Innovation Harnessing Computational
Technologies for Next-Generation
Materials Design

® Our Computational Chemistry Technologies aim
to accelerate materials discovery by > 10 times.

® We promote an integrated R&D system that can
expedite R&D come to fruition.

® Research on the simulation of electron dynamics
in EUV materials has started.

Paradigm of Material Discovery

v’ It used to take $10-100 million and 10 years to discover one new material.

v/ Acceleration of materials discovery was achieved by using simulations and Al.
v/ We expect to use quantum computing to make simulation and Al more efficient.
v/ Our ultimate goal is to speed up the discovery of new materials by >10 times.

1950s 2000s 2010s 2020s
Experimetnal Simulation Al and Data Quantum Al and
Science Science Science Data Science

Exponentially Increasing
Speed and Scale

Designing EUV Photoresist Molecules

v/ The EUV RLS tradeoff issue.

v/ Electron dynamics in materials greatly influence the tradeoff.

v’ Itis tough for classical computers to perform accurate electron dynamics.

v/ Quantum Computational Chemistry enables simulation of exposure and processing
chemistry with EUV photoemission.
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Wafer Processing

Silane Precursors
02

Gelest offers a broad portfolio of silanes and metal-organic reagents for ALD
and CVD precursor materials in addition to custom preformulated materials
for microelectronic applications requiring adhesion or use of primers.

ALD, ASD, CVD Precursors

R, I Cyclic Azasilanes I Trihydridosilanes

e Ring-opening upon exposure to -OH II' e Selective binding to metals over oxide
-’N\Rz e Highly selective to oxide vs. Si/SiN H~ Si—R ® R from 1to 18, vinyl, phenyl, etc
Si e Extremely fast at Room Temp/Pressure 4 available

/N
ROR ROR H
| silylating Agents - | Amino Silanes
e Rapidly add -SiMe; to oxide surfaces ’I\l e Precursors for nitride, SiCN and
—Si—N * Hexamethyldisilazane mimics, are ~_ _Si. _— low-k deposition
superior in some applications l\ll | lil
R
Low-k Precursors
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Si—O. ~ SIH6151 |~ SIM6506.0
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e Advanced low-k / SiOC dielectric precursors
® Bridging and cyclic structures create porosity
Y * SiN as low as 200 °C (PECVD) ® k-values as low as 2.2
N * Flowable PECVD precursors e Many structural variants available
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e High quality SiC @ 800 °C
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Wafer Processing

CMP Retainer Rin
03 S

¥ Product Lineups

® Techtron™ PPS - The market standard, low moisture,
exceptional chemical resistance & supreme properties.

@® Semitron™ LL5 - Offers extended life / Great cost
performance.

® Semitron™ XL-20 - Offers incredible durability, up to 20X
longer product lifespan. Best for overall cost reduction

per wafer.
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Techtron™ 1000 PPS Semitron™ CMP LL5 PET-P Semitron™ CMP XL20 PAI

MITSUBISHI
gl;cEm:DCAL MITSUBISHI CHEMICAL ADVANCED MATERIALS



Back-end Test & Electronic

04 Fixturing Solutions

Applications: Burn-in, test sockets & electronic fixturing

Standard materials Electrostatic dissipative materials

« Semitron™ MDS 100 « Semitron™ ESd 520HR PAI (A)

» Semitron™ MP 370 « Semitron™ ESd 490HR PEEK (A)
« Duratron™ T4203 PAI » Semitron™ ESd HPV PEEK (D)

« Duratron™ T5030 PAI « Semitron™ ESd 480 PEEK (D)

» Ketron™ 1000 PEEK « Semitron™ ESd 420V PEI (D)

» Duratron™ U1000 PEI « Semitron™ ESd 420 PEI (D)

» Kyron™ EPM-2204 « Semitron™ ESd 410C PEI (C)

« Kyron™ GC-100 « Semitron™ ESd 300 PET (D)

« Semitron™ ESd 225 POM (D) A = Anti-static
» Semitron™ ESd POM CNT (D) D = Static dissipative
« Semitron™ ESd PEEK-CNT C = Conductive

Test Socket Materials Semitron™ MDS-100
Semitron™ v/ Highest flexural modulus non-fiber-filled
12 MDS 100 product

v/ Extremely low CLTE

v/ Available in thin cross sections ranging
from Tmm to 6mm thick

v/ Very low moisture absorption

v/ Excellent machinability for fine features

e}

Kyron™ Semitron™ Duratron™ *

Duratron™
15030 PA| aEPM-2204 o MP370 _ T4203 PAI

Polymeric Stability
I

Ketron™ Duratron™ .

1000 PEEK a4 U1000 PEI

25 5.0 7.5
Machine-ability Rating

ESd Performance

Anti-Static Properties

Conductive Semi-conductive Insulating (Q/sq.)
102 level 108 level 10 level 1072
Semitron™
T ESd 520HR (PAI)
g Ketron™ Semitron™ Semitron™ 500°F
= CA30 PEEK ESd 480 (PEEK) ESd 490HR (PEEK)
o Semitron™
g— ESd 420 V (PEI)
¢ | Semitron™ Semitron™ Semitron™
= | ESd 410C (PEI) ESd 420 (PEI) ESd 500 (PTFE) 400°F
Semitron™
ESd300 (PET)
Semitron™
ESd 225 (POM)
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DIAFOIL™

05 — Solution of Mold Release Film
for WLP&PLP In Development

Release coating Polyester film with the following key properties:
(Silicone/Non-silicone) .
: v/ Easy molding
v’ Releasability
v/ Eco-Friendly (PFAS FREE)
+
v’ Functional primer

(Antistatic, oligomer block etc.)

Thermoforming
Polyester Film

Matte or smooth surface

Application

¥ Using our film and coating technologies, we’ve developed new mold release films

for compression mold targeted for WLP/PLP.

Good Formability!
Excellent Releasability!

T g I

Chip Chip
| Wafer/Substrate | Wafer/Substrate | Wafer/Substrate \

Mold Release Film

EMC (Liquid, PoWder etc.)

Features

B Our film exhibits superior formability at low temperatures compared to others.

Mitsubishi Other Release ETFE
. . Current product -
Chemical Film - competitor competitor
Easy High temperature Good Fair to Poor Good
molding | o\ temperature Good Poor Good
Releasability Excellent Good Good
Eco-friendly
Good Good P
(PFAS FREE) o0 o0 oor
MITSUBISHI
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Packaging

Low-Dielectric Resin
06

In Development

® Top-class low-dielectric performance resin

® Soluble in toluene

® In combination with other materials such as
m-PPE, lower total dielectric loss is achieved.

Key Characteristics

P 2 Types of low-dielectric resins

Type A : High heat resistance & high solubility in toluene
Type B : Extremely low dielectric loss

I 7 T T, Type B

Dlelectrg%og:'tzant (Dk) Aglmrzﬁizeo 218 2593,
Dielectrié:gses' |-(|Ef tand) Agzmgﬁ&zo 0.0002 0.0001
Water absorption Rles}g rZ?mcc) e % <0.01 <0.01
Vicat softening temp. Rlesfgrzgge deg C 145 14
Solubility in Toluene - - Ex:c;a(ljlr?]nttel::]\;l.er heagzgsﬂigﬁuon

Combinations with Other Materials

I Optimized solutions for combinations with m-PPE
We can provide the resin in the form of Toluene solution.
This solution is optimized for combination with m-PPE.

B Applications
* CCL for high-speed communication
* Resin coated copper
* Interlayer insulation film
* Bonding film, etc.
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Next-Gen Filler [Negative CTE]

07 Minimize Warpage, Maximize Possibilities

In Development

This Advanced Filler for semiconductor applications offers

® Stable negative thermal expansion over wide range of
temperatures

® Lightweight & spherical shape

® Excellent compatibility with various resins

® Low water absorption

An innovative material solution for thermal control &
low-expansion resin composites.

FiIIer Performance Data o o
[CTE Comparison with Conventional Fillers]

40

v/ Mitsubishi Chemical’s liquid epoxy resin (JER™630) and
an acid anhydride curing agent were compounded with 35
up to 45 vol% filler using a three-roll mill.

CTE a1 (ppm/K)
w
o

v/ Compared to conventional fillers, this filler delivered
lower CTE in cured composites while maintaining a @ Conventional filler

. N . + This filler
practical viscosity. 20

20 25 30 35 40 45 50
Filler Content (vol %)

[Formulation and Property Datal

Filler [Filler Characteristics]
Sample . Viscosity | CTE a1 Tg C . |
27 0.7 37.2 154

1 This filler CTE ppm/K 1 -1~-10
2 This filler 35 2.2 32.8 150 Temperature ° y
3 This filler 42 6.1 26.7 155 range RT.~400C  RT.~400C
4 Conventional filler 30 0.6 37.8 146 Density/gcm™ 292 1.9

5 Conventional filler 38 15 33.0 148

6 Conventional filler 45 2.2 276 147 Shape Spherical Spherical

PrOd UCt Featu res [CTE characteristics (temperature range)]

0.4%

v/ Consistent negative thermal expansion over a wide temperature
range enables reliable dimensional control in semiconductor
applications.

v/ Lightweight and spherical particle shape improves flowability oo \
and dispersion in resin formulations. 0% T /K

v/ Excellent compatibility with various resins allows for easy
integration with epoxy, imide, and other thermosetting systems. A% 50 100 150 200 250 300 350 400

v/ Low water absorption enhances moisture reliability in harsh Temperature /G
environments. [Water absorption rate]

. .. . . Weight change
v/ Easy handling, similar to conventional fillers: allows for smooth “
Conventional filler 0.5%
This filler 0.7%
Condition: 85°C85%RH 24h

Al,Os

0.2% 7.0~10.0ppm/K
2%
Conventional filler
1.0ppm/K

Lattice Parameter/ -

replacement without major process change.

*All data were measured internally by Mitsubishi Chemical and are provided for reference only. These are not guaranteed values.
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High Thermal Conductive

08 BN Sheet

In Development

Key Performance Data

@ Our Ultra-High Thermal Conductive & Insulating -m

BN Sheet enables thermal management for 70 % of Al:0
Sheet th|ckness 150 um
power semiconductor modules. Thermal
g 15 W/mK
. . . ge . conductivity
® Anideal solution for avoiding device
. . . Glass transition 162°C
degradation due to excessive heat during temperature
PDIV AC >5 kV

prolonged use.
Shear strength 8.4 MPa@150°C

Features (N

v/ High thermal conductivity

v/ Insulation
v/ Total cost reduction (with less manufacturing process)

v/ Easy to cut

Applications

P Ideal Solution for Power Semiconductor Modules

105

©
-

~
(o]

BN Sheet Power module

Rth ratio(%)

(o]
B

a1
o

. . Al,0s-solder SiN-sinter Sheet Lamination
Laminate power module and heatsink by BN sheet

P Reference
SEM observation images

BN filler Others (A) Others (B)
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Thermal Neutron Shielding

09 Coating

In Development

® We developed a water-based shielding coating
with high concentrations of dispersed filler that
mainly captures thermal neutrons.

Cosmic rays from
galaxy and sun ¢

@ Its high shielding performance enables
reduction in film and substrate thickness.

o
Neutron radiation
causes soft errors

Performance Data of Coating

P Evaluation Results of Soft Error

. valuation Results of Soft Error (coating) Evaluation Results of Soft Error (substrate:PE)
The developed coating can sox s0%
/ P . 9 70% 70% /
reduce soft errors with a so% — 0% -

50% —— T 50% — &
H H H Error Rate (%) Error Rate (%)
thlnner fllm than Conventlonal 40% —— ﬁmducﬂon Rate (%) | 40% — i Error Reduction Rate (%) |
. 30% — 30% —
materials.
20% —— —1 — —————— 20% ——
% — f—  —1 —1 — -~ 10% + —
/ 0% 0%

When applied to a substrate T - : 4 petom Peiom pesem
60um 77um  200um  500um +Coating200um
(P E, mo rta r, Wi re meSh), t he s0% Evaluation Results of Soft Error (substrate:Mortar) 80‘}Evaluatien Results of Soft Error (substrate:Wire Mesh)
. o Error Rate (%) |
thickness of the substrate 7% VAN 7% Error Reduction Rate (%)
60% 60%
. g / -~
could be significantly so% S - | son—
40% —— | 4 Error Reduction Rate (%) | 40% ——
reduced by applying only so% 0%
20% IEEEE— 20% |
200um of coating to shield 0% ] + N
t h e r m a I n e u t ro n S 0% Blank Mortar1.5cm cMo(tar12.‘5)3m Mortar 4.5cm 0% Blank Wire Mesh c Wire hggsél
. +Coating: um +Coating: um

XError Rate (%): per 1TuC
*The soft error evaluation board was configured with 32MBit SRAM.

Product Features

P Product Features

v/ 50um coating sample on PET film is flexible
and has no cracks.

v/ It can be applied to aluminum and mortar substrates.
Aluminm substrate : No peeling in cellophane tape test
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Services
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