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Basic Investigation of a PWM Inverter for Motor Drive using Wide Band-gap Devices
Takahiro Araki®, Jun-ichi Itoh (Nagaoka University of Technology)

This paper investigates a PWM inverter for an adjustable speed drive using wide band-gap devices. First, the relationship
between the switching frequency of the inverter and the volume of an EMC filter is clarified by simulation, besides the
relationship between the switching frequency and the volume of a cooling system. As a result, the volume of the inverter that
contains an EMC filter and a cooling system will be reduced by 77% at the switching frequency of 300kHz. In addition, the
output voltage error with a developed prototype of half-bridge inverter using GaN-FET is confirmed. The GaN-FET inverter
reduces the output voltage error by 70% compared with that of the Si-IGBT inverter.
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Fig.2. Circuit diagram of an EMC filter.
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Fig.3. Noise measurement system for the inverter.

Tablel. Conditions for EMC simulation.

Input voltage Vi, 200V
Input current l;, 12.5A
Output voltage Vot 200V
Output current Iy 12.5A
DC voltage Vg, 280V
CSPI 5
Turn on time At,, 50ns
Turn off time Aty 50ns
Ambient temperature T, 20°C
Junction temperature T; 100°C
Ripple current liippie 0.5A
Load factor k 0.2
Lead angle ¢ 5n/180rad
Input frequency fi, 50Hz
Output frequency foy 50Hz
On-resistance Roy 50mQ
Power factor cos¢ 0.85
Forward voltage Vg 1.6V
Leakage current e 100mA

put

Vg, fsw, lrippte  /—— Lo Calculation |
3

/K 8, Vo ln, @ /5 Cx Calculation |
¥

/ lieak, ®, Vo /—+¥ Cy Calculation |

¥ Lc Calculation |
¥

/ GoGiac f

Simulation

Y
NoH

Increase L¢
Finish

Fig.4. Design procedure of EMC filters.
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Fig.5. Simulation result of conducted emission of the inverter.
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Table2. Conditions of output voltage error measurement test.

Device GaN-FET | Si-IGBT
DC voltage Vpc 140V
Output Voltage Vo 35V
Output Current Iy 5A
Switching frequency fsy 10kHz
Dead-time Tp 0.1us 2.3us
Ron Of Vcesan 50mQ 1.6V
8 fo=50Hz
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Fig.13. Output current waveform of half bridge inverter.
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Fig.15. Relation between output voltage command and
output voltage of half bridge inverter.
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