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IRIT
» 0 A9 7 Fole Rfows @ w ot
golgiiaieh oo (giforeex) o9 gid €l
» ey Fr Aegtherafier 7 fAfdweT am W
oIe afhed &t Bic = & fow yehrer &
AT foRam 7T B
- Ry AT 1 i wEE e E
B1S {ollog@le gTfler ell, Tétehell FATRera
HET IR 93 YA W A
» 3fRgen MYl A@er At faReied &
(fSSimst, 3uetoT, |reE, higeher) 3R Fo
g Set 7 Higd Bl
g #T & 3 A R A e B
3cules glaemsit & T A= & & &

gessfA

[

FHIFsFR Iew gelagiieie deahaildh o
fafesar safeq gia 81! #R, dAuery, aysre
Referdy 3R $sfcaa Aeica, asft f”icg W
e €1 7® R 3ehr 500 fafegsr USD
F FRIER g foraeh 2029 d& sga 1.3
feferast gl &7 37 §12° I8 IRTSH Higa
3eger & 3R fargeardt 3mqfd s@er 3e4
TR W AAfied & 3R $o & aof A Hfad
g ARG H 3T AT #H 36T A & fow
9 Aegtheraer sersat (A1 thew) & HAT
81 2020 # HRA # soaelee oy & g
GUd SHI 1.1 a1@ s FUC Fr oY, T
QORI T % SR G BT A i d
WHR F ARG & heq & 0T & o
76,000 U5 TYT Hed 1 A3 dHr
o $T g1 38 S A T Aegtheaiar @
e fafdeet deneiiehr goAlfaat &1 g&dd
o aram gl

dHiwsaed W8 qerd gid g Siereh faegda
9T FaATelhi (F3FeH) (dieT, Tegairgs,

Tidl) IR FaTehl (Segeied) (Fid, XA,
CATfEes) & e B 81 9 o eufaat A
& TSt T TaTeleT FXS &1 ST AdaT ¢
f safafea Rufaat & sgaex 3¢ o
(ON/OFF) & &9 & 3991 fhaT ST b &1
U Zifoivey QFidhsFel ¥ a7 Th YT §
S ON/OFF fRaa & dR W & aXar §
3R STl & aleest 3R e # FIfa
YT &1 3E 0T HT sEaATS At
gellel & forw foram 7T 8, S 3T gl W
0, 3 3ifeT gt oY 1|

df el SThNA @ 0s 3 1s (ISR
BTea) & FifFaaeT & & F gET ST
Tl &, giforeed f8ferer 3uauil # segfear
T TR 15

Imyfares facw & sifea B-3marel affew A
@ (I8 a% e 3REh) gifereed 3R
gEY Selaciicleh TCeh BId & (G Y@ 1)1°
giforeey foia=T oler g1ar &, 3d & S
gifoeed 3R e fhdT T g W 8
T ST g €1 Bie ew A faegd 3
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IRTE afsaafea R

HT SEAATT A ¢ 3R A 77T der A g
dhailhl 3ealfad of T RIT & SI1ET & SI1el
gifoieey 9 ol & Agg #1 &, SN & al
qst & QI & ST &, e Saer segfe
qraX YT @i §1 3ETeX0T & diN 9X ST
12 (2020), 1969 # Juva TF Bew &
SEATS Ble dTel el 11 MMSSH HTX &
SIS Teh IR AT T §170 e &
AT # FAT & HROT WY Firdage dfhar
THT g ST AdiAed (nm) de Sl g T
AAIHEY, T FHeX (10°m) &1 3Rear {Ear
Bl TG Th AeA-gifoeel HeIsT & Teh arel
$r atsr§ d e 50,000-1,00,000 AT BYET
g1°

R 3ezer & gorfa &1 Aig A9 ¥ g
ST &, & fF 180-nm, 130-nm, 3R 65-
nml| ¥ A3 e s oIC §a g, 3T
gfhed 3dr @uaT gidr § foad 3gaor #ir
Yool SgaR &ldT §]10111213 3ereor & o
TSary TACHIEH 37d 7-nm dohelleh &l
STAATT A &1 3HHT 7Y Ig § & ufad oot
fAeHeT & oersrer 10 s eiforeed @
g—|1o

A d W STEIATT B arell AFShsFeX
T @t (@) & S gedr & 39l
WA # g FIH TR AGT A Relel arelm
dca g1 Rfosla & gdor MaeR Farsd
(T W gl AT §) F 39T =TT
3cared & fFar Sirar g1

T 1: R Az a7 3k 398 3gAers 5161718

EXCIu) g

R 180 nm - 40 nm
T F 3TRT 130 nm - 90 nm
STer, FATCHIT 15 nm & &A

$fadeer Hr wfran: Rea ey RBfawia
I (FeTeer 300 fAHAT ) W WA &
Wd FATT AT ATy &F GER Sffeer Yoot
¥ o1 g1 1 frew @ Aeghaafier # #3
TOT AR gt g1

fBarzer. foea &% Wat (100 d&) & S 8id
¢, 39 e & & N g@l W & 3R
T gl 8, 3R aF off sieeey afeetar &
Y|P goT Gl & 337 fhearer T segfic
g & forv faow fEemse ardedax &
sTAAT fhar Srar g1

BielARF: 30 Bass fhu v e &
segfic @ T T IuReel e, Sad $o
areelt T g &, 7 ciEw R S &,
S Ad Fed §12 7T W sfoed dead &
HFE AR A AR O AR AT a7 e
B123H ToIT @ IoRa drell Yehrel &g @
Yoot & o T AT 3T e g

ferenamesr, fEmdT a1 wrefafRarhr ve
SioterRreT f8EeH gier &, e ag faferele @
gdg W fdhe T SAFT srorar &1 il
AR R Ygol TAferepled a1 379 aeelr $r
R STl AT g1 I IR FehTer-Haer AT
HT T Jdoll W @S ST g BT ehrer
T AEH & SIRT Ylolere fhar Srar & 3R
T 58 Rrsar § AR e Yo A
YTU-HACGT AT & BIC 8T 9T higd aar
gl TFaUIEs Yoy @ g P 3R SFT
A & fov B3 &Ar Arar g1 ddg W deat
F I F U wredfaea e &
ATFades TRAT ger fqu S gl

3 §U TFAUIES Yoot WLy Sl &
T soifdeaell arel Terd (33 & SR
$r AT §1 TP Ffhe H ifoieed dI dolde
o & for die & ar 3k A[fesa
SIEHTFATSS (Ueh Fogolex) ST 3= ArAfaar
SHAT &1 ST &1 3HF 916 JRrer-Hder WRd
&l ger fear Srar g1 foreerdr 3R swRiTd
gfehdT &l GIEAT STaT g, AR A dear
grell W §18 ST &1 3 &, Wl & Th
& IW THh IWT 1T g AR BT AR F FIT
fear Srar g, oae aRumAvawT R/ a9
STl Bl
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hISGPHIT Folloerd: Tieh TSegRAeT BT gl
2, safav Te AAIEhd FT UIfehd AT aRRE

i AT & Yol I T q§u| ohaT & 3R

30 SHR o7 Thdl gl 0 H Toh Folladwal
(FeR AT 3R T & TaX & |rY) &
T gsar &, foue 3 akv W wsa

3iToRer ¥ & FHehrael 1,000 T[T HA e

F HUT g 1%

fameg #r srdaterar 3 ST, S ®F g
3 dR W VST & 3R (<300 fAeNHR)
& A%l el § 9 W) sga & Rew &
g &1 Y 3 e F Fear glar &
AR R et & gsfoer & fow s ar
Cofecsh i FRETcA® R & ATY ofamar
ST 81 37FER T AT Yhioler Fr g
1A @l Hafaar R &1 Joradr A
A & fov e ifas aderor fRar Srar g1
i a8 9 TACHIT a1 o9eiT 7 coldr o7
A & faT dIR & S Bl

dehettshy Tatforar

qiftifsas 7 & aha g & fav
I dehelter & e AIGsr W &
3T BT 8 efedgre, aéear 3R
3caTGeshdl| 3T Sllegere arell HfeT dell &
BIc Yt F1 THT gl THh IJAF TE&h
AN 3¢ oo forelr 3 & sfvie v &
¥l 92 YA W 3cued & T sufeat @
D afy F IBT FT U FAT BT B
Afhed 378 & UAF & ATT 3T JhR Hr
TRl FAEAT §|

Al 1: 815 YSegera gifler HTa

foraamhr & geeter a1 T fAfoia awe
W Yool A TFEUIT A & T fomar Srdr
gl UeeT Fr AlCS BT F TH aTel JehTel
Fr AT H HHA Tl & Tohal| AT T
SEHTeT (3T 400-700 nm) FT oI I
3fegraigele (DUV) 9&hIeT (3@ei 193 nm) T

X

SEAATT fhar S 1%

97 3T 3me FT SEIATH I THhT IR
Bihd fhT 37T gehrer Fr AT HY A @
£1% 193 nm-DUV Tordamdbr #efiat o
Lo &1 2,000 nm & =erehl 63 nm &
fear 17263 nm & &H gt 3R 3™+
YR el F e = & for Ruasa
o 3R AP awm & T IeereaR arex
(@ AT & fav gaEy ael gerd) H uh
Wd & IRT Y1 FY Giotae aa §12°
3TCCTCAR e YahIel T HATET I Jerdm & 3T
et # FUR T &1 38§ Re Ig Th
3faRed o\ F7 F1T a1 §1 3T dhelleh &
DUV 5HofoT foreiamer gl Siar g1 DUV &
gl fIed & $o 3eeIor 90, 65 3R 45 nm
Arsd gl

grefif 193 nm 3730 &Y 39 e & 3R
¥ 31 ¢ fowdh smyfas R w swd g
g T 3eAd Ao 39 TRH Jegraigee
(EUV) TSl &7 STIATA i ¢ for@d DUV
T o F I 14 I FA JqAT Gl §
(13.5 nm)|*® DUV wehrer &1 Jefalt & e
9T Yot 3Rd AT EUV T der 9iae fr
RE HHA T gl EUV & 10-15 nm d& &
R aTell 31897 T ST Fehdl &332

EUV 91l UThfceh & & Shdol STEd 3icRat
# giar § 3N gar 3R o & SIRT @i
8 STl g1 EUV 9ehTer & HTIH 3cdleed Ueh
95 el FIA § IR 38 AT apdaR
AT 3R 3o YeHT T SR Bl B
tisreheret & aRIeT B & STAT el 3N 3o
W BIHE Fe & fow ey ik R o
arel faffiest 3mgat i ST g §1° Ig
gfshar dergE AT A gicl 81 faeg TR W
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seolsd Hr ASML & 0T 3iehell HYAT & ST

g1s-Us EUV #:Na ST §12 3eaid

TATCHITYT & AT Alsed EUV & I Reg &1

sEAAT A §14 A% $o yg@ Ry
Aegtheraier suferar g EUV &l &t
SEAATA HT TET gl

DUV 3R EUV & t& 1Y sEaaTe: dfe

TH A9 F $5 WA TH & FW Th @I SArar

%,HTEEHWEWWEFTEUVH

STAATT X e fRaT ST Thar &, 3T arhr

@l DUV & SIRTIZS Y dellel i gishar &

aRTel SmTd-yeraiedr AR s & fav

ar T S gl
ety 2: gérFar gaReaa wen
Yoot wael qfeaAm: ool € EUV wehrer &

fernamh RFers & Weileges # gur foar
g, e & e @i eot Folrer Toh oAl

ol g8 1 adHe # EUV & dffhe W &8
AT 37 ST 8, S IRYOT alh § e

DG, o 58 F ST oSeT s AT foer |

AFEC-STRRIA T EUV HMAT T 8 Fedlelr
T JHATTT HLAT ST

A el IR EUV & o1 daey (135
nm) & 3R 3T Yo Fr Trhdr HF AT
# gaEa Yer g §1% sa% Jrenar marAr
# 3R Flr Yoot fr TEFar 3R TéEF AT
T FqUTArT T FeTIAT AW Hehcll B

YlihsFel Scuee H@dT: HIfAdl &
THR

geats Ramw Aghead (mEdva): Fo
Fufaar ST g (3R AR Fawer
solaclioad (SfaroT SIRkan) feg f fBerse
3R Aegtharaniar, ar I 8

e Fafai (bew): hew qEll Hufagi
& foU ey W Rew sard 8, S drsae
THiesFey HAegthaafier &uer (Suauad),
JuAHT 3R TlgaHEge| 2021 7
STaTAAT (54%), TFEAT (17%) AR
TATARISIS (7%) o 80% R = AT
a1 SruauHEr o 90% ¥ A™FH Ieeld
g (10 nm AT T HH) TATT4

heaw Fufaan: ¥ Hufaar ay 3R /Ay
TESISeT T g, oifched 31UeT 3cUTGeT I the
@l AT & €, S gud e
TAGI3MSEaT, wavd 3R FaraeE 3R
#:ifsar & (asae)|

forahamdy sumvor Aegiheaa: TTHTATS
(FAedzw) 3R FurE-3menRa @A 3%
$eleT| 2020 # Tl fordramdr #eh=Ar (DUV
3R EUV) & ded 99X 30 R o
TUHTATS (91%), AT (6%) 3T Shetet
(3%) 14 fa% TraTaTd EUV #MS S &
e 3eedd RAH a1l & fav gEaATe fohar
ST &1 St T9fAeferdr hfaewed 3R
fafaela seelicd & TR & 3mEoh § i
Yelshsaey AgheraRar & fov sgd Agcaqol
mg’-pz

et 3: 93 Y\ W Ieures

AW oo AR Tdhw RifET: raardr die
g i3S dW & Tsh oI & T & &bt
3R e & & 3R A 3pmer e oSl
gl 5T WU A g% TE W gider fhar
ST & 9H &7 @ FH arsead gl 39
gfshdT & Faehid & F dAfgefear dawe eoer
T 39T fhar Srar §144 fafoels e «
U Yol & FTHA 3 & Ugdl, 39 il &9
T Tohet foham ST TIRT| S9 Th AW T
TFHUTST fhaT ST &, o 39T & @Y gEr
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JuR T, a1 FRUfa & #Agar 1 var
0.06 nm @I TéHhar & Ty 7qLMT & TR
T 39T HId 9fd @3 20,000 S fHar
ST &

Follel TFH: Toh [AfASC Folladwd o1 8F
thiserersT corfe a1 e & 3cureT W AR
AT &, T gfa A 3curfed awd @
T&aT| T AT (-10k BT 9fa AE) @
FAIAGH @131 30,000 a7 #Hex 8T &,
Sefeh T Aam-tha &7 (-25k IHT Ufa AE)
1,00,000 3T Hex F7 3R v femha Fr (1
G A% Ufd A & ATR) HT FITeTeT
1,60,000 3T HeT FT|45464748 AT F3T 9T
H SR YEHAT & TR FI SRR 3G &
foT #gar @ifder, dfeoea 3R wR-FHHhrerfAaT
fAerg i s g1 B

g5 AR aieT: sHAeA forard & fow
33U fFT AT arel Il H AA-376R &
HUT (THRITAS RN, dFIRAT AT aTE)
1 HIRY off q W e RS A
TRHT TgAT Hhl & 14990 5HS 3rermar A
Je3T g8 TS & JoIar &, sAfav Ul &
Jelgel el defel TYT; aeAl SYRIOT o
YGAIegQRIeT & 3R 81 Tehdl &l safaT s
# oo & e A & e g6 I e
fe=m smar &

fordieamdr & et &g aifed &ur, W=
IR a1 & TS (ST & O FaAdere &
Il W) BT A §| TGHOT & g el &
fIT 3TeerAR dlel FT SEIATT I Tdh
Raf@ear e aws Hr ST grdr &1 @y
&, /T &7 318 WJ gl W g T
HTERISHT §¢ STl ¢l

UfASE T FT 3YAR; [T 3cuesT TIT &
ITAAR 9 400 ¥ 318 qafas 3carer &
39T foRar Srar 150 el awg & 91e I
39fAse ST & 3T AT H WS 81T g
So THST & §96 H 3o & Fareey geel
TAEATT & Fehell &1 SATAT STel T ITAR
FEAYUT BT §150%2 SuHuAdT (drsdre) ShEr
3 hisehereT FIRAT T 87% TS

St & darsfera aXdr § STafe 3eaeT &
i 42% ¥ises

dHaIhT 3Terieera) T AT JGT

1947/1948: Ygell Ifolee®

1959: sfeares afde (IC) ar faoss

1970: Ugell HARIS AANT =T (DRAM)Y
1971: YgoTT FATNI AHEAEV/HAIZ (10
ABSHIARCT (um AT 10°m) aAsd, ~2300
;—@R—;})sa

2001: 3¢or dfeaer 4 ™9 (180 nm, -42
Ao ciforee)ss

2004/2005: DUV sHoIA foramfiss, 65-nm
9 Al

2019: ggell AT EUV-RAFT 7-nm
Rrgeost

2022: voger M1 3teer (-114 ffoaa
gifereed) e

frgmd #efiat #1 3rer 3R aera: Ry w
dcet foIdelr Bier giar §, 3dei & 981
R 7 & ST @dr §, Fife o F
T IS & 99 A 3R ’S FAr-IgaT
3YROT T ST glell ¢l Alsfar EUV &t
Teh Thol a8 & R HT gl § 3N 8
T g HfAT 9EH g §1%° v giardr
EUV #fT &1 HraAd orererer 150 fAforae
USD 1% Adee SeRelel &1 EUV #HRfeT el
TEHIOT I &Y 937 § AR ST HAd orerereT
300 fAfo@sT USD &1

5a% 9did DUV gaela faees oler giar ¥
R 3HHT oImET wferser 60 AT JX gl
gl 315 RFcrw &1 dHd (8 AR W &
e Ot A1 SASRT R wer F faar)
3aest 20 fAfoer I 819

A I AT A g arelY 3eATa

AFTe-see EUV &efie: 13.5nm & @rer
EUV Y2l T &1 il 3 ofaT87eT 30 Iy
TN | AFEC-STNRRAA FHr EUV 7 3msat &
SIRT YH1A T FTAT aad HI AET dola W
AR &t €1 93 sl gt 3 RAEerd &
2025 IT 2026 do SR H 9AA Hel FHr
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371E B @ Wi W ogeTad Hrafe
GTegee & 13nm & el 8nm T
é\g’l-|3l,67

yeoid & PUR: S-SR [olleqere & 3R
& & WA Ve, Fegfeer afFd Fe &
foT 37 altel &1 gEdATS FAT gram|e
SAH TIToEey # T & FIX T ofdnel,
3T T F GUR AL 3R giforeed &
ST $EhoAFT H FUR HIAT AR gram|

FgicA FhaeH: TIW OIS gifoeed AR
W FaicHA shacH H RI$R 8T &, 30T
& foT gifoeex & 3% e & g o o
AT et e Ao S-oi teat
orer 3R oier gar seen, ¥ gHa e
TIST gld SATUAN| 39 adig & 9o [T &
TATeleT & SIfSd T Thd gl

qreR 3R FfAT i g e i &
TATH FHA g AT g, sAfew ”/T 7 fSsrenr
AT HReeT 81 ST g1% &g & At
AeprereTr o U HAEAT B SEiAT Hidgsy H
dEeR 3R Ferel Toerell faawor 3R i &
e Y off ST B

AT A AHIFsFed &1 IR

TIAT H ARG & HS FARNT e 78T &,
3R a9 &1 @EEr A 3w § 9@ s
T g1 et fafdiest sgarsgrr duferat AR
HRAT 3 f3Te Aidw Wargsd & aRd
H 93 f3omse gr3d §1° Bamsfar ¥ g
& dG 3e¢ highe & AT JASes T,
feoT SRINAT AT drsar ST T Sar #
T A JHAIHsFeH A HRUsS: 2006 F
dlea U a7 FeX BR viFged s
Aellgelereliolrd o R H 3@ ud
faera fadwarar faefaa #r §1 seaciiaea
3R FaeT el Faer & gy
SeufFd G FIHA (TAUAS) o ST
f3omesr 3RuEdr AR ufasn s = a@aa
AT §1970 JHA-hsFeY T (THEHTA)
HgTel & 180nm HTHNTH el T A,
SIHEBT Sl Feahfas vaifdar 3R darftres

e gan feamser 3R digaifaer amsdr &
ar-gry gidsr faere & fav fasfaa fear

1 e 9 AATT &TAAT3 @ welr A gy

FT & ToIT HRA o Arafaf@a sRiwAT $r
QBT AT E

AP SEAT WA 76,000 FIT FTIT (-10
faferdger USD) & el aRedd & |y $IRd o
QTS 3cANT ¥ Hftd HATAN &
AT & T il 9@ ArSTnsit s J5
a%-pl

(i) @HFsFey b o 75 Highe sHhsal
%ﬁﬁw%ﬁvi’mmmw
50% Tadirs HETIAT YTl Sl STuaiT|’2

(i) 3= fav Taef hedg 3R FdaldsT vq
SRS, HUT3S UHhSFCI/TRT JTLTRT
Aol Aeiersaey/daR ha Tl &= &
T 50% & o @\ Y= Fuss
QHihsFcy al dedl & o fIoq T Fgd g,
3eTeX0T & forw, greer faferier & faudia
Aferger ssgss (GaN)| 3risel, ¢feeT,
Aifder 3T YfSer (vduad)) sHEar 3R
(3NMTETd)) Hufadt & AT & fov o s
aRE T T e Sirar §178
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uw AR §g F wWFER weAn:

Juw fRAcw vee: aefiesact AT & de,
JaTaR # el oet 3R 10 auf & safa &
T 37 TH HATA IR A & o
AHhsFcy Uz Ied (Rew) uee, 2022 &
Jdgd orereraT 280 faferga USD 3mefea fro
T ee g Ao giaensit & @#for &
§Ic 3RUSST 3R IGARNHOT & foIv ofareqaT
200 faferwsr USD few arw § (-USD 53
fafergeT) |

§g ey vee: vae T 368 qUd "y A
Tl faeg 3cUre FT 10% & FerH 20%
FET &1 AN F§9 F Aegheraer & oeg
HI IS Il & foIw 2030 doh STITeTaT 46
faforger USD & ardeifas 3R s f@aer
W%—ps

(iii) 35778er TR JI57=7r: Ig el Ui
ast $r 3afer & s, Rode 3k a0 =*g
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IMfHEFIR S SoFeliolh [Solg Teehl &
e & v o wWicags 3R shreaR
TEANT et T gl

38 %A # fSFce (S, TordEr Hhie) $ha
&1 faaTor AR vadva Agrelr &
merforehtenor ot enffer &1 o1 Aeftehseey
fAee (msvaTs) g # e AR
Aegtherafier saifaeeH & o & fav
ASTAINT & FRTTadT F AT AT T B
FoFCieh 3TV 3T FHIHsTed
Arghaafier & wada §q Aeen
(CHASHITH): Sorgierd 3R I
GicARIhr FaTera T 59 AT & ded
gelercifoleh 3URIUIN & EXe] AT,

& fA#TOT & U Gelterd eag X 25% 1
o dicarger gereT fRar Jrar g178

31 A, 2023


https://www.gartner.com/en/newsroom/press-releases/2022-01-19-gartner-says-worldwide-semiconductor-revenue-grew-25-point-one-percent-in-2021-exceeding-500-billion-for-the-first-time
https://www.gartner.com/en/newsroom/press-releases/2022-01-19-gartner-says-worldwide-semiconductor-revenue-grew-25-point-one-percent-in-2021-exceeding-500-billion-for-the-first-time
https://www.gartner.com/en/newsroom/press-releases/2022-01-19-gartner-says-worldwide-semiconductor-revenue-grew-25-point-one-percent-in-2021-exceeding-500-billion-for-the-first-time
https://www.gartner.com/en/newsroom/press-releases/2022-01-19-gartner-says-worldwide-semiconductor-revenue-grew-25-point-one-percent-in-2021-exceeding-500-billion-for-the-first-time
https://www.fortunebusinessinsights.com/semiconductor-market-102365
https://www.fortunebusinessinsights.com/semiconductor-market-102365
https://pqals.nic.in/annex/179/AU505.pdf
https://pure.mpg.de/rest/items/item_2383162_7/component/file_2456978/content
https://pure.mpg.de/rest/items/item_2383162_7/component/file_2456978/content
https://www.asml.com/en/technology/all-about-microchips/microchip-basics
https://www.asml.com/en/technology/all-about-microchips/microchip-basics
https://blog.adobe.com/en/publish/2022/11/08/fast-forward-comparing-1980s-supercomputer-to-modern-smartphone
https://blog.adobe.com/en/publish/2022/11/08/fast-forward-comparing-1980s-supercomputer-to-modern-smartphone
https://blog.adobe.com/en/publish/2022/11/08/fast-forward-comparing-1980s-supercomputer-to-modern-smartphone
https://insights.samsung.com/2021/08/19/your-phone-is-now-more-powerful-than-your-pc-3/
https://insights.samsung.com/2021/08/19/your-phone-is-now-more-powerful-than-your-pc-3/
https://www.science.org.au/curious/technology-future/how-small-nanoscale-small
https://www.science.org.au/curious/technology-future/how-small-nanoscale-small
https://spectrum.ieee.org/a-better-way-to-measure-progress-in-semiconductors

better-way-to-measure-progress-in-semiconductors.

1 H.-S. P. Wong et al., "A Density Metric for Semiconductor Technology [Point of View]," in Proceedings of the IEEE, vol. 108, no. 4, pp.
478-482, April 2020, https://ieeexplore.ieee.org/document/9063714.

12 Courtland, R. (2017). Intel now packs 100 million transistors in each square millimeter. IEEE Spectrum, 30,
https://spectrum.ieee.org/intel-now-packs-100-million-transistors-in-each-square-millimeter.

13 <Let’s Clear Up the Node Naming Mess’, Intel Newsroom, March 29, 2017, https://newsroom.intel.de/news-releases/lets-clear-node-
naming-mess/.

14 < Analog chips — poised to become the next big threat to automakers?’, S&P Global Mobility, January 27, 2022,
https://www.spglobal.com/mobility/en/research-analysis/analog-chips-poised-to-become-the-next-big-threat-to-automakers.html.

15 STM32 Microcontrollers, Wikipedia (as accessed on March 22, 2023), https://en.wikipedia.org/wiki/STM32.

16 Core i5 — Intel, WikiChip (as accessed on March 23, 2023), https://en.wikichip.org/wiki/intel/core_i5.

17 Snapdragon 662 - Qualcomm, WikiChip (as accessed on March 23, 2023), https://en.wikichip.org/wiki/qualcomm/snapdragon_600/662.
18 <AMD “Zen” Core Architecture’, AMD (as accessed on March 24, 2023), https://www.amd.com/en/technologies/zen-core.

19 <6 crucial steps in semiconductor manufacturing’, ASML, October 6, 2021, https://www.asml.com/en/news/stories/2021/semiconductor-
manufacturing-process-steps.

2 “How microchips are made’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/technology/all-about-microchips/how-
microchips-are-made.

2 Electronic Design Automation, Wikipedia (as accessed on March 22, 2023), https://en.wikipedia.org/wiki/Electronic_design_automation.
22 “Printing circuits onto wafers: ‘Photoresist>’, Samsung, January 6, 2021, https:/semiconductor.samsung.com/support/tools-
resources/dictionary/photoresist-printing-the-circuit-onto-the-wafer/.

2 «Our Technology’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/technology.

24 Factsheet, Intel, October 25, 2007, https://www.intel.com/pressroom/kits/manufacturing/Fab32/AZFactsheet FNL.pdf.

% “Light and lasers’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/technology/lithography-principles/light-and-lasers.
% <The Rayleigh criterion’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/technology/lithography-principles/rayleigh-
criterion.

27 Lin, B. J. (2006). Optical lithography—present and future challenges. Comptes Rendus Physique, 7(8), 858-874,
https://www.sciencedirect.com/science/article/pii/S1631070506002179/pdf?md5=8b43b144163864fch71a3c924673f11b&pid=1-s2.0-
$1631070506002179-main.pdf.

28 Based on Rayleigh Criterion, Critical Dimension or Resolution = Process factor (k;) x wavelength/Numerical Apertutre (N.A). k;
quantifies all the other effects and physical limits of the lithography machine. N.A is the amount of light the optics system can collect and
focus. For DUV (wavelength = 193 nm, k; = 0.3, N.A. = 0.93), hence resolution is about 63 nm.

2 Bruce W. Smith, Yongfa Fan, Michael Slocum, Lena Zavyalova, "25 nm immersion lithography at 193 nm wavelength," Proc. SPIE 5754,
Optical Microlithography XVIII, (12 May 2005);_https://doi.org/10.1117/12.602414.

% <EUV lithography systems’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/products/euv-lithography-systems.

% Based on Rayleigh Criterion, k;=0.25, EUV wavelength is 13.5 nm and N.A of current EUV system = 0.33. Next-generation High N.A
EUV =0.55). Hence, 10 nm to 6 nm theoretical shrinkage is predicted.

82 “EUV Lithography: A European Joint Project’, Zeiss, October 20, 2021, https://www.zeiss.com/semiconductor-manufacturing-
technology/smt-magazine/euv-lithography-as-an-european-joint-project.html.

33 “Lenses and mirrors’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/technology/lithography-principles/lenses-and-
mirrors.

3 A14 Bionic — Apple, WikiChip (as accessed on March 22, 2023), https://en.wikichip.org/wiki/apple/ax/al4.

% ‘Samsung Introduces the Industry’s First Snm Processor Powering the Next Generation of Wearables °, Samsung, August 2021,
https://semiconductor.samsung.com/newsroom/news/samsung-introduces-the-industrys-first-5nm-processor-powering-the-next-generation-
of-wearables/.

% DUV lithography systems’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/products/duv-lithography-systems.

87 <Sailing along the stochastic cliffs’, imec, June 28, 2019, https://www.imec-int.com/en/imec-magazine/imec-magazine-july-2019/euv-
lithography-sailing-along-the-stochastic-cliffs.

38 <Smaller, better, faster: imec presents chip scaling roadmap’, imec, February 2, 2023, https://www.imec-int.com/en/articles/smaller-better-
faster-imec-presents-chip-scaling-roadmap.

3 <2 charts show how much the world depends on Taiwan for semiconductors’, CNBC, March 15, 2021,
https://www.cnbc.com/2021/03/16/2-charts-show-how-much-the-world-depends-on-taiwan-for-semiconductors.html.

40 “TSMC: how a Taiwanese chipmaker became a linchpin of the global economy’, Financial Times, March 24, 2021,
https://www.ft.com/content/05206915-fd73-4a3a-92a5-6760ce965bd9.

41 If You Invested $10,000 in ASML in 2010, This Is How Much You Would Have Today’, NASDAQ, February 3, 2022,
https://www.nasdag.com/articles/if-you-invested-%2410000-in-asml-in-2010-this-is-how-much-you-would-have-today.

2 page 39, Strengthening the global semiconductor value chain in uncertain era, Semiconductor Industry Association and BCG, April 2021,
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-
2021 _1.pdf.

43 ‘Mechanics and mechatronics’, ASML (as accessed on March 22, 2023), https://www.asml.com/en/technology/lithography-
principles/mechanics-and-mechatronics.

4 Yoon, D. (2019). Design and Optimal Control of a Magnet Assisted Scanning Stage for Precise and Energy Efficient Positioning
(Doctoral dissertation), https://deepblue.lib.umich.edu/bitstream/handle/2027.42/149847/yydkyoon_1.pdf?sequence=1&isAllowed=y.

45 GIGAFAB Facilities, TSMC (as accessed on March 29, 2023), https://www.tsmc.com/english/dedicatedFoundry/manufacturing/gigafab.
4 “TSMC Completes Construction of 5nm Fab 21 in Arizona’, Tom’s Hardware, July 29, 2022, https://www.tomshardware.com/news/tsmc-
fab-21-arizona.

4 Figure 1, TSMC F14P3 Fab building information, An optimized LEED’s green fab at TSMC,
https://www.irbnet.de/daten/iconda/CIB_DC25553.pdf.

48 “TSMC starts to build fab 18: 5 nm, Volume production in Early 2020°, AnandTech, January 31, 2018,
https://www.anandtech.com/show/12377/tsmc-starts-to-build-fab-18-5nm-in-early-2020.

49 ‘Purity on another level - ‘Ultra pure water’’, Samsung, May 22, 2020, https://semiconductor.samsung.com/support/tools-
resources/dictionary/purity-on-another-level-ultrapure-water/.



https://spectrum.ieee.org/a-better-way-to-measure-progress-in-semiconductors
https://ieeexplore.ieee.org/document/9063714
https://spectrum.ieee.org/intel-now-packs-100-million-transistors-in-each-square-millimeter
https://newsroom.intel.de/news-releases/lets-clear-node-naming-mess/
https://newsroom.intel.de/news-releases/lets-clear-node-naming-mess/
https://www.spglobal.com/mobility/en/research-analysis/analog-chips-poised-to-become-the-next-big-threat-to-automakers.html
https://en.wikipedia.org/wiki/STM32
https://en.wikichip.org/wiki/intel/core_i5
https://en.wikichip.org/wiki/qualcomm/snapdragon_600/662
https://www.amd.com/en/technologies/zen-core
https://www.asml.com/en/news/stories/2021/semiconductor-manufacturing-process-steps
https://www.asml.com/en/news/stories/2021/semiconductor-manufacturing-process-steps
https://www.asml.com/en/technology/all-about-microchips/how-microchips-are-made
https://www.asml.com/en/technology/all-about-microchips/how-microchips-are-made
https://en.wikipedia.org/wiki/Electronic_design_automation
https://semiconductor.samsung.com/support/tools-resources/dictionary/photoresist-printing-the-circuit-onto-the-wafer/
https://semiconductor.samsung.com/support/tools-resources/dictionary/photoresist-printing-the-circuit-onto-the-wafer/
https://www.asml.com/en/technology
https://www.intel.com/pressroom/kits/manufacturing/Fab32/AZFactsheet_FNL.pdf
https://www.asml.com/en/technology/lithography-principles/light-and-lasers
https://www.asml.com/en/technology/lithography-principles/rayleigh-criterion
https://www.asml.com/en/technology/lithography-principles/rayleigh-criterion
https://www.sciencedirect.com/science/article/pii/S1631070506002179/pdf?md5=8b43b144163864fcb71a3c924673f11b&pid=1-s2.0-S1631070506002179-main.pdf
https://www.sciencedirect.com/science/article/pii/S1631070506002179/pdf?md5=8b43b144163864fcb71a3c924673f11b&pid=1-s2.0-S1631070506002179-main.pdf
https://doi.org/10.1117/12.602414
https://www.asml.com/en/products/euv-lithography-systems
https://www.zeiss.com/semiconductor-manufacturing-technology/smt-magazine/euv-lithography-as-an-european-joint-project.html
https://www.zeiss.com/semiconductor-manufacturing-technology/smt-magazine/euv-lithography-as-an-european-joint-project.html
https://www.asml.com/en/technology/lithography-principles/lenses-and-mirrors
https://www.asml.com/en/technology/lithography-principles/lenses-and-mirrors
https://en.wikichip.org/wiki/apple/ax/a14
https://semiconductor.samsung.com/newsroom/news/samsung-introduces-the-industrys-first-5nm-processor-powering-the-next-generation-of-wearables/
https://semiconductor.samsung.com/newsroom/news/samsung-introduces-the-industrys-first-5nm-processor-powering-the-next-generation-of-wearables/
https://www.asml.com/en/products/duv-lithography-systems
https://www.imec-int.com/en/imec-magazine/imec-magazine-july-2019/euv-lithography-sailing-along-the-stochastic-cliffs
https://www.imec-int.com/en/imec-magazine/imec-magazine-july-2019/euv-lithography-sailing-along-the-stochastic-cliffs
https://www.imec-int.com/en/articles/smaller-better-faster-imec-presents-chip-scaling-roadmap
https://www.imec-int.com/en/articles/smaller-better-faster-imec-presents-chip-scaling-roadmap
https://www.cnbc.com/2021/03/16/2-charts-show-how-much-the-world-depends-on-taiwan-for-semiconductors.html
https://www.ft.com/content/05206915-fd73-4a3a-92a5-6760ce965bd9
https://www.nasdaq.com/articles/if-you-invested-%2410000-in-asml-in-2010-this-is-how-much-you-would-have-today
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
https://www.asml.com/en/technology/lithography-principles/mechanics-and-mechatronics
https://www.asml.com/en/technology/lithography-principles/mechanics-and-mechatronics
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/149847/yydkyoon_1.pdf?sequence=1&isAllowed=y
https://www.tsmc.com/english/dedicatedFoundry/manufacturing/gigafab
https://www.tomshardware.com/news/tsmc-fab-21-arizona
https://www.tomshardware.com/news/tsmc-fab-21-arizona
https://www.irbnet.de/daten/iconda/CIB_DC25553.pdf
https://www.anandtech.com/show/12377/tsmc-starts-to-build-fab-18-5nm-in-early-2020
https://semiconductor.samsung.com/support/tools-resources/dictionary/purity-on-another-level-ultrapure-water/
https://semiconductor.samsung.com/support/tools-resources/dictionary/purity-on-another-level-ultrapure-water/

50 https://www.mks.com/n/semiconductor-ultrapure-water

5t Kim, S., et al. (2018). Chemical use in the semiconductor manufacturing industry. International journal of occupational and
environmental health, 24(3-4), 109-118. https://doi.org/10.1080/10773525.2018.1519957.

52yYoon, C. (2012). Much concern but little research on semiconductor occupational health issues. Journal of Korean Medical Science,
27(5), 461-464, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3342533/pdf/jkms-27-461.pdf.

58 ‘Water Management’, TSMC (as accessed on March 22, 2023),
https://esg.tsmc.com/en/focus/greenManufacturing/waterResourceManagement.html.

5 Best Practice Guide in Water Efficiency, wafer fabrication and semiconductor sector — version 1, Public Utilities Board, Singapore, July
2018, https://www.pub.gov.sg/Documents/Water Efficiency Wafer Fabrication_and_Semiconductor_Sector.pdf.

%5 <1956 Nobel Prize in Physics’, Nokia Bell Labs (as accessed on March 22, 2023), https://www.bell-labs.com/about/awards/1956-nobel-
prize-physics/.

56The chip that changed the world’, Texas Instruments, September 15, 2020, https://news.ti.com/blog/2020/09/15/the-chip-that-changed-
world.

57 Memory lane. Nature Electronics, 1, 323 (2018), https://doi.org/10.1038/s41928-018-0098-9.

%8 Intel Chips timeline, Intel, https://www.intel.in/content/dam/www/public/us/en/documents/corporate-information/history-intel-chips-
timeline-poster.pdf.

5 “TWINSCAN: 20 years of lithography innovation’, ASML (as accessed on March 22, 2023),
https://www.asml.com/en/news/stories/2021/twinscan-20-years-innovation.

8 ‘Making EUV: from lab to fab’, ASML, March 30, 2022, https://www.asml.com/en/news/stories/2022/making-euv-lab-to-fab.

61 ‘Samsung Exynos 9825°, Nanoreview.net (as accessed on March 22, 2023), https://nanoreview.net/en/soc/samsung-exynos-9825.

62 < Apple unveils M1 Ultra, the world’s most powerful chip for a personal computer’, Apple, March 8, 2022,
https://www.apple.com/in/newsroom/2022/03/apple-unveils-m1-ultra-the-worlds-most-powerful-chip-for-a-personal-computer/.

83 “EUV: The Most Precise, Complex Machine at Intel’, Intel, December 21, 2021,
https://www.intel.com/content/www/us/en/newsroom/news/euv-most-precise-complex-machine.html.

64 *The $150 Million Machine Keeping Moore’s Law Alive’, August 30, 2021, https://www.wired.com/story/asml-extreme-ultraviolet-
lithography-chips-moores-law/.

8 < ASML sales boom continues as Intel places high-NA order’, Optics.org, January 19, 2022, https://optics.org/news/13/1/28.

6 “We underestimated the demand for DUV’, Bits&Chips, February 4, 2021, https:/bits-chips.nl/artikel/we-underestimated-the-demand-
for-duv/.

67 “The $150 Million Machine Keeping Moore’s Law Alive’, August 30, 2021, https://www.wired.com/story/asml-extreme-ultraviolet-
lithography-chips-moores-law/.

88 ‘Increased importance of VLSI design ecosystem in India for worldwide semiconductor Industry’, Mahindra Tech (as accessed on March
29, 2023), https://www.techmahindra.com/en-in/blog/increased-importance-of-visi-design-ecosystem/.

8 Ganguly, U., Lashkare, S., & Ganguly, S. (2020). India's Rise in Nanoelectronics Research. arXiv preprint,
https://arxiv.org/abs/2011.11251.

" Microelectronics Development Division, Ministry of Electronics and Information Technology website (as accessed on March 29, 2023),
https://www.meity.gov.in/content/microelectronics-development-division.

™ “Indian Semiconductor Mission’, Press Information Bureau, Ministry of Electronics and Information Technology, February 3, 2023,
https://pib.gov.in/PressReleasePage.aspx?PRID=1896018.

2 Modified Scheme for setting up of Semiconductor Fabs in India, Ministry of Electronics and Information Technology, October 4, 2022,
https://www.meity.gov.in/writereaddata/files/Notification%20Modified%20Scheme%20for%20Semiconductor%20Fabs.pdf.

3 F. W-38/21/2022-IPHW, Ministry of Electronics and Information Technology, October 4, 2022,
https://www.meity.gov.in/writereaddata/files/Notification%20Modified%20Scheme%20for%20Compound%20Semiconductor%20ATMP.p
df.

™ “The CHIPS and Science Act: Here’s what’s in it’, Mckinsey & Company, October 4, 2022,
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/the-chips-and-science-act-heres-whats-in-it.

"5 European Chips Act, European Commission, February 2022, https://ec.europa.eu/newsroom/dae/redirection/document/83080.

6 Notification W-18/30/2019-IPHW, Ministry of Electronics and Information Technology, April 1, 2020,
https://www.meity.gov.in/writereaddata/files/scheme_for_promotion_of_manufacturing_of electronic_components_and_semiconductors.pd
f.

FrEiEoT: T RAIE 3MT% FHeT G Jaiel F F T Teqd 1 916 1 MINed afowafes Rad (fRww) & a9 seo@ & @9 380 RO & qof w907 a1
Fiflw &7 & R cAEwRE 36520 & v goF-wer ar gHderer fRar o1 @war g1 R 7 wega R & fov siad: ows @ afEer swer 81 acaty
RTw feawsi 3R caTTE EAr F T FE G WG TAN FAT ¢ fohg IHNTH arar Al T 6 Seqa R & @l w8 ar qor §1 deme
T, FAHFRT T ¢ RAIE F 58 oo T AT At & 3egedt rar farant & et gl daR fRar s §1 9% AR Ad ®9 § 3T # duR fr
a7 | R TR0 # R off weR v sredsear Hr Reufa A S & e Grie & @ gt A ST whd g



https://www.mks.com/n/semiconductor-ultrapure-water
https://doi.org/10.1080/10773525.2018.1519957
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3342533/pdf/jkms-27-461.pdf
https://esg.tsmc.com/en/focus/greenManufacturing/waterResourceManagement.html
https://www.pub.gov.sg/Documents/Water_Efficiency_Wafer_Fabrication_and_Semiconductor_Sector.pdf
https://www.bell-labs.com/about/awards/1956-nobel-prize-physics/
https://www.bell-labs.com/about/awards/1956-nobel-prize-physics/
https://news.ti.com/blog/2020/09/15/the-chip-that-changed-world
https://news.ti.com/blog/2020/09/15/the-chip-that-changed-world
https://doi.org/10.1038/s41928-018-0098-9
https://www.intel.in/content/dam/www/public/us/en/documents/corporate-information/history-intel-chips-timeline-poster.pdf
https://www.intel.in/content/dam/www/public/us/en/documents/corporate-information/history-intel-chips-timeline-poster.pdf
https://www.asml.com/en/news/stories/2021/twinscan-20-years-innovation
https://www.asml.com/en/news/stories/2022/making-euv-lab-to-fab
https://nanoreview.net/en/soc/samsung-exynos-9825
https://www.apple.com/in/newsroom/2022/03/apple-unveils-m1-ultra-the-worlds-most-powerful-chip-for-a-personal-computer/
https://www.intel.com/content/www/us/en/newsroom/news/euv-most-precise-complex-machine.html
https://www.wired.com/story/asml-extreme-ultraviolet-lithography-chips-moores-law/
https://www.wired.com/story/asml-extreme-ultraviolet-lithography-chips-moores-law/
https://optics.org/news/13/1/28
https://bits-chips.nl/artikel/we-underestimated-the-demand-for-duv/
https://bits-chips.nl/artikel/we-underestimated-the-demand-for-duv/
https://www.wired.com/story/asml-extreme-ultraviolet-lithography-chips-moores-law/
https://www.wired.com/story/asml-extreme-ultraviolet-lithography-chips-moores-law/
https://www.techmahindra.com/en-in/blog/increased-importance-of-vlsi-design-ecosystem/
https://arxiv.org/abs/2011.11251
https://www.meity.gov.in/content/microelectronics-development-division
https://pib.gov.in/PressReleasePage.aspx?PRID=1896018
https://www.meity.gov.in/writereaddata/files/Notification%20Modified%20Scheme%20for%20Semiconductor%20Fabs.pdf
https://www.meity.gov.in/writereaddata/files/Notification%20Modified%20Scheme%20for%20Compound%20Semiconductor%20ATMP.pdf
https://www.meity.gov.in/writereaddata/files/Notification%20Modified%20Scheme%20for%20Compound%20Semiconductor%20ATMP.pdf
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/the-chips-and-science-act-heres-whats-in-it
https://ec.europa.eu/newsroom/dae/redirection/document/83080
https://www.meity.gov.in/writereaddata/files/scheme_for_promotion_of_manufacturing_of_electronic_components_and_semiconductors.pdf
https://www.meity.gov.in/writereaddata/files/scheme_for_promotion_of_manufacturing_of_electronic_components_and_semiconductors.pdf

