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Fabrication of Coupled Inductor for LL.C Resonant Converter with a
Current-Doubler Rectification Circuit

JIMAHE 27 « KILFEMH Y - piREEY - GREER Y - FEion »
MFMIKRT, RIFREBTIFEH 4-17-1 (T 380-8553)
SRODFRT 7 AT 7, ZE RIS IR XS ANT 1-2 (T210-0801)

N. Kawada® ?, H. Oyama ", T. Minamisawa ", M. Sonehara ”, and T. Sato "
¥ Shinshu Univ., 4-17-1 Wakasato, Nagano-shi, Nagano, 380-8553 Japan
R Ajinomoto Fine-Techno Co. Inc., 1-2 Suzuki-chou, Kawasaki-ku, Kawasaki, Kanagawa, 210-0801 Japan

In recent years, point-of-load DC-DC converters, which have a low voltage and large current output for DC
power delivery to CPUs and GPUs, are required to have a smaller and smaller footprint for power-saving management
using a power delivery scheme with a large number of small granular converters. A converter using a double-current
rectifier circuit has been proposed for use as a high to low voltage/large current step-down converter. The double-
current rectifier circuit rectifies the output voltage by half and the output current by twice and is advantageous for
low-voltage and high-current driving. However, the double-current rectifier circuit requires a coupled inductor. In this
study, for a beyond-10-MHz LLC resonant DC-DC converter with a double-current rectifier circuit, the influence of the
coupled inductor on LLC resonant operation was investigated, and a prototype coupled inductor was fabricated and
evaluated. The prototype inductor, which used PCB-based straight-line conductors and Fe-based metal composite
magnetic cores, exhibited a magnetizing inductance of 32.3 nH and a coupling coefficient of 0.98 at 15 MHz, and these
properties were considered to be sufficient for the converter under investigation.

Keywords: LLC resonant converter, current-doubler rectification method, coupled inductor, coupling coefficient, high
current, Fe-based metal composite magnetic core
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Fig. 1 LLC-LC resonant convertor with current-
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Fig. 2 Fundamental-frequency ideal equivalent circuit
of LLC-LC resonant convertor with current-doubler
rectification circuit.

Table 1 Parameter description of fundamental-
frequency ideal equivalent circuit.

Ttem Description
, Primary winding leakage inductance of
L leakage transformer
Magnetizing inductance of leakage trans-
Ls former
, Primary-side converted secondary winding
Lz leakage inductance of leakage transformer
, | Primary-side converted leakage
Ls inductance of coupled inductor
, Primary-side  converted  magnetizing
Ln inductance of coupled inductor
Capacitance of primary-side resonant
a capacitor
, | Primary-side converted capacitance of
% secondary-side resonant capacitor
R.c | Primary-side converted load resistance

Table 2 Specifications of coupled inductor.

Item Value
Magnetizing inductance =30 nH
Leakage inductance =3nH
Coupling coefficient =0.91

Leakage Transformer

e i Coupled Inductor

—t e e 1 ' TIb
| a jw | @i e L8 5
A 159nH ¢ 399nH | EMTH | £
) L4 (ol N 2
T‘"“ i [ 615nH 25880nH !

Fig. 8 Simplified ideal equivalent circuit of LLC-LC
resonant converter with current-doubler rectification
circuit considering set parameters.
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Fig. 4 Structure of coupled inductor.
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Fig. 5 Complex permeability of three kinds of
magnetic core material used for coupled inductor.
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Fig. 7 Prototype coupled inductor.

Table 3 Size of prototype coupled inductor and analysis
model (unit: mm).

Ttem w I T
Prototype coupled
inductor 5.65 15.1 1.84

Analysis model 5.10 14.4 1.49
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