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Calculate the life time of system Accuracy
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Reliability of system
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PSS Mechanical failures

EEAHFn BiEEHin ¥RFSHIUE T Destruction

Eol bond wire connections Eol solder connections of housing / terminals

BB 444 Electrical failures
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Over temperature Over voltage Owver current Dynamic failure

E{E%Iﬁ[ﬁfﬁﬁfiiﬂ{t’a‘éﬁti] Other failures (climatic stresses, chemical stresses)

IGBT %;?EEEFIE%?&I IGBT module’s failure is critical
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IWERJEIX Power cycling:
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Power cycling can estimate the bonding wire and die solder’ s lifetime


http://www.igbt8.com/

M7k mEiEm#, B 37, LA Tvj
Test method: Self heating by load, T cycle < 3 seconds, measure A Tvj
FRRHNYE: MWAIERE Veesat $EK+5%

Failure criteria: Vcesat increase more than 5%

E Solder joint

——
EE YK Thermal cycling
WLV J R TV Al DCB R R4 2 (K e
Thermal cycling can estimate DCB solder’ s lifetime
M7k E i, B 5 208k, EA Te
Test method: Self heating by load, 5 min/, measure A Tc
R AP Rthjc HERK+20%

Failure criteria: R _thjc increase 20%



15 —

10 —

Jm O om

S AROE AN SiEMg Cu  Cu-Mo AISIC AISIC Al
(B3%) (70%)

J LI P R AN [F] R K Z 4k
(Different material’ s CTE) [ppm/K]

Mechanical stress
on solder joint

T

Solder joint

Solder delaminating where AT=80°C, T_,,,=25°C

0 cycles o k cycles 10 k cycles

AR T IGBT BEH i % fir
Lifetime of IGBT module in different application
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X “ driving cycle
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4
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lots of small cycles with
relative high ampiitudes
frequent motoring/regenerating
cycles,
very dynamic system

Start - generate
" " driving cycle

generating

frequency

L3 .
start min...h..day sto

P
relative long cycles with relative
high amplitude

operates often with low output

Start- go
v " driving cycle

-

start  min...h...days sto

P
apphcations dependent long and/or
short cycles with rather small amplitude]
has usually well defined overload
during stan

There are many applications and similar types of power modules.

Main objective is: how to select an active device in order to reach desired

system lifetime?

Is it possible to have power module suiting to all applications?
BN R 40 T AR A RIS IR AR 4k

Get the temperature profile by power profile in a cycle
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Failure modes with AT

There are two key factors in the selection of the appropriate power module:

1) thermal: Tvj op < Tvj

max



2)reliability: wear out mechanisms which determine module lifetime as
result of module

reliability curves and thermal stresses

Example of mission profile with marked temperature
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Note: RBSOA and other electrical phenomena are not covered in the
presentation.

Factors and impacts:

1) TFFWD max < Tvj op

THIGBT max < Tvi op

Nowadays Tvj op = 150° C

2)DTJFWD & DTJIGBT refer to Power Cycling reliability curves

A TC refers to Thermal Cycling reliability curves

Reliability curves are always given by power module manufacturer
G e L ——Th R Il £

Bond wire degradation - PC curve



Power Cycling Capability for Modules rated at T, me=150°C
IGET4 1200V / 1700V Industrial Modules
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Solder on baseplate degradation - TC curve
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Thermal Cycling (TC) Capability for Industrial Modules

(Cu baseplate)
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No. of cycle estimation calculation with Power cycling curve

Pt Cyeing Capabilty ¢ Modules rated 8 T, =150°C :

cycle time:
tonttn typ. Smin

temperature level:
Tessemin=29°"C

lcad conditions:
T-rise by internal
active heating
T-fall by external
cooling
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Simple mission cycle —— example of lifetime estimation

For relative simple mission cycles the module lifetime based on the three

presented reliability

curves and power losses converted into a junction and case temperature

swing can be easily
estimated. PrimePACK™ module in use: FF900R12I1P4D



Application
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Mission cycle simplification

Q: how long can the module work
when the machine is operated for
24h, 365 days / year

Used PC per year=

H2HZ*30s" 2, Atimes 365~

=52 560c¢~333 years (0,3%/year)
Used TC per year=
=2,4times ' 365=876¢ ~17 years
(5.8%/year)

Used PC per year= 876¢~228 k
years (4,38ppm/year)

Used TC per year=
=2,4Umes*365=876¢ ~114 years

8,76 1] r
( ppas/yeac) Results

@ Start - overioad for 30s

AT, se0r™ Tysear Te =150 C - 119,3" Cs
31K y
nPCs le7c * 1,75 (0,25s factor)=
LZoelc

ATc"Te-T, #119,3" € - 40" C = 80K

n. TC = 15 000¢

Propelling - long time stable

operation
ATy 1ear= Tyrear-Te =143° C = 123,2° Ca
20K

n.PCa M
AT =T 1,5123,2° C~ 114,4" Ca 9K
n. TC > le8c

@ Start - overload for 30s
T,=40" €, 1,=2kHz, f,,=2Hz, U, =68V
Voc =675V, €059=0,8, Ry .0=0, 1k/W

ch
?:" ,:,,,.,)..ﬂ S85A r.m.s

T,=112,4° C, Tc=119,3" €, T,
1687=150" C

ropelling - long time stable
operation
T,240° C, f,=4kHz, f,=50HZ, U, =498V
Vpc =675V, €059=0,8, Ry, ,,.,=0,1k/W

?vd!du) k.

N overioad ~ 150A r.mLs
T,"114,4" C, Tc=123,2° C, T,
1oar=14

3 C .
Loss calculation - IpoSIM
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Simple mission cycle —— example of lifetime estimation

Question from last page: how to estimate the power module lifetime under

the mission cycle,

has to be repeated again. Let’ s calculate the module wear out as a function

of mission cycle and

time.

(0,3%/year)

10h
propelling

10s
start

Mission cycle simplification

120

e omitted)

Final lifetime module estimation:
wear out / year = 0,3% + 5.8% + 4, 38ppm + 8, 76ppm £ 6. 1%

@ Start - overload for 30s (dominating wear out)
Used PC per year= 2Hz*30s*2, 4times* 365 = 52 560¢~333 years
Used TC per year=2,4times*365=876¢ ~17 years (5.8%/year)
Propelling - long time stable operation (wear out can be

Used PC per year= 876¢~228 k years (4,38ppm/year)
Used TC per year=2,4times*365=876¢ ~114 years (8,76ppm/year)

As reliability curves are given for 100% lifetime the module can work in
the example application

for :100% / 6.1% £ 16. 4years

Note: These calculations are made for IGBT only. FWD has to be calculated
separately.
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Dynamic load cycle - lifetime estimate



Load cycle Losses
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Excel — IPOSIM compatible..’
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Matlab calculates losses for given number of the load cycles and applies
them to the thermal networks specific for selected module in Simulink.
As a result the junction temperature profile for IGBT, Diode and the
profile of the solder temperature is obtained.

In that case, the simulation will be stopped. Over the graph the
information says, which element has higher temperature than allowed. If

its below..



If the temperature exceeds the limit
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From the temperature profile analysis the life time (and wear of the life

time in %) for each element and solder will be calculated. The graphs will

show the life time wear for each deltal. The sum of the percents is

calculated and also shown on the graph.
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High performance of IGBT4 module
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IGBT2/IGBT3
Module
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AT j=40°C

Timax=125°C 1x108 2.3x10¢
T jmax=150"C 1. 8x10¢

T
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PRAUEDNFR AR, WX JTRE, HINRETR
AR RE /PressFIT RN IR A
It 650V, 1200V, 1700V IGBT4 4= R4, (E-TIA it IR %K

Aluminium Copper Coppervs. AL
(standard) (Ifx new)
Electrical resistivity 2.7u0hm*cm 1.7p0hm*cm l -40%
thermal conductivity 220 W/m*K 400 W/m*K t +80%

PressFIT g+ EEFA
Press + FIT = PressFIT

PressFIT Technology

Reve [normaliz ed]

standard |ay-out

newnackage corcept
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R T 7 Ultrasonic welded terminals
AT R B

Internal terminal connections ultrasonic welded

- AR R T B4 Increased mechanical robustness

— AR g T YR BE /7 Higher terminal currents possible
— TCHEELRTHE L S 88 /) maximum temperature even reduced

Connectcr-

l Cepper

N 40BC-Copper
e
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SN FHAE L R g 3 oh . PrimePACK, THM-B Traction series, EconoPACK
TM4
AL AR RN A JECAA RS AR 308 456 DA vy L B B vk
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Cu base plate and .
AL,O, DCB ﬂr
14

600 Cycles
high delamination

Cu base plate and E’
improved ALO, 3
DCB

1000 Cycles
slight delamination

AISIC base plate
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no delamination -
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