Session The 85th JSAP Autumn Meeting 2024

[ Symposium (Oral) | Symposium : Materials for Green & Sustainable Semiconductor Manufacturing ]

& Tue. Sep 17,2024 1:30 PM - 5:30 PM JST | Tue. Sep 17,2024 4:30 AM - 8:30 AM UTC o c302 (Hotel
Nikko 30F)

[17p-C302-1~9] Materials for Green & Sustainable Semiconductor
Manufacturing

Noriyuki Uchida(AIST), Kotaro Makino(AIST)

Symposium Sponsor
[+ RESONAC

1:30 PM - 1:40 PM JST | 4:30 AM - 4:40 AM UTC
[17p-C302-1]

Opening address

ONoriyuki Uchida® (1.AIST)

1:40 PM - 2:10 PM JST | 4:40 AM - 5:10 AM UTC
[17p-C302-2]
Contribution to Sustainability of Semiconductor Manufacturing by Mitsui Chemicals

OShoko Ono' (1.Mitsui Chemicals)

2:10 PM - 2:40 PM JST | 5:10 AM - 5:40 AM UTC
[17p-C302-3]
Resonac's Initiatives Contributing to Green and Sustainable Development.

OHiroaki Takahashi' (1.Resonac Corporation)

2:40 PM - 3:10 PM JST | 5:40 AM - 6:10 AM UTC
[17p-C302-4]
Direct Synthesis of Silicon Chemical Raw Materials from Silica

ONorihisa Fukaya' (1.AIST)

3:10 PM - 3:40 PM JST | 6:10 AM - 6:40 AM UTC

[17p-C302-5]

Fundamentals and Applications on Self-healing Ceramics -toward Applications in
Semiconductor Manufacturing Processes-

OMakoto Nanko! (1.Nagaoka Univ. Tech.)

3:50 PM - 4:20 PM JST | 6:50 AM - 7:20 AM UTC
[17p-C302-6]
Estimation of CO, Emissions Factor of materials for Green Semiconductor Manufacturing

OTakehiro Yamaki', Thuy Nguyen', Sho Kataoka' (1.AIST)

4:20 PM - 4:50 PM JST | 7:20 AM - 7:50 AM UTC

[17p-C302-7]

Prospects and progress report of SEMI Sustainability Initiative and Semiconductor Climate
Consortium (SCC)

OReiko Eda’ (1.SEMI Japan)

® English Presentation
4:50 PM - 5:20 PM JST | 7:50 AM - 8:20 AM UTC

© 2024 |SAP


https://www.resonac.com/

Session The 85th JSAP Autumn Meeting 2024

[17p-C302-8]
The embodied environmental impact of integrated circuit manufacturing

Olars-Ake Ragnarsson1 (1.imec)

5:20 PM - 5:30 PM JST | 8:20 AM - 8:30 AM UTC
[17p-C302-9]
Closing

OToshihiko Kanayama' (1.AIST)

© 2024 |SAP



17p-C302-2 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

EFHFITBT 2 HEEREDY AT T Y T 4 ~OEBRIZANT T
Contribution to Sustainability of Semiconductor Manufacturing by Mitsui Chemicals
=HEFERASHEZERBAT ICT VYV 2— g VIFRE L F—

N R
Innovative Solutions Center for ICT, R&D Center, Mitsui Chemicals, Inc.!

E-mail: shoko.ono@mitsuichemicals.com

R PR A 7 T EEZR K B L, B ATRE R HIBRBRBE 2 32 2 5 121X, ICT (Information and
Communication Technology : IEHGBIE ) NARFIRTHD, —FH T, ASHRRER Al HOE K
LY, T—2BEERBIHET AT —PR L, EANEESCREANE T2 2 &3 HE
DL 72> T D,

ERELEIZ BN I ZF D 7 ) — U ABIZAT T CO = X v v a  ORE ST LTV 5, GHG
7't k=)L Scope 1 (GHG 4 A DE#:HEH) . Scope 2 (A RIRET /L X —D7EH) 2B L T,
TSMC 1 2021 4@ Annual Report (GHG Scope 1+2, ¥ =— HififEDOHH T =7) ZIelililE
T 25 & R AT 148 (100M) -CO; ton 2 & HFE H 45 £ TlZ7e - Tu 5 (Uchida et al. 2023),
AT, BB L 25 Te Scope3 (LB, Emik, . BEIE) OFLHHORHNFRITR
LN, RETHOI2IE, ZREEOFEEMEHZ DWW T, lx 12z EDL b 0nHnE S iEidh
LE, BEOWENOT — 2 2 Mi7E, BT OILERD D,

ST N—TE, BREE LI LR R A . AR A AR A T e B s R - 2
DICEOE DRSO FER AL B L, RBEICERE L Z/EORRES, BROAMEN. =L
F—OHRMICEHALENTWD (FH), [UELTHOETZFEMT 5K E LT, GHG Az HE
L, BfICEHT D GHG HEHEDOHI A ED D & L bic, "W - —E 22 B LN 2 —F =
— VAR TORRFIZER Y A, 2050 FDOH —AR o =2— T LEBIET, 72, ICT VY =
—¥ o UHER A B FEEIRO DO LA, 2022 FEN DK - K A XV T Ry
7T U —OHEBONERTE 2 A L. Bx MBI OBIE 21T > T\ D,

AFERTIE, FEEREDOY 2T T Y T 4 ~OEBRICAT 72U OB Az B+ 5 L &
bliZ, VYT T7AF == ERE W LE YN IS D T2 DI L EE ) idim T D,

BIETHRERS O mmrmaLr SWLEEEEHHT A - R 5EB
o) EREEE nEte Rl S
P H=%2F-x2/i-~0OKER B 5 G 0 R > ERrOBALHE

EHERIL—FTOZTTITIT4

RS E~ ORIk

54 744 2 netE Rl L RARH

EEEGOMNREL L5 RE EEEHCRA AN
we MEWE VA7 AVTIATFYRIRZVAVE Frs >ald AMEE A/s—ay
28 REEE FTEEMEFVRI =X =vay HR—bF—yT

Material Topics in Mitsui Chemicals Group

© 20245 [CHMIEES 700000001-182 T19


mailto:shoko.ono@mitsuichemicals.com

17p-C302-3

© 2024%F [SRYEES

)=V -HYRFFITVIZEBRT HLYF v I OMEH
Resonac's Initiatives Contributing to Green and Sustainable Development.
BRXSHLYFvy ILY PRSI RBEERE HARtEU4— B BH

Resonac Corporation.

Electronics Business Headquarters. R&D-center

Hiroaki Takahashi

E-mail: takahashi.hiroaki.xikrg@resonac.com

2.XD-PKG it & 7= Jedii 8 iR 3 7 — &
2 & —[AF GPU 2 AIHPC Y U =2 —3 3
VEIZHWLNATEY REEOT — ¥ &5
LB C & 2 L9 Wbt Ny r—
TR TOBREEBRICHIT. ZOREH ot
AN EE OB L T D,

WX 2023 4F 1 H 1 B, BEF0E T (KR) & B3
BT ~7 U 7V ZA(HR)(IH B SEALRL(BE)) 23
APEL, MAEFSE TvyF o) b,
s> 77 T ZAOMREHL A — T &
L CHZRLZEEZEDTWD, HEFED )
THEEEZ D] BIERRLE L. bk
8= b= & U THRHRDNR D 2 B RE A A1 HY
L. 7'\ —r Lt OFHge iTRE 22 38 R T B R
THZEEAABLTEY, TOHFTH
K- B HERM 2 4% DR F2E L ALE D
F. PR EEEITo TV D, FFICk TR
oy & L7 BB R B L & mv~ —
Ty Nz T ERALTWD I & ERARIC,
LA ) R— g A A HEE SR Yottt
ARy & — D M B 7 1 & A B 5
L TV 5,

F RE ORI 2T T T 4 OB&
EWMZDMENDDEZX, AT FEY
TAEYar 2030) ARET DL L BIT,
VAT FE) T HERE (=7 V7V T
€4) ZREL, REIEY a v oEkico7ed
T3,

THiEK & DI 2 b F D) THEETHZ &
HE L. KL ~OFISIC BB AT
WD BTG —EAD T A T A s
WIS DR AN & E &GS 2 7
ATHAITNVTEARA L MEIZESE B
BORBHEST AGHE)HEHEZ R HT 5
Rl ZEE L, BEFEITOERIC &Y 2030
47 2013 4EH 30%GHG HilJsi & #42 L, 2050
FEIZT =R =a— b T 5,
WHIEE < OFEFEK TH AT F T vibe
[ZE BT DMEHOTEENCEL Y M A TH 0 | FF
(AR RBE R I U T, AR O RETR
B FE 9 HEH (Scopel) R0 AR BF O = % L
X —(Scope2) 721 T7e < . FHEFOIFENIR
H9 B A Dk (Scopeld) b HH T 5 Z &
THEIT & o THEE O & WL FE A R E
LEATBRR 24T » T D, 245 OTEE)IER
Bl L OEEMRILLLETHY  Hid
EHEME FIC ORI TV E 20,

e —
s

BHEED
FEERA
BLUYA 7L OMEIFRR GHGHEH B

xH L1 CE5T3
ot HEoR
Rt EVifER £
HELEED " RT3
HEE LB
SRR RIS RIS

RESONAC

hemistry for Change

SDGs ~DEBR(LZFED F) THEIEL L 72 ARk

100000001-183

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

T19



17p-C302-4 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

VIUNZERHET I TARIEEEFRBOEZESK
Direct Synthesis of Silicon Chemical Raw Materials from Silica
EBT ORH IR
AIST, °Norihisa Fukaya

E-mail: n.fukaya@aist.go.jp

ThITNAXTTT UL BT Iy I ARETT ANA A O - RO RS LT
IR FIHEN TN D 7 A FILFELZOEBRFRO—2>Th D, 7 hI7T7vax v 0d, Bk
DLHEMEFETIE, RROTA A (V) ARERS) &R, KEOER= R LF—%H
WCERTHEMURE LGS ED 2T, —H, @B7ARIETLIOL, Izl K
JESHE TR A FE L, SHICT AV a— L ERESE D55, ISR A REEET Lo
NV EREEE L FIEIC L 0 RESN TS (Figure 1), L2xL, WFhoFKiEd, miazEd 5
BEIAFROMETRERD 2, WHNRTZ X LX —ZHBE TR EATH D,

2CO 2Cl, sicl 4 ROH
— " Si — 3 g
4 rac Si(OR)4
sio, * 2C Si |
High Temp. 4 ROH
— Si(OR)4

[Cu]
-2H,

Figure 1. Industrial Production Route for Tetraalkoxysilane
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Figure 2. Direct Synthesis of Tetraalkoxysilane from Silica
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The embodied environmental impact of integrated circuit manufacturing

Lars-Ake Ragnarsson, Imec, Kapeldreef 75, 3001 Leuven, Belgium

E-mail: Lars-Ake.Ragnarsson@imec.be

The manufacturing of integrated circuits is a very
complex and energy demanding endeavor using
many process steps, advanced processing tools and
infrastructure. It is estimated [1] that in 2020
~177MtonCO2eq was associated with chip
production. This is around 0.5% of the total global
emissions. However, due to the very strong growth
of the industry, its emissions are expected to double
in the next 10 years, thus significantly increasing
the relative contribution and making it extra
challenging to meet net-zero goals by 2050.

To take actions towards reduced impact, it is
imperative to understand what parts of the process
and supply chain contribute the most. To gain such
insights we use imec.netzero [1], a bottom-up
virtual fab model built to address such questions. It
uses process flows, process tool data and fab
models to model the environmental impact of IC
manufacturing. Shown in Figure 1 is the total
emissions (in CO2eq/Wafer) for various logic

technology nodes by process area. From the figure
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Figure 1 The total emissions for IC manufacturing of
different logic technologies by process area. Results
were produced with the partner version (3.3) of
imec.netzero [1] with default settings and includes
wafer level packaging.

it is clear that a) more advanced technologies have
more associated emissions than older technologies,
b) different process areas contribute to a different
degree, and c) process options have a large impact
(N7 vs N7_EUV [1)).

Similarly, using the scope definitions in [1], the
impact can be divided between the Fab and the
supply chain (Figure 2). The electricity (scope 2) of
the Fab is dominating the emissions, to be
addressed by sourcing fab electricity from low
carbon energy production. Next, the large
contribution of the production of materials (gases,
chemicals, wafers) shows that for efficient
reduction, the full supply chain must work together

to reduce its climate impact.
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Figure 2 Pareto of emissions by scope for the logic
technology node N3 (from Figure 1). The inset shows
the relative impact from scopes 1-3.

1. L. Boakes et. al, IEDM, San Francisco, USA, 2023

2. [Online]. Available: https://netzero.imec-int.com.

3. Greenhouse gas protocol, [Online, Accessed 24 06
2024]. Available: https://ghgprotocol.org/.
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and Collaboration, [Online] [Accessed 24 06 2024].
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Semiconductor manufacturing consumes a large amount of highest-grade materials,
including Si wafers, various chemicals and gases, equipment components, and packaging
materials. All these materials significantly contribute to the carbon footprint of
semiconductor products. In this summary of the symposium, we discuss potential ways
to achieve comprehensive zero emissions in the industry accumulating knowledge from
academia.
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