
SiC

SiC

EV HEV

SiC

1, 2, 3) SiC

ON

SiC

SiC

·

Fig.1

1

Power
source Inverter Motor Load

Voltage,
Current

Voltage,
Current

Torque, Speed

Power analyzer

Pin Pout Pm

Loss,  Ploss = Pin - Pout

Efficiency,  η = Pout / Pin

Fig. 1:

4ch∼6ch

DC

Fig.1

2 1

© 2016 HIOKI E.E.CORPORATION A_TA_PW0004J02



L R

Inverter output Back 
electromotive 

force

Fig. 2: 1

DC AC

99% 0.5%

50%

DC

DC

DC

DC

PWM

DC

Fig.2

PWM

5

0.1%

Pf Uf

If θf

Pf = Uf · If · cos θf . (1)

0

0

0.1%

7

0.1%

5 7

· ·

Fig.2

SiC

FFT Fig.3

Table 1 PWM

FFT 1MHz

200kHz

2

© 2016 HIOKI E.E.CORPORATION A_TA_PW0004J02



L R

Inverter output Back
electromotive 

force

Voltage
waveform

Current
waveform

FFT
Spectrum

Voltage

Current

100

10

1

0.1

10m

1m

%f.s.

0 400k 800k 1.2M 2M1.6M

Fig. 3: SiC

FFT PW6001

Table 1: SiC

Inverter Motor

Switching Switching
Inductance Resistance

element frequency

SiC-MOSFET

SCH2080KE 20 kHz 3.6 mH 0.9Ω

(ROHM)

5 ∼7 · ·

SiC

Fig.2

Phase

Corrected

Frequency [Hz]

P
h

a
s
e
 [

d
e
g

.]

2

0

-2

-4

-8

-6

-10
1M100k10k1k

Fig. 4:

(1) (θ ≈ 90◦)

HIOKI PW6001 Fig.4

Pm[W] (2)

T [N·m] n[rpm]

Pm = T · 2 · π · n/60. (2)

n[rpm]

T [N·m]

3

© 2016 HIOKI E.E.CORPORATION A_TA_PW0004J02



SiC

SiC

Fig.5 HIOKI

PW6001

PW9100 PW6001 LPF

1kHz∼2MHz

Table 1

10kHz∼50kHz

10kHz

50kHz

50kHz

HIOKI PW6001

2MHz

3 3

Fig.6

fsw = 20kHz

Cutoff frequency of LPF[Hz]

In
v
e
rt

e
r 

e
ffi

c
ie

n
c
y
[%

]

99.0

98.5

97.5

97.0

96.5

98.0

95.5

95.0

96.0

1M100k10k1k 10M

Fig. 5: PW6001 LPF

SiC

Motor

~100kHz Switching

U1U3

U2

DC bus

Fig. 6: (3P3W3M)

(CMRR)

CMRR 80dB

0.01% 100V

0.01V

Fig.6 SiC

FFT Fig.3

4

© 2016 HIOKI E.E.CORPORATION A_TA_PW0004J02



Motor

~100kHz Switching

U1U3

U2

DC bus

Line - line
voltage

Line - earth
voltage

FFT 
spectrum of 
line - earch

100

10

1

0.1

10m

1m

%f.s.

0 400k 800k 1.2M 2M1.6M

Fig. 7:

SiC

CMRR

A

HIOKI

4, 5)

Fig.8

fs fs/2

Analog band

Aliasing

Vo
lta

ge
/C

ur
re

nt

Frequency
fs / 2 fs

Fig. 8:

fs/2

·

PWM

Fig.3

1MHz

100kHz∼5MHz fs/2

Fig.8

fs/2

HIOKI

5

© 2016 HIOKI E.E.CORPORATION A_TA_PW0004J02



6

PW6001

2MHz/-3dB

5MHz

FFT

SiC

SiC

SiC

1) Thal, E., K. Masuda, and E. Wiesner : “New

800A/1200V Full SiC Module”, Bodo’s Power

Systems, April 2015, pp.28-31.

2) Fuji Electronic : “Joint Development of Converter-

Inverter for The Tokaido Shinkansen Cars Us-

ing SiC Power Semiconductor Modules”, re-

trived from http://www.fujielectric.com/company/

news/2015/20150625120019879.html

3) Mitsubishi Electric : “Mitsubishi Electric’s Railcar

Traction Inverter with All-SiC Power Modules

Achieves 40% Power Savings”, retrived from

http://www.mitsubishielectric.com/news/2015/

0622-a print.html

4) Yoda, H., H. Kobayashi, and S. Takiguchi : “Cur-

rent Measurement Methods that Deliver High Pre-

cision Power Analysis in the Field of Power

Electronics”, Bodo’s Power Systems, April 2016,

pp.38-42.

5) Ikeda, K., and H. Masuda : “High-Precision, Wide-

band, Highly Stable Current Sensing Technology”,

Bodo’s Power Systems, July 2016, pp.22-28.

6

© 2016 HIOKI E.E.CORPORATION A_TA_PW0004J02



本 社
〒386-1192

TEL	0268-28-0555	 FAX	0268-28-0559
長野県上田市小泉 81

お問い合わせは 本社コールセンターへ
012 0 -7 2 - 0 5 6 0

TEL 0268-28-0560   FAX 0268-28-0569
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