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Abstract—Efficient performance of a standard dual active
bridge (DAB) converter with symmetric full bridges in primary
and secondary sides of a galvanic transformer and within a
limited range of voltage conversion gain has been extensively
proven in both industry and academia. However, when a battery
charger system for energy storage or automotive applications
operates at a lower power rating, or whenever a wider voltage
conversion range is required (200 V to 800 V), such efficient
performance is compromised due to the loss of zero voltage
switching (ZVS). The concept of reconfigurable DAB converter
is developed in this work to alleviate such problem. The pro-
posed topology consists of a T-cell branch and a half-bridge
cell in both the primary and secondary sides, which can be
reconfigured as a full- or half-bridge circuit. By incorporation
of SiC-FETs and a recently developed monolithic bidirectional
GaN device in the proposed reconfigurable DAB converter, four
different configurations are extracted aiming to preserve the
ZVS operation with a high overall efficiency for a wide range
of input/output voltage regulation. A planar transformer (PT)
design using Pareto-Front optimization is also carried out for
the galvanic isolation. Working principle of the proposed concept
is discussed, while the design guidance of the PT, and the ZVS
range analysis are given in details. A 6.6 kW/50 kHz prototype
with a 98% peak efficiency for 200 V to 800 V input voltage and
400 V output voltage is fabricated and its detailed experimental
results in each of the operation modes are presented.

Index Terms—Bidirectional dual active bridge (DAB), Recon-
figurable DAB topology, Monolithic bidirectional GaN device,
Planar transformer design.

I. INTRODUCTION
Dual active bridge (DAB) dc-dc converter with a galvanic

isolation, soft-switched performance, and symmetrical full-
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bridge (FB) design is recognized as an efficient power elec-
tronics system for applications requiring bidirectional power
flow, e.g., dc-microgrid, solid-state transformer, automotive
battery chargers, and energy storage systems [1]. Even though
exhibiting an appealing overall efficiency, its performance
with unity turn ratio of the high frequency (HF) transformer
is degraded at low power as the current passing through
the HF transformer is not that sufficient to charge/discharge
the parasitic capacitance of the semiconductors to achieve a
complete zero voltage switching (ZVS) [2]. Moreover, at this
case, the circulating current becomes severely high at low
power causing excessive conduction losses within a reactive
network [3].

Apart from such problems, regulation of the input/output dc
voltages of a standard DAB converter with unity turn ratio of
HF transformer over a wide range of the voltages, i.e., 200
V to 800 V, which is a typical range for most of the battery-
packs of electric vehicle systems, is not too straight forward
as the efficiency is again reduced due to loss of ZVS at large
voltage conversion gain [4].

To address the low efficiency of the standard DAB converter
at the low power and to compromise its performance for both
400 V and 800 V standard voltages, it is recommended to
change the configuration from FB design to half-bridge (HB)
one [5]. In this case, the single-phase shift (SPS) modulation
applying to the secondary-side of the DAB converter can still
possesses more freedom degree to change over a wider range
of the input/output dc voltages [6].

As for its galvanic isolation, the concept of planar trans-
former (PT) is also appealing as it offers a good potential for
volume and weight reduction of passive elements leading to
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Fig. 1: (a) The proposed reconfigurable DAB converter, and its
operation mode based on (b) FB-FB, (c) HB-FB, (d) HB-HB, and
(e) FB-HB configurations.

achieve better overall power density with a predictable par-
asitics [7]. Apart from providing better thermal performance
due to its large surface area in comparison to litz-wire-based
transformers, an efficient PT can also facilitate a predictable
leakage inductance, which is a propitious feature for ZVS
operation of the DAB or resonant converters [8]. Hence, with
the help of an efficient PT design within a given area, and
through incorporation of advanced semiconductors, i.e., low
loss SiC-FETs and GaN devices, new highly efficient topology
for the DAB can be developed.

The aim of this article is to investigate the operation of
a highly efficient reconfigurable DAB converter, which can
change the configuration of the primary and secondary sides
of the HF transformer to FB- or HB-based by means of 1.2 kV
SiC FETs and a recently developed monolithic bidirectional
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Fig. 2: Typical waveforms of the proposed reconfigurable DAB
converter over a wide range of the input dc voltage changes, i.e., a
dynamic transition from FB-FB to HB-FB mode, showing the output
voltages of the primary and secondary sides of the PT as well as
the current passing through the PT, the voltage across Qpri, and the
current passing through Qpr;.

switch (MBS)-GaN device. The resultant reconfigurable DAB
converter can realize four different operation modes to be
used in various conditions, i.e., low power and higher range
of voltage conversion gain. Using a Pareto-front optimization,
the design consideration of the PT, and also the entire power
converter are included to achieve higher power density and
overall efficiency for a 6.6 kW system. Moreover, the ZVS
range analysis are developed to realize the behavior of the
proposed converter at different power level and wide input
voltage variation among each of the operation modes. The
experimental results show more than 97% overall efficiency at
50 kHz effective switching frequency for all four combinations
of the operation modes, while the range of applied voltage is
200 to 800 V for the input and fixed 400 V for the output
side.

II. WORKING PRINCIPLES OF THE PROPOSED
RECONFIGURABLE DAB CONVERTER

The overall structure of the proposed reconfigurable DAB
converter is shown in Fig. 1(a), where in both sides of an PT, a
symmetric T-cell plus a half-bridge leg is employed. Multilayer
ceramic capacitors (MLCC) have also been used in both sides
to provide the dc-link voltages for the input and output. As
wide voltage conversion gain, i.e., from 200 V to 800 V in a
bidirectional power flow is the prime focus, 1.2 kV SiC-FETs
for the bridge devices are chosen, while as for better power
density and lower conduction loss, the newly developed four-
quadrant device named as MBS-GaN is used for @,,; and



Qsee [9], [10]. Similar to the standard DAB converter, SPS
modulation is used to derive the gate switching pulses.

As can be seen from Fig. 1(b), by deactivating the MBS-
GaN devices in both sides, the converter can work as a
standard DAB converter with a FB-FB-based configuration.
Herein, blocking a bipolar stress voltage equals to half value
of the input/output voltage is the main challenge of the MBS-
GaN. Hence, if the MBS-GaN is replaced with two discrete-
based devices in a common-drain-based configuration, then
this task would be more challenging as the source of the
devices is floated. Although, there is a smooth power flow
with a ZVS operation for the legs’ devices at large power
within unity voltage conversion gain ratio in this mode, the
challenge of DAB converter still remains in place as when
800 V input voltage is available and 400 V output is desired,
the resonant network at the unity ratio of the HF transfomer
would be severely reactive and the efficiency is declined.
Concerning Fig. 2(c), the proposed converter can work in a
HB-FB-based mode to address this challenge with a wider
range of phase-shift adjustment. Hence, by activating the @,
and deactivating (Qse. within the same SPS modulation, still
the highest possible efficiency can be attained.

The proposed reconfigurable DAB converter can also be
operated within FB-HB and HB-HB modes as shown in Fig.
1 (d) and (e), respectively thanks to the flexibility of the
MBS-GaNs used in both sides. Hence, in a case of lower
power rating requirement, the efficiency of the converter can
be still kept as high as possible within these two modes as the
ZVS operation of the devices in both sides is still achievable.
Herein, for the case of FB-HB mode, the converter is operated
at the boost mode, i.e., 400 V (200 V) input voltage to 800 V
(400 V) output, while using the same SPS modulation with a
ZVS operation. On the contrary, the same unity gain similar
to the FB-FB mode can be kept within HB-HB mode as well,
while higher overall efficiency at the low power is achieved.

Utilization of a single chip device as MBS-GaN instead of
two commercially available wide-band-gap devices in a back-
to-back condition can also help the converter to possess lower
conduction losses during the HB mode of operation [10].

To better visualize the performance of the proposed recon-
figurable DAB converter under a wide variation of the input dc
voltage, Fig. 2 can be considered. Herein, a typical waveform
of v, and vs as the primary and secondary voltages of the
PT, besides 7, as the current passing through the PT, and
vQ,.; as the blocking voltage across the MBS-GaN device,
with i, as its passing through current are shown, from top
to bottom, respectively. As can be seen, when a large voltage
conversion gain, d, is required during the variation in the input
dc voltage, and whenever the converter is being operated as its
FB-FB mode, the peak of 7, becomes high, and the converter
tends to lose its ZVS operation due to lossy reactive network
within SPS modulation. In this case, the MBS-GaN is blocking
a stress voltage, equals to half value of the input voltage in
both polarities.

Contemporary, due to flexibility of the proposed reconfig-
urable DAB converter, the same amount of power to the output
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Fig. 3: Pareto-Front optimization for incorporation of an efficient PT
in the proposed reconfigurable DAB converter.

side with the same value of the output voltage can still be
provided as the converter can change its mode of operation
to HB-FB mode during any large transition in the input dc
voltage. As can be seen from Fig. 2, within a larger value
of phase shift, o, provided in HB-FB mode, the nature of i,
becomes smooth providing ZVS operation for both primary
and secondary sides devices. In this mode, the MBS-GaN
device must be able to pass the same amount of current as
Ip.

Herein, to calculate the losses across active and passive
elements, definition of ¢;, and 72, shown in Fig. 2 as the
upward and downward peak values of the i, is required.
Hence, considering fs, as the switching frequency of the
converter, a nominal base current as per (1) can be defined
[11]:

Vp

Iy = —————
b 27 fow Lk

ey
while, the leakage inductance value within a unity turn ratio
of primary and secondary sides of the PT is given as:
VpVso(m — )
Ly =237\ 7 2
Ik 2 for P 2
where, P is the operating power of the converter. As per (1)
and (2), the amplitudes of the primary- and secondary-side
voltages, v, and v, are denoted by the quantities, V,, and V,
respectively.
Therefore, taking (3) and (4) into account, i;, and iy can
be defined as:

i1 =0.5(2¢ — (1 —d)m) I 3
i = 0.5(2dp + (1 — d)m) I, 4)

Hence, concerning I,,, as the magnetizing current of the PT,
the rms currents passing through the primary and secondary
side of the PT can be obtained as [11]:

1, . .
Lims,pr = \/3@ +i5+ (1 - (2%)1211)) +Im (5

1 . . .
Irms,sec = \/3(2% -+ Z% -+ (]. — (2%)1221)) (6)
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Fig. 4: Pareto-Front result for the entire reconfigurable DAB con-
verter at the FB-FB mode considering the switching/conduction losses
of the devices as well as the core and winding losses of the designed
PT and the leakage inductor, L;y.

III. PARETO-FRONT OPTIMIZATION FOR THE APPLIED PT

To achieve the highest efficiency/power density, many opti-
mization approaches can be found in the literature to optimize
the PT in the proposed reconfigurable DAB converter. Herein,
a comprehensive Pareto-Front optimization is used as it is
a multi-objective optimization and includes many variables
needed for optimization [2]. As the converter operates in
different configurations, i.e., FB-FB, FB-HB, HB-FB, and
HB-HB modes, the possible worst-case scenario must be
identified for the PT design. According the circuit feature of
the proposed reconfigurable DAB converter, the FB-FB mode
is considered for the PT design, as the nominal power of
the converter is at this mode. The design criteria for the PT
are unity ratio for the primary and secondary side, 50 kHz
switching frequency, and 6.6 kW rated power. As the output
voltage of the proposed converter is supposed to be fixed at
400 V, this value is considered for the design of PT. As for the
efficiency analysis, the core and winding losses of the PT are
taken into account. Hence, the core losses can be estimated
by the Steinmetz equation for a square wave signal as [12]:

Pv,Core = LUm ngglax' (7)

where «, (3, and (), are the material constants of the selected
core. Alternatively, the maximum flux density, By,ax, is cal-
culated by the applied primary voltage, v, across the PT, the
number of turns, N, on the primary and the cross-section
area of the core, Ag, as:

Up

Bmax = AT £ A
4]\T’I‘fswAE

3

On the other hand, winding losses consist of the DC and
AC resistances. The DC resistance of the PT comes from the
mean length track, M LT, of the winding traces, the number
of turns, the width of the traces, L¢,, the electrical resistivty
of copper, p, and the height of the traces, H¢,, as:

p- MLT

Rpc = 22222
pe LCuHCu

€))

Taking (9) into account, the AC resistance increases the
effective resistance of the windings as skin-effect and its prox-

imity influence the resistance of the windings. This resistance
can be estimated by (10) as [13]:

Rac _ € 2 sinh(2€) + sin(26)
R =3 (Hext — Hint) cosh(2¢) — cos(2¢) (10)
smh(f) — sin(§)
2 Hext Hin o ) Foos(€)

where, ¢ is the ratio between the copper thickness, and the
skin depth, while, H.,; and Hj;,; represent the magnetic
field strength at the top and bottom side of the layer stack,
respectively. Winding losses are then calculated based on the
rms current passing through the primary and secondary side
of the PT, I s pr and i sec, as:

Pcu = RacI?. (11)

Considering the described core and winding losses, the
Pareto optimization is carried out. The maximum temperature
of the design is limited to 125 °C. All acceptable solutions
are plotted in Fig. 3 and the selected design is highlighted.
Based on this Pareto-Front, semi-interleaved windings for
the PT are considered, which can significantly reduce the
PT winding losses and its leakage inductance [8]. Based on
the measurement, the final PT induces around 2 uH leakage
inductance at 50 kHz switching frequency.

Concerning the above analysis as for the PT and regarding
the switching and conduction losses of the chosen SiC-FETs,

e., UF3C120040K4S, a Pareto-Front result for the entire
converter is given as shown in Fig. 4. Herein, 400 V-to-
400 V voltage conversion is considered as for the FB-FB
mode of the proposed converter, while a fixed value of ¢
equals to 18.5 degrees within different values of L;; as per
(2) for each operating point, i.e., switching frequency and
power level, is taken into account. As can be deduced from
Fig. 4, achieving > 97.5% efficiency at high power is always
attainable even with lower rating of the switching frequency,
i.e., 50 kHz. The same analysis for the HB-FB mode of the
proposed reconfigurable DAB converter can also be done when
800 V-to-400 V is an objective. As for lower power rating,
HB-HB and FB-HB modes as well can be considered taking
the conduction losses of the MBS-GaN devices used in the
proposed converter into account.

IV. ZVS RANGE ANALYSIS

The ZVS range of the proposed reconfigurable DAB con-
verter is derived in terms of the output voltage and operating
power level. The ZVS condition based on the current polarity
is employed in this paper. The ZVS conditions are then
obtained in terms of the operating power, P, for the primary-
side bridge as:

8fslekP ‘/;)
11— < =, 12
\/ Vs T Vs (12
and for the secondary-side bridge as:
swli P
1 _ 8fswluc < Vs (13)
VVs Vo



TABLE I: Main parameters used for the experimental prototype
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Fig. 5: Analytical ZVS range limits of the proposed reconfigurable
DAB converter within its HB-FB to FB-FB modes based on current
polarity condition when the output voltage of the converter is fixed
at 400 V, at 50 kHz switching frequency and L;; = 25uH.

Since the bridges on each side are reconfigurable, the ac
voltage amplitudes, V), and Vj, are related to the corresponding
dc voltages, V;,, and V., using the factors, k; and ko,
respectively, as (14) and (15).

Vo =Fk1Vin (14)
0.5, primary-side in HB mode
where, k1 = ) o
1,  primary-side in FB mode
Vs = kQVout (15)
where, ky — 0.5, secondary-s%de %n HB mode
1, secondary-side in FB mode

To obtain the ZVS range in terms of the terminal voltages,
(14) and (15) are substituted into (12) and (13). The relations
describing the ZVS of the primary- and secondary-side bridges
are then obtained as (16) and (17), respectively.

/ 8 fswlinP k1V;

1-— < 16
klkZVinVout o kZVout ( )
8fslek:P kQVout

1-— 17
FrkaVinVour ~ iV an

The equality condition is imposed on the primary-side ZVS
relation in (16), and the resulting expression rearranged, to
obtain the relation describing the lower limit of ZVS, as (18).

k3V2 8 fsw Lk PkaVou
‘/';;)l _ 2k2out‘/'i + f ”2;3 2 t -0 (18)
1 1

Similarly, imposing equality on the secondary-side ZVS
relation in (17), and the rearranging, the relation describing
the upperlimit of ZVS is obtained as (19).

o 8fswluP k3V?2

V _ out =0
" kikaVour ki

19)

Element Type and Description
Switching Frequency/Rated Power 50kHz/ 6.6 kW
SiC-FETs 1.2 kV/UF3C120040K4S
MBS-GaN +650V/TP65F060WS
MLCCs 10x220nF/GRM55DR7LW224KW 1L
Vin/Vout 200-800V/400V
Microprocessor DSP-TMS320F28379D
Cop/Chs 8x470nF/2220Y 1K00474KXS2
L 25uH/E42/21/20 N87
Gate Drivers UCC21520
Isolated dc/dc ICs MGJ1D051505MPC
Sensors AMC3330

Based on (18), and (19), and considering 50 kHz switching
frequency with L;;, = 25uH for a 400 V given output voltage,
the ZVS limits of the proposed converter over a wide range of
input dc voltage changes within FB-FB and HB-FB modes are
illustrated in Fig. 5. As can be seen, at larger rate of output
power, i.e., 5.5 kW, during the FB-FB mode, the upper and
lower limits of the input dc voltage with an ZVS, which can
keep the efficiency still high, is around 480 V and 300 V,
respectively, to stabilize a 400 V output voltage. As for the
HB-FB mode and at the same amount of power, this limit can
be even larger from 950 V to 550 V to get a fixed output
voltage at 400 V with a ZVS operation and high efficiency.
Apparently, owing to the fixed value of L;;, the transient from
480 V input dc voltage, i.e., the upper limit in the FB-FB
mode, to 550 V i.e., the lower limit in the HB-FB mode needs
further attention as due to lose of ZVS, the efficiency would be
dropped and electro magnetic interference (EMI) noises might
be propagated.

V. EXPERIMENTAL RESULTS

To verify the performance of the proposed reconfigurable
DAB converter in all the operations modes, a 6.6 kW/50
kHz (5 x 32 x 30 c¢cm?®) prototype shown in Fig. 6(a) is
developed, while the used parameters and components in the
experiments are tabulated in Table I. Apart from the designed
PT for 400 V at 50 kHz switching frequency, and 1.2 kV
SiC-FETs from Qorvo, MBS-GaN devices manufactured by
Transphorm and introduced as four-quadrant switch are used in
the prototype. These first-generation four-quadrant devices are
cascode-based with an integrated common-drain design. The
first generation of this device has been comprised of two low-
voltage normally-off Si devices plus a high-voltage normally-
on GaN device, while providing 16 A rms continuous current
and £650 V voltage blocking capability with an equivalent
on-state resistance of 70m{2. As these are cascode devices, the
same -5 V to 15 V gate-driver ICs, i.e., UCC21520 as used
for SiC-FETs, have been employed for the MBS-GaN devices
but with recommended gate-resistances as shown in Fig. 6(b).
On the contrary, the MBS-GaN devices offer two gate-source
leads; hence, two isolated dc supplies, i.e., MGJ1D051505MP,
with a dual channel driver per each gate-source lead have
been considered. Contemporary, the value of L;; for the
proposed reconfigurable DAB converter is chosen as 25 uH
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Fig. 6: (a) 6.6 kW fabricated prototype for the proposed reconfig-
urable DAB converter (Output capacitors, DSP with measurement
sensors, and L;; are all included in bottom side of the PCB), and
(b) a close shot for the driver side of one bridge including SiC-FETs
and MBS-GaN.

as an extreme case in the FB-FB mode based on (2) with
a custom-oriented design, while the gate switching pulses are
provided through a DSB within the SPS modulation technique.
The value of dc-link MLCCs have also been designed based
on the recommendation in [11].

Alternatively, to avoid saturation issue of the PT in case of
unbalanced currents caused by mismatched PWMs or other
asymmetries in the system, the dc blocking capacitors, Cpp,
and Cps are used in the design. The value of these HF
capacitors must be designed to handle the rms currents on
both sides of the PT as per (20) [11]:

100

Chp = Chs = —5—r—
bp b 4772f52wL”€

(20)

As for the first experiment, a FB-FB based configuration
of the primary and secondary sides of the PT [see Fig. 1(b)]
is considered, while the rated power is 6.6 kW and both the
input and output voltage are fixed at 400 V. As can be seen
from Fig. 7(a), both the MBS-GaN devices in both sides of
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Fig. 7: Experimental results of the proposed reconfigurable DAB
converter at (a) FB-FB Mode [6.3 kW/400 V to 400 V], (b) HB-FB
Mode [4.4 kW/760 V to 400 V], (c) FB-HB Mode [2 kW/200 V to
400 V], and (d) HB-HB Mode [2.5 kW/400 V to 400 V].

the PT are blocking a stress voltage of #200V, while the rms
current passing through the PT is around 18 A. Fig. 7 (b) can
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Fig. 8: Experimental results of the proposed reconfigurable DAB
converter at (a) FB-FB Mode [5.8 kW/460 V to 400 V], and (b) HB-
FB Mode [3.8 kW/680 V to 400 V].

also confirm the correct operation of the proposed converter
in the HB-FB mode [see Fig. 2 (c¢)] at 4.4 kW output power.
Herein the input dc voltage is around 760 V, while the output
voltage is fixed at 400 V. As can be seen, the MBS-GaN
in the primary side is passing around 12 A current with a
40°C maximum device temperature as per the heatsink/cooling
system designed for the proposed converter.

Fig. 7 (c) and (d) also show the detailed waveforms of the
proposed converter at FB-HB (2 kW) and HB-HB (2.5 kW)
modes, respectively, while the input voltage is set at 200 V,
and 400 V, respectively, and the output voltage is kept fixed at
400 V. Concurrently, to validate the ZVS analysis illustrated in
Fig. 5, the performance of the proposed converter at different
input voltages is also evaluated and shown in Fig. 8(a) and
(b). Herein, as for the FB-FB mode, the input dc voltage is
set at 460 V, while a fixed 400 V at the output at 5.8 kW
output power is desired. The experimental result of this test
is shown in Fig. 8(a), while due to the ZVS action of the
devices at both sides of the PT based on Fig. 5, around 97.2%
efficiency got obtained in practice. As can be seen from the
shape of i), the converter is almost in its marginal range to
lose the ZVS at this mode. The same observation as for the
HB-FB mode can be seen from Fig. 8(b), where the input dc
voltage is set at around 680 V, while the output voltage is
fixed at 400 V and the output power is 3.8 kW. Confirming
the analysis shown in Fig. 5, the converter can still operate at
its ZVS range, while giving around 97.1% overall efficiency
based on the measurement.
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Fig. 9: (a) Overall efficiency results over a wide range of output
power, and the detailed efficiency result for the (b) FB-FB-based
mode, (¢c) HB-FB-based mode, (d) FB-HB-based mode, and (e) HB-
HB-based mode.
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The efficiency results of the proposed reconfigurable DAB
converter under a wide range of the output voltage are mea-
sured using the power analyzer WT1800 from Yokogawa and
is shown for each of the operation modes in Fig. 9(a). As
can be seen, owing to flexibility of the proposed structure in
the FB-HB and HB-HB modes, the overall efficiency even at
the low power is more than 96%, while the peak efficiency at
3.3 kW power/400 V-to-400 V input-output voltage condition
in FB-FB mode is 98.1%. Details of the efficiency results
over different input/output voltages and power can be seen
from Fig. 9(b)-(e). The efficiency of the proposed structure in
HB-HB and FB-HB modes at larger power is declined as the
MBS-GaN devices become severely lossy; however, it might
be improved either by the use of discrete-based bidirectional
devices or by utilization of future generation of this device.

Finally, to monitor the thermal behavior of the MBS-GaN
devices at both sides of the PT, the converter has been kept
running continuously for five minutes at HB-FB and HB-HB
modes. As has been captured by the thermal cam and shown in
Fig. 10(a), the maximum temperature of the MBS-GaN at HB-
FB mode at 3.8 kW power and under 770 V input dc voltage to
400 V fixed output voltage, is around 43.6°C, while the SiC-
FETs temperature is about 38°C due to their much lower ON-
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Fig. 10: MBS-GaN devices temperature in primary and secondary
side of the PT after five minutes continuous running at (a) HB-FB
mode [3.8 kW/770 V to 400 V], and (b) HB-HB mode [2 kW/400
V to 430 V]

state resistance. As per HB-HB mode and when both MBS-
GaN devices at two sides of the PT are ON at 2 kW output
power and 400 V-to-430 V input-output voltage condition,
their maximum temperature after five minutes becomes around
45°C as per Fig.10(b). Herein, as for the HB-FB mode, the
measured efficiency was around 97.5% and at HB-HB mode,
it was about 96.45%, which can both confirm high overall
efficiency of the proposed reconfigurable DAB converter under
the ZVS range discussed in Section IV. The performance of the
proposed converter at the transient case study, when changing
its mode of operation, will be the focus of next studies.

VI. CONCLUSION

A highly efficient reconfigurable DAB converter using an
PT with hybrid utilization of SiC and GaN wide-band-gap
devices is proposed in this paper. As the four-quadrant device
used in the proposed topology is always ON when an HB
mode in one or two sides of the PT is needed, utilization
of the MBS-GaN device provided by Transphorm Company

can be helpful to attain high overall efficiency. Four different
operation modes based on the input voltage value are extracted
from the proposed reconfigurable DAB converter. Thanks to
these, the converter maintains high overall efficiency even at
the low power or under the wide voltage conversion gain
condition. Working principle, design guidance of the PT, ZVS
range analysis of entire the converter and several experimental
results using a 6.6 kW prototype have been presented con-
firming more than 97% overall efficiency over a wide range
of operating conditions.
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