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Mentor & MicReD SEFD

-~ CORPORATION

©® Hungarian company, spun out of Budapest University of Technology
Department of Electron Devices

European !
Headquarters g — - Rl

 Still maintain strong links with

MicReD
— 1nnovation in products

, Measuring the Real World
— research behind development
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MicReD History

s> 1997. Company founded
s> 2000: Participate in EU PROFIT project;

« 2008: Merging with Mentor Corporation

Mentor

Excellence Silver Awar
so  2005: SEMI-THERM top 2 p

and acquired by Flomeri

e 2016: Mentr

MicReD Product Development

IS,

Corporation merging with
Siemens Business

Micred Kft

TUVNORD
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High power module device QEFD
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s Automotive and transportation

s» Power generation and conversion

s» Thermal testing and power cycling
(reliability)
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® |GBT testing includes some major branches, like
IGBT =2V NE =

— Module electrical characterization tests 1% 40 & 14851

— Environmental tests =15 85

— Characterization tests Z=ERIET

— Lifetime tests Sap I

— etc. (mechanical tolerances % 22 2Z=, chemical resistance M{CE M, ...)

Mentor Graphics expertise covers an important range of these testing
branches, especially those which are related to powering solutions and
thermal effects

Mentor Graphics FIZEXE R INZR AR T3 =M EEREL 72 B 55 BV S B
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Characterization tests (QC)

e t=A A5

Using the terminology suggested at ECPE 1881y 52X B SR ECPE

QC - 01 Determination of parasitic stray inductance (Lp )
— |EC60747-15:2012 Chapter 5.3.2 SEHM A ERKIHE

QC - 02 Determination of thermal resistance
— |EC60747-15:2012 Chapter 5:3.6 ZHEIE

QC - 03 Determination of short-circuit capability & & %2 B 55

QC - 04 Determination of isolation behavior TR A& Ak
— |[EC 60664-1

QC - 05 Determination of mechanical data &3t & 1l
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Determination of thermal resistance (Rth) # /8 5E

Junction to case #5245 %ER

(Rths-c, using Dual interface measurement or aux temp sensor)
MAZETES A E tnE Rz

Ty
A
Si
Solder

TIM Ceramic insolator: DCB

’” Case
Temperature
-

we & =
2.5mm
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Determination of thermal resistance (Rth) /85 E

Junction to heat sink #5253 5 zh 28

(Rths-s, using embedded Pt100 temperature sensor —where and how many?? customer
specific)

FERBOPI00 BERIS  HENENBEHESHTES

Ty

— \
Solder
Ceramic insolator: DCB _
I
™ Ceramic insolator: DCB
I}

Heat Sink 2" 'mm
m syl t

T

— r-—
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Determination of thermal resistance (Rth) /8 FE

Junction to ambient & EHFIRIE

(Rths-A, its real effective value is inherently provided by all other measurements. In case
of integrated heat sink; coolant temperatures give additional information for system
integration.)

ERFVEEREMENMRE - EEMERSERIER - 280K R IR HERIMUELE

P
Si
. Eeeeses e

m

Baseplate (Al, Cu) in cooling fluid

Teootout
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| GBT 1 48 B3 75 =0
T3Ster i B2 SQEFD

2. Calibrate

1. Find
the TSP

y="-0. 001484x + 2.725130

2.700V
2.680V
2.660V
2.640V
2:620V
2.600V
2.580V
00.0°C

20.0°C 40.0°C 60.0°C 80.0°C 100.0°C

4

3a. Power
Step

A

P()

P({):——

)

)

Inside the package |
i]og CS p.hg

C

'
juncti
0£G Rl R2 R3 case o .

Co I ClI czI C3'|_' T I T

Rest of the heat-conduction
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[3Ster - Transient Response Measurements

[3Ster — B 2= [O] fE = A

Each section of the Structure Function path represents physical objects the heat encounters.
There is a correlation between physical objects and sections of the RC path.

"EBRKE RS RS EERD %BW%E*WELLEUE’J%EE%@ IR HEFIEN D RIRC B 7 EFTEAHER 4
i ' R IGBT Die

Die attach

Master: cumulative structure function(s)
T T

Solder/
Insulation

Yr Die Attach

Plate

® Out of these we can focus only on those which induce mechanical damage in

the heat conduction path of the power module

TEEZPRMRBEFTENRIRANS IR E RIS ESEMIE S

— Combined with structure function evaluation it is a good test method
EEAEREEREIHE ST
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Focus on Power Electronics Module Reliability—Lift time test

Examples:
Hybrid & electric vehicle (EV)

Railway traction applications — 30+
year expected lifetime

Reusable energy production, e.qg.,
wind turbines, solar

10" s of thousands to millions of
cycles required
Issue is thermally induced

degradations due to power cycling
& heat

Wire bond degradation
Metallization layer mismatch
Solder fatigue

Die and substrate cracks
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BT A 7Y 552

s> The thermo-mechanical stress is the largest when the
temperature difference between layers is high and
the contact surface is large

o FEFEEENRESCEIVEESEVEIE IREENUE
Bond Bond |gaT Bondwire
Diode \ Bond

Chip Solder —_

| | > Substrate
Base Plate Solder
Thermal Grease Base Plate

Heatsink
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s> 1he thermo-mechanical stress is the largestwhen the
temperature difference between layers-s high and the
contact surface is large

s> Solder joint between the base plate and the back-side
metallization of the substrate

o ZRA S H & B GBI IER

Bond Bondwire
Bond ggt

Diode \ Bond

Chip Solder

[/ Vi Substrate

Base Plate Solder

Thermal Grease Base Plate

Heatsink
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B2 7Y 552

s> 1he thermo-mechanical stress is the largest when the
temperature difference between layers is high and the
contact surface is large

s> Die attach — There was extensive research in this field
towards better materials and processes

o hfAEE— EMRERIRRE LB REZIER

Bond Bond gt Bondwj
Diode \ Bond
Chip Salder
Base Plate Solder | l | I} Substrate

Thermal Grease Base Plate

Heatsink
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B ) E AR 554

s> 1he thermo-mechanical stress is thedargest when the
temperature difference between Jayers'is high and the
contact surface is large

s> Bond wires - Small area but high'temperature swing and
CTE mismatch make it vulnerable

o BIRAR- BE/NEaE2{EER - BRIRGEEARZZESR

Bond Bondwire
Bond |GT
DiOde Bond

Chip Solder
| | > Substrate
Base Plate Solder
Themial Gio4cs

Heatsink
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The power cycling and thermal testing of high power semiconductors
* Industrial implementation of T3Ster+Booster technology

* A new product
— not a new T3Ster

— not a new add-on

— not a new Booster

————————

CSRO254 SYSTEM IDLE 2] oo ]




Traditional Power Cycle Failure Testing QEFD
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« Traditional Process: m  [ssues:
Run set number of power cycles — Repet'itive cycle/lab test process =
Take to lab and test for failure long times
— No “real time” indication of failure in
Re-:peat power cycling/lab testing cycle until progress — only post mortem
failure — Failure cause requires lab analysis —
Take to lab and determine reason for failure typically internal to package

Repeat Process

Determine Cause
of Failure
- Visual
- Sonic/Xray

Power Cycle IGBT | Lab Test IGBT for |
Module BE Failure '

- Dissection
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Industrial implementation of Mentor’ s
industry-unique MicReD T3Ster technology

Provides fully automated power testing / cycling
Simple touch-screen user interface

For MOSFET, IGBT and generic two-pole devices
Records diagnostic information during test:

o Current, voltage and die temperature sensing
“Structure Function” identifies changes /
failures in package structure
Supports package development, reliability
testing, and batch checking of incoming parts
before production

SEFD

CORPORATION

[res—

—
it [ | £ L‘;J
——

o I I Gl v v
FEEE

Touch Screen Controls

LE]
Rih KM

Structure Function
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Power Tester |RIE

Touch Screen & T3Ster
T3Ster Software Measurement
SAFETY BOX
Setup &
Control Power “ Cold Plate
Cycling
Structure Function |~~~ "~ N .
High
: current
: 3 phase equipment Three 500A Power Sources I
I (22kw) I
Power grid : ] ] ] :
: uPs T T T :
| |
| |
| |
! |
I I



Power Tester [RIE T 45 SEFD

~ CORPORATION

« Thermal transient measurement for junction temperature characterization and
Rth identification

— Following JEDEC JESD 51-1 static test method

— Structure functions describe the heat condunction path towards the
ambient

— Support of JEDEC JESD 51-14 transient dual interface measurements to
determine Ry,c

« Combined power cycling + Rth. measurement mode
— Creates stress on the device using power cycles
— Regular measurement of Rth during the cycling
— Monitoring of system parameters (voltage, current)
— Automated increase of Rth measurement frequency
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Bond Bondwire

Bond g1

« The Structure Function shows how M N/ Ve

Chip Solder —__

heat is flowing through a package from  seruesoe
junction to ambient e Sreese

« Reference (good device) Structure

. . A logC;

Function is saved ,, /
c,=2.¢ |, Ria /
1 j/ )

« Changes in the Structure Function % 3
curve during power cycling identify a - ’
specific change in the package e R, =3R

— Delamination 1 . >

X RE:’

— Cracks in substrate i %

------- ITIGITITI I I

ambient
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- Constant current

— Degradation has immediate impact on resulting temperature
swing, no compensation

— Most severe strategy

« Constant current, change of the cold-plate’ s HTC T
— Changes the flow rate of the coolant liquid in sync with the
cycles
— Helps to create a temperature swing at the case to induce
failures in the base plate solder
— For longer cycle times

- Constant power, PV

— Constant ton and toff

— Power losses are held constant by controlling the driving
current

« Constant ATj=Const
— Driving current control
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» Integrated Rth measurement and
power cycling

e Ix 1500A or 3 x 500A heating
current, 1-3 devices, 2 cold-plates

* An automated, standalone
measurement station

* Simple, task oriented UI
« Alarms and safety features

e Savings in gross measurement time,
complexity
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New Launches
« PWT 1500A 12C 8V

so PWT 1800A 12C 12V

so PWT 3600A 12C 6V

so PWT 600A 16C 48V

so PWT 2400A 16C 12V

 Customers request
Going from 12kW to 29kW optimization
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Power Tester [RIR 7T 48

~

12C HW
PWT 1500A /1800A/3600A

3C HW
PWT 1500A

3-CHANNEL POWERTESTER

HW VERSION
NOT compatible with PWT Control Software 2.1

cNoNOCH

12-CHANNEL POWER TESTER

HW VERSIONS
Compatible with PWT Control Software 2.1

- = -
=
=
) G ®
s 5
=
Number Element Number Element
1. Measurement channel LED indicators 1. External temperature sensor connection
2. External temperature sensor connection 2. Measurement channel LED indicators
3. DUT connection 3. DUT connection
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m Up to 12 devices can be measured at the same time
m 4 Devices per Channel using a channel Multiplexer.
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m Lighter mechanics (no cold-plate or
cavity)

Measurement: 16 channels (4x4)

m  Output current: 600A (2x300A)

= QOutput voltage: 48V

m Power Tester 600A 16C 48V (29kW!)




Power Tester |23t

Exploded
view of
IGBT

SECH
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« Up to 8 X 600A Power Testers chained together
allows users to power cycle to failure up to 128
|IGBTs in series
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| 1500A 3C
Devices B 1500A 12C
B 1800A 12C
Bl 3600A 12C
B 600A 16C
2nd 600A 16C

16

12

Device numbers were deduced from the
voltage limitation

and the number of available measurement
channels:

<3V per device was presumed

Current

1800A 12C

LBOOA S

600A 1200A 1800A 3600A

3600A 6C
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« Base plate temperature: 25 C

e Input power: 200W @ 100A

* Constant current regardless of the voltage change
e The number of cycles:1000 cycles

» Transient test after every 100 cycles




|IGBT measurement of Power
Tester(l)—constant current
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; —
o/ TEST2_cycling_2015-02-13 11-46-59 -;qdlng c'me}g\] (=@
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T3Ster Master: cumulative structure function(s)

100000 :
[|[— 1_0000000 - Ch. 1
10000 J— 1-0000100 - Ch. 1
-—— 10000200 - Ch. 1
—— 10000300 - Ch. 1
1000 H___ 170000400 - Ch. 1
- 100 H—— 1_0000600 - Ch. 1
< '|— 1 0000700 - Ch. 1
= 10 H— 1_0000800 - Ch. 1
< —— 10000900 - Ch. 1
(@]
1
0.1
0.01
0.001
0 0.05 0.1 0.15 0.2 0.25

Rth [K/W]
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T3Ster Master: cumulative structure function(s)

100000 R
[|[— 1_0000000 - Ch. 1
10000 LJ— 1_0000100 - Ch. 1 thsDA
H— 1_0000200 - Ch. 1
1000 [/~ 1-0000300-Ch. 1 0.05
F|— 1_0000400 - Ch. 1
L 0.045
- 100 | 1_0000600 - Ch. 1
S 10 [{— 1_0000800 - Ch. 1 — 0.04
£ F|— 1_0000900 - Ch. 1 e b P
° 1 E——— 0.035 gty
) \ T
I v 0.03
0.1 Fa —] AN >
0.01 ?’ 0.025
0.001 0.02 T ‘ . T T ‘ . 1 ‘
0 0.05 0.1 0.15 02 0.25 | 3 3 7 . & > Y : o

Rth [K/W]



|GBT measurement of Power
Tester(2)-constant current

Base plate temperature: 25 C
Targeted junction temperature: 125 C
Input power: 200W @ 25A

N

P | 1 1
TM/\&
13 16 26 29 t(s)

Constant current regardless of the voltage change
Transient test after every 200 cycles

REFD

~ CORPORATION




|GBT measurement of Power
Tester(2)-constant current
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T3Ster Master: cumulative structure function(s)

10000 H— tranlsient_UUUIUUU - Ch. IZII
[|— transient_005000-Ch. 0
M— transient_010000-Ch. 0
1000 5— transient_015000- Ch. 0
100 M— transient_025000-Ch. 0
Fl— transient_030000-Ch. 0 i
< || transient_035000-Ch.0 Mwiﬁwﬁ'ﬂ
= ‘“_“',..M'— “._M,.,-
= 10 o o
g J". ../.r .-!"....
1 ‘rf -_..'..- ._..,l""r
L H'_J'P il
T | e aeet _M—‘"_W".
0.01
0.05 01 015 02 0.25 0.3 035 04
Rth [KAW]
0.05 RTH,DA/ RTH,JA,O
0.04
v 2 XS
( \ 30.03
= .
[~ see
=
=0.01
&~
0
0 5000 10000 15000 20000 25000 30000

Power cycles
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Tester(2)-constant current > CORPORATION

« Broken bond-wires and burnt areas on the chip surface




IGBT measurement of Power Tester(3
Different Strategies to compare

3

Devices mounted on temperature controlled
cold plate

Base plate temperature: 25 °C
Various control strategies*
Transient test after every 250 power cycles

—0/. $

- REFD

~ CORPORATION

Sols

&

us@*“?




IGBT measurement of Power Tester(3
Different Strategies to compare
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Junction temeprature change Maximum junction temperature

122 160

*q Q 158
120

oA e i j' A
118 o 154
Q o

) =152
=116

] E 150

114 =148

- 146

A
A 144
110 142
0 10000 20000 30000 40000 50000 60000 0 10000 20000 30000 40000 50000 60000
Cycles to failure [-] Cycles to failure [-]
¢ Constl MConstP A ConstAT ¢ Const| MConstP A ConstAT




IGBT measurement of Power Tester(3)- 6 F
Different Strategies to compare B’ E D
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Structure functions to identify die
attach degradation

T3Ster Master: cumulative structure functioniz)

0.1

0.01

C4_000000-Ch. 2
— C4_002500 - Ch. 2
— C4_005000-Ch. 2
— C4_007500-Ch. 2
— C4_010000 - Ch. 2

Cth [ f K]

0.001

C4_015000-Ch. 2

—— C4_020000-Ch. 2

— C4_ 025000 -Ch. 2
1

0.02 0.04 0.08 0.08 0.1
Rth [K /W]

=
o H
3
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Effect of temperature differences

s> The same parameters .
on lifetime

used for IGBT cycling

» AT])Is kept constant, but 2 IV RN NN N
10°C difference 3 é_ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_fjﬁéﬁjjﬁﬁjjﬁﬁjjﬁﬁjjﬁﬁjjﬁ:

—)
Significant difference in
the lifetime

o 120°C: ~36000 cycles e
o 110°C: ~58000 cycles ..................... ...................... .................... |

Cyeling current [A] -

@ o w w w =

© I o =1 53 b
T T

%) 2 pOintS Of the |ifetime Curve 1;:0_ I 1 | 10(53001 I 205)(.’!0I | IBOEJOO : 405)00 505)00 | 50_000
are available




IGBT measurement of Power Tester(4)-
Wire Bonding broken check

3 8 3 3

o = 160A

Device driven is saturation mode, V=15V

Target AT = 100°C

Constant timing and current regardless of the
voltage change

EPC N
|b,d[@ |m‘@ RS
vs| (D

REFD

~ CORPORATION

T 160 A
P ~530 W
AT ~100 °C
THeating 558
T cogling 22's
Tmax 135°C

2 sl R e MR
e oA e
e
.
f

275 33 55

t(sy
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Bond wire degradation

235 ! ! ! ! !

23

225 |

Wion) @ Cyeling Current [W]

22 F

215 1 . 1
5000 5200 5400 Se00 5800 000

Cyecle number [-]



IGBT measurement of Power Tester(4)-Wire QEFD

Bonding broken check >  CORPORATION

Forward voltage of IGBT1 at heating current vs. cycle No.

355
354 |
353 | | .
352 | 1 .

351 | | 1

|
35 I camwraAssanr et _,I-’—H T
349 | .
348 | e .

3 .4? B _-_.,_-n_.-_l\-n--r-—-l-‘ n

T3Ster Master: cumulative structure function(s) 3.46 .

100 —— 4345 L1 '
5 i I : i : —— 30000 40000 50000

Cycle No. [-]

I,:'\J'h.'ﬂ“v"“v‘*‘*-

won [W]

.| Wecould verify that there was no
— ¢ch_0_000000-Ch.0
—eoxeon-cno - stryctural change

—— ¢h_0_010000-Ch. 0
~— ch 0_015000-Ch.0 3
——/€h_0_020000-Ch. 0

. |— ch_0_030000-Ch.0

~—|— ¢h_0_040000-Ch.0 ]
—— ¢ch_0_045000-Ch.0 [
I I I

1 1 | |
0 0.1 0.2 0.3 04 0.5 06 0.7
Rth [K /W]




IGBT measurement of Power Tester(5)- SEFD

Difference module compare CORPORATION

s> 2 |GBT Module compare
«» Provide the same test condition and check

FF75R12RT4 TII75A120



IGBT measurement of Power Tester(5)- QEFD

Difference module compare > CORPORATION

Base plate temperature: 25 C

Input power: about 105W @ 60A

constant current to measurement

The number of cycles:2000 cycles
Transient test after every 200 cycles @ 30A

TII75A120 FF75R12RT4



IGBT measurement of Power Tester(5)-
Difference module compare
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TII75A120

60.009375

60.00625

59.996875

—— CH#1: TII75A120

First, we can check the current output of Power Tester to this
two module is the same and very stable



IGBT measurement of Power Tester(5)-

Difference module compare

12]]

ATj of

this module is very stable

REFD

CORPORATION

TII75A120

ATqunction) ['C)
- = ~ R
= n b =
: 2 z z

&
& 3 g 2
‘ ‘
@

ATj of this module is continue
trend up

1203




IGBT measurement of Power Tester(5)- @EFD

Difference module compare > CORPORATION

A YT

| I

S
Tjmax of this module just 48.5 degree and very stgbke\/ TII75A120

47.5625 % } |’
47.25

777777

938 1250 1563
Cyele Number

In the same tégfmcondition, Tjmax of this module is reach to
about 73.5 degree and continue trend up



IGBT measurement of Power Tester(5)-
Difference module compare
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cling Current [V]

(on) @ Cy!

TII75A120

FF75R12RT4

—— CH#L TI75A120

The voltage of two module have the same condition as the AT



Cth [Ws /K]

100000

10000

1000

100

IGBT measurement of Power Tester(5)-
Difference module compare

T3Ster Master: structure function(s)

—— 0_0_0001800 - Ch. 0
—— 0_0_0000200 - Ch. 0

Wi

0.001
0

0.05

Rth of this module don’t have any
change after 200 and 1800 cycling

0.2 0.25 0.3
Rth [K/W]

Cth [Ws /K]

100000

SEFD

CORPORATION

T3Ster Master: structure function(s)

100000 I 100000
—— 0_0_0001800 - Ch. 0 |
—— 0_0_0000200 - Ch. 0

10000 10000

1000 1000

100 100
&
X
=
10 —— 1™ r—- A A £ 10 ly)
| I B AW A~ AW | 1) — ;
1HHrom 14 e =
/ N

1 / 1
=
/A
_)J//
ot  — 0.1
i
0.01 0.01
0.001 0.001
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Rth [K /W]

Rth of this module become lager

after 200 and 1800 cycling
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