IGBT £ = **ll/fﬁﬁd\@%@fnﬁ? DB
EFEE T G DOIRR L GRS

HE R
M IEH]

AEUN T EREE

e K KE B uNTEKRZ)
T L7 bua =27 AAF5ERT)

Development of ultra-small current sensor for IGBT modules

‘Proposal of high accuracy sensor structure and Construction of original design method

Masahiro Koga*, Kenta Nakashima, Ichiro Omura, (Kyushu Institute Technology)
Masanori Tsukuda, (City of kitakyushu)

Ultra-small sensor applied print-circuit-board (PCB) technology has been developed. The current sensor has been

realized high accuracy and smaller and thinner by principle of Rogowski coil and application of PCB technology. To apply

for various structures of IGBT modules, we developed a program that can analyze the characteristics of the arbitrary

shape sensor in MATLAB, and design the sensor in a short-time.
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Built-in current sensing)
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Fig. 1. Features of the typical commercialized current

sensor
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Fig. 2. Shortening method of calculation time
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Fig. 3. Simplified model of Rogowski coil
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Fig. 5. Mutual inductance to current path for arbitrary
geometries with original MATLAB based design tool
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sensors/probes (The size is outer diameter of Rogowski
coil)

(3-2) M8/ 4 X &L BRE D

) A RRJEPE T EAE 9mm O PCB e F 2 % — =1 L%
W RTOFAIC L - TEHliAZ{T-72 (K8 &), M8
A (a) ~ () 1A VOIMIE i B EBFC & DR
DFETHY . (e) 1 PCB v T AF—a A LDORAIDET
WL BRHECTH D, TXTOREMIEAMOF L ZE NS E
WCHIHINIK L TENENEDREDOH 1IN S 50D
HTREND, Fi-. IMUDEROTAGTIE = A /L &
ORNZE X 0.1mm Offifg s — FFIX S AEF S TIEL
77

(a) Front side (b) Back side

Conducting wire
- Rogowski coil

Direction of
measurement

(c) Side 1 (d) Side 2

(e) Inside of the coil board

8 BFMMN DD /) A AR OFHM F 1k

Fig. 8. Noise and sensitivity evaluation methods by
every direction scanning

3.6



Noise [%]

Noise [%]

|
|
I I
| |
I I
B I 15
| |
| |
I I
I I
I I - )
— 100% I I Fishbone without — 100% W
= 50‘7: I return line £ 50% /
g 0% I % 0%
S -50% 1 S -50%
Z -100% | 1 i Z -100%
150% | - -160%
200% I 200%
250% I I 250%
0 3 6 9 12 15 0
Distance [mm]
(&) Noise of the front side path
|
|
|
|
30% & : &
| —Fish bone
20% T |
= | —Saw
£ 109 )
9 % | ~——Triangle
5 0% : -
10% :
20% |
0 Is 10 15 20
250% : Distance [mm]
/o
0
%gg‘ﬁ : ~——Fish bone without return line
~ 100% }
£ 50% t
o 0% |
o -50% |
Z -100% H
150% i
200% i
250% i
0 Is 10 15 20

Distance [mm]

(d) Noise of the side path2

Back side Front side

(b) Noise of the back side path

Distance [mm]

|
I
30% © |
il
o
I Triangle
= Fishbone | |1
2 0% —ﬁ'?’__’,__.
z
10% [ [ 1 Saw
20% : |
-30 -20 -10 | 10 20 30
Distanlck [mm]
250% I
200% T I 1
150% 1 1 -
— — 100%
T — = 50% T Hi -
2 0% 1
1 — © -50% T Hi
Fishbone without 2 K - -
return line 1?84: : : Fishbone v_vnhout
200% Hh return line
250% H
8 12 15 30 20 -0 0 10 20 30

Distance [mm]

(c) Noise of the side path 1

103% 103%
‘1 00% 100%
97% 97%
103% 103%
100% ‘1 00%
97% 97%

Fishbone without

Triangle
return line

(e) Experimental evaluation of sensitivity in the hole

B9 BsLizaAf L Efiliot 3
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Fig. 10. The feature of the developed sensor
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Fig. 11. Setup of parallel IGBT chips with position of
PCB Rogowski coil and CT for circuit
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