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0;;: Measured current imbalance in DBC-module

IGBT Chips layout 8 waveforms of double pulse test
NGl | from 16 paralleled IGBTs
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T. Domon et al., IEEJ 2004

Clearly, Current imbalance exists among parallel IGBT chips,
especially at turn-off and turn-on
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Why electric current flow measurement

Inside power modules and chips?

* Feedback to power module design for
balanced current flow

* Gate drive circuit optimization / feedback

* DBC/chip level screening method in
mass production lines

* Integration of current sensing function in
the power module

* Others, such as short-circuit protection
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Introduction: Why?
Chip current distribution measurement for DBC/Chip

evel screening

PCB Rogowski coil for current measurement in
power module and chip

ntegration possibility of output current sensor in
PM with PCB Rogowski coll

Conclusions

By Y. Kasho, M. Tsukuda, H. Hirai, H. Tomonaga
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°Ba3|c idea for screening in DBC/chip level

Chips on DBC
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Inductance matrix calculation with

“Sonnet-2D”=»SPICE simulation

ing wires
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v‘_j:f;Configuration of 16¢ch sensor array module

Analog amplifier Cu | | Trough hole

Sensor

Polyimide film Shield

The 16c¢h sensor array module consists of spiral coils on the both
side of the films, analog amps
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Demonstration setup

Test head

Sensor array Contact pins
modules for gate

Screening tester

Power supply  Control unit  Main unit (Power circuit) High/Low inductor

Low side DBC- Contact pins for High side DBC-
module of IGBT emitter and collector module of IGBT

DBC-module
Multi-channel 0o : 4

digitizer N

Testhead Gate drivers ~ Emergency-

Oscilloscope stop button (GBTs
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Magnetic flux distribution example
(Double pulse test)

8 wires
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Method of normal/abnormal classification

(two IGBTs on a DBC)

Normal/abnormal classification method with statistical approach
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Introduction: Why?

Chip current distribution measurement for DBC/Chip
level screening

PCB Rogowski coil for current measurement in
power module and chip

Integration possibility of output current sensor in
IPM with PCB Rogowski coil

Conclusions

By M. Koga, M. Tsukuda, K. Nakashima, H. Yamaguchi
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Technology

* Use of tiny core-less coil on PCB
— Reproducibility, mass-productivity(Low cost), less flexibility
— Improvement with advancement of PCB technology
— Integration in gate circuit board etc.
* Analog + digital processing
— Automatic calibration, Signal equalizing
* In-house high speed design tool

— Application specific design B
i) 3 | NS | ‘
LA e e T e

4. S R 8 9 10 |Installation on DBC for

Consists of printed-circuit board (PCB)  chip current measurement
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Fishbone colil pattern
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Analog + digital processing

* 2-stage signal processing "
— Analog incomplete co-axia I

cable
integration circuit 'ﬂ% M g >,

(Shorter RC-constant)
— Digital compensation of
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Digital Calculation
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In-house high speed design tool

Distribution of the mutual inductance by in-house high-
speed simulator (MATLAB)

2nH

0OnH

Circle geometry Square geometry

Method of mutual inductance calculation

T f,‘,‘,:,!'g, 44“..'. \ | '
[> r§\ Ma E> L ez
V= —dl,dl,
ECym-£["["
\\‘L‘\«) ﬂf’ I ;\ § T Ly Yy

-~

~ o
~ o
-~

' Simplified Calculation
Actual model Simplified ] .
model In-house simulator 30 min.
Q3D 1 day Only a table of through

3D data needed A< Kyu tech hole positions is required 14

shu Institute of Technology



Coll pattern design

In-house high-speed simulation and experimental results for mutual
inductance error ratio
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Demonstration

* Two IGBTs are parallel connection on DBC
* Gate signal delay to IGBT B

Gate-A:1Q Gate-B:2Q
Total of PCB current | |

35 hevedesh.idesseee aeed ocentassn - s 8
30 T
— PCB current probe-B L o0 =
< 25 \ ; 8
= R =
g 0 “F o2 (%:
3 5 H PCB current probe-A 200ns | i
10 0 g
. er |7 R 2
M 02 T
’ =

= 0.4

* Current imbalance during turn-off is measured
* Total current is coincided to CT result
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Demonstration

Measurement of the switching waveform

Power MOSFET

- CT
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M
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Current[A]
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500 ns

(TO-220 packag) = PCB Rogowski coil
| | - 015
- 011
- 0.07
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Mﬁﬁl 001

- -0.05

It is possible to current measurement even in a limited space
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16 channel system

=EiTiEey -
B ™acKEz6S 1SRN S0 TR R e
AR AR & 0) ZAAT) DR NI -
HORIIE < for G e n A [P HIE JiAtEE HHIEfE
7 o P e
BYI50_NEW av;‘x?v
SZ$8E Ex
e it :
=
=
I o0 | x05 | 94282 | ERFULR | ¥R TFEOA —
REDLS=ER :0x : z
— e = R | R P \
kTIE RO 5 000 £
rTINET W 28 . . ; P T ] OffsetE M@ {E
8 l e
sz@|
\ |
a7 EERED

Labview (calibration)

Labview (NI digitizer setting)
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Introduction: Why?

Chip current distribution measurement for DBC/Chip
evel screening

PCB Rogowski coil for current measurement in
power module and chip

ntegration possibility of output current sensor in

PM with PCB Rogowski coil

Conclusions

By K. Takahara, K. Hasegawa, S. Tabata
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0

Inverter output current measurement

function

mtegratlon N IPM

Ui

Q QO

=k =y

-
1

New Method

Ul

PCB colls are placed on

negative/positive bus

Reproducing Circuit

—>Reproduction of output current
from switching current

.~ <

OO

Output Current

K. Hasegawa, S. Takahara, S. Tabata, M. Tsukuda, and I. Omura,
“A New Output Current Measurement Method with Tiny PCB
Sensors Capable of Being Embedded in an IGBT Module,” IEEE
Trans. Power Electron, vol. 32. no. 3, pp. 1707-1712, Mar. 2017.
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Current Reproducing Procedure

Iopp Lo WVerter output current
ION> - «— IGBT current
J A Output signal
of PCB Caoll
o digw/dt R,
— W\

N Integrated R, [ 1] ¥ 2
| | | waveform “VW—:{>—¢)
by OP amp. L
'IOFF
- Output current is
Ton Rectified reproduced by peak
waveform tracking
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0};}1 Experimental setup with IGBT Module

PCB Rogowski coll

D PCB Rogowski coil IGBT MOdUIe

705uH Hall current sensor
Voltage | | Gate Drive .
__%pply _ I
220uF| o
A PiN Diode —
100uF S0
_ |
@
A FPGA A/D Converter
Duty: 40% — 50% Integrator

FPGA eliminates influence by reverse recovery or turn-off tail current
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New method

Hall Current
Sensor

Note: Delay of half of PWM cycle will appear in practical implementation
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Conclusions

Why: package design, gate drive optimization, new screening
method, sensor for protection and possibility of output current
sensor integration in IPM, etc.

Practical examples

— DBC/Chip level screening method

— PCB Rogowski coil for power module

— Integration of output current sensor in IPM
PCB coils advantage and requirement

— PCB coil has advantage of reproduction of the performance,
cost, size (thickness), physical strength (but less flexibility)

— Design tool is required for application specific design

— Digital system will help the measuremrnt for automatic
calibration, waveform processing
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