IOpi CKOPEHbKUM.
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CBiTno, sike apykye komn'rotepu abo EUV, ASML,
TSMC Ta iHWi abpeBiaTypu ManbyTHbOrO.




EUV, ASML, TSMC Ta pesostoy,

: S c

; I ]

4 —

e D
WX
| O

. 3
e
.

. inuvﬁm
-

SML shipped 48 EUV lithography systems and 131 immersion DUV tools in 2025, generating €32.7
billion in total revenue and ending the year with a €38.8 billion order backlog.

https:/www.tomshardware.com/tech-industry/semiconductors/asml-lithograpy-roadmap-examined-from-duv-to-hyper-na



LLlo Take ¢poToniTOorpadia?

Lle npouec "apyky" Mikpocxem 3a
aoromMoroto cBitna. Ha kpeMHieBy
NJ1IACTUHY HAHOCUTBLCS GOTOPE3INUCT, AKUU
pearye Ha BUNPOMIHIOBaHHS, CTBOPHOHOYN

CKJ1aAHi Bi3epyHKM TPaH3MUCTOPIB.

{8 Minbapam TpaH3nUCTOpiB Ha OAHOMY dini

€& ToyHicTb A0 OKpemMmx aToMiB

Lithography
The essential components

- N J.}i

l.iul'ﬂ source I llNumination ‘;:,.-:,h::!l

Mask

Projection optics Wafer

Iykepeno: TSMC / Reuters



AK BUTOTOB/IAOTb MIKPOYINA?

1.CuposuHa: 2.doTonitorpadis: 3.TpasneHHs Ta ioHHa

B_l/l,u,o6yT0K KPEMHIlO Ta [PYK CXeMM iMnaaHTaLis
niarotoBKa NaacTuH UV

Photoresi

4.CTBOpeHHA wapie Ta  5.TecTyBaHHA Ta 6.BuKopucTaHHA B
KOHTaKTIB BUMNPOOYBaHHSA eNeKTPOoHIL|

)]

(b=

https://ownpetz.com/blog/article/how-are-microchips-made-cpu-manufacturing-process-steps-b4595



1.CupoBuHa:

BnaoobyTok KpeEMHIIO Ta XKuTTAa npouecopa NOYNHAETLCS B 3€MHIN KOPi —

nigrotoBka naacTuH 3 NICKY, AKNIA CKNadaeTbCA NePeBaXKHO 3 Aiokcuay
: €Ll KpeMHito (SiO;). KpeMHiil € OCHOBHUM e/IEMEHTOM

MIKpOUYIniB 3aBAAKM CBOIM HaMiBnpoBigHWKOBUM

B/1aCTUBOCTAM.

KnouoBi KpoKu:

e OunLeHHA: KpeMHin nepepobnsaeTbCa B NONIKPUCTaNIYHNIA KPEMHIN 3a I0NOMOTOH
XIMIYHOrO npouecy Ans AOCATHEHHA uncToTn 99,9999%.

* BupoulyBaHHS KpucTtaniB: 3a A0MoMOror npoecy YoxpasibCbKOro BUPOLLYETHCS
MOHOKPUCTaTIYHNIA KPEMHIEBUIA 3NUTOK — 3a3BuYail giametTpom 300 MM | IOBXNHOO A0
mMeTpa.

e HapizaHHA NnacTuH: KpeMHIEBUIM 3/TNTOK HAPI3a€ETbCSA HA TOHKI MN/1IACTUHU, KOXHa
TOBLUMHOK 6NnK13bKo 0,75 MM, a NoTiM NONIPYETLCSA A5 CTBOPEHHSA N1acKol, A3epPKasibHOI
NOBEPXHI, NpNAAaTHOT 419 BUPOOHULITBA MIKPOCXEM.

https://ownpetz.com/blog/article/how-are-microchips-made-cpu-manufacturing-process-steps-b4595



2.®oToniTorpadis:
APYK CXEMM

[Ticna NigroToBKM NaacTUH HACTYMHUM KPOKOM €
HaHEeCEeHHS Ha HUX CK1agHNX CXeM, AKi YacTo
CKNafarTbCA 3 MiSIbAPAIB TPaH3MCTOPIB.

KnouoBi KpOKu:
» dOTOpPE3NCTHE NOKPUTTA: Ha nnacTtuHy HAHOCUTLCA CBIT/IOHYT/IMBUIA XIMIYHMIA LWIap,

AKUMA HA3MBAETLCSA DOTOPE3NUCTOM.

* BupiBHOBaHHA Mackn: ®oToLa6/MOoH 3i CXEMOK MIKPOCXEMU CTaBNATb Ha N1acTUHOLO.
 EKCNOHYBaHHA: YnbTpadiioneTtoBe CBIT/10 (YP) NnponyckaeTbCa Yepes Mmacky,
nepeHoca4n cxemy Ha OOTOPE3UCT.

* MposiBneHHA: ExcnoHoBaHi (a0 HeeKCnoHOBaHI) AINAHKM dOTOPE3NCTY BUAANIAKTLCA 3a
A0MOMOror XiMIYHOTO PO34MHY, LLO A03BOMSE NPOABUTN CXEMY Mid HAM.

Llein npoLec NOBTOPKETLCA LWap 3a LWapoM, NPUYoMy KOXEH Luap BiANOBiAa€E Pi3HIN YaCTUHI
BHYTPILLHbLOI CTPYKTYPW NMpoLiecopa.

https://ownpetz.com/blog/article/how-are-microchips-made-cpu-manufacturing-process-steps-b4595



3.TpaBneHHs Ta ioHHa

IMMNaHTaLis
e
Exposure d \
@ O P -’l _
©o
Doping ¥

NeryBaHHA (iOHHa iMNNaHTauif):

[licna Toro, Ak cxema nposs/ieHa, 1l NOTPIGHO
i3NYHO CTBOPUTUN Ha KPEMHIEBIN MIACTUHI.

TpaBneHHA:

» Cyxe TpaB/ieHHA (n1a3MoBe TpasBeHHA) abo MOKpe
TpaBfeHHA (XiMIYHI BaHHW) BUAanse marepian 3 AiNAHoK,
He 3axuLeHnx ooTope3nCTOM.

e Lle dhopmye MiKpOCKONIYHI KaHaBKW, KaHa/In Ta
TPaH3UCTOPHI CTPYKTYPMW.

e [eBHI AinaHkn 6ombapaytoTbca ioHamMmu (Hanpuknag, 6opom abo goocpopom) AnA 3MiHU
e/IeKTPONPOBIAHOCTI, YTBOPKOKOUYM HaNIBNPOBIAHUKK pP- abo N-Tuny.

https://ownpetz.com/blog/article/how-are-microchips-made-cpu-manufacturing-process-steps-b4595



4.CTBOpPEHHS LWIapiB Ta
KOHTAaKTIB

Mikpouinn — ue 6araroLlapoBi CTPYKTYPW.
LLi Luapun NOBMHHI BYTN TOYHO 3i6paHi Ta
3'eQHaHi.

Kno4yoBi Kpoku:
 HaHeceHHSA AieneKTpNUHUX WwapiB: 130/15UiNHI WWapy HAHOCATLCSA MiX LLapamMu

TPaH3UCTOPIB.

* OcampxeHHA meTany: Miab abo asitoMiHIM HAHOCATLCS Y BUINSAAI BI3EPYHKIB AN
CTBOPEHHSA KOHTaKTIB (B3aEMO3'€fIHAHb) MiX TPaH3UCTOpamMu,

» XiMiKO-MeXxaHiuHe nonipyBaHHsA: 3abe3rneyye pPiBHICTb NOBEPXHI Ta 1T TOTOBHICTb

[10 HAHECEHHS HACTYMHOTO LLapy.

Cyu4acHi npouecopu MOXyTb MaTu noHag 50 wapiB, KOXXEH 3 AKX Ma€E TOBLUMHY
SinLie B KiJibKa aToOMIB.

https://ownpetz.com/blog/article/how-are-microchips-made-cpu-manufacturing-process-steps-b4595



5.TecTyBaHHA Ta
BUNPoOyBaHHA
) [Tlicna BUrOTOB/IEHHA NS1IACTUHN NEPEBIPAKTLCA Ha
HasABHICTb AediekTiB 3a A0MNOMOro aBTOMaTn30BaHOro
ONTUYHOIO KOHTPO/IHO Ta e/IEKTPUYHOIo 30HAYBaHHS.

Packaging

3aK/1l0UHI KPOKM:

» HapisaHHS: Mn1acTHa po3pi3aeTbCs Ha OKPeMi KpUcTasin (TakoX 3BaHi Kpuctasiamm).
e YnakoBKa: KOXeH KpucTtasa BCTAHOB/OETLCSA B 3aXUCHMIA Kopnyc 3i lWTtndtamm abo
Ky/nbKamMn N4 niakayeHHs 00 iHWoro o6naaHaHHS.

» 3aKNOUHe TecTyBaHHA: Yinu peTtenbHO TECTYOTbCA Ha NPOAYKTUBHICTb,

eHeproedekTUBHICTb Ta TEMNJIOBI XapakTepPUCTMKK. ns npemMiasibHOro BUKOPUCTaHHSA
BiIOMPAIOTLCS NLLE KPUCTa/IN HAaNBULLIOT AKOCTI.

https://ownpetz.com/blog/article/how-are-microchips-made-cpu-manufacturing-process-steps-b4595



| 3akon Mypa

KinbKICTb TPaH3UCTOPIB Ha
MIKpOCXeMI MOABOETHLCH
KOXXHI ABa poku. LL1o6 ue
TpUBaNo, AN BUTOTOBJIEHHS
npoLecopiB NOTPiOHe CBIT/10
3 Aefasii MEHLLOHO

NOBXXMHO XBUI.

* o . T b 5 ‘1. o i 1 Ll e 1 i & o . T, T, 3 W
Moore’s Law: The number of transistors on microchips has doubled every two years [elgiVt!
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
50,000,000,000

10,000,000,000

5000000000 Nttps:/ourworldindata.org/moores-law

1,000,000,000
500,000,000

100,000,000
50,000,000

10,000,000
5,000,000

1,000,000
500,000

100,000
50,000

10,000
5,000

Data sourc

g
e
-3 ol @
° b4
® G
o @ int Y °°

AL TR, 4
o G
el told

N S N

0
~

0.0‘OJ

21 paM
tria 2000 "¢ @aw:
e o e
3 5 NP 1
/ ¢ gs
e M A
A SN ¢:§°§°= .
un 2 Madison a4 §° f
AMD K @, et
Nothosl @ @ z
8’ : 516
Z 15+
S 215t
«
&8 13
Sl
=
S ok
28 gt
E 5f
s
win 6
oo 5
. &2 4
A S5 3
-
2 AL
=
o
L&)

Fig. 2 Rumber of components per [ntegrated
fanction for minimum cost per component
extrapolated va time,

O 2] Q e Q
W) O - % N
P o o P P

Year in which the microchip was first introduced

ce: Wikipedia (wikipedia.org/wiki/Transistor_count)
rWorldinData.org - Research and data to make progress against the world's largest problems.

- CC-BY by the authors Hannah Ritchie and Max Roser.

NMpo6naema: 3BM4anHe CBiT/10 HaATO "rpybe” ANna APYKY CyHacHUX YiniB.



Company Limited

TarBaHCbKa KOMMaHis, IKa KYrMyeE
o6,1agHaHHA ASML Ta Burotosnse
Mikpodinu ans Nvidia, Apple, AMD,
Broadcom, Sony, Google, Tesla ...
KoHnTpontoe noHag 20% puHKy

HaWA0CKOHaMILLMX MIKPOYiniB.

3acHoBaHa 1987 poky B Hsinchu Science

Park, Taiwan (3acHoBHUK - Morris Chang) . &

https://www.tsmc.com
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|"KpemHieBuiA LLUT" TaliBaHIo

3anexkHicTb cBiTy Big, TSMC Ta ASML
cTBOpto€E "KpeMHieBuM WUT" HABKOJIO
TanBaHI0, OCKI/IbKU ByAb-aKNMMN KOHOAIKT

3YMUHUTb CBITOBY EKOHOMIKY.

CLLA Ta €Bpona iHBECTYIOTb Misibapamn
(CHIPS Act), o6 Bupob6asTU

HaMOO0CKOHaAILLI YilMW Ha CBOIU

TepuTopii https://en.wikipedia.org/wiki/Silicon_shield
https://thediplomat.com/2024/09/silicon-shield-2-0-a-taiwan-perspective/



ASML - Advanced Semiconductor Materials Lithography
Jlitorpadpia nepenosmx HaniBNPOBIAHUKOBUX MaTepiasis

EUV - Extreme ultraviolet
ExcTpemasnbHe ynstpadionertose
BUMPOMIHOBaHHA (13.5 nm)

DUV - Deep Ultraviolet
Cnnéokun ynstpadioner
248 nm (KrF) or 193 nm (ArF)

https://waferscope.com/duv-vs-euv-whats-the-real-difference-in-chipmaking/


https://www.asml.com/
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| EBonOLLiA TexHoONOr]

doTonitorpadii

A ¥

DUV (FThnéoknm Yo) EUV (EKcTpeManbHun
yo)

193 HaHOMeETpA. 13.5 HaHOMETDIB.

BukopucToByBaBCS AECATUNITTAMMU [MpopwuB, WO A03BONMB
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AN 7HM+ dinis, CTBOPOBATM 5HM Ta 3HM uinw.
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https://www.asml.com/

Shorter, more precise, thinner: https://www.zeiss.com/semiconductor-manufacturing-technology W

The next technology leap Structures produced

with EUV are
5,000 times finer
than a human hair.

EUV technology
(extreme ultraviolet)

Y

10cm 750nm 400nm 10nm 0.01nm 0.00001nm

Radio Microwave Infrared Visible Ultraviolet Seradiation Gamma
radiation radiation (IR) light (UV) 4 radiation



|INpupopa EUV cBiTna

EUV cBiT/10 — ue MamKke X-NpoMeHi.
135 15 20
wavelength (nm)

BoHO nornmMHaeTbCa B cepenoBuULL,
HaBITb Y NOBITPI, TOMY BECb NpoLec

BINOYBaETLCA Y [MIMOOKOMY BaKyyMi.

=> [loBHa BiACYTHICTb MOBITPA

@ BMCOKOGHepI’eTM‘-IHa MJj1a3Ma



|reHepauis EUV: Bu6byx onoBa

N nsa otpumanHa EUV nasep ctpinse

Mo KpaniAax po3rJiaBJs1eHOro 0JioBa

150000 pasiB Ha cekyHAYy,

NepeTBOPOKOYM 11 HA N1a3My.

¢ TouHicTb N1asepa

® TemnepaTypa BuLLA 33

Oyxkepeno: TRUMPF Group
nosepxHto CoHLu



220000 K

Veritasium: The World's Most Important Machine - https://www.youtube.com/watch?v=MiUHjLxm3V0



TpaH3MCTOPW Ha KPEMHIEBIN Nigknaal;

AndopakuinHa
rpaTtka
(macka)

10,000

ﬂ 21%/ |_|_||e I;\iltho-;?raph}y
. 4 Wavelength
IHTepdoepeHu, § 248 nm

193 nm

130 nm” gy i
90 nm * ‘;—.\ '
65 nm ~

e
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Veritasium: The World's Most Important Machine - https://www.youtube.com/watch?v=MiUHjLxm3V0

(wu) ybusenep Aydeiboyir



ASML: Advanced Semiconductor Materials
Lithography

€aMHa KOMMaHis y CBITI, L0
BUFOTOBJISIE MpUHTEPpK EUV.
OpaHa MallMHa KOLUTYE NoHaa

$200 MJ/H | CK1aoaeThea 3
100000+ geTanemn.

be3s ASML HemoxxknmBo BurotosuTr Yinm ang iPhone 15 a6o HoBux Al-cepsepis NVIDIA.

Hanbinbwi knieHtn: TSMC, Samsung Ta Intel.

https://lwww.tomshardware.com/tech-industry/semiconductors/
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https://www.asml.com/

EUV lithography optics
ZEISS

New light for digitalization

Materials

Reflectivity 70%

Wavelength — 1 3 nm

https://lwww.zeiss.com/semiconductor-manufacturing-technology/inspiring-technology/euv-lithography.html



| Asepkana Zeiss

3BUYaMHI NiH3M nor/iMHatoTb EUV.
Zeiss CTBOPHOE HaMOOCKOHaILLI
n3epKanay CBiTi, o6 BigbmeaTu

CBIT/1I0 HA KPEMHIMN.

"fIkbu 03epkKaso 6ys10 po3Mipom 3

HimeuuuHy, HepieHocmi 6ynu 6 He

suwumu 3a 0.1 minimempa.” Al — ———=== _
Iyxepeno: Carl Zeiss SMT

https://lwww.zeiss.com/semiconductor-manufacturing-technology/inspiring-technology/euv-lithography.html



Reticle stage /— Drive-laser optics
” N EUV
ndenser llector, C1 v
slement C4 o (EKCTpeMasIbHWiA
Projection Ynestpadpioner)
el Gas-jet
assembly LoBxXuHa xBuni 13,5 H™m
Laser-produced OnTuka [3epkana

Cepeposuile Bakyym

Waler stage : "—
M ' ‘ cordens“g P03,ﬂ|if|bHa 3-7 HM
e N .om' ka3 30aTHICTb
Main -y _
enclosure —f ‘ ‘ ;ﬁ’g--. v . » 28 " 2 Smctral BapT|CTb $150M+
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Figure 1. Solid model of the EUV Engineering Test Stand.

https://ve42.co/ASMLRefs https://waferscope.com/duv-vs-euv-whats-the-real-difference-in-chipmaking/



https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbU4zN0VIamZZNkllMWtDNS1HLUVMUEdudjkwUXxBQ3Jtc0ttWXZVci1DSjB0aGpCMDNFZjVxR2dMd0Y1cmR2aWd5SlRqRUc0Z0NtYkVvMnFpOUs2dDBna0lwYms0a3pPOXc5bUpYMkJvT1QyWURZN2FVRFhCbmZLOFptdkdVTVZiVzBrLUpHZEZfc0U2Z00wNkdSTQ&q=https%3A%2F%2Fve42.co%2FASMLRefs&v=MiUHjLxm3V0

| Tpiapa nigepcrBa

e ¥ s
ASML Zeiss TSMC

IHTerpauia Ta 36ipKa OnTuka Ta g3epkana BupobHMuTBO YiniB

CKaHeEpPa



|IMaiA6yTHe: High-NA EUV

HacTynHe nokoniHHSA cKaHepiB
(0,55 NA) no3Bo/INTb APYKYBaATU
CTPYKTYpPU PO3MIpOM A0 2HM Ta

MEHLLE.

T Binblwa po3aisiibHa 34aTHICTb

& Lsuowmn LUTyuHuin lHTenexT

w1 >xepeno: Intel 7
Techlnsights




EUV source power continues to scale with opportunity to achieve >1000W
740W EUV power demonstrated - measures identified to reach >1000W in the future

EUV source power scaling

1pm architecture
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Plasma Process for 1 and 10 pm IR source

Tpm 10pm
Pre-Pulse Main Pulse

2020 2025

ASML November 14, 2024 Page 31

Public

https://www.tomshardware.com/tech-industry/semiconductors/asml-makes-breakthrough-in-euv-chipmaking-tech-plans-to-
increase-speed-by-50-percent-by-2030-new-1-000-watt-light-source-fires-three-lasers-at-100-000-tin-droplets-every-second




EUV product roadmap enabling affordable scaling
Towards high productivity platform for 0.33NA EUV, 0.55NA EUV and potentially hyper NA in the next decade

2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033

Node (resolution) 3nm 2nm 1.xnm 1nm 0.7 nm 0.5nm

0.33NA NXE:3600D NXE:3800E NXE:4000F NXE:4200G

13 nm resolution 1.1 nm | 160 WpH MMO 0.9 nm | 220 WpH MMO <0.8 nm | 2250 WpH 2280 WpH ]
0.55 NA EXE:5000 EXE:5200B EXE 5200C EXE:5400D

8 nm resolution 14nm| 110WpH/)/  MMO <0.8 nm | 175 WpH MMO <0.8 nm | = 185WpH =195 WpH

MMO = Matched-Machine Overlay
0.33NA throughput at 30 mJ/cm? dose
0.55NA throughput at 50 mJ/cm? dose

Hyper NA
opportunity

High Productivity common platform
Cost per exposure _ OEE (overall equipment efficiency) and productivity - 30% Caniinued_imp_rovemeni
ASML Movember 14, 2024

https://www.tomshardware.com/tech-industry/semiconductors/asml-makes-breakthrough-in-euv-chipmaking-tech-plans-to-
increase-sneed-bv-50-nercent-bv-2030-new-1-000-watt-liaht-source-fires-three-
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ILI.I,o 6 Take e NocnyxaTu/noANBUTNCA?

How are Microchips Made? ™ 4 CPU Manufacturing ...

HAMBAXKIMBILLUA MALLIHA Y CBITI [VERITASIUM]

ASML: Yomy Bia Hel 3anexaTb BCi KoMnaHii CBiTy?



https://www.youtube.com/watch?v=imlz5ICdtRA
https://www.youtube.com/watch?v=5Ge2RcvDlgw
https://www.youtube.com/watch?v=dX9CGRZwD-w
https://www.youtube.com/watch?v=MuvEgJ9ahGQ
https://www.youtube.com/watch?v=h_zgURwr6nA
https://www.youtube.com/watch?v=B2482h_TNwg
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He 3abyabTe nianucarncsa Ha kaHasn www.youtube.com/@physicsdepartmenttntu965
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