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S & chl#aeds 11- 8 T (Integrated Circuit, IC)

e d BT LRSI £ B R (interconnection)id £ 8 =

— oAkl — e #5807 P2 (A 88 (Static Random Access Memory —SRAM)
— ;’L—?-r T B — Bblde: 4eiE B (Adder)

— BT — plde: AND(2 £) > OR(F% &)
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LEME R Aot ¢ T #cF | (number) i & B A
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B B % P s B 4 (Geometric Mechanism)
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— A e o B - A e & A3 ¢ 3 % I Fl% CDK (Cyclin Dependent
Kinase) j#cfi# » flcim% & % 5 4 % $74] %)% CDKI (CDK Inhibitor) 4 +
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(Diamond Cubic Lattice) -
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% B el A Rl Ve 7 5 (Electron)£2 7 Uk (Hole)
e i # 0¥ 1 4E o~ 325 (Doping Impurity)
— P T R s 5 - B 0 Bl 5 NA 2 F1 (n-type semiconductor)

— 4B = s 40— B RS A)5 7 kF (Hole) » Bl = 5 PA| L 4§ (p-type semiconductor)

n-doped silicon p-doped silicon

https://www.pveducation.org/pvcdrom/pn-junctions/doping
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B Heh St | 487 = 2 54 (Diamond Cubic)

o« A Fihy 7%'4;3' A& AL A
ﬁéﬁb%’i E E'H o F'j}?‘
S /Ej BEB*%’
=] 0.543 nm
S1-S1 ¢ 0.235 nm

0.543 nm

— B 1 (45
=~ -]+ ©0.357 nm
C-C ©0.154 nm

c AR G ST U ER

https://en.wikipedia.org/wiki/Cubic_crystal system

Diamond 1s Forever, Silicon 1s for Soul
$PT AR R 0 B A i
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https://zh.wikipedia.org/wiki/%E5%9F%BA%E6%9C%AC%E7%B2%92%E5%AD%90
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7 sk ¥ (Photolithography)
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& B A e VI g sk 48 (3648 /3 %] 7 ) ehil A f 32

o kA K ¥ {247 R (Wavelength and resolution)

R=A/(2NA)

NA=nsmn 0 <04

R~A/n~A
R= f#17 &
A= 4 & otk gt £
NA = * & % chgcie 3¢ j£ (numerical aperture of the lenses , < 0.4

for most optical system) > & & & & Siic B K g

0= 4 F iz g kg B
n= 1 §375 ¥ (refractive index of medium)
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B & % = (Moore’s Law) @ & g g £ eh B ﬁﬁi‘%

o LEANA F AT gl ks ek RS B 07 Rk (White light) ~ % ¢F sk
(G-line/I-line) ~ iF% ¢t £ (DUV) > - & 3| e % “F L (EUV) o

White light G-line I-line 1D]OAY DUV EUV
ki E 780nm~400nm 436nm 365nm  248nm  193nm 13.5nm
Hg lamp Hg lamp Hglamp KirF laser ArF laser CO, laser
780 nm 400 nm 300nm 200 nm 100 nm
P ng T_iE 0.8um  0.5um 0.25um 0.13um 65nm  32nm 14nm
1.5 um lum  0.6pm 0.35um 0.18um 90nm  45nm  22nm IOnm Snm
[ N N O OO DN O N RN WA
1982 1987 1991 1995 1999 2003 2007 2011 2017 2020
1989 1993 1997 2001 2005 2009 2014 2018
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B §: T & (Moore’s Law)

* 9=20® 7 (1.67F) FUIBRRF e 2 OT HHED ¢4’
(ﬁ B & aaa%g‘f* ﬁ%/ﬁ\“l‘) °

o T E N ek R 4] A7 Bk & 2h(Technology Node) 12 70% 1 ]
Mg o

70% T70% 70% 70%
04F —282F —205F — 14 %%k ——10 2 4
70% . 10% . 10% . 10%
°>7;ﬁ.‘%}‘ °>5;ﬁ.‘%}‘ ~> 3 % 3k > 2 2 3
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TSMC 4riz & % 7 = 25 Intel ?
1. TSMC#H: & kg cnde 4R > & 7 ks 1932 F g% ¢F £ (DUV)
EF T 3 T2 8 h s gk

2. TSMCE:FH* 4% ¢t B(EUV)2H B AT72 F 2 52 F cngtjiFs
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TSMC = 5 Fe 8 sk e T84 '0 — 2 i
i A TR (p Rendd)

» TSMCF £124-] FF = SLESLA 5 41 R 1 4570 B | 22 ik 3

: L:/?S%/ =2 8 <> fL o B~ EM
- BT AU R @ Y b > i Y 5T 6 Y
sl
(=

RBTEa R B FIE AR o o L RATRCE R L o
5 % S 7 4 2 L (Continuous & Incremental Improvement)
Eﬂé e

41990 & $I1995 #S&E P > X5 ;’ia&_iﬁ@ﬁﬁg@: T iE @ A
Bk S R E 5 0.8~07~0.65~0.6~0.55~0.5-~0450
F F)0.358 K ~ B AR g o
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TSMC = 7 Bt 8%k L i T2 4% P — 4 B
1932 5F ey ¥ b sk (DUV)dofm i # 3t 72 38 chdk piesh 2 (1)
&= 75 g & (Immersion Lithography) :
ok & ?P'f‘?ﬂﬂn P&%“P"% Ko ERAALE FE
A,=A,/ n=193nm/1.33= 145nm
/IW: kAN R P et B

A=k 59 e £

n=-K*? 375 & (refractive index in
water, 1.33)

https://en.wikipedia.org/wiki/Immersion_lithography
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TSMC = 7 Ptk L i T4 ' — 4 B
1932 3k chip® ¢k £(DUV)defm 4 s * 3¢ 72 3 chghpe s 2 (1)
II. 4p 4% % ¥ (Phase-Shift Mask) :
kY Fae- B fy it A4 F B R wh FlE o 05k
A fEPT R e

Binary Mask Phase-Shift Mask

. LIl

Light Energy/Phase on Mask

INONONCN,

Light Energy/Phase on Wafer
Light Power on Wafer

I

https://en.wikipedia.org/wiki/Phase-shift mask
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TSMC P §t 6 L efe I AG L= 3 — 4§
193% A ehiE ¥ b (DUV) deim Ll * 30 77 58 chljie & gk (1)

[II. % € ¢ & (Multiple Exposure) :
x,.aﬂ@ﬂpz”"uﬁi %ﬁi”&— TR LR CE B R 0 B AR J)il\ﬁfé,}% o ¥
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TSMC % 3t 32017 # 10 2 ¥ %42 = %5 Intel

o TSMC= 3 4] % 193% i criF% «h L (DUV)#H B £ £10% 5 2 7%
T E AT e A S 0 F L F O M 4R R "tsEmiiZﬁ?r@&» B 3
b (BUV)R AT72 3K 252 3 o

« Intel* 1932 5k anE* ¢t K (DUV)E 2102 & # "84 is » &i94

%"iﬁﬂ@ﬁ%ﬁo

Intel CEO Pat Gelsinger (3+2021/3/23 “Intel Unleashed: Engineering the Future”
AR A

When Intel initially designed 7 nanometers, EUV was still a nascent technology so
we developed our process to limit the use of EUV. But this also increased the
process complexity. As EUV then matured and became more reliable, we
experienced the domino effects (%= M < /&) of our 10-nanometer delay which
pushed out 7-nanometers and ultimately put us on the wrong side of the EUV

maturity curve.

https://www.nextplatform.com/2021/03/24/the-once-the-future-and-the-fabulous-intel/
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REAN T ~ITE X 1 EUVER &%

Droplei- 1 COz '\;Jb E’T/ﬁt'g (7&:106/@%}(7})

Generator

Vessel Scanner

2. *COE HBEFEFF(FHIT g%
AE> s F I ST
(Laser Produced Plasma, LPP) -

Intermediate
Focus Unit
N M
A

_ D metrology for
---:ﬁ;::ﬁ;:tscanner 3 ﬁ_, jﬁ u }§ rg 1§ 4X105}:\; (3OCV) _-!_;l‘
1 P R R
Scanner Pedestal N ;]J( @ (Sn+8 _Sn+19)
4. F B KEDI R T HRI R I EE
T f i E S R AR RS R ‘)I}“
¢ 22 EUV -

Transport

%‘3\ “;ntg

Source Pedestal
Fab Floor

CO2 system

Power Amplifiers PP&MP Seed unit

https://iopscience.iop.org/article/10.1088/1361-6595/ab3302/pdf

Sub-fab Floor https://semiengineering.com/why-euv-is-so-difficult

N
——

o rﬁ/ﬂr’géé_"léﬁ* ,j]?}u]’g\«’:]‘%(o}’—?ﬁ)?r r’glﬁr’g}iﬁ’ %*ﬂ%g }ﬁ,} JD"’}’;;I\O
i S%?Ji' ¥ 2 250% e k4 %Q%J/\IZS MWeg 4 (3 2% 0.02%) ; 1
e—- X
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o6 ] EUVZ # &

https://technews.tw/2021/02/15/euv-mass-production-of-lithography-technology/
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- $pik o8 42 em A 1§ < B— MIT Commonwealth Fusion Systems

1. EUVR k& * CO, 7 & &k L & Z-(Beam Focus) | % ir*g‘a%lﬂ
PpE AL REEXICCO)R BT Fl R EsRTR
g 7 g,{;ﬂﬁgﬁ'};}’@%mxﬁ'ﬁ%— ¥ B A {g@ﬁzg'%ﬁ.—a-}ﬁﬁjb@b \‘ﬁg
B:J’% )ﬁ 4 EUV £k o
2. CFS e £ * s 4 = i % 8 (Ix10°°C)F # 05 3 /T + 7
z

|
r,,gﬁnﬂﬁ&j};f‘@ﬁ’ pIEE> TR B ZE 2R E s R @u]
E B ©

—

-4 SBEUVE G A E 4 dek MITCFSP: i £ 0%

5P A g s e X JEUVMachmemﬁ %ﬂfrﬁ:@v 2 3 E gﬁjﬂg
EAiv® o RliEddF A S o BirR e A gz oo
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LRy B R

i BT BT A
+ AR Y 7 HA
ENE N N 1

PR M- ks - I0Y :F (Epic Poem)

1987
“ 42 h Z;L <
PR REZD
L‘ 2\ _,ll» ’\

B AE S H e
PN ag SR 1959 1976 1998 2007
1213 8 8t : MOSFET 5% 5 FINFET # % iPhone 1
v AT g o
1940 1950 1960 1970 1980 1990 2000 2010 2020
| | |
I

1947 1968 2000 2020

T oo ¥ Intel = = 1985 CDMA iz & & Apple Al4

v R HARL & Qualcomm  NVIDIA A100

1958 1990 F B FALEE R
?_, BHB 'E.g

BT F g o1 e . 21058

(Jack Kilby and Bob Noyce)
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5 1F 3
1. 2007 = ;EF?-‘% T E A £
- A pIpROA BT F 2
(2009 %)
2. 1987 & ;f

P

"%.%:iﬁﬁﬂﬁaizﬁﬁ

F i R gk i

¥$ 1Phone 1

&”'ﬁrk“'ﬁﬁleﬁﬂ ¥ o5t

— 34 2 4@ (1990 & - 1997 &)

iCometrue [ ¥ H. 4/ 2022

FEL =5

L1
3

AN
N

7

40



G AR Sy IRk 20 o
2007 # g % iPhone | s

A BB RN P LMY et £
?U%%{mBKLNWﬁ'ﬁ%%*A?
£ 4]+ #iPhone ¥ £ ¥ (#g % 2004 & B 4.
iPhone 2 & B %, "2 Project Purple  ~ %L) ©

: 1976$LF B AR Py ﬂr" PR A e 0T
;- (working style) iz §£2007# égrgjﬂ'] 4P
iPhone 1% M P = 3} BT A BEend L 5N
- (lifestyle)2 A <~ <~ p? o
1Phone 1

https://en.wikipedia.org/wiki/I[Phone (1st generation)
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iPhone s1£ #7173k

Filing Date: Filing Date:
1/5/2007 1/5/2007

D580,387 D558,758
NF R Aok P BRI RS F

3+ % 41 (Design Patent)

Filing Date:
1/5/2007

D558,756

CFEATARE FEUBIRE L AR 9
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2007 1Phone 1
S5L.8900 s d® %

[

33950030 ARM
8900B 0719

AN/ RT70YD
NULIL SIS/ L/
A L ’ e N\ | G

2% 3*+: PA Semi
BEHF: W= &
P

—-90% 3 & 2k

— B3 1.375%108 @ 7 & %8

—gp & B AfF 72T 2 % 51 (8.8 mmx 8.5 mm)
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Multi-Chip Module based Freeway Technology MeGic Technology
on Silicon Substrate

Memory Chip
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RED

Freeway °

Passivation

C Interconnection
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77 £%3%  CPU Logic Chip
Cryogenic performance of a CMOS 32-bit
microprocessor subsystem built on the silicon- US Patent #6,383,916 US Patent #6,180,426
substrate-based hE LR R Filing Date: 2/17/1999 Filing Date: 3/1//1999
M.S. Lin ; A5, Baters g o Inventor: Mou-Shiung Lin Inventor: Mou-Shiung Lin

Electronics Letters, Volume 26, Issue 14, 5 July
1990, p. 1025 — 1026 iCometrue | FXE 4/ 2022 e
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