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Abstract—In this paper, half bridge DC-DC converters with
transformer isolation presented in the literature are analyzed for high-
current and low-voltage applications under the same operation
conditions, and compared in terms of losses and efficiency. The
conventional and improved haf-bridge DC-DC converters are
simulated, and current and voltage waveforms are obtained for input
voltage V4.=500V, output current 15=450A, output voltage V=38V
and switching frequency fs=20kHz. IGBTs are used as power
semiconductor switches. The power losses of the semiconductor
devices are calculated from current and voltage waveforms. From
simulation results, it is seen that the capacitor switched haf bridge
converter has the best efficiency value, and can be preferred at high
power and high frequency applications.

Keywords—Isolated half bridge DC-DC converter, high-current
low-voltage applications, soft switching, high efficiency.

|. INTRODUCTION

ALF BRIDGE (HB) DC-DC converters have been

widely used in power e ectronics applications because of
their simple structure and ease of control. The semiconductor
switches of the conventional isolated half bridge DC-DC
converter turns off with hard switching. The switching
frequency can not be increased because of the turn off |osses
and the oscillation between parasitic capacitance of the power
swithes and the leakage inductance of the transformer [1-10].

In the literature, additional auxiliary circuits are developed
to solve the problems of the conventiona half bridge
converter. The main purpose of these circuitsisto decrease the
turn off losses of the semiconductor switches and parasitic
oscillations.

In this paper, haf bridge DC-DC converters with
transformer isolation presented in the literature are anayzed
under the same operation conditions, and compared in terms
of losses and efficiency. The conventiona converter [1-2] and
the improved converters [3-10] are simulated by PROTEUS
program for input voltage V=500 V, output current 15=450
A, output voltage Vo=38V, and operating frequency fs=20
kHz.
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The power losses of the semiconductor devices and
efficiency values are calculated from current and voltage
waveforms. The advantages/disadvantages of the converters
are discussed comparatively.

Il. ANALYSIS OF HALF BRIDGE Dc-Dc CONVERTER
TOPOLOGIES

At high power and high voltage applications IGBTs are
preferred as power semiconductor switches. 1200V/200A
IGBT is used in the simulations. The IGBT has 20 mj turn off
loss a nomina current. The parameters of the high frequency
power transformer are given in Table |I. The magnetic
coupling of the transformer is accepted idea (M=1), and the
leakage inductance is represented with a seriesinductor.

TABLEI

HIGH FREQUENCY POWER TRANSFORMER PARAMETERS
Turnsratio 31
Primary inductance 450 pH
Secondary inductance 100 pH
Coupling (M) 1
Primary resistance 5mQ
Secondary resistance 1 mQ

A.HB Topology 1

The conventional HB converter [1-2] is given in Fig. 1 and
the simulation results are given in Fig. 2. L¢ is selected as
3uH. In practice, the minimum value of leakage inductance of
the transformer can be realized around 1-2 pH.
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Fig. 1 The conventional HB circuit
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In HB converter, two equal DC voltage sources are i
required. @ and Q power switches are operated %2 N N I S | I S I —
symmetrically. As a result, half of the DC bus agk is s ’
applied symmetrically across the transformer's anm = ]
winding. In order to prevent short circuit, deauiis inserted - e e = e
between the control signals of switches. g o | ‘__lf
5 7
& ] ] * T \ ]
s N N E I — A A S R R
> 5 10 15 20 (za) 30 35 4 45 s ° e 20 2 0 e a0 as
; of/ I\P.__';I/b__j Fig. 4 Waveforms of HB topology 2
> o 5 10 5 2 25 30 35 o s ! : ! ! T e —m— | ]
_ ® = 100 ,
< ool b T ¥ ) | = o
- N i) [ % | g
g [ LI ] | |
B 5 70 s 20 2 30 3% 40 s 3 70 15 20 25 30 36 20 a5
© @
g 5o | ] @;ZE’
0 é 1‘0 I 15 20 25 30 35 IAU 45 ) ?' '237 \l
[C)] H i L L
Fig. 2 Waveforms of HB topology 1 o
E
The power switches are turned on under ZCS dudnégo t )
leakage inductance of the transformer, thus the-durlosses ° L R

are quite low. But the turn off process of the sihvis are
realized under hard switching.

The control signals of the switches, the primarlfage and |, thjs topology, all of the power switches turnwith ZCS

current of the transformer, the voltage and currehtthe  ang tyr-off with ZVS. The turn-off switching lossean be
switch Q, and the output voltage are shown in Fig.2(@}educed significantly.

Fig.2(b)_, Fig_.2(c) and Fig.2(d), respectively. Frdfig.2(c), Switches @ and Q are both driven by 50 % duty cycle,
the switch is turned on under ZCS due to the leakagyith a small amount of dead time. The control sigraf the
inductance of the transformer, and is turned offlarnhard auxiliary switches @ and Qa are the same as the control
switching. signals of the @ and Q switches in conventional HB

B. HB Topology 2 converter. Thanks to;Gand G, all of IGBTs in the circuit is
urned off under ZVS. Qand Q switches are turned on with
CS because of the leakage inductance of the transf.

In this converter, at low load condition, the cafmas G
and G is not fully charged/discharged. As a result, the

Fig. 5 Waveforms of HB topology 2

The circuit scheme of the DC busline active snubbe
assisted HB topology [3] is given in Fig.3 and #dimulation
results are given in Fig.4 and Fig.5.

amt van capacitors directly discharged through thg, @nd Q,, and
ata Q there is a failure risk of IGBT. Additional powesslses occur
e @ won | | L wiap rei | C in this converter due to conduction losses of theiliary
T = przwer | P 2t 5 switches.
; ok [ S C.HB Topology 3

3uH

1 Q w )T Active clamp HB topology [5] is given in Fig.6, anHe
s simulation results are given in Fig.7 and Fig.8.
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Fig. 3 DC busline active snubber-assisted HB tapplo
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This converter is composed of conventional halfdgei
converter, auxiliary switches ;@ and Q,, two snubber @
capacitors ¢ C,, and two additional diodes;PD,. The centre
points of the snubber capacitorg, @, and two additional
diodes 0, D, are connected to half of the DC bus voltage an
one of terminals of primary winding of transformers

D02

Fig. 6 Active clamp HB topology
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In this topology, an active-clamp snubber is added to
conventional HB converter to clamp the leakage inductance
current and damp the ringing during the off-time interval of
the switches. It consists of a conventional HB converter and an
active clamp circuit. The active clamp contains two IGBTs
with body diodes (Q.4 and Q,4), two diodes (D; and D,), and
a capacitor Cg. The capacitor Cg is connected in series with
the primary winding of the transformer. Cg acts as a voltage
source to absorb the energy in the leakage inductance.
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Fig. 7 Waveforms of HB topology 3
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Fig. 8 Waveforms of HB topology 3

In the off-time interval of the switches, the energy which is
stored in the transformer leakage inductance is transferred to
capacitor Cg. The ringing is eliminated and the ringing losses
are minimized. The body diodes of the main switches never
conduct. As aresult, the reverse recovery losses of the diodes
are minimized.

Auxiliary switches are turned on and turn off with ZVZCS
and the switching losses of the auxiliary switches are low. The
conduction losses can be neglected because it operates in a
small duration of the switching period.

The value of capacitor Cg should be small enough to fall the
primary current to zero. Thus, the voltage across the capacitor
is high. This voltage is reflected on the output voltage. The
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selection of the capacitor value is determined according to the
primary current and the leakage inductance vaue. In this
converter, the generation of the control signals is more
difficult than conventiona ones. This operating mode cannot
be guaranteed in transient state.

D.HB Topology 4

The switched capacitor snubber HB DC-DC converter
topology [10] that uses two auxiliary switches (Qia-Q24), and
two snubber capacitors (Cs-C,) is given in Fig. 9, and the
simulation results are given in Fig.10 and Fig.11.
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Fig. 11 Waveforms of HB topology 4
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Q14 control signal is applied after;@ignal and removed
before Q signal. Q4 should be removed aftef,ifalls to zero.
Similary, Qa control signal is applied after ,ignal and

Topology 4: In this topology, all the power switches turn on
under ZCS and turn off ZVS. Auxiliary switches tuwn and
turn off with soft switching. By means of the augxily circuit

removed before (ksignal. The conduction loss of the auxiliarythe converter can be operated at very high fregasnc

switches is very low because they conduct curren@afvery
short time. At the same time, the switching loss tlé
auxiliary switches is near zero because they turmmd turn
off with soft switching.

From simulations it is seen that topology 4 hashighest
efficiency. The efficiency of topolgy 2 is the lostebecause of
additional losses. In all these topologies, powssés on the
secondary rectifiers are quite high, and they magdcreased

by using synchronous rectifier structure.

I1l. COMPARISON OFHB TOPOLOGIES

The power losses and efficiency values obtainedh Wit
simulations of the HB converters under the sameditions
are summarized in Table Il.

TABLE Il
THE POWER LOSSES AND EFFICIENCY VALUEOF THE HB CONVERTERS

— N ™ <

> > > >

(@] (@] o (@]

i) i) ke} i)

o o o o

o o 8. o

[ [ [ [
Q1 Losses 3495W  268.1W 2121W 185.9 W
Q2 Losses 3340W 2464 W 2248 W 177.3 W
Q1A, Q2A Losses - 331.0W 76.2 W 71.8W
D1A, D2A Losses - 51.2W 12.8 W -

1

DO1, DO2 Losses 438.1W  4446W  4388W 4466 w[ ]
Total Losses 11216 W 1341.4W 9647 W ss16wW [2]
Efficiency 93.85% 92.79% 94.56% 95.12%

[3]

Topology 1: In this topology, the power switches turn on
under ZCS but turn off under hard switching. Fas tieason,
turn-off losses of the IGBTs are extremely highdahe [4]
efficiency of the converter decreases with incregsi
frequency. In addition, the parasitic oscillatidmnstween the
parasitic capacitor and the leakage inductance ecd&Ml |5
noise. To reduce parasitic oscillations RC snulddeuit is
connected across the primary windings of the tamsér. The
leakage inductance energy is dissipated on the bemub (6]
resistance. As a result, the efficiency of the eoter is
decreased at high frequency.

Topology 2: In this topology, all the power switches turn orl’]
under ZCS and turn off under ZVS. Turn off losséshe
main switches decrease, but additional conductiossds
occur in the auxiliary switches. This converter banoperated (8
at higher frequencies than the conventional coeverfhe
charge/discharge of the snubber capacitors dependhe
output current. Dead time must be adjusted depgnointhe [9]
output current, and this increases control compjexi

Topology 3: In this topology, the main power switches turng
on under ZCS. Auxiliary switches turn on and tuff with
ZVZCS. The switching losses of the auxiliary swéshare
low. In the off-time interval of the switches, thaergy which
is stored in the transformer leakage inductanteisferred to
the capacitor & The ringing is eliminated and the ringing
losses are minimized. The body diodes of the swiahever
conduct. As a result, the reverse recovery losééiseodiodes
are minimized.
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IV. CONCLUSIONS

In this paper, HB DC-DC converters in the literatimave
been examined under the same conditions and cothpare
terms of losses and efficiency. It is seen that ¢hpacitor
switched half bridge converter has the best efficyevalue,
and can be preferred at high power and high frequen
applications.
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