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Insulated Gate Bipolar Transistors (IGBT) / Power Electronics Applications
468 45 it BUAR 14 BB SR 4K (IGBT) /BB B F o BN F

Motor drives HiA3K5)

—  Commercial motor drives 7 H &ikIRE)

—  Motor drives discrete ik 1Kz 5 &

—  Motor drives modules Lyik IR 15 4H

—  Motor drives IPM ik IR % § Th % 5
2H.

UPS

—  UPS discrete UPSE; &k
—  UPS modules UPS#:4H

PhotoVoltaic inverters J&iRi%
—  Commercial PV 75 F ek i ds 5

—  Residential PV & HYE R0 A 58

—  Solar farms JKPH{E H %k

EIectric Vehicles/Hybrids Hiz/

wa zj]ﬁ/‘&i

— PHEV/EV fdiH =0R &30 1R

—  Mild HEV HEIR &S HIAE

—  Micro HEV B R &3 115 E

—  EV/HEV charging stations HE115Z%E /1R
B HEBIYR G 7
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Railway traction 4k % 2= 5|
—  Rail traction inverters %% 42 5| 45 g%
—  Rail auxiliary inverters %k BhigiAE 3%

Wind turbines X 77 %eH1

—  Wind turbine >1MW X /7% HL>1MW

— Residential/commercial wind turbines
A/ A RITimEeiL

Industrial applications TV
H

—  Welding 154
—  Other industrial &

Consumer applications 7§ 2% M

—  Induction heating 23 ik

—  DSC-DSLR camera flash DSC-DSLR#H
ML A2 A4

—  Air conditioner ==if

—  Washing machine ¥EAHL

—  Flat panel (LCD/PDP) {&7/~%% (LCD/PDP)

—  Lighting supplies &%

—  Other home appliances H'& % H

Others H

Other power supplies (SMPS) X
‘B HIEMLZE (SMPS)

—  Automotive ignition X% 5| %
—  Marine propulsion fff

—  Medical applications EJ7 5
—  Defibrillators [ 4 B 8%

—  Avionics converters i A5 4%
—  Heavy duty vehicles H A% E %
—  Grid -T&D % £ A1 i




IGBT Market Forecast by Segment
IGBT T A~[&] Nz A i 37 B4 F

$7B

$6B m Others

m Consumer applications

$5B
= Industrial applications

$4B

= Wind turbines

$3B - ® Rail traction

m EV/HEV (+chargers)
$2B -
H PV inverter

1B -
$ m UPS

$0B - B Motor drives

2011 2012  2013-E 2014-E 2015-E 2016-E 2017-E 2018-E
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IGBT technology trend — Power densities are
increasing (IGBT B A AKBEE — HERFEEMIZEH)

Technology and Supply Chain Trends
Technology trends

Technology roadmap for IGBT

B

b |GBT generation | 31% surface of Gen.1
Mormalized dig size reduction for 1200V/75A IGBT
F5 Trench ‘ Infinec TOSHIBA
Thin wafer = ™y .
- — _R:, Fuji Electric

Towards thinner
and smaller dies

Field stop P
= Trench ( Infineon & MTSUBISH oy
—_— AW ELECTRIC T
- FCo FuiBectic TOSHIBA
=

. Innovation is the only way for
Field stop

historic players to keep the
Planar ﬁ lead against new competitors

* New generation release is

NPT Trench ,"ET_TE%*T‘%,SCH' ?Iwavs alow vloltage product
™ 600V or 900V
N;’I’I‘r'::';fh . Main improvements are:
Infinecn FAREINLE -
: " . . —— —  Losses reduction
—— i Re Fuiji Electric FrEsEETEE
ﬁr — Die size reduction
Punch ,"'E“'Lr!.%'-%-&"' . Die thickness went down from
Through ~— = Fuji Electric FARCHLD 300um in 1990 to 40um in 2012
(planar) ‘ Infinean T
- Time
1990 1995 2000 2005 2010 2015 AY EEZG
YO
b = 20113+ 191 ‘}. 2017
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Commonly used test methods
— A AR

m IGBT testing includes some major branches, like
IGBT FEMAGRAREE
— Module electrical characterization tests 1= #8514 85K
— Environmental tests 215815
— Lifetime tests Zdn;RI5H
— etc. (mechanical tolerances ### 22 Z, chemical resistance fif {214, ...)

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 FIZE K ¥ 72 Th ZR 2R 75 = FNEAKFERIER 73 B H Bl B 7 R
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Sources of knowledge in power device testing
L SR 25 1 R 5t B A8 Al 12 90

There are internal company standards
with poor access to them,

but also some open sources exist
SFEEFPENRBETIRE, RERAREATE BEARBNESFHK

= e.g. AEC - Q101
— FAILURE MECHANISM BASED STRESS TEST QUALIFICATION FOR DISCRETE SEMICONDUCTORS IN
AUTOMOTIVE APPLICATIONS

m  Automotive Electronics Council — since 1993, on testing of automotive components

m Even though this standard covers discretes, many companies try to re-use the same
guidelines for modules

BESEBEERE T MEY BEFZAFHAZTRERRERN L

A.Vass-Varnai, IGBT Lifetime testing




Sources of knowledge in power device testing
L SR 25 1 R 5t B A8 Al 12 90

m Other forum of information exchange: H#hzx A 8 sHE
ECPE European Center for Power Electronics

Some statements in this presentation are inspired
by the ideas from the HtHR&EMAREREKEUTHES

ECPE Workshop - Intelligent Reliability Testing
(Nuremberg, 2-3 December 2014)

m and we have our own experience LI kBN A S HIKE
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Tests

m Module tests (QM)  #&#H:8I:
— the purpose is ensuring fault free DUTs for the subsequent tests, with parameters
met & functional accuracy
BHZ A T RIERNFHLEEREKREN DUT, itimESHEHTEMUIGEERE
— typically short tests, fractions of a second or some seconds
WRE AR, BEA ST E
— simple electrical tests, also visual inspection and similar BEMEMHAGKIBREE

m Characterization tests (QC) F# I
— Precursor to environmental and lifetime testing FERIRIRIEFIS=an 15
— checks relevant parameters before other tests, can be repeated at defined times
and after other tests fEFEMERASHEEMBRAITEREEREANEEES

m Environmental tests (QE) IRiEHIE
m Lifetime tests (QL) =dnAIE
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Characterization tests (QC)
EgE BN
Using the terminology suggested at ECPE #+BEA#7:EER &/ ECPE

m QC — 01 Determination of parasitic stray inductance (Lp)
— IEC60747-15:2012 Chapter 5.3.2 H4siERAHEIE

m QC — 02 Determination of thermal resistance
— IEC60747-15:2012 Chapter 5.3.6 ZA[HEIE

m QC — 03 Determination of short-circuit capability = 5EksE

m QC — 04 Determination of isolation behavior #:ZfEERKR
— IEC 60664-1

m QC — 05 Determination of mechanical data w2t &g
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QC — 02
Determination of thermal resistance (R,;,) 23z

= Junction to case #EEEZI5%

(Riyy-c , using Dual interface measurement or aux temp sensor)

FIAENMEERESHMEEERS

Ty
A
Si

Soider '~I..

Ceramic insolator: DCB

|I Case
Temperature
Te

TIM

- :.,‘_

- 2.5mm
USERZ2USER l




QC — 02
Determination of thermal resistance (R,;,) 23z

= Junction to heat sink #&25%IFREh2S

(Ryy-s , using embedded Pt100 temperature sensor — where and how many?? customer
specific)
FAAER Pt100 R EEFKE NEVENHERETEFEITES

Ty

Ceramic inzolator: DCB

—
iﬁdder

Si
Solder

TIM Ceramic insolator: DCB

{
mrmmT f




QC — 02
Determination of thermal resistance (R,;,) 23z

®= Junction to ambient #5EL3|IR1E

(Riy-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.)

BRAXNHEREMERNFTRY EERBBSEWERLT, HARMEERELENHOTAR




T3Ster Test Workflow
T3Ster ,IJ-"J_L L,*E 2. Calibrate #1E

1. Find the TSP

HEITSP OSRAM - Calibration

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 I

4. Analyze 734 3b. Record #iEY

Inside the package
—

log Cx

T®

R,

R, °
- c,C: R,

CQ c‘]
A

juncti
v oﬁﬂ Rl R2 R3 case )

CGTGT &T &GT I T T

Rest of the heat-conduction
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T3Ster - Transient Response Measurements
T3Ster — [RFREEEE A

m 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.
R BT LNEERSHBRRATEESIMNEHR,

MIEHRFOE 2R RC IRE 2 M7FE RN,

T35ter Master: cumulative structure function(s)

IGBT Die

1 1 I
~—— |GBT_experiment - Ch. 0 Ambient

10000 + )
Die attach

Copper

100 - Solder/
Insulation

Solder

Insulation

Solder

Die Attach

Cth Wsk]

Cold
Plate

Copper Frame

0.01

1 1
0 0.05 04 0.15 0z 0.25 03 0.35 0.4 0.45
Rth [K/W]
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Environmental testing (QE) in automotive

m The environmental tests serve to verify the suitability of power electronics
modules for use in motor vehicles.

RIFAHEERARRENREF TR EHRPERE

m Some commonly used environmental test solutions —££:@ FARYIRE RGN A X
— Temperature shock tests (TST) i P A B RIS
— Contactability (CO) it
— Vibration (V) =&
— Mechanical shock (MS) #EE

m Out of these we can focus only on those which induce mechanical damage in
the heat conduction path of the power module
HEZHPEMA R IEYRERMNERRBERAT5EFEBES
— Combined with structure function evaluation it is a good test method
EEREEEHERFMAEAX
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Vulnerable areas of a typical power device
BB REAHFMTER

m The thermomechanical stress is the most significant where the
temperature change and the contact area between the layers are
high &E#AEMEETERIZIVAZEANNNREZENLE

Bond Bondwire

Bond Rt
/
Chip Solder —__ /
I I }

| | > Substrate
Base Plate Solder
Thermal Grease —_| Base Plate

Heatsink
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Vulnerable areas of a typical power device
BB REAHFMTER

m Solder joint between the base plate and the back-side metallization
of the substrate £ EEEELEMIES

Bond Bondwire

B 1Rt
/
Chip Solder —_ /
I I

| ubstrate
Base Plate Solder

Thermal Grease —__ Base Plate

Heatsink
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Vulnerable areas of a typical power device
BB REAHFMTER

m Die attach — There was extensive research in this field towards
better materials and processes #:4E- E## SHIFETUL LE A ZHE

Bond Bondwire

B 1Rt
/
Chip Solder —_ /
I I

| | > Substrate
Base Plate Solder

Thermal Grease —_| Base Plate

Heatsink
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Vulnerable areas of a typical power device
BB REAHFMTER

m Bond wires - Small area but high temperature swing and CTE
mismatch make it vulnerable &4 - @i/ BBETLEIZ, FEKZRHET

E%BZEEIEEE,.'J—\:'\ Bond Bond gt Bondwire

Diode

Chip Solder —__

[ |
| | > Substrate
Base Plate Solder

Thermal Grease —_| Base Plate

Heatsink
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Thermal Shock Test (QE — 01) saems

TST test parameters

Minimum loading temperature value Tstgmin —40°C%,
Maximum loading temperature value Tstg,max +125°CF1
Transition time tchange <30s
Minimum dwell time at maximum/minimum temperature tawen > 15 min
Minimum number of cycles without failure Nc > 1000

----------------
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Alternative environmental option 2

TST test B—ERIEAR AR TSTAR
m The software should be able to drive the
thermal shock chamber in the following way: = 1250
B FE R0 H AVE BT Cable port guide™ " 7

— Set up the temperatures of the hot and cool S
zones  ERXEMMEAEBIRE 1

— Set up the storage times in the hot and cool
zones  ERFETEATIREISIE B il I R
— Enable TSP calibration in the entire range of Basket o| Ve

- §
the TS-120 chamber —: 3 /
£ TS-120 Z{EREEAEITTSPIRE 4 1
— Perform thermal transient tests periodically in

a selected zone 7 Hi7E % & I [E 15 $0 1T 2R B RE Cold zone™™1~
Sy VA
i~lna

m Optionally: =
— Set up the cycle numbers for the individual
zones and the cycling parameters

RE SR B AMRIRRBEMNBH
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Lifetime test (QL — 01 ), PC,.. &
m Checks failure mechanisms near the die (die attach, bond wire) with on-time ty,<5s
MERR B RS REMT I RO R 2kl (BHZE B, & #R), BB < 5s

m EOL criteria based on specific voltages (Vg Vg) or T; increase, related to Ry,
EOL MIZ# 2 £ Ry, HRIMIEENERE (Ve Vi) UBMAY T,

TA teycle >
v

ij,max

chs,max

Tds,min
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Lifetime test (QL — 02 ), PC_. =15

min =
m Checks failure mechanisms farther from the die, like baseplate solder with on-time tyy>15s
ERIRBEFERARY R ZAAE T, FIANERRIF RS, E@EFRE > 155
m EOL criteria based on specific voltages (Vg Vg) or T; increase, related to Ry,
EOL WIIZ# 2 HME Ry, HRIMHERERE (Vo Vo) BIEME T,
TA

ij max

Tds,max
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The ageing process (cycling) has to be simulation
based %1ti&iE (FE) LAKBHERZR

m Temperature gradient development during power cycling
AU RFIRGIBERREGE
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Automotive IGBT testing
SE IGBT Al

MISSION PROFILE BASED

LIFETIME TESTING
EREHERENF A




Calculating the lifetime of E-cars
n+g%§]$E,Jﬁﬂﬂ

FTP-75 cycle

Manual IGBT Power
Car Drive Cycle — 3D Simulation Model Cycling
EEER =HpEER To Destruction
e i FEIE ?ﬁl] IGBT hRBIR
FRF1EIE

.............

FTP75: “Federal Test Procedure”
IM240: “Out of city limits”
UDDS: “Inside the city for lite vehicles”
NYCC: “New York City profile”

NEDC: “New European Driver Cycle”
JC015: “Japanese Drive Cycle”

WLTP: “Chinese Drive Cycle” Temperature . o
Ey\é\ll:VC “Korean World Harmonic Drive Distribution; IGBT Fleld Llfetlme

AT Count Estimate

o IGBT Zdnta{h
HERE
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The real need is to
predict an IGBT
lifetime estimate
upfront (e.g. 12 yrs)
BERFREAELAM
IGBT gy&F=dn (Hian: 12
)
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Electric traction in a car

EEHESIA

Biatter I
) " Irwerter
. Blternating
Qiret Currert [AC]
Cument (OC) Flectricty
4 Electricity
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Motar

Mechanical
Transfer

Wheels

] bl

FA|




FIP-T3 cycle

1. Definition of the application —
The driving profile EEER — FIEEX uwu HW m L WH

wos 0 W @ @ W N 0 We R W
T T T T

m For the design of the power module the

exact definition of the task is necessary
R EREANRGTRTEZERERETS
m Possible input data: T &EE A B EE

— Electrical data: V, I BB
N, T " — Velocity v.s. time functions ®RE vs. FrfE]ThEE

Speed [km/h]
o ] & = 8 8 a 8

HWFET

m Driving profile examples e X &l
— IM240: Out of city limits ~ #BH TR
— UDDS: Inside the city for light vehicles ##! & #f7E
i P EE R
— NYCC: New York city profile 7E#RFIBIE
— USO06: Aggressive driver FE15ZEY # 5] #

Speed [km/h]

Time [s]
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How can the driving profile help?

1. Driving profile ###2=#£X 2. Power profile h&E 5 3. Temperature profile ;& E 75

FTP-75 cycle ‘ i

- |

£ "1
® ¥ |
] ;
kil 1.]

a
i "
i ] |
BN |

o m o w
4. Distribution of peak temperatures 5. Lifetime curves
&5 R E SR
T T T e Expected
s T S Ll A - T ————
: T = = H - == A8 S
ottt R Lifetime =anfRH
gt “ } T X (e.gl2yrs)
i | —
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2. Power profile based on mission profile

ERFREHB TR M

» Forces used for modeling the movement of a car
REEBEENIND
= Rolling resistance: F, = u;mg  =EEIE S

= Air resistance: F,;, = %pACdv2 ZE&[E A

= Acceleration resistance: F,.. = ma H0EpE 7

= Elevating resistance: F,;,, = mgsin(¢) BHBA (neglected) 72
» Engine power: P, ine(t) = ZFv(t)  HEMEINEK

. Py (t .
» Total required power: P ;4 (t) = ":7( ) wmkIh= (n - efficiency)

» Power 10Ss: P,(t) = Piorqi(t) — Pengine(t) INEIEF

= P,(t) is partially the conduction and switching loss of the IGBT
EHh5 IGBT BB FIFREAE
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3. To obtain temperature profile
BEURE WA

150+

. 140
P(t) $ Lh’ 130
L

/
=107 l‘:ﬁ’c
Com[g b
m  Allows qui| »- ystem to be
FREFIREF ]
m  May requil =-

fficient if a transient
s long driving profile

get the exq o
AREREH .

T T T T T T T T T
0 20 40 &0 an 100 120 140 160 180 200

. Issues WitIEIIg#IEI'RUM\.«I\aIII Is TTTUTUT TTCULOUUT UG e EE\ﬁﬁﬁH%H% FEﬁ-%E-'fEE
VS
packages S

ZRIFEEGHME
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Current Process has many Issues: 1. Accuracy:
BRIAERTZMEE 1. EHHE
Simulation Error Reduced from ~20% to ~0.5%
FEEREH ~20% F| ~0.5% HER
m Mentor’s recent release of FIoTHERM 11.1 allows for unique
automated MicReD T3Ster calibrations of material properties for 3D

imulati 4 XL AE
CFD simulations: FIoTHERM 11.1Rf45%F B EX IE I THEE
T3Ster Master: cumulative structure function(s)
10000 1 T G e ch 0
g 100
@
2 1
£
5 Calibrated
Te-4
0 065 0.‘1 0I15 0‘2 0;5 o‘J 0.55 0.‘4 045
Rth [K/W]
T35ter Master: cumulativa structure fnction|s )
100000
10000
]
g W
F "
{ 0

- ".—/M .M._u-l
. =
o Uncalibrated
0.00m

) L
00 01 0% 02 0B 03 0 04 045
R KW

m For IGBTSs this results in much lower errors #f IGBT RI[G{EIRZE B
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Why to calibrate simulation model...
AHMRIEGEERR

Uncalibrated SF:
53 + 42
RIREER BB K B
[Source]

18408 18406

100000 100000 E
% 10000 10000 &
- ~n

N Do £
i .;z:u 1000 $
s 10 m 3
E 0 1'1 E - T3t 15
¥ 1 1 2
3 0§ amnew
5 00t an =
E 0.001 oo ¢
= 0.0001 0001 [

1605 05 &

a5 1006 ¥

0 5 01 015 02 025 0.3 035 04 045

And compare the responses. Design 28 is the uncalibrated

Thermial Resistance (/W)

model. The peak at 0.25s is off by ~24%.

EEBAER - REEEARPCENERIEIRE (0.25s) WEEED 24%

le+06
100000
10000
1000

= B
w5 8

o 2

0.001

Thermal Capacitance (Ws/K)
g

1&05
1e-06 -

0 005

Temperatun: jdesc)

55

Calibrated

—rwgn-iE

34
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Calibrated SF
REAEB I AE B R ]
[Source] o
100000
10000
10

155
0.01
0.001
0,0001
1805

1e-06
0.1 0.15 0.2 0.25 0.3 0.35 0.4 045

Thermal Resistance (K/W)

Capacitance / Resistance (W" 28/K~2)

W T35ter [SF

B FloTHERM ISF
a

Simulate both calibrated and uncalibrated
model with an arbitrary power profile:

REEYRHRRERENMRREMIER

it e
et
Tenn b T vhetiphes
an n
an L]
s n
A »
£ "

et

5

WA SE 1 ]
e

2

»

-

"o

md

o

Accuracy is important! 10 °C difference in junction temperature may
result in over 30% in lifetime in real cycling conditions.

HEMREE | AERERER, 10EMNEEEEEEH30%H

=
EmEE
122 ! T !

- : : :

5 us e -
112 i
110 '. N ..'.. S I
108 : = a a

i] 10000 20000 30000 S0000 BO000
cycla numbar [-]




4. Temperature histogram
mEEE

m Counts the individual temperature components in the temperature profile —
future weighting factor in cycling
EARESMEYIHNSERESE - EEIRPHIRKRINERF

60 T

w
(=]
T

'
(=]
T

]
(=]
!

MNumber of temperature cycles
(%]
=

—
=]
!

02345Eil':'8-91011121314151E~1}’1&1920

Amplitude of temperature cycle (Degree celsius) 2017
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5. Power cycling mh®=1Es

» Reliability / lifetime test o514 / =anHlat

O IO

TP na—.

I

L

AT A

-

—— —>
~ 10 tonkremegy N
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m Switching the power between two defined states
HEMIETEE IR T U

m Inducing mechanical stress 5|54 FE 7
m  Which will lead to failure {ATf@&E %K

> Monltorlng the phenomenon with optical/thermal tests
G2 E0A nfﬂiﬁ*?"“f%%
» Checking the maximum temperature change of the sample

in each cycle N X
R EmESRBERRNES REZE




Continuously monitored process to understand
failure mechanisms HEE 5 T 2 K|

Touch Screen & T3Ster
T3Ster Software Measurement
B e e

SAFETY BOX
i Setup &
3 Control Power Cold Plate
i Cycling
SR 2 B
|
:
: 3 phase equipment Power Sources
i (22kW)
|
Power grid ' ] ]
|
|
|
|
|
|
|
|
|
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6. Lifetime curves E&igh#s

Eq
m  Arrhenius model: N; = e("b_‘T) fAIEREHTHER!  Cycles to failure fEIRE 4L
m Extended Arrhenius models: #EE i E driE sy
Eq
— N;(AT) =A- (ATJ-)a- e<"b—T> (used by: Fuji Electric)

Eq
— N(AT)=A-fF- (AT]-)“- e(kb_-T) (used by: Infineon)

1. E+08

m Lifetime estimation &t \.\\
=— S 1Bv0s \\

N f_sum —

It

Zn Wi 2 =
k=1n . . s B Tm=60°C =
fi £ 1E+05 ®Tm=g80°Cc || [ |
& ATm=100°C
1LE+04 ~

toperation = Nf_sum ’ tcycle
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CASE STUDY
=W HE



IGBT 3D model
IGBT == #Y

— We opened up and measured a sample’s geometry T B i £ ;845 & 8O 2 T 51 B¢

| Ceramics
i

R e T BT S D
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IGBT 3D model
IGBT == #Y

— 3D representation built in SolidWorks £ Solidworks #i1 = # =%
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IGBT 3D model
IGBT == #Y

— Then imported to FIoTHERM [E A ZE FloTHERM

! L l
— Assign material parameters to layers E&Z&RB#M B8
— Specific heat b2t

— Thermal conductivity EJEE{ZREL
— Density &
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Model calibration

RERIE

K W /1]

K Ws/K]

:
8
— Adjustment of material
properties until a perfect T T T T T T T
match is achieved between v
structure functions
= 1] & TR A <I¢| L
SR EBAM R R G SR R EE ;
l_;_l B=
e EE :
Original Modified
. . Thermal . e Thermal
Layers ﬁ(er}:?a SD?JC/IEC;]eat conductivity E(E?zgg Sp?JC/ILIc;]eat conductivity
9 9 [W/mK] 9 9 [W/mK]
Chip 2330 700 117,5 2330 700 100
DA 14520 151 59 14000 1000 67
Copper 8930 385 385 8930 385 385
Ceramics 3300 725 170 3300 725 170
Solder 1 1 57 1 1 57
Copper base 8930 385 385 8930 385 385
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Simulation of the IGBT’'s temperature profile
IGBT RESMFERER

IGBT vesztesige 100

éklet [°C]

Hémérs
~

120
1dé [s]

—Chip Chipet rogzité réteg —FelsGréz  —Keramia Alséréz —Forrasz —Hordozé

— Simulate the effect of transient power on the
structure I E T B EEEREINERTHEE

44 A.Vass-Varnai, IGBT Lifetime testing




Obtaining the histogram E#8EFE
m Calculate the distribution od the dT components &+ & 25418 ZE 9

100
\
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Accelerated lifetime tests jn&E=EdR1E

Average AT
Cycle number to failure [-]
[°C]

105 51104
101 61969
92 68465

» 3 samples were cycled at pre-set boundary conditions:
110°C, 100°C, 90°C 3 Ex m A A B R R A E T AR R
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Lifetime curve SR
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m Curve fitting following the Coffin-Manson model
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Lifetime prediction =&EA
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OPTIMIZING THE COOLING SYSTEM

E‘t;%él] %l\
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Different cold-plates
AR AR

m Copper vs. Aluminum 4R vs. $8
m Difference< 2% 2 < 2%

i
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éklet [
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Different cooling systems

ARIB A AR

m Liquid vs. air cooling  &#& vs. ZR 540
m Copper cold-plate 8 &L A iR

m Difference~ 12% =8 ~ 12%

H&mérséklet [°C]

Air cooling
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