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Celanese Corporation Overview MicroMAX

We are a global chemical and specialty materials company that engineers and

manufactures a variety of products essential to everyday living.
AR — RS RS RR AR NE Tl - FERIBERRAI T 19185, €5 EH 1065 G5
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Global headquarters in Dallas, Texas, USA 2mkmspig FEmE itk hi
Approximately 12,400 employees globally £1#4112,4008RT
$10.9 billion in net sales in 2023 (highest in company history) 202358545 109{Z2E5T

Number 396 on the 2021 FORTUNE 500 list (m=) ZEs003&bHE%E 553961
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50 owned and operated manufacturing locations; operations in 27 countries worldwide £%kso
FEEMEEHEL, BlhEHAEER71MER
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Two leading businesses: Engineered Materials and Acetyl Chain mxiztnls: TRz EES=S

A\

Innovation is at the core of our differentiated business model glFFERI1ZEwa ERERIE

external Celanese Corporation 2



Celanese Micromax™

/® Celanese|M

ICROMAX"
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VlicrROMAX"

Electronic Inks and Pastes

Thick film inks and pastes that are conductive, resistive,
dielectric and compatible with many substrate surfaces - polymer
films, glass, metals, ceramics, textiles
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Micromax™ Materials in EV Applications

Micromax™ B FIREHER IS EARRINFE MicRoMAX

Seat Sensor 5G (high frequency)

I PTFPTC; Intexar™ Electronic Inks and Films o Low-loss LTCC, PTFAg |l I

Cabin & Steering Wheel heating
B 7 Intexar Electronic Inks and Films

Lidar (VSCEL & demisting)
" Sinter Silver, Thick printing Cu & Ag, PTF silver | |l

HMI, 3D Capacitive Switches

[ In-Mold Electronics Portfolio

PTFAg & PTC carbon on polymer film i

LED Light Demister
71 In-Mold Electronics Portfolio

High-voltage Coolant Heater

Millimeter Radar P O _ Power Electronics
' (Inverter, DC/DC converter, OBC)

Die Attach Sinter Silver; Thick printing Cu & Ag |l

M M Low-lossLTCC

ADAS/CPU/GPU
Power Electronics T Z H,F (Advanced package of chip)
[

DR@ !lglﬁgkﬂ\ﬁé Thick Film Pastes (fired-on) Thick Film Pastes (polymer) Glass Ceramic Tape

)

Celanese Corporation Automotive



Tc

Sinter Ag
150~280
W/m.k

Metal contact
Ag, Au, Cu
(usually wire
bonding)

Epoxy Ag
8~20 W/m.k
Non-metal
contact

(flip chip and
die attach)

Pressure free sinter Ag (280 W/m.k, high modulus )

Pressure free sinter Ag (~110 W/m.k, low modulus)

Crraiin Cate Spunca

AlCaM
Gahl

Substratarsi SiC, efc)

Philrk

Caramics [fackaps

Epoxy Ag for die attach (~20W/m.k)

Epoxy Ag for TIM1 and die attach (10~15W/m.k)

Gel filling

Sinter Silver
Heat sink

I |!ermal |nte§ace matenal I

' Chip size

2mm x2mm 4mm x4mm Celanese Corf@mtpx6mm

8mm x8mm

>10mm x10mm 5



Introducing Micromax™ Pressure Sinter Silver

Micromax™ &

EIREET

L
1

MicroMAX:

A7 48 - DA510/DA51x

Sinter Silver : Sinter Silver
Die Attach Die Top Attach

Sinter S :
L@~ f"tL »)ll‘JL. .
Heat Sink Attach

Celanese Corporation 6



Electronic Inks and Pastes

v YV YV Y VYV V

Long work life at room temperature =& F T/EE{<
Good printability RIFeIENRIE S

Pressure-assisted sintering process 3[ElFeE T 2

Air or N2 atmosphere sintering ZZS R N AR ES
Bond to Au, Ag and Cu 5. IR iFH RIFHES

Applicable for SiC or high-power Si power module,

survives >2000 cycles of thermal shock (-55~175°C)

SEATSICEAINERSIEINEIER, A4S >200008# 5
(-55~175°C)

Celanese Corporation 7



Pressure Sinter Silver DA510: Shear Strength with Metals /8 Celanese| Micromax
ey e ICRO .
WERREEIR DAS10: SEEALIEE isaomax

Die shear strength » Achieve higher initial die
1607 shear strength on Au-Au
140, 8 ise 7 or Ag-Ag bonding o
£ Au-Au 3% Ag-Ag F55
—_— _ o= = —I;I—
& 120 SCIE SR A
= -
— B =
< . SRR
0
C
o 84.5
2 80
5
i 60 59.6
o 40
207 Substrate: 1mm thick
0 Chip: 3mm square, Imm thick
chip surface Au Ag Au Ag Sintering condition: 280°C/10MPa/1.5min
substrate surface Cu Au Ag

Celanese Corporation 8



Electronic Inks and Pastes

Viscosity @HAT 10rpm
80

70
60
50
40
30
20
10

Viscosity (Pa.s)

0 50 100 150 200 250
Days

Good paste stability after >200 days room temperature storage

>200 XEREFR, FHSEMLF

Celanese Corporation 9



Pressure Sinter Silver DA510: Paste Work Life Test Result ‘@
HERSGSIR DAS10: FREIT{ESHmINEER (ENRITE)
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Celanese ‘ MICROMAX®

. . . — Thickness A
Dry thickness is stable even after 2 hours continuous printing easurement
s = L Print
RIMETEEAEEIR] 2 /1\ITS, TIRERtIRSRaE diection B e on
Dry thickness after continuous printing v

A Dry thickness (Direction A) B Dry thickness (Direction B)
85 85
¥
T *
801 80
E E
3 = |
— 751 = 751
n &
o ]
c 72.5
_E 70.7 71.0 . e _ﬁ 714
+ 701 d 70.1 70.1 70.3 | 5 70 #0.5 70.0 EEE ..
& &
= =
551 65—
60 . : . - 60 : ; - .
0.00 0.25 0.50 1.00 1.50 2.00 0.00 0.25 0.50 1.00 1.50 2.00
print time (h) print time (h)

Celanese Corporation 10



Pressure Sinter Silver DA51x: Applicable for Dispense

MicroMAX
il — =N Electron ic Inks and Pastes
§BIERESER DAS1x: BRI
Slit nozzle dispense & jetting dispense can be applied instead of metal mask printing
S PALd e 1137 =~ —— o \ S
SRAZ T mRAA IR == AR AR o] LU E S NARED
Metal mask print Slit nozzle dispense Jetting dispense
(13mm square pattern) (6.5mm square pattern) (5mm square pattern)
Print
direction
Dried pattern
v Thickness
measurement
AVH = 74.184pm i AVH 54, 230um direCtion
Thickness profile Hiex = 99, 325u4m | Hﬂ-ax .?...E...I.S.l.:..ﬁ.a.ﬁ..ti_;
Direction A ¢ 100um f*"“ — i \ A
......... L
Ti - holiish R R Print
Thickness profile g o8, Bsoum N direction
Direction B { N /£ T L ededeetendiem
E j \ _j = ! : v
Ra (um) 0.04 0.19 1.24

Celanese Corporation 11



Pressure Sinter Silver DA51x: Die top attach application . m
EHETIeEEEE DAS1IX: i TRERNG SN FE VIICROMAX

» Stable printability and dispensability without paste bleeding or fading at pattern edge
RENEIRLEEMRRE, BRBEASLINEIRENIAD SR

Die TOE Attach

Die Top Dispensing

Celanese Corporation 12

Die Attached
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Long work life at room temperature Zm I~ _L{/EHFAn{<
Good printability/dispensability RIFHIENRITE/ 2] sa iR %
Low fillet, Less residue {KTEARR, AM9%ER

Short sintering process time J5ez5 1T Z B 852

Celanese Corporation 13



Electronic Inks an astes

Category

Product type

Print

Dry

Chip Mount

Sinter

Pressure-assisted

HIE

DA510

Stencil printing

Oven

Chip mounter / Die bonder
(dry mount)

Die bonder

v

A

Pressure-free
TE

Wet paste Dried paste Dried paste e e
Substrate
. Chip mounter
Dispense - Reflow oven / Box oven
(wet mount)
No pressure
Wet chip mount type TR sintering
skip ]
Wet paste Wet paste Sintered paste
Substrate

Dry chip mount type

Stencil printing

Ip mounter
(dry mount)

Reflow oven / Box oven

Wet paste

Substrate

Dried paste

Celanese Corporation

Dried paste

No pressure
sintering

Sintered paste




Pressure free Sinter Silver: Paste property, Standard

process condition 7G.

EGRGEIR: REERE, RETSHM

MicroMAX"

Inks and Paste

Q2905 Q2906
Low modulus type High modulus type

Print method
Chip size
Compatible surface
Dry
Chip mount
Sintering atmosphere
Sintering temp
Sintering time

Paste storage

Thermal conductivity
(280degC/0MPa/30min sinter)

confidential

Stencil print

= 7mm sq.
Ag, Au, Cu

120degC/10min
150degC (chip side) /175degC (substrate side) /1MPa/=1sec
Air or N2
280degC
In-out 45min, Peak hold 30min

Room temp

105 W/(m.K) in air 288 W/(m.K) in air
No data in N2 125 W(m.K) in N2

Celanese Corporation

15



Tc

Sinter Ag
150~280
W/m.k

Metal contact
Ag, Au, Cu
(usually wire
bonding)

Epoxy Ag
8~20 W/m.k
Non-metal
contact

(flip chip and
die attach)

Pressure free sinter Ag (280 W/m.k, high modulus )

Pressure free sinter Ag (~110 W/m.k, low modulus)

Crraiin Cate Spunca

AlCaM
Gahl

Substratarsi SiC, efc)

Philrk

Caramics [fackaps

Epoxy Ag for die attach (~20W/m.k)

Epoxy Ag for TIM1 and die attach (10~15W/m.k)

Gel filling

Sinter Silver
Heat sink

I |!ermal |nte§ace matenal I

' Chip size

2mm x2mm 4mm x4mm Celanese Corf@mtpx6mm

8mm x8mm

>10mm x10mm 16



Micromax™ Epoxy Ag — CE 1709 Features & Performance .

KEMIBETRE - CE 1709454 51468

L

Celanese|M

ICROMAX"
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>

High thermal conductivity (>10W/m.k)
EERRE

Stable bonding to large chip (*10mmx10mm)
SRR TEERE

Low modules epoxy

KRS ENAE

High adhesion to metal lid to Si chip
YEBESESHRNEMHED

Excellent reliability

HEer ] 5EE

Designed for use for TIM1 in advanced flip chip package and

die attach in wire bond package

RITA TSR ST TIML 5| GRS HE S A IhE

¥

>

High thermal conductivity solution in package

HEPHESSRIERREE

\

Celanese Corporation
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Micromax™ Epoxy Ag-CE 1709: reliability and adhesion

INEIIEE Ag-CE 1709: RISETEFNMIETD

/® Celanese|Micromax

SAT Results (Through Scan) 10x10mm sq.

Stable bonding quality before and after thermal cycle test

21R Shear Force after TCT
40
357 f34.15
30
§ 25 ® 25.155

20, 1 Ezo.n
15 IIS.-M

10 1 T T T T
Thermal Cycles TO T1000 TO T1000
Shear Force (kg) Shear Force (MPa)

Individual standard deviations are used to calculate the intervals.

Chip: bare silicon

Substrate: bare copper

BLT: 7515 pum

Curing profile: RT-120°C/1hr-175 °C/1hr
Thermal cycling test: -55°C to 125 °C (air)

18
confidential



B4 Micromax™BFREEES O F=PINE MicrROMAX

Pressure assistant: Die-Attach Room temperature storage and stable
DA510/ DAS1X "TC: >200W/m.k Top-Attach operation window
Heatsink-Attach =miEF e L2 &N
Sintering
Ag Dry Chip mounting, less void, best BLT and
HIEEERS S residue control
Q2906 TC: ~ 280W/m.k for high module Die-Attach it . N .
WENESRE  /DZR =WESaly =
Q2905 TC: ~110W/m.k for low module :FE,E’L")}‘ Wize, DR, RE B ATAHE
YEansl
The best modulus epoxy Ag which enable large
Epoxy TIM1 bonding area to the chip
CE 1709 TC: 8-20W/m.k - = (ot 3 T e
Ag / Die Attach BILERAEREAe, LIS HAAIAT

RS

Celanese Corporation



Heating On Steel Heating On Aluminum

® Metalsubstrate ® Dielectric ® Resistor ® Conductor ® Overglaze

B e

#8454 vEE 3500N  CTE:10-11 ppm “ei5/ R AS100 CTE: ~15ppm =YY ) PI/PET Bis, S5
= H6000/ = _ o
SR LF131 Rs: < 2.6mOhm K AS300 Ra: < 2.6mOhm 4K 5025 Rs: < 15mMOhm
20mOhm — EpE K2478/ ~ 40mOhm - EFRIE  PTCOSS o o z0
28 oo 1.20hm K2479  250m Ohm PTCERRE Lm/H R 80C/25°C>10
Polymer ——
{#4PFh  3500N  CTE:10-11 RIFE 5499 {RPEHS  PI/PET Bis, S5

Encapsulant
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Electronic Inks and Pasftes

Welcome to Visit Booth G22
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