follows:
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where, @r=1/n+LugCa.

Mode 2 (t;~t,): After SR, is turned on, mode 2 begins. Since SR,
is turned on, the power is transferred to output. During this mode,
both the primary and magnetizing current can be expressed as
follows:
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Fig. 2: Key waveforms of proposed converter
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Fig. 3: Equivalent circuits of proposed converter, (a) Mode 1 (b) Mode 2 (c)
Mode 3 (d) Mode 4 (e) Mode 5
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In this case, SR, is turned on at the quarter period of the resonant
period which is induced by Ly, and C,. Since the current which
flows through the auxiliary circuit, can be a half sinusoidal
waveform, the auxiliary switch, M, can be turned off at half
resonant period.

Mode 3 (t~t3): After Q, is turned off, the primary current, I,;
starts to charge and discharge the output capacitors of Q; and Qs
respectively. When the voltage across Qs becomes 0V, I,;; begins to
flow through the internal diode of Q;. Concurrently, the voltage
across the transformer primary side V,, is decreased to OV and the
voltage across Ly, is also decreased. Thus, the primary current is
decreased with the slope of —V,/nLy,. When the primary current is
the same as the magnetizing current, mode 3 is finished.

Mode 4 (t3~t;): After the primary current is the same as the
magnetizing current, the mode 4 begins. When the primary current,
L. is smaller than the magnetizing current I;,,, SR, is turned off.
After that, the secondary side of transformer can be regarded as the
open circuit. Thus, the freewheeling current of primary side is the
same as the magnetizing current. At the same time, since the voltage
across the primary side of transformer is equal to 0V, both the
primary and magnetizing current is maintained to be the value
before. During this mode, the ZVS of Q; can be achieved.

Mode 5 (t4~ts5): After the Q, is turned off, Mode 5 begins. During
this mode, the magnetizing current starts to charge and discharge the
output capacitors of Q, and Q, respectively. Thus the proper dead
time is needed for the ZVS operation of lagging leg switches.

The circuit operation of ts~t;y is similar to that of ty~ts.
Subsequently, the operation from t, to t,q is repeated.

3. ANALYSIS & DESIGN CONSIDERATIONS
Fig. 4 (a) shows the equivalent circuit when the auxiliary circuit is
operating. From this figure, the resonant current which is induced by
the resonance between the leakage inductor and auxiliary capacitor
can be obtained as follows:

n*Cu

Ipm'(t) =Vs (4)
To obtain the DC conversion ratio, we assume that one switching
period can be divided into two periods such as DT and Dy, Ts. In
addition, the period DT starts at the quarter resonant period so as
to the secondary current can be increased from the peak value of
resonant current as shown in Fig. 4 (b). From the above assumptions
and the equation (4), the secondary current can be expressed as

sin vt .
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follows:
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Therefore, the output current, I which is the same as the average
value of secondary current can be expressed as follows:
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Fig. 4: Figure for analysis, (a) Equivalent circuit (b) Simple current
waveform
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Fig. 5: Experimental waveforms, (a) 50% load condition (b) 80% load
condition (c) full load condition
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From the equation (6), we can obtain the DC conversion ratio as
follows:
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From the equation (7), the turn ratio of transformer can be hardly
obtained. The auxiliary capacitance, C, is can be obtained as follow:
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4. EXPERIMENTAL RESULTS

A 700W prototype of the proposed converter has been built for
the experiment. Fig. 5 shows the experimental waveforms at 50%,
80%, and full load. As can be seen in Fig. 5, since the leakage
inductor is resonated with the auxiliary capacitor, the primary
current is increased rapidly before the powering period. This results
in less current stress in each component. On the other hand, as the
load goes to light load, the variation of operating duty is getting
wide compared to that in case of conventional PSFB converter. This
is because the secondary side of proposed converter is operating in
DCM. In addition, before the powering period the leakage inductor
is always resonated with the auxiliary capacitor as long as the
auxiliary circuit operates. Thus, even though the load is light load,
both the primary and secondary current is rapidly increased as much
as in case of full load. This makes the power loss in the auxiliary
circuit be constant in any condition. Therefore, the proposed
converter shows the lower efficiency at the light load. However, the
proposed converter shows the higher efficiency than that of
converter PSFB converter in heavy load. This is because the
proposed converter shows the lower current stress in each
component.

5. CONCLUSIONS

A new output inductor less PSFB converter for server power
application is proposed in this paper. The large output filter inductor
is eliminated in the proposed converter so as to reduce the core loss
and conduction loss as well as the size. However, the current stress
in both the primary and secondary side is increased because of the
lack of output filter inductor. In the proposed converter, the
resonance between the leakage inductor and auxiliary capacitor
makes the current stress reduced as much as that of conventional
PSFB converter. Before the powering period, the leakage inductor is
resonated with the auxiliary capacitor with the operation of auxiliary
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circuit. This causes both the primary and secondary current to be
increased rapidly. Thereby, the increase of current stress shows
some limitations during the powering period. A prototype has been
experimented to prove the validity of the proposed converter. On the
other hand, the proposed converter has the narrow operating duty at
light load compared to that of conventional PSFB converter. This is
because the secondary side of proposed converter is operating in
DCM. Additionally, as long as the auxiliary circuit operates, the
leakage inductor is always resonated with the auxiliary capacitor
before the powering period. Thus, the variation of operating duty is
getting wide according to load variations. Therefore, the efficiency
of proposed converter is lower than that of conventional PSFB
converter at light load. However, in heavy load, the proposed
converter shows the higher efficiency because of the lower current
stress. Therefore, the proposed converter demonstrates its suitability
as a dc-dc module for server power supply owing to its small size,
low cost, and high efficiency.
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