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8.4kW/L, 3kW PSFB LDC with All-in-One Magnetics
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ABSTRACT
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This paper proposes an all-in-one magnetic that integrates T Co 2V
leakage inductor, two filter inductors, and transformer into single .
planar core for PSFB converter with current doubler. This iy
integration reduces number of cores required, as well as volume, Y Attin-one
. . . I - Compact integration
and magnetic loss, resulting in significantly reduced cost and - Power density: 20kWIL

increased efficiency. FEA Maxwell simulation is performed to verify - Efficiency: 99%

design value. A prototype of 3kW, 800V-12V converter achieved a Fig.1 Phase shift full bridge current doubler converter with

peak efficiency of 95.5% and a power density of 8.4kWIL. proposed all-in-one magnetic.
L rmmmme = Conventional
1. Introduction
Proposed
The low voltage DC-DC converter (LDC) is one of main 1

. . . . . ) Q, | Q; =
electrical components in electrical vehicles, which provides power »
for 14-V load and charge to 14-V auxiliary battery. Due to the room ] ¢Q4 Qs >
limitation in the vehicles, the LDC required very high power density. :,01 20 N

Q2 . ~ N
The phase shift full bridge (PSFB) with current doubler is widely T > >
used for LDC due to the advantage of simplicity and wide voltage .
range. In order to increase the power density of the converter, '.03 -~ Eggy
i
magnetic integration is the effective method [1-2]. In this paper, a 04_ Z >
new all-in-one magnetic structure is proposed to integrated all ‘,'/’ N 'L, 2VS en :gfy
magnetic components into single core, which results reduce the T increased .
costs, minimizes volume and loss, and simplifies manufacturing i | /\“ ‘A__..‘w"\
processes as shown in Fig. 1. Rise R educe; ’h;'ou put 5
ripple current

2. Proposed all-in—one magnetic structure

Fig.2 Key waveform comparisons of the conventional and

In Fig. 1, the PSFB converter is shown with the separated proposed magnetics.
magnetic structure and the proposed all-on-one magnetic structure.
. . . . proposed magnetic. It can be seen that the ZVS turn-on energy is
By the magnetic integration, the required number of core is reduced
N . ! increase and the output current ripple is reduced. It can be reduce
that reduces costs and simplified manufacturing process. Fig.2
the output it ting. In order t ify the desi FEA
shows the key waveform comparison of the conventional and & output capacitor rating. In order to verify the design, a
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Fig.3 FEA simulation result of the proposed all-in-one core: (a)

Flux distribution, (b) current distribution

Converter height: 18.5mm
Power density: 8.4kW/L
excluding heatsink

Fig.4 3kW 800V-12V PSFB converter prototype with the all-

in-one core.

Fig.5 Thermal photograph of the proposed all-in-one core.

Maxwell simulation are performed. It shows that the simulation of
maximum flux density and current density are 0.3T and 40A/mm?

respectively, closed to the designed values.
3. Experimental results

Fig. 4 shows a 3kW 800V 12V PSFB converter was built to verify
the proposed all-in-one core structure. The prototype achieve
8.4kW/L of power density with the converter height of 18.5mm. The
prototype utilizes the AIMCQ120R060M1T switch on the primary
side and the IAUTN12S5N018T switch on the secondary side, both
of which are the sample switches provided by Infineon. The
converter can operate under wide voltage range: V/» = 340V-800V
and o= 11.6V-15.3V. The thermal graph of the proposed all-in-one
magnetic are shown in Fig. 5. The maximum winding temperature
is 81.3°C and core temperature is 74.5°C. In Fig. 6, the
experimental waveforms at highest input voltage are shown that all
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Fig.6 Experiment results at Vin = 800V, Vo = 14V conditions with (a)
Po = 1kW; (b) Po = 3kW.

switch can achieve ZVS under wide entire power range.

4. Conclusions

An all-in-one magnetic structure has been proposed to integrate
all the magnetic components in the current doubler rectifier circuit.
By the proposed integrated technique, the ZVS energy is increased
and output current is reduced. In order to validate the effectiveness
of the proposed core structure, a 3kW 800V 12V prototype of PSFB
current doubler rectifier with the proposed all-in-one magnetic core
structure has been built. The prototype converter achieved peak
efficiency of 95.5% and power density of 8.4kW/L.
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