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TODAY’S AGENDA

1 | THE WORLD BECOMES ELECTRIC 4 | DIE ATTACH AND MODULE ATTACH
TECHNOLOGIES: SINTER VS SOLDER

2 | REQUIREMENTS FOR POWER MODULE 5 | DIE TOP CONNECTIONS: AL VS CU DIE
CHANGE TOP CONNECTIONS

3 | SUBSTRATE TECHNOLOGIES: DCB VS 6 | CONCLUSION
AMB SUBSTRATES

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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POWER ELECTRONICS HAS SIGNIFICANT POTENTIAL FOR CO, REDUCTION
AND IS INEVITABLE TECHNOLOGY TOWARDS ZERO EMISSION WORLD

3 MAIN DRIVERS FOR POWER MARKET GROWTH

[ co, ¥ ] [ Energy generation 4 ]

electrification

Electricity consumption 4 Energy consumption 4

e: Yole Report, Status of the Power Module Packaging Industry 2024

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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Power Electronics play a key role in today’s increasingly electrified world...
POWER MODULE MARKET DEVELOPMENT, BY APPLICATION @
Key clean technologies ramp up by 2030 in the net zero pathway Comparison of market segment size and evolution SO b
k:apacity additions Electric car sales Energy intensity of GDP @ Total market 2028
(GW) (millions) (MJ per USD )
o B e ol $85 O @ YoLE
$8.4B
1000 weeeees $6 B ;
800
$4 B
[ —
$2B CAGRy; 541 2% - 5%
400 oereeeirtoerfin . ‘I.SB A CAGR,, 101 9%
T CAGR,, 25 79% $'I.3BQ $0.6B ()
03B $2.5B $0.868B CAGRy.25: 3%
O‘ $0.388_$0.46
2020 2030 2020 2030 2020 2030 02B $0.458 $0.58
Note: MJ = megajoules; GDP = gross domestic product in purchasing power parity. @ YOLE g Industrial Motors PV - ‘inné “ ” Ré“| .

Source: Yole Report Status of the Power Electronic Industry 2023

....from generation to distribution and consumption in industrial, automotive, renewable energies, appliances ...

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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TRENDS IN POWER MODULE PACKAGE

Si to WBG Higher Power Higher
Density Reliability

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024

Electronics

Lower Total Reduction
Cost of Weight &
Ownership Volume
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POWER SEMICONDUCTORS AND
NEED FOR NEW PACKAGING MATERIALs SOLUTIONS

Smaller and Increased
Thinner Dies Power Density emperature

Benefit through smaller dies

» Reduction of chip size / cost
» Lower losses / higher efficiency
* Increase of power & current density per chip

Packaging challenges

« Increased power loss per chip area requires materials with better heat dissipation
» More power needs better current carrying capability of packaging materials
* Increased operating temperatures and reliability challenges

Source: Challenges of New Packaging Solutions for Power Modules, Prof. R. Eisele - FH Kiel, Anton Miric - Heraeus Electronics GmbH & Co. KG, PCIM Conference May 2021

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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SIMPLIFIED POWER MODULE PACKAGE

/>Die Top Connection

— Solder / Sinter Module Attach

Sior SiC Die

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024

Power module platform compatible
both with IGBT and SiC technologies
(Source: Danfoss)
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WHY DO WE NEED NOVEL SOLUTION FOR SUBSTRATE?

Trend of SiC

power package for MCS material

-
High
operation T
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density
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High reliability
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Requirements

J

High resistance to "

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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SI;N, SUBSTRATE IS THE MOST SUITABLE SOLUTION FOR SIC PACKAGE

No degradation ——
Liquid-liquid Ag free J
55 > + 150 °C | 0.3/.032/0.3 |AMB
Si;Ny
Liquid-liquid AMB
55> + 150 °c  |0-3/.032/0.3 Si.N
13Ny
Air-air 03038003 | DCB
-55 2> + 150 °C ZTA
Air-air DCB
553 + 150 °c | 0-3/:038/0.3 ALO,
i} >
Degradation observed after few hundred cycles 8,000

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024



Electronics

L
1 0
WE
O%R
MLE
N OnN
Z £
IO
r O
orw
<>
Eo X
AAT
wE =z
‘= - 7))

Heraeus




HeranS Electronics
WHY DO WE NEED NOVEL SOLUTION FOR DIE AND MODULE ATTACH?

Trend of SiC Requirements

power package for DA material Solder Ag Sinter
( ™
High

operation T
\. y,
( ™

High power >

density
\. y,
( ™
High reliability T /T >0.7 >

\. y,

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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BENEFIT OF DIE-SINTERING - NO DEGRADATION

Electronics

ST 10,0/ 13, 1mm x6 00k SE(L)

N ‘I “k'ﬁ‘; : _ J ST e @ e Test parameters:
. - o wh : ; ! 3 . \ Ton =Tx= 15 sec
T : : ; P s K e (g 4(')0.'m' ) b : e ’ % . TC =40°C
dT...= 110K
Soldered Module with AICu-Wire after 56.000 Power Cycles Trax =150 °C

Source: T.Krebs et al, 63rd ECTC, 2013

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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BENEFIT OF MODULE SINTERING — HEAT DISSIPATION

Electronics

Die Attach: soldered

Die Attach: sintered

Module Attach: soldered Module Attach: soldered

B: Transient Thermal SiC and solder LA
T

193°C 183°C

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024

Die Attach: soldered
Module Attach: sintered

| Time: 203
| 12082023 1007

|
W Beos '
-
| 15857
{ATE
5.7
1249 ¢
0 r
0e

1000

000 20,00 (men) z
[ S— . I

181°C

Die Attach: sintered
Module Attach: sintered

A: Transient Ther mal SiC and sAq ol
Temperature

Type: Tempersture

Ur: °C

Time: 205
240520231030

171°C
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BENEFIT OF MODULE SINTERING — RELIABILITY

50um 500 cycles 100um

Module sintered

>

Module soldered

>)

200pum Solder 400 cycles 400um Solder

50um 1500 cycles 100um

Source: Pressure Sintering for Power Modules, Mathias Kock, ...et. al, Power Electronics Europe, issue7, 2007

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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ALL SINTERED MODULE HAS A SIGNIFICANTLY INCREASED LIFETIME

% A = 1,0 - S— . — ey - -y =
Materials properties Solder paste Sinter paste o (" s /
08 | ! . ! .'
[
Electrical resistivit 06 ]
y 0.01-0.03 <0.008 > L
(mQ/cm) < !
04 A —
[
Thermal conductivit 2 ‘
y 20-50 >200 : .
(W/m-K) P
0.0 e . | .
1,00E+02 1,00E+03 1.00E+04 1,00E+035 1,00E+06
CTE (ppm/K) 25-30 19 N
. = « = DBC both sides sintered (60s, 275 °C, SMPa)
Residue free No Yes DBC soldered & wire bonded (Sn96,5Ag3Cu0,5)
= = = DBA both sides sintered (60s, 275 °C, 5 MPa
-------- + DBA both sides soldered (Sn96,5Ag3Cu0,5)
B Higher reliability at TCT could be achieved by Ag sintering m A Weibull distribution of active temperature cycling'

Source: Innovative Material Packaging Solutions for superior Power Electronics Devices, EDPC Conference Nov. 2016, Nurnberg, A. Miric, Dr. Frank Osterwald, P. Dietrich, A.S. Klein, A. Hinrich

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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WHY DO WE NEED NOVEL SOLUTION FOR DIE TOP CONNECTION?

Trend of SiC Requirements for die Al Wire Cu Wire

power package top interconnection
material

4 )
High 7
operation T J

660 °

. y
4 )

High power
density High melting point
\. y,

(- )

High reliability J

. J

1084 °C

NN N

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024



HeranS Electronics

POWER CYCLING SOLDER & AL WIRE VS. SINTER & CU WIRE

- Surface Temperature ution

SOLDER / AL WIREBONDING w SETEG SINTER / CU WIREBONDING
D Y diolh WA « w/o DTS 100A 1s —
| = ‘g 130 1) |

>
m % 120
I'u é R]) ) S (5 [NSISN— ——
o [§
E 100
DTS regi
= 90 0 50 100 b 150 200
positionin px
of Nf _:_s'é ofl1654993 4 0249 50250
Weibull - 959 CI s
=
- § x67
00 s
<5
-l
m -
02
i e

Powercycling: I(const.)=136A/ton=1s, toff=2s, DT=130K, Tmax=175°C,
failure 5% increase VCE

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024 Source: C. Fery, A. Hinrich — Heraeus Electronics GmbH & Co. KG, PCIM Conference May 2021
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CONCLUSION: TO BENEFIT FROM THE CHANGE OF SI TO SIC BASED POWER
MODULES A CHANGE IN ELECTRONIC PACKAGING MATERIALS IS REQUIRED

IGBT Wide Band Gap

Tj: Up to 150°C Tj: more than 175°C

Si Dies
older
DCB AMB

Solder Sinter

“Electronic Packaging Materials for SiC Power Modules” - Dr. Michael Jérger - PE International - April 2024
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