AU E TS| 51 BHat)E] =27 2024. 7. 1~4

9.1kWIL, 6.1kW, 800V-48V-12V bidirectional LDC
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ABSTRACT

This paper proposes a new bidirectional three-port DC-DC
converter (TPC) that combines an isolated dual active bridge
converter and a non-isolated dual floating boost converter. This
topology enables single-conversion power transfer from a high
voltage (HV) battery to a low voltage (LV) battery, thereby
increasing the efficiency of the converter. As a result, the proposed
converter demonstrates an efficiency improvement of up to 3.2%.
To validate the theoretical claims, a prototype of 6.1kW, 140kHz,
800V - 48V - 12V three-port converter has been built. The prototype
achieved 97.4% of peak efficiency and 9.1kWI/L of power density.

1. Introduction

The isolated DC-DC converter is widely used in many
applications such as energy storage systems (ESS), data centers,
electrical vehicles (EV),... In EV application, an isolated DC-DC
converter is used for an on-board charger (OBC) [1] and low voltage
DC-DC converter (LDC) [2]. LDC provides power for 12V loads
such as headlamps, audio, radar, camera, etc...and charges a 12V
battery. Due to the room limitation in the vehicles, the LDC requires
a very high power density [2].

To this day, the power of 12V load in EV is gradually increasing,
due to autonomous systems and entertainment systems. Therefore,
the increased 12V LDC power significantly increases the maximum
output current (>500A at 6kW). Consequently, high conduction loss
reduces efficiency and requires large wires is costly. In order to
reduce the harmness with large output current, a dual low voltage
system is introduced such as 48V and 12V, as shown in Fig. 1. For
two low voltage systems, two converters are required. The power

transfer from the HV battery to the LV battery through two
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Fig.1 Low voltage system with multiple voltage: (a) with
separated power converter, (b) with three-port converter.
converters (two stages) reduces the efficiency, as shown in Fig. 1(a).
To increase the efficiency and reduce the cost and volume, a three-

port converter is proposed in this paper, as shown in Fig. 1(b).
2. Proposed three—port topology

Fig. 2(a) shows the conventional multiple converters for dual low-
voltage systems, including an isolated dual active bridge converter
and a non-isolated interleaved buck-boost converter. For the power
transfer from the HV battery to the 48V load, the power is directly
transferred through a single converter. However, transferring power
from the HV battery to the LV battery necessitates passage through
two converters (referred to as two stages). Consequently, two stage
structure has not good efficiency. In order to improve the efficiency,
three-port converter is introduced. This enables both power transfer
from the HV battery to the 48V load and to the LV battery through a
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Fig. 2. Power conversions for dual low voltage systems (a)

Conventional two stage structure. (b) Proposed single stage

structure.
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Fig.3. Key waveforms of the proposed three-port topology.

single conversion. In Fig. 2(b), a new three-port converter is
proposed for dual low voltage systems. By using proposed topology,
the voltage stress on the LV side is reduced, enabling the use of low
voltage rating devices ( from 100V Si devices to 60V Si devices). As
a result, lower conduction loss due to lower Rps,on devices could be
used and lower switching loss due to lower applied voltage.

The key waveforms operation is shown in Fig. 3. The proposed

98.0

97.0

96.0

Efficiency (%)

-=-TPC-Proposed

-e-Two stages

2 K LY A A A Y K o
bpg 6’1‘0 <z,°‘° b‘Qg . . . . .

Operation case
Fig.4. Efficiency comparison of the conventional and
proposed topology.
350.0
300.0
250.0
200.0

150.0

Power loss (W)

100.0

“sntlm

0.0
HV_con HV_sw LV_con LV_sw Magnetic Total
= Two stages = TPC proposed

Fig.5. Loss breakdown comparison at Vi = 620V, Vis= 48V,
and V2= 14V.

converter uses three control variables, including buck duty (dks) for
controlling voltage ratio between 48V-port and 12V-port, phase shift
between the HV side and the LV side (¢) for adjusting power transfer
from HV-port, and HV side phase shift (¢4v) for achieving ZVS under
a wide HV side voltage range. Due to the symmetrical topology,
switch current waveforms are shown only Sy, S3, S5, and S. It is
obvious that all switches can achieve ZVS in Fig.3. In order to verify
the performance of the proposed topology, an efficiency
comparison is made, as shown in Fig. 4. It can be seen that the
efficiency of the proposed topology is improved. In the operation
case under Vv = 400V, Vis = 48V, and Viz = 14V, efficiency
significantly improves by 3.2%. The loss breakdown comparison
was made under V=620V, V=48V, and /2= 14V, as shown
in Fig. 5. It can be seen that the LV conduction loss and switching

loss is significantly reduced.
3. Experimental results

Fig. 6 shows a 6.1kW proposed converter built to verify the

-351-



206.5mm

134.6 mm

Q: ¢ @

Power converter height: 24 mm
Power density: 9.1 kW/L

Fig.6. 6.1kW, 140kHz prototype of the proposed topology

theoretical claims and achieved 9.1kW/L of power density. The
prototype utilizes the AIMCQ120R030M1T switch on the primary
side and the IAUTNO6S5N008T switch on the secondary side, both
of which are the sample switches provided by Infineon. The
converter can operate under a wide voltage range: Vi = 400V-
840V, Vs = 48V, and V72 = 16V. In Fig. 7, the experimental
waveforms show that all switches can achieve ZVS under a wide

voltage range.
4. Conclusions

In this paper, a three-port current fed dual floating current fed
DAB has been proposed. With the proposed topology, the voltage
stress on LV side switches is reduced. As a result, the conduction
loss is reduced by using smaller Rus0n devices and the switching
loss is reduced by smaller applied voltage. A 6.1kW, 140kHz, 800V-
48V-12V prototype of the proposed TPC has been built to validate
the effectiveness of the performance and the theoretical claims. The
experiment results show the operating waveform under a wide input
voltage range (Vv = 400V - 840V) verifying that all switches can
achieve ZVS turns. The prototype achieves a high power density of
9.1kWIL.
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=400V, (b) VHV = 620V, (c) VHV = 840V.
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