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Iron Loss Properties of a Nanocrystalline Ring Core
under Si-IGBT and GaN-FET Inverter Excitation

Atsushi Yao*®, Member, Takaya Sugimoto™, Non-member, Keisuke Fujisaki*™, Senior Member

(20184E4 A 11 HAF, 20184E 11 A 4 HFFAT)

We examine the iron loss properties of a nanocrystalline magnetic material (NMM) core excited by pulse width
modulation (PWM) inverters with different semiconductors. We report the iron loss characteristics as a function of
carrier frequency of the NMM ring core excited by two different inverters, which consist of a silicon-insulated gate
bipolar transistor (Si-IGBT) and a gallium nitride-field effect transistor (GaN-FET). The iron losses of the NMM ring
core under GaN-FET inverter excitation increase with the increase of carrier frequency owing to the ringing noises
generated from the fast switching. However, the iron losses of the Si-IGBT-inverter-excited NMM ring core decrease
slightly with increasing carrier frequency. We show that the iron loss properties of NMM ring core depend strongly
on power semiconductor characteristics. In addition, to consider the ringing waveform in the NMM ring core by nu-
merical simulations, we focus on a series RLC circuit model. We confirm that the numerical damped oscillation of the
ringing calculated based on the series RLC circuit model is consistent with the experimental damped oscillation.
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Fig. 1. Fabricated ring specimens composed of nanocrys-
talline magnetic material (FT-3M). (a) material used for ring
core, (b) wound ring specimen.

Table 1. Ring specifications.

Reference Symbol FT-3M

Height 7 mm

Outside diameter dy 127 mm
Inside diameter d; 102 mm

Average magnetic path length ! 0.36 m
Cross section area N 87.5 mm?
Primary coil winding N 264 turns
Secondary coil winding N, 264 turns

Density p 7300 kg/m?
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Fig.2. Schematic of ring tests to experimentally obtain iron loss properties under Si-IGBT and GaN-FET in-

verter excitations.
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Fig.3. Waveforms of voltage in nanocrystalline ring
specimen. (a) results at f, = 1kHz under Si-IGBT in-
verter excitation, (b) results at f, = 20 kHz under Si-IGBT
inverter excitation, (c) results at f. = 1kHz under GaN-
FET inverter excitation, (d) results at f, = 20kHz under
GaN-FET inverter excitation.
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Fig.4. Waveforms of current in nanocrystalline ring
specimen. (a) results at f, = 1kHz under Si-IGBT in-
verter excitation, (b) results at f, = 20 kHz under Si-IGBT
inverter excitation, (c) results at f, = 1kHz under GaN-
FET inverter excitation, (d) results at f. = 20kHz under
GaN-FET inverter excitation.
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Fig.5. Experimental waveforms when resistor is con-
nected to Si-IGBT inverter. (a) current, (b) voltage.
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Fig.6. Waveforms when resistor is connected to GaN-
FET inverter. (a) current, (b) voltage.

DEHB L CBERILZRT . 22T, Fv ) 7REEL
1kHz £ LTWwa, I bbhd L)1, Eiiedhl 72
B2121E, W (Si-IGBT 8 & UF GaN-FET) 4 > /3— % O&Eiit
BIUETHEEIZ) v F L IPEL TV RN b5,
$72, Si-IGBT # & OF GaN-FET 1 ' N—%1ZBW\T, #K
Pkt OEEDS L ORI IIZIEMN CRIRE R
mbb, /&) ¥ 7Rk E GaN-FET £ > /38— % 128
fe L72BIC) XY IRRET LI ENbrL, TN
GaN-FET D A A » F ¥ JEEEDY, Si-IGBT & HEL, &k
L0, $—IUPEL, VXY IPRET LD EEZ

IEEJ Trans. IA, Vol.139, No.3, 2019



1 UN= ST OF k&7 VBIE,

bhb, 2%, GaN-FET D24 v F ¥ 7 DL EH) B
FOVL THY RPN, £ 05721 8\ MUK
SHEEN, BERFORBELZIR T holzizbl®
ZbNb, DX, GaN-FET A >/ N— ¥ BhlE F D) /4
YD TRENCE, VU F U IDPELS T LD o7,
(3:2) EXFTUIRBLUHBEMN  KEHTIE, 1>
= YT OF /&) v 7arToe 2571) ¥ A5 S

(a)

(b)

©)

()

Fig.7. Experimentally obtained hysteresis loops of
nanocrystalline ring core under PWM inverter excitation.
The right figures show the magnified hysteresis loops. (a)
loop at f,. = 1 kHz under Si-IGBT inverter excitation, (b)
loop at f. = 20 kHz under Si-IGBT inverter excitation, (c)
loop at f. = 1 kHz under GaN-FET inverter excitation, (d)
loop at f. = 20kHz under GaN-FET inverter excitation.
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