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The Basic Question

Have I passed my 
qualification testsqualification tests 
according to the 
standard?

Fit for use

5

Is our product
"sufficiently reliable"

in the application?

Fit for standard

Robustness Validation Process

The new 'test to fail' qualification approach (instead of a 'test-to-pass'), is a 
paradigm shift from 'Fit for Standard' to 'Fit for Application'.

Robustness Validation generates knowledge on the relevant component

Therefore Components could be designed with known robustness margins 
combined with cost and time saving potentials.

Robustness Validation generates knowledge on the relevant component 
failure mechanisms that may occur at the boundaries of the specification 
limits.

60 companies formed a task force
t ttl h i

6

to settle a new comprehensive 
Qualification method :
o   ZVEI
o   SAE
o   AEC
o   JSAE
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RV – A Knowledge-Based Approach

material
process

design

temperature

humidity

V, I others

mission profilesystem components
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failure mechanisms

RV is a knowledge-based approach:
 Knowledge of  the conditions of use (mission profile)
 Knowledge of the failure mechanisms and failure modes
 Knowledge of acceleration models for the failure mechanisms

Definition Robustness Validation

Robustness Validation is a process to 
demonstrate that a productdemonstrate that a product 
– performs its intended  function(s) with sufficient 

robustness margin
– under a defined mission profile for its specified 

lifetime.
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Time at end of expectation

Robustness Margin

Customer 
Application

Customer 
Application

Application

Robustness curve at Time 0

Robustness Margin
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Mission Profile

car

time

component

module

system

10

freeze of
specification

freeze of
design

Mission profiles should be generated down the supply chain in an 
interactive way.
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Mission Profile

A Mission Profile is a simplified representation of 
l t diti t hi h th D i /relevant conditions to which the Device/ 

Component production population will be exposed
in all of their intended application throughout the 
full life cycle of the component.
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ZVEI-ECPE Team Power Electronics

Qualification of Components for E-Mobility

LV324 LV324/ Lifetime DC‐Link Film C

OEMs 1st Tier‘s 2nd Tier‘s

5 German
carmakers

ZVEI
ECPE

3 German
Subsystem 
suppliers

3 – Power
Modules/
6 – DC‐Link

 Harmonisation with JEITA  is in progress 13
IEEE CPMT/ SVC April 27, 2017

Power Module Qualification

LV324  Qualification of Power Electronics Modules for Use in 
Motor Vehicle Components
General Requirements, Test Conditions and Tests

Scope
This document defines requirements, test conditions and tests for 
validating properties, including the service life, of power electronics 
modules for use in components of motor vehicles up to 3,5 t.
The described tests concern the qualification of components 
at module level but not the qualification of semiconductor chips or 
production processes.

Overview

14

Overview
The tests described in the following serve to validate the properties
and service life of power electronics modules for use in the
automotive industry.
The defined tests are based on the currently known failure
mechanisms and the motor vehicle-specific application profiles of
power modules.
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Power Module Tests

QM module test
(Determination of the electrical and mechanical parameters
after the individual qualification tests)after the individual qualification tests)

Gate parameters
Rated and reverse currents
Forward voltages
X-ray, scanning acoustic microscopy (SAM)
IPI VI/OMA

Characterizing module tests

15

g
QC-01 Determination of parasitic stray inductance (Lp)
QC-02 Determination of thermal resistance (Rth value)
QC-03 Determination of short-circuit resistance
QC-04 Insulation test
QC-05 Determination of mechanical data

Power Module Tests

Environmental tests
QE-01 Thermal shock (TST)
QE-02 Contactability (CO)
QE-03 Vibration (V)QE 03 Vibration (V)
QE-04 Mechanical shock (MS)

Life tests
QL-01 Power cycle (PCsec)
QL-02 Power cycle (PCmin)
QL-03 High temperature storage (HTS)
QL-04 Low temperature storage (LTS)
QL 05 Hi h t t bi (HTRB)

16

QL-05 High temperature reverse bias (HTRB)
QL-06 High temperature gate bias (HTGB)
QL-07 High humidity high temperature reverse bias 
(H3TRB)

 Final test to record the electrical parameters of all DUTs
 Conversion of the test results into reliability data



Santa Clara Valley Chapter, 
Components, Packaging and Manufacturing Technology Society

April 27, 2017

www.cpmt.org/scv/ 9

Power Module Testmatrix

17

Part of Power Module Test Matrix

Thermal Shock

Contactability

Vibration

UGE,th Gate-Emitter-Threshold Voltage
UGS,th Gate-Source-Threshold Voltage

18
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Power Module Tests

4.1.4 Chip-near interconnect technology
Chip upper side connection design and design of chip lower side
connection with the substrate.
E lExamples:
Chip upper side: bond wire, ribbon bond, copper clip, sintering
technology Chip lower side: chip soldering, sintering technology,
diffusion soldering

4.1.5 Chip-remote interconnect technology
Connection design which does not directly include the chip. A distinction
shall be made between interconnect technology for electrical and
thermal interfaces Due to the design chip-remote interconnect

19

thermal interfaces. Due to the design, chip-remote interconnect
technology may be both electrical and thermal.
Examples:
Electrical interfaces: design of load and auxiliary contact connection
Thermal interface: system soldering between substrate and base plate
(modules with base plate) or interface between module and cooling
system (modules without base plate)

Power cycling reliability of IGBT4

Power Cycling target IGBT5
1.E+07

1.E+05

1.E+06

no
 o

f c
yc

le
s

Ref IGBT 4 Tvj 150°C

Copyright © Infineon Technologies 2009. All rights reserved.

1.E+04
40 60 80 100 120

delta Tj (K)

Page 20
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PCsec Test Conditions

21

Forward voltage IGBT: UCE,sat 
MOSFET: UDS
Diode: UF

+ 5 % a

Increase in virtual junction
temperature swing ∆Tvj + 20%

Failure Criteria

Life Time Model/ Reliability Curve

Lifetime Models for a certain IGBT module technology showing the 
impact of power cycle ton times at a given aspect ratio of the bond loop 

22

Semikron

IEEE CPMT/ SVC April 27, 2017
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PCT with Different Control Strategies

1. Constant timing
2. Constant ΔTbaseplatep
3. Constant power dissipation
4.   Constant ΔTjunction

Failure criteria

23Source: U.Scheuermann, ESREF 2010
IEEE CPMT/ SVC April 27, 2017

M. Thoben/ Infineon
24
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Consolidated Results after Rainflow Counting

T

20

25

30

Supplier A 2K

Supplier B 2k

Time

T

er

25

0

5

10

15

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

pp

Academic A 2K

Supplier C 2k corr.

Supplier D

Supplier E

Delta T

N
um

be

Estimation of Lifetime

26



Santa Clara Valley Chapter, 
Components, Packaging and Manufacturing Technology Society

April 27, 2017

www.cpmt.org/scv/ 14

Estimating the Robustness Margin

1. The process is good for any drive cycle

2. The weakest parts in a power module are normally the bond 
i b t t ld d hi ld Thi i d t th

Finally the robustness margin can be estimated using a lifetime
model/ reliability curve from the module manufacturer

wires, substrate solder and chip solder. This is due to the 
differences in the Coefficient of Thermal Expansion CTE

3. A translation has to be made from the vehicles mission 
profile down to the device/interconnect level

y

27
IEEE CPMT/ SVC April 27, 2017
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Ageing of Film Capacitors

31
IEEE CPMT/ SVC April 27, 2017
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Mechanical Characterisation M-01, M-02

6 capacitors are tested for each of the 4 groups

DC-link film C: Testplan

Vibration

Electrical Characterisation E-01 … E-05

High 
humidity, T

High 
temp.

Charge,
discharge T-shock

Short 
i itVibration

Mechanical Characterisation M-01, M-02

Electrical Characterisation E-01 … E-04

circuit

33
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Three Major Trends and Consequences for Testing

1.   Operation at higher temperatures

For 600V IGBTs a Tj = 200°C and for WBG devices Tj > 200°C is
feaseable in future Packages are a bottleneckfeaseable in future. Packages are a bottleneck.

 Test equipment has to be adapted to higher temperatures

2. Higher reliability requirements

This means longer test times

40

 More accelerated tests are required

3. Multiple stress tests

 Physical models and simulations are needed 
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Thick Copper Wirebond Module

42

For copper bonding a copper chip metallization is needed
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PC Results of Infineon’s XT samples 

43

Failure Mechanism after Power Cycling

With baseplate

44

Without baseplate
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ECPE Workshop “Intelligent Reliability Testing”
2‐3 December 2014, Nuremberg, Germany45 46
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Case Study:
Ultra Low Inductance 
Power Module Packaging

ECPE SiC & GaN User Forum  08.-09. Mar. 2017 

Power Module Packaging

Peter Beckedahl
Sven Bütow
Andreas Maul
Martin Röblitz
Matthias Spang 

Power Chips

DBC Substrate

Heatsink

Power Chips
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Funded by BMBF LES2 Call

„HHK – High frequency, High current 
Components for use in medical 
equipment and megawatt class PV 
inverters“

Slide - 50 - IEEE CPMT/ SVC April 27, 2017
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w/o Terminals Bondwire First SKiN 3D SKiN

TOP IGBT 5,27nH 3,48nH 1,19nH

BOT IGBT 5,17nH 3,44nH 1,39nH

Commutation Stray Inductance Simulation

, , ,

Mean Value 5,22nH 3,46nH 1,29nH

Percent 100% 66% 25%

Inner commutation loop stray inductance only   ~1,3nH
Main terminals contribute with additional           ~14,5nH

www.semikron.com
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Bondwire Design First SKiN Design 3D SKiN Design

Slide - 51 - IEEE CPMT/ SVC April 27, 2017
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2x output current at 15kHz 
with HHK SiC

5x output current at 50kHz 
with HHK SiC

Slide - 52 -

CAL Diode
Chip area per switch

200mm2 400mm2

200mm2 33%

RTHJ‐S 0,045K/W
0,100K/W
0,175K/W

25%

VDS / VCE at 400A 2,2V 1,8V 120%
Switch Loss Transistor 15,5mJ 75mJ 20%
Switch Loss Diode 6mJ 30mJ 20%

IEEE CPMT/ SVC April 27, 2017
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- A new high current, ultra low inductance full SiC power module has 
been presented

Summary

- A commutation stray inductance of about 1nH is possible due to
- Use of dual side flex foil for high current DC+ and DC- interface

- Long strip lines of DC+ and DC- interface with overlapping, matching  
potentials on module and DC-Link 

- No screw holes within the main current path which would require large 
creepage distances around the overlapping potentials 

Excellent electrical performance

www.semikron.com
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- Excellent electrical performance
- Switching speed of up to 70kA/µs do not cause critical over voltages

- No oscillations between parallel chips

- Acceptable low package resistance

Slide - 53 - IEEE CPMT/ SVC April 27, 2017 54
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Summary/ 1

 The Robustness Validation Process is a “test-to-fail” approach 

 The methodology is based on three key components:
i. Knowledge of the conditions of use (mission profile)

 For a given mission profile the robustness margin should be
estimated and be a basis for a reliable design and product

g ( p )
ii. Knowledge of the failure mechanisms (physics-of- failure)
iii. Knowledge of accelerated models for the failure mechanisms

needed to define and assess accelerated tests 

 A ZVEI-ECPE has moderated two qualification specifications  including
the whole supply chain:pp y

i.   For power modules
ii.  For DC-Link Capacitors (in preparation) 

 A harmonization with JEITA  regarding power module qualification
is ongoing

57

 An other End-of-life  tests was mentioned  The Accelerated 
mechanical fatigue testing

Summary/ 2

 New technologies like thick-wire copper bonding and planar 
interconnects will disclose new failure mechanisms which 
require new lifetime models 

 A major need are low inductive inerconnects to make  wide band gap
power modules operation useful 

58
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