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Abstract

A high efficiency full-bridge converter is investigated and implemented in this paper. The measured data
result from the other converter implemented by IC UCC3895 is to compare with that of the previous conver-
ter. This full-bridge converter proposed and implemented converter can obtain about 96% power efficiency
in conversion procedure when compared with that of 90%, which were ever published by the conventional
techniques. Apart from, the L-C resonance circuits were developed and embedded into the popular PWM
(pulse width modulation) power converter, which is referred as the soft-switching, so as to down sizing the
volume of the IC which can totally reduces the power losses caused in the duration of a semi-con- ductor

switching.
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1. Introduction

It is known that the “hardware switching” has become as
“soft-switching” in the power electronic system, this is
corresponding to the power transfer techniques has trans-
mitted from PWM to switching schemes [1-3]. Thus, the
efficiency in power system can be promoted definitely.
Recently, the technique of integrated circuit is devel-
oped so fast as to decrease the cost quickly. By the way,
the related products become much diversity. Therefore,
in order to satisfy huge of the specifications and/or pow-
er assumption, which could be ranged from the lowest
value 1.5 V up to the highest value above 380 V [4-6].
Traditional a power supply with linear specification has
the characters of lower power density, larger volume,
and achieving the increasing and decreasing voltage at
the output terminal by using of PWM scheme to handle
the conducting time of power transistor [7-10]. In the
present the techniques used to mitigate the transmission
losses. The line winding loses caused at the secondary
side of a high frequency transformer and the post-stage
rectifier diode during the conversion interval [11]. These
transmission losses are equivalent to the production of
forward voltage and forward current. One who can make
sense that the transmission losses occupy most of the part
of all the power losses when the conversion is processing,
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since the increase of the loading current occurred at the
output when some of the rectifier diodes applied. There-
fore, it is known that the transmission losses are playing
the key parameter which deteriorates the efficiency of
the power circuit [12,13].

In this letter we aim in studying and implementing a
power converter with high efficiency (above 96% in
measuring), and the ZVS full-bridge converter IC (ISL
6754), which was developed by Intersil Company, is
applied [14]. The reasons for selecting this conversion
device are that it can be adopted in several field of the
power supply developing, such as power for telecommu-
nication and information, power of base station, power of
file server, and even power of industry. Besides, it can
either obtain null voltage between switching state when
applied in the pre-stage control or it can also applied in
the post-stage for controlling a transistor to act as a rec-
tifier. Thus, by utilizing ISL6754 for both investigating
the synchronization rectifier to improve the efficiency in
transmission and implementing a full-bridge power con-
verter with less 120 W to arrive at the total efficiency
above 96%. The implementing results shown that the
total efficiency can be reach approximate above 90%
when the loading is within the interval of 120 W - 720 W
without large power losses. Such a high efficiency power
converter implemented with synchronization rectifier
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technique definitely obtains the affect of saving power.
The rest of the paper is organized as follows. In Section
2 the introduction of power converter and its control
techniques are presented. In Section 3 the synchroniza-
tion rectifying techniques and the controlling means of
ISL675 are shown. In Section 4 the implemented circuits
with pull-up synchronization rectifying and full-bridge
power converter are analyzed. The completed circuit
systems with all the parameters are illustrated in Section
5. Some measured waveforms and data in the processes
of the experiment are shown in Section 6. There is a brief
conclusion drawn in Section 7.

2. The Framework and the Designed
Parameters

It is known that the ZVF converter generally has much
complicate structure, since it is built up by at least 4
power transistors for switching. A basic construction of
such configuration is shown in Figure 1. Comparing to
the configuration of a half-bridge voltage converter which
is just constructed by the transistor with lower voltage,
but it has to bear larger current. Inversely, the specified
current can be selected in lower values but higher voltage
for the transistor utilized in a push-pull converter. In
words, if the advantages described previously can be
combined together, then a high power converter could be
implemented by the transistor with both lower voltage
and smaller current, and such a circuit structure is re-
ferred as full-bridge converter. In Figure 1 the converter
will stay in the state of so-called flying-wheel model in
which the paired switching transistors at the same side
will be turned on simultaneously, e.g. the two QA and
QC at the upper arm or QB and QD at the lower arm.
The null voltage happens at the state of the flying-wheel
model because the primary of the transformer becomes
as short circuit. In addition, a short period of delay time
should be added into the signal duration as the switching
state, i.e. the 4 transistors are both staying in cut-in or
cut-off state, for the reason to generate resonance func-
tion in the circuit.

)
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Figure 1. Zero voltage full-bridge switching converter.
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The requirements for switching power transistors:

Some of the parameters of that MOSFET are listed in
Table 1.

The main function of a transformer is to pull up the
output voltage, to transmit the energy, and to reach at the
isolation between the input and the output in the ZVS.
Accordingly, the core of a transformer should not only
be selected with high conduct magnetic coefficient, but
the saturation flux density also should be the necessary
condition. Thereafter, the larger operation space of flux
can be obtained. A high frequency transformer with EE-
type core is applied in the study so as to gain high capac-
ity above 720 Watt, the operating frequency and the effi-
ciency are about 100 KHZ and 90%, respectively.

Accordingly, the power switch has two types of driver
that are direct driver and the indirect driver. Apart from,
the isolate driver is then divided as magnetic isolation
and photo-electronic isolation. Though the latter one has
the advantages as small volume size and simple configu-
ration, it exist bad capacity in suppressing the common
mode and both lower transmission and photo coupling
speed. Recently, a driver IR2110 developed by the com-
pany IR has the advantages including both photo-coupling
isolation (smaller volume) and electronic magnetic isola-
tion (faster response speed). The specifications of IR2110
can refer to [14]. The applying of isolation driver with
IR2110 driver in ZVS converter is presented in Figure 2.

3. Results from Implementation and
Measurement

In the implementation the former and the latter construc-

Table 1. Some important parameters of IRFP460.

Type
nuri]lll;er Vos o RDS(DH) Ce Cos Q,
IRFP460 500V 20A 0.270Q 4100 pf 480 pf 120 nC
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Figure 2. Isolation driver constructed with single bridge
IR2110.
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tion are completed with a synchronization rectifier con-
verter IC, Intersil ISL6754, and a resonance converter IC,
Texas Instruments UCC3895, respectively. Moreover, all
the specifications of the two converter IC are describer as

Burst waveform
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follows, input voltage (V,,): DCO V - DC300 V, output
voltage (V,, ): DC120 V, maximum output current (I, ):
6 A, switching frequency (fs): 100 kHz and the output
power range: 120 W - 720 W.
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Figure 3. (a) The waveform before C,q stalled; (b) The waveform after C,o installed.
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3.1. The Implemented Circuit with UCC3895

Four divisions are planned for the implemented circuit
with UCC3895 including pre-stage input, post-stage out-
put, UCC3895 switching, and driver with IR2110.

The rectifier and filter circuits are involved in the
post-stage, and in which are composed by a U30D60D
diode and a -type filter, respectively. It is worthy to note
that the post-stage is always burn down before the C,,
is installed. By measuring with the OSC scope, the phe-
nomena looked for the reason that caused by the burst
waveforms as shown in Figures 3(a) and 3(b). The IC
UCC3895 is one controller used to modulate the phase
shifter with the scheme of PWM (Pulse width modula-
tion). The oscillator output with a UCC3895 is shown in
Figure 4 in which the components C; and R; are
constructed to adjust the operation frequency. The full
implemented circuit is shown in Figure 5. The operation
frequency can be determined by

_3RCrons (1)
48
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obtained and listed in Table 2 by measuring and calcu-
lating in the experimental procedure. Once the fixed fre-
quency is decided, the values of C; and R; can to be
calculated. Some referenced values of C; is listed in
Table 2. Hence, the R; is also can be determined by
the formula written as

REF V,,.

RT

%R‘. e

8 X Iy

\
B |

13

T b by O CLOCK
. N —QDK L
11 TG . R -
SYNC Hi 02 VV—EE CLOCKR T
< 1

Figure 4. The oscillator circuit with UCC3895.

Table 2. Measured and calculated frequencies values in
UCC3895.

Frequencies by  Frequencies by

C .
e T Rr measuring calculating
For example, the operation frequency Ty, =90 kHz 100 K 107 K 104 K
can be figured out. by the substitution gf C, =70pf 450 pF 120 K 90 K 87K
and R; =120 kQ into the previous equation.
. . . 200 K 55K 52.6 K
Several different frequencies generate in UCC3895 are
R35
390R
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Figure S. The completed implemented circuit.
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0.47+0.07,/47.17=5x10* xC; x f,
CT x fosc

I

Ry 2
Four different output waveform are illustrated as
OUTAI1, OUTBIi, OUTCi, OUTDi:. It is clear to under-
stand that the phase shift happens in OUTAI1, OUTBI is
caused by OUTCi, OUTDi, respectively, and this is
completed (or modulated) at the pin 20 of UCC3895.
However, the values of phase shift change insignificantly,
see Figure 6, when try to increase the loading and the
loading feedback voltage is adjusted to Vg =1 V.

It is well known that a MOSFET is derived by voltage
when it is playing as a switch. Thus, in this implementa-
tion the cross threshold voltage of the MOSFET in the
full-bridge converter is applied to promote the input vol-
tage from 5 V to 15 V. The main specifications of
IR2110 are claimed as follows, 1) a dual input and dual
output IC, 2) null dead time embedded, 3) the difference
voltage can approach 500 V, 4) output voltage is 10 V -
20 V, (5) the switch time (ton/t[Jff ) is 120 ns/94 ns.

The block diagram of the implemented driver is shown
is Figure 7 in which the driver of IR2110 will notice Hi
and Lo signals to ZSV converter while UCC3895 pass
over the signal to. Then the full-bridge converter is com-
prised by these two aforementioned.

3.2. Designing 1SL6754 Circuit
In this subsection including pre-stage input, post-stage

output circuits and the frequency of ISL6754, and IR2110
driver are planned. The planning circuit of ISL6754 is
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shown in Figure 8 in which the output voltage can han-
dled by adjusting the V gz voltage values, i.e. the out-
put voltage of OUTUL, OUTUR, OUTLL, OUTLR,
OUTUL, OUTURs could be controlled as periodical
rectangular waveforms.

As shown in Figure 9 the waveforms of OUTUL,
OUTUR, OUTLL, OUTLR are different each other and
those waveform depend on the voltage value of Vg,
which is arranged in the interval 1 V - 5 V. The least
energy state stays at Ve =1V in which OUTLR and
OUTLL modulate OUTUR and OUTUL, respectively as
shown in Figure 9.

The sequences of synchronization rectifier for 1SL6754
are achieved by OUTLLN and OUTLRN. Hence, the
rectifying diodes in the post-stage have to be replaced by
MOSFET in order to active as a rectifier. The waveforms
of OUTLLN and OUTLRN are measured and illustrated
in Figure 8 with the value of Vg =1V . In Figure 10
the waveform of OUTUL is marked 1, waveform of
OUTLR is marked 2, and waveform of OUTLLN and
OUTLRN are marked 3 and 4, respectively. Alternately,
in Figure 11 shows the waveforms with the condition of
Verg =5 V, and the shown order is same as that of Fig-
ure 10.

4. Analysis of Experimental Results
The implementation of the converter developed in this
paper can be applied in high power converter. The cir-

cuitinfrusture is so-called pull-up synchronizing rectifier
full-bridge converter which by using of post-stage syn-
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Figure 6. Four output waveforms in UCC3895 when Vggg =1 V.
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> Hi g up convlerter tq pull up the input voltage. A synchroniz-
IR2110 Lo ing rectifier with the unchangeable duty-cycle 50% for
UCC3895 Full-bridge the main switch is built up at post-stage. The measured
L _Hi g | converter data of two power converters, which has the same power
> IR2110 Lo o, conversion range 120 W - 720 W, are compared and
analyzed.
Figure 7. The block diagram of the implemented driver. In the first one, the conversion switch UCC3895 is

employed to set up a power switch which applies the
chronizing rectifier to promote the full efficiency. The traditional power control, and the U30D60D is adopted

adjustable output voltage, V,, , is obtained by the pull- as a power diode set up at the post-stage. Then, the other
® 1| VREF SS R0
2| VERR VADIJ 19 2
VRI __ 3| CTBUF VDD 18 —gY}
10K 4/ RTD  OUTLL [l7_Bi 104
Cl1—1— 4— ___ 5| RESDEL OUTLR [l6 Di —
6| CT OUTUL [15__Ai 104
104 :
7] FB OUTUR [14_Ci
9 8] RAMP OUTLLN [13 Fi
9| Cs OUTLRN [I2__Ei
10| 1OUT GND |11
ISL6754
R1 46K
[
C3 2
e 331 104
R2 10
) R4 10K R3 10;
Figure 8. ISL6754 control circuit.
File Edit Vertical Horizfacqg Trig Display Cursors Measure Masks Math MyScope Utiities Help
Run Sample ar
i ‘
OUTUL
OUTLL
OUTUR
OUTLR

chi 20.0Y

Figure 9. Four different output waveforms of ISL6754, when Vgrr =1 V.
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Figure 10. The 4 measured waveforms with Vggr =1 V.
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Figure 11. The 4 measured waveforms with Vggr =5 V.

one built up with Intersil ISL6754 named as ZVS power
converter in which the PWM scheme is used as the pow-
er controlled switch, and the usage of MOSFET is to
complete the function of synchronizing rectifier. The
specifications of these two power converters are figured
out as follows, input voltage (V,,): DCO V - DC300 V,
output voltage (V,,
100 KHz, core of the transformer: EESS.

The resistance loading is applied to the implementa-
tion in which each branch resistance is assigned to 120 Q/

Copyright © 2011 SciRes.

): DC120 V, switching frequency (fs):

200 W. With the lower and higher loading, the output
power may be evaluated as 123.83 W and 685.58 W,
respectively. The power plots of UCC3895 are illustrated
in Figure 12, it is valuable to note that the conversion
efficiency is going to decrease when the power is over
240 W, and the power efficiency can’t be maintained
above 90% when the power is over 600 W.

The measured data results from input voltage and
output current of ISL6754 converter are listed in Table 3.
In words, the power generated at output are 128.06 W
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Figure 12. Power vs efficiency plots of UCC3895.

Table 3. The measured results of the implementation of
ISL6754.

Assigned

120W 240 W 360W 480W 600 W 720 W
Measured

data

vV, (V) 5232 60.52 66.82 7452 80.82 87.42
I, (A) 252 418 573 7.04 807 881
R, (W) 131.84 252.97 382.87 524.62 652.21 770.17
Vo (V) 120.7 120.2 120.6 1203 1204 120.1
Lo (A) 1.061 1.994 2933 3.994 4973 5.798
P (W) 128.06 239.6 353.71 480.47 598.74 696.33

p
U:PL”‘XIOO% 97.13 9472 9238 91.58 91.8 90.41

in

and 696.33 W corresponding to the lower value and
higher loading value.

The comparison of power efficiency:

As the fact claimed that the conversion efficiency will
decrease to below 90% when the power converted by
UCC3895. Thus, the efficiency will approach to much
less while the loading increase. In contrast, the conver-
sion efficiency can be still always kept in about 90%
when the power is over 600 W for ISL6754.The almost
same values of power can be achieved with different IC
such as UCC3895 and ISL6754 as along as the values at
Pinl and Pin2 are almost equivalent. Apart from the
analysis of the power efficiency for the two different
scenario are presented in Figure 13 in which Pinl and
Poutl are assigned as input power and output power of
the converter UCC3895, respectively. With the same
assignment Pin2 and Pout2 indicates the input and output
power of the converter ISL6754, respectively.

The range of the loading at the output is controlled in
the interval 120 Q - 20 Q for the two converters, and the
loading is held in 1 A - 6 A. It is reasonable to describe
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Figure 13. The comparison of efficiency for the two differ-
ent circuit, where n1: UCC3895, n2: ISL6754.

some fact from Figure 13 as follow, 1) the converter
equipped with ISL6754, which has the ability of syn-
chronizing rectifier, can gain high electrical conversion,
since above 90% conversion efficiency can be obtained
in such an implementation, 2) both the switch on oppo-
site side can arrive at the rules of ZVS for whichever of
UCC3895 or ISL6754 converter during the switching
time, and the highest power efficiency of 96.64% and
97.13% can be achieved, respectively. This fact de-
scribes that the soft switching technique definitely can be
employed to improve the problem of switching power
losses, 3) in terms of solving the critical issue of conduc-
tion losses caused by the rectifying diode with heavy
loading, the ISL6754 converter illustrates more signifi-
cant in improving the power efficiency than that of
UCC3895, since the former one own the converter has
the ability of synchronizing rectifier.

5. Conclusions and Suggestions

It is well known that the converter with a synchronizing
rectifier can create high conversion efficiency just when
the loading is light. Nevertheless, it should be possible to
developed an alternative way which the synchronizing
switch can be powered off during the loading is lower
than a threshold value, and in order to break off the syn-
chronizing switch just by using parasitic diode to estab-
lish a complete rectifier to avoid the switching losses.
The volume size is also a problem for considering in cost
effective direction. Finally, to joint PFC (power factor
correction) technique for developing high quality power
converter providing to all the consumers is one of the
important targets for all the countries in the world. Cer-
tainly, one part is to promote the capacity in power sup-
porting and the other part to increase both the power
factor and the power efficiency are necessary for the best
total solution.

ENG



J.1-Z. CHEN

6. References

(1]

S. H. Chung, S. Y. Hui and W. H. Wang, “A Zero-Cur-
rent-Switching PWM Fly-Back Converter with a Simple
Auxiliary Switch,” IEEE Transactions on Power Elec-
tronics, Vol. 14, No. 2, March 1999, pp. 329-342.
doi:10.1109/63.750187

Y. Xi and P. K. Jain, “A Forward Converter Topology
Employing a Resonant Auxiliary Circuit to Achieve Soft
Switching and Power Transformer Resetting,” IEEE Tran-
sactions on Industrial Electronics, Vol. 50, No. 1, Febru-
ary 2003, pp. 132-140.

A. 1. Pressman, “Switching Power Supply Design,”
Switch-Tronix Power, Inc.

P. Alou, J. A. Cobos, O. Garcia, R. Prieto and J. Uceda,
“A New Driving Scheme for Synchronous Rectifiers:
Single Winding Self-Driven Synchronous Rectification,”
IEEE Transactions on Power Electronics, Vol. 16, No. 6,
November 2001, pp. 803-810. doi:10.1109/63.974378

B. S. Lim, H. J. Kim and W. S. Chung, “A Self-Driven
Active Clamp Forward Converter Using the Auxiliary
Winding of the Power Transformer,” IEEE Transactions
on Circuits and System-Il: Express Briefs, Vol. 51, No.
10, October 2004, pp. 549-551.
doi:10.1109/TCSI1.2004.836039

M. T. Zhang, M. Jovanovic and F. C. Y. Lee, “Design
Considerations and Performance Evaluations of Syn-
chronous Rectification in Fly-Back Converters,” IEEE
Transactions on Power Electronics, Vol. 13, No. 3, May
1998, pp. 538-546. doi:10.1109/63.668117

N. Yamashita, N. Murakami and T. Yachi, “Conduction

Copyright © 2011 SciRes.

[11]

339

Power Loss in MOSFET Synchronous Rectifier with Pa-
rallel-Connected Schottky Barrier Diode,” IEEE Trans-
actions on Power Electronics, Vol. 13, No. 4, July 1998,
pp. 667-673. d0i:10.1109/63.704135

M. Jovanovic, M. T. Zhang and F. C. Lee, “Evaluation of
Synchronous-Rectification Efficiency Improvement Lim-
its in Forward Converters,” IEEE Transactions on Indus-
trial Electronics, Vol. 42. No. 4, August 1995, pp. 387-
395. doi:10.1109/41.402478

Y. Panov and M. Jovanovic, “Design and Performance
Evaluation of Low-Voltage/High-Current DC/DC On-
Board Modules,” IEEE Transactions on Power Electron-
ics, Vol. 16, No. 1, January 2001, pp. 26-33.
doi:10.1109/63.903986

B. I. Kwon, S. J. Park and S. C. Park, “Forward Conver-
ter Analysis by the Method of Coupling Electromagnetic
Field with Hysteresis and Circuit Equations,” IEEE
Transactions on Magnetics, Vol. 36, No. 4, July 2000, pp.
1426-1430.

Y. Xi and P. K. Jain, “A Forward Converter Topology
with Independently and Precisely Regulated Multiple
Outputs,” IEEE Transactions on Power Electronics, Vol.
18, No. 2, March 2003, pp. 648-658.

C.-S. Leu, “Improved Forward Topologies for DC-DC
Applications with Built-In Input Filter,” Ph.D. Disserta-
tion, Department of Electrical Engineering, Blacksburg,
Virginia, 24 January 2006.

UCC3895 Data Sheet.

Intersil ISL6754 Data Sheet.

ENG



