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Ca Sc|| Ti || V |[|Cr||Mn||Fe||Co|| Ni||Cu
37 || 38 39 (| 40 42 || 43 45 || 46 || 47 48 49 5{] 'l 52 || 53
Rb || Sr Y (| Zr Mo|| Tc Rh || Pd || Ag Cl:l In Sn Sb || Te || 1
55| 56 [*| 71 ?% 73|74 || 25| 76| 77 || 78 || 79 || 80 || 8] BF 83 || 84 || 85
Cs || Ba Lu||Hf || Ta || W ||Re|[Os|| Ir || Pt ||Au||Hg|| Tl || Pb || Bi || Po || At
87 || 88 [*| 103|104 107 109 112[1113]{114{] 115{(116((117
Fr || Ra|#| Lr || Rf g || Bh Mt g || Cn (| Nh|| FI || Mc||Lv || Ts
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* 80 (190191119211 93]|94(] 95](| 96 QK 9§ 100({{101{{102
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% & gl # Ao V. 7 + (Electron) £2 3 )F (Hole)
w 7 13E o~ j2H (Doping Impurity)

— P AT B o - B o Bl 5 NAE E 4 (n-type semiconductor)

_;}g)\:]%ﬁia ﬁ’i- /——l[a;ﬂ_"i‘j—]”?‘\; /H;(HOIe)’E] pPJ—‘ll" ’Eﬁ(ptype
semiconductor)

n-doped silicon p-doped silicon

https://www.pveducation.org/pvcdrom/pn-junctions/doping

iCometrue [ X E.  8/4/ 2024 22



B HOR S 4P 22 B ( Diamond Cubic )
. ?d%éﬁm :}&ff‘u% (IVA’”x) A% I B 0.543 NM

=]+ 0.543 nm
Si-Si : 0.235 nm

— B8t (SET)
= -] 10.357 nm
C-C :0.154 nm

e A 1 &F\s% A fz'\lz’f’ & fﬁ]? g E A https://blogs.ams.org/visualinsight/2016/10/01/diamond-cubic/

Diamond is Forever, Silicon is for Soul
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7 M B ? 2 ¥ it & ¥F DNA Computing ¢ €_Quantum
Computing =4 2 'ft’@(%} 2:S ?
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Silicon crystal lattice
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3% sk 47 (photolithography)

WA= R

;Ié / |uuuuuuuuuuuuuuuu|

HFEr A%

(A A BB NN EEEREEREENEN]

), — F L T
HEE |

iCometrue [ iX E. 8/4/ 2024

32



O B A e VI gk s (B 3 %] 7 )ehk & R oL

o k£ ZiE47 & (wavelength and resolution)
R=LA/(2NA)
NA=nsin 6@
0.3 <nsin @ < 1.4 (for most optical system)
05A<R<15A
R =37 &
A= 3 skt it K
NA = & * 4 5 engc e 3¢ /5 (numerical aperture of
the lenses) » fim& £ & & i B % e 4
O=4x T cfHkeni g
n= 1 & 475 F (refractive index of medium)
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B 2 E(Moore’s Law) @ kg g £ e f 25k

o L HEMA X AT gk R 48 a0k RS HP e w RSB (White light) ~ % ¢ sk
(G-line/l-line) ~ =% ¢t £ (DUV) > — & I3 etk % ¢b £ (EUV) -

White light G-line I-line DUV EUV
oot F 780nm~400nm 436nm 365nm 193nm 13.5nm
7IO m/ﬁt B2

Hg lamp Hg lamp Hg lamp ArF laser CO, laser

| — | —

780 nm V 400 ny 300nm 20 100 nm

BR o 0.8um  0.5um 0.25um 0.13um 65nm  32nm 14nm nm
P i 1.5 um lum  0.6pm 0.35um 0.18um 90nm  45nm  22nm 10nm  5nm
I A U O OO N N AR RN AW
1982 1987 1991 1995 1999 2003 2007 2011 2017 2020

1989 1993 1997 2001 2005 2009 2014 2018
iCometrue [ X E. 8/4/ 2024

34



B f: % & (Moore’s Law)

=y

o 9E20B 7 (L6TE)  FUWTEP T 1 & 5 hd LANED & 4 2
('E [Ez ?, BBB%.Q& ﬁ:/ﬁ\“l‘) °

o T E R R e g 8] f2 B pF & 2k (Technology Node) 12 70%¢¢ &
Z%'itfﬁ"ﬁ 0

40 %2 >28 %2 & >20 2 & > 14 %2 & >10 7 4
» 7 3 3 > 5 2 4 > 3 2 4 > 2 2 4
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TSMC 4rim A& %l 42 = 2% Intel ?
1. TSMCH B ki chdr AR » & 74 chde 1932 f i ¥ ¢F & (DUV)

2. TSMC#-ZE % 1% ¢ L(EUV)X 5 £ 272 3k 2 52 3 chf jiF & 2 o
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TSMC %t 42017 #10 2 ¥ @42 %2 Intel

+ TSMC# 5 4% 193% # trjE ¥ # X (DUV) %54 £ 2102 5 2 73
FOHESBA B FI T S E LR SR
L (EUV)E 272 # 2 5% 3

* Intel* 193z i aiF% ¢t L (DUV)E A10% ¥ # "af|rafs » 8:38 4
P50 & f{%ﬁﬁr@lﬁ%& g
Intel CEO Pat Gelsinger :
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 (%4 »</&) 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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10° —r S & N2
- \Q @‘b‘ ° () AYS)O ,@f : €
e 8 FS ¢ > & !
B = & S |
) & & DN '
2 107 S & o &Q :
3&1 PN $ e & $ |
6 F & s & I
2 10° @%Q @@ ° & &'\& 6@@ xQ@ (§{;§ Intel | TSMC
> S N v I h— > 7 h—
wl & ° & @@é@“ S ENE F -
& S !
< A >4 >
10¢ | 0.8um  0.5um 0.25um 0.13um 65nm  32nm 14nm 7nm
1.5um lum 0.6um 0.35um 0.18um 90nm  45nm  22nm 10nm  5nm
I I N NN N N e
B 1082 1987 1991 1995 1999 2003 2007 2011 2017 2020

1989 1993 1997 2001 2005 2009 2014 2018
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TSMCenst # 32 8 o @ e & F F
\,‘é\ = vz < ﬁl =3 2 —_
AT RAE N

o TSMC % £ % 1 75 £ H30

 TSMC: Talwan Semiconductor Manufacturing Company
cARMITRAE R AT

X% 5 ) TSMCB & pF > 32 3 7

L ER E LY LAY L
(Made In Taiwan, MIT ) %3t % X H g4 3

E i Intel > =& 5 5 aRERA Lo

https://www.cw.com.tw/article/5034316
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Droplet
Generator

Vessel

Intermediate
Focus Unit

Beam

Transport

Source Pedestal
Fab Floor
CO2 system

Power Amplifiers PP&MP Seed unit

Sub-fab Floor

Scanner

D metrology for
—source to scanner

alignment

Scanner Pedestal

EUV E %

1. CO, 7 #+it £ (A=10.64¢)

2. * CO,% S iF (5 #)7 § = )%-4
AE > 5 o W ]é%%ﬁ%$?;F
(Laser Produced Plasma, LPP) -

3. REEARF L4 x 1097 (30eV) 0 4 &
E/ﬁi‘%}bﬁg})’?i ’ Iljt‘,\.. = A f%' ?%ﬁ-; .
B A % A5 (Snt8 —Sn*19) o

¢ 22 EUV -

https://iopscience.iop.org/article/10.1088/1361-6595/ab3302/pdf
https://semiengineering.com/why-euv-is-so-difficult

BEBEAE S I ’jﬁf%df% (FhR) *BEBIHRIEERF AL X-#-
— ;@?]:"lﬂi?é\ZSOiév’ﬂ%%W& *E%plZSMWm 4 (#EHre® 0.02%) ;

1iE- AREFHEIFRT -
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https://technews.tw/2021/02/15/euv-mass-production-of-lithography-technology/
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https://ccc.technews.tw/

https://www.ctwant.com/article/67825
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Al Machiness st € &3 = I E a9t F fr A Pode 5 £ 3%
S B = > (order of magnitude)

izChatGPT# 4 hfp 4 ¥ 2 £ 8z a %k » d L& EFHES DTN
(electrical power) 4 &t i = o
NVIDIARTR 2% nH100 GPU & 5 » — B & 5 4£ 7 700 W > 4% ChatGPT
& * 27 3 NVIDIA H100 GPU & & > B|ChatGPTx iT—- * ;],}l;g 42335
BRi >V ARF - ERT|- SEUVR RS- 2 LE3F A { T |
Fpo> - BREAE X8 E 92500+ + g2 (k-calorie) » £ %5 7
i B DR 920% 0 R A - X 42500 R 2 o 4P g Y
217 3 BB ;4 WA Rgang iy # K 5 24W 0 B A g ' - & R
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