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* 2L)¥ v B Connecting Dots
K-S T s Ay

5 R GFHEN A4 A2021E72 30p A EAMA A Y LB Y
=0 &P aE %%ﬁfﬁg B.60 5 & chfE AR 'ﬁl—f/‘u -SRI
NEREEE F B AR K

ER N
FAG e R E240E LA R L D
pes JETREEHY ._rﬁ‘fi’/mgﬁ BT E P Rt 2 A g1 B hE Y]
o ¥ :Fi i B #v A Fabulous Epic Poem
LR R ABAE AL R SRR © B 520
R TR E Y AR T R T B
Fh* > a2 57 8% 1 fm“r’é"q"—%?';
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#p % (Contents of Lecture)

Y- de s AR R TR R e 1Y — o e
Fo P A Bk - Rk £ B 25k

|3
|

S TEA AR HPARTRE AP R
BEIEBC. B4 BE
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LR R S F AP A K A
®AOREE /f:, 3\35&1‘%4 (Al Machine) -

» Ao SHEILY B R

Wi od v |

AR ICSVIERENY A= R S
(554 FEFF30)
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@ & thik e

T 6o T8 (Tran31stor) VR
,3‘_5
;9

+ ¥ R M
(Manual Switch)

@
S

£
oo #8 O B B B e b%%b‘_E%:rE v B

¢ (Signal)

7N
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I (Essential Basic Knowledge, EBK) —

Active) 24| e FE B
1HE

4w RO
(Active Switch)

h 2>
Gt

(Signal) A& (Drain)
UL

A 15 I I:
(Gate)

i (Source)
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o B ehfds - TR+

R HERR
F A "T85 s B SRAM SRR
= BFE t + BT Y
vdd
- WL Vdd
l ~vdd A .
]j B -
n N
TT i TT I EL [ ':‘, \H 4 Sum
:“_ |: Cin “ 1 |
_—?— Cout
.1 ] I'_I
BL = J BL |
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& & oA et [ - # 88 T B a8 & € (Basic Circuit)
S Y AR B
P¥4a (clock)

- B R S

Vdd

., 7
1 °
7

[ l
— =

:
%

Pt ® "CPU R 7 & £ 8APU R & chipF4a4F 5 (Frequency) @ 54216 3GHz » 4p
?i'v? = f)fiﬁ% 307 T » BFRF 12 nano-second # #) & ¥ >
X

B BRE FyErEe 12T 0 R ) 5 H
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% & el aeds IV - 5 88 T 1 (Integrated Circuit, IC)
« o F#cRRE HWEA £ iR (interconnection) i & B =

— Rt — Blde AL ST 5 P-3o 18 (Static Random Access Memory —SRAM)
— "Z‘J‘_;EI_T T B — Blde: 4e i B (Adder)

— \Eéj:ﬁ_;ﬁﬁx — 4 AND (i ﬁz) OR(%%)

— & prAREL — PR 48 (Clock)

~\\

* BT EAIIp A Bt A25 3 £ (Instruction) » 3R 2 PR - 2 (7 2Rl on
BB HF 2 BENYET > 27 q}mk vl 7

e ¥ 2} “Computer”’s” #7 & (Electric Brain) #-% & #¢
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N N AR S ’ / ,(;.F,
e LB Y g

— R TR Fm A 24 A

= J¥iPhone Siri¥t#%pF » B & * Google Map H#upF » 2 * Skypeil.it R ¢ pFF >
LT AL R T T 5 L

A 24 U FEEE A SR AR 0 7R
?qf BH T | Z228% 32 F e A8 M 0 £3F 4 5 (quantum
mechanics) ~ & + #t 4 & (quantum thermodynamics) ~ + & 7 # # & (classical
electrodynamlcs) 2+ & 44 B (classical thermodynamlcs)

&
?‘E\E”’ﬁ?‘? B ITRIE 27T P A
2 )

I

6 » £ MEF 5 £+ iPhone » H#AF 115 1T
Cien HHE A D kel e

AR 5!\;;\1 ’ 'g_ ,u A XY frengg Ao
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LY R ande R e
(number) & 4 » F W I

PR EE

\, > ;
A g T _i—

28T 5t
A BE3x103 K %)

LR R hdem b 0 T#cF | (number) R £ B

» Je PR B F w R oA s - K ’FK{ " #eF
< <t (scale) = /] % B P (quantity) % & @ © !

F B

I38EF & w)wrp chR % 4p %+ (Law of Physics)
—
. + % 7 IR %2 F 102 B
3 ¥
1958 B % 2= (Empirical Law)
—
B Rl A WraE ] 6x 1010 7 5§

& B 5 7x10°F <

“Seven Brief Lessons on Physics” by Carlo Rovelli :
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https://en.wikipedia.org/wiki/Observable universe Source: = E %
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5 ARPE 3
- 2

:Moore's' gourn'exz‘.

T 1 AR 1 9

-
L
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»
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* ¥

4

= A"
» . * ’ . ,. A
* . 2
J k
. \
» \. . » \
’ » -‘ .
-
\ ’
- < o \v . \
{f W’{f—% ‘ .' s - k 3
P ABBEARTRNE > WET
. 107 *(—T—ﬁ)?ll‘o ﬂé(ﬁ?iﬁﬂ)‘ﬂ"ﬁ e,
LR :
. 43X107% (18BEFEFE) B10” v(%e!;as)e*mﬁ
-
..
*y

% #7]

\Y)

S ST

202F 7% 12 F R~ 2 8 F R o

1
({w

ERRI At .(James Webb Space Telescope)dp
I F B~ J%”F?‘ ﬁva- gk (Galax1es) Tt
T REF D Fle3REA) = > 4P a{““ﬁ?#ﬁ[
A 135% k& > ? UERE AV BRI E %
W oo BBY W ’5 H_FEHL AN P46 g k £ D
SMACS0723 & ,% ®](galaxy cluster) > #* % % B3
= & 4 i 4 (Gravitational Lens) > #-H (& > { 5%
{v Xk i hakRiRITieRE 2= B
A o d m Al d Pk 2 T E g SR
%

ju
?5

|~

N
—\\
LGNS

-

+ T o B E A E 2 P (iCometrue) * 7 <+ ik
ﬁ",ﬁi}?' | r’ﬁApple = ¥ 1Phone 12 = %%‘*’AMBB 5
mé’fgﬁ ¥3xT fo B(FINFET) o & — B g8 F 27
op B8 e ‘/nhﬁlﬁ RRESE F o
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LEME R Aot ¢ T #cE | (number) G4 & B A

S P60 5 (19588)F § 20 107 4 4 ) PR & # - 2] 2020% 3
6X1010'@;7X109’} g S Y o

B
2
F

F20B 7 (1.674#) T S ARUHP 4o 12

7(2020-1958)/1.67 = 937 —

A 4 T S B PR ER 2 R (Emplrlcal Law ) R AM Bz 6 p Ry 2
Z_{=(Law of Physics) - # » 4 * #2 g &

c B AR JEOBPmTTRHE AR ZPHBRF T FROFE I G % E
(Riemann Curvature Tensor) 15 B o
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-%%ﬁﬁlibVﬁﬁﬁiﬁiw%ﬁﬁJSS“fﬁlﬂﬁ%%@éuL&&ﬁ%ﬁl
AT FEYE O ER AR D Pz P > 136# 5 (1885 &)= it B &
P3N E2ARE o RBARE L

F200 7 (1.67#) > &2 6 fhig ] - X
0(2020-1885)/1.67 = 281 = 5 y ()22
HERSEEE ) =

6L % 27 /5% 102 =1x102L % &«

o ,Tf FHIEAAD 2 BEZE 10T (102 2 ) » 2 Bayp| 3 B RiE
=0 Jn + (Sub-Atomic) # [ -

SR -tk %Wf@ 4 —
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ol 1 EL 7 BER R

u;@ﬁf&"*W%gﬁm%%waéwwxumﬁ s |
@ FARK AR VRSB T0B (270) B hEF B > bk X s

Airbus Beluga # £ £ B4 4562 % o

ﬂé\jiﬁfi ﬁﬂiﬁi‘?’;"ﬂﬂﬂﬁ &z;\F’T/;v); ﬂé?‘l'—’ﬁ%]l\ , 412‘7}%1:1”1—’: g 4 ﬁ}“
FRELE P NGRS Sof gk

LEEe P bRt - e XA RL Y - BT 2
2
L= °
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i AR el RS S R ] (Geometnc Mechanism)

NP - 4Ry enEsk o - BT (Event) 4% A7 it * IS KEE Y T R AV g
Ry Bdhte A AT E Rap R Fﬁﬁx?}&fﬁ—g S SPNE Y

G E 102 A o A ek B R A1 S (10 ) R ) -1l (1071 0 kg A2 A

AP n® G g f 102 FEE o ARI e - 2 22255 (10 XA 2252 (10 2) 0 e g A
4 3N R B enE e

— k3 i B 2 hfo f B2%k3F g% > @ h {Zf”ﬁ o W B (Plank constant) 6.636 x 10 34 &
B ) (Joule second) e *\’173:» Bex - 2 & 347 (10 34 | 3]-34=x = (10 %) > » 3 E 3 § hde
J\.%f/i’ q,\‘}:’_—ﬂ‘mﬁxj Iiﬂl O;f‘hEﬁPiFk ‘L}r.?[ékﬁﬂ?ﬁj_‘gk )]'J’T\L?L\i%ﬁ{hl-rmmr_f_”\‘/"/’l‘a_)ﬂ

s SR o RGBS TG SRIE S s e e |
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AR mre 2 Bl 5 BER TEE DL

AR A S E J}L" = %"5 AAF RSP EER G 0 £ F) 5 F 5 FlZ (Activator)fodr 4
% (Inhibitor) #p 3 #£E Fffm o é P| &7 fr e ik i (Equilibrium) ©

— Afimre o B - A Wit & 4] ¢ 3 % ¢ F]F CDK (Cyclin Dependent Kinase) j#cfs >
tligchm?e & B 5 » 3 #r#| %% CDKI (CDK Inhibitor) 4 &+ > #r¢limie & ; ¥ ¢ >
fe o B e AeY 0 A4 R KR ek (Telomere) & & € 5% dmie & 5 ﬁ:cm 7 L& EE :r; )
% Telomere? 1,5 BRI AEZEFLI MR mfe it 2 H P iR o d 3HCD
A Frimie b A eniE E & Telomere?d 7 fmPe 74 = a4 » A w2 P 7 X fv? = A fp
BB R R L o

byt

HMTERLPFAERANT £ Baym2 R NEFT24 W 4B PR
B SE3TR Q) FREEY 0 PR AN AREK S FREAL T AL D% o
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Group= 14 15 16

Period
L 4
D LA
P S'l'
X5 v

20 21 ([ 22| 23|24 |1 25]|| 26| 27 || 28 || 29
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
*| 57 (| 58] 59 61 || 62 || 63 Eﬁ EE 66 (| 67 || 68| 69 || 70
La || Ce|| Pr Pmi|Sm|| Eu || G Tb || Dy [|Ho || Er |{[Tm]|| Yb
* 80 (190191119211 93]|94(] 95](| 96 QK 9§ 100({{101{{102
*|Ac || Th{| Pa|| U ||[Np||Pu||Am||Cm|| Bk || C Fm||Md || No

https://en.wikipedia.org/wiki/Periodic table iCometrue [ il{E.  8/4/ 2024
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S B el # R V. 5 (Electron) 22 7 F (Hole)
e i F . ¥ U 3E o~ 525 (Doping Impurity)

— F AT B o - B o Bl G NA|E F 1 (n-type semiconductor)

— ;}7‘% r = ,%3 o, 30— RS "l =~ 7 i (HOIC) 2l = & 'EJ"L %’Eﬁ' (p'type
semlconductor)

n-doped silicon p-doped silicon

https://www.pveducation.org/pvcdrom/pn-junctions/doping
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1MLl R R R R DR A X AR ( Diamond Cubic )

o A H e g % (IVA*% ) 25 B BH 0.543 NM
m&?‘i}. ] aaﬁ? 1‘#

S /Ej BEB 7}5‘;1
=] £ 0.543 nm
S1-S1 : 0.235 nm

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

e A 1 {ﬁﬁb% A Tz\ﬁj & l—ﬁr] ¥ 1Y l/g B ’E_ é_ https://blogs.ams.org/visualinsight/2016/10/01/diamond-cubic/

Diamond 1s Forever, Silicon 1s for Soul
EE AR R B LA RS
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R

Matter, Fermion Interaction, Boson

o
~ N [ N [ N N T;{
() <:) <:> ‘9 (:) 1
I A 2 ne A 2 m A A 3 %F’PT?‘ ?\
o \(Z 7)) HT ) (P LT U

3 3

S N [ ~ N N

|5 | Y “d.
R i = L = )

)
Yl ® | &l @
i T3 B3 5 Zgd + | 3
Ve v, V. @ 4
o =TV e 3 | Wakéd 3 | 3

https://zh.wikipedia.org/wiki/%E5%9F%BA%E6%9C%AC%E7%B2%92%E5%AD%90
iCometrue [ X E. 8/4/ 2024
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AR P E LT AA B R B e A

H 3 1 =
-3 & kS

ARG AREEE R G ITRAARS o o e T
121 % 5% &+ (Fermion) fr5i# 2 3 f£* 4 &gl ¢ 3+ (Boson) ;

._Jéf‘A«l—. AL B ¢ ﬁ%%;};—?%%’&ﬁ& ; ﬂééﬁfﬁﬁﬁlé
b ten2 W55 @7 0 Gk At i AR
10-227) ;

FEPARGF FRELZBRT M F A RAP g 3 %i
BR8PPSR RrRERNGFEDRAARF -7 F Z ;lo-+
LA AT
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~m 2 %;’EEZ ¥ Rk A2 ~~

FEG T - B R KRR TI A BAAET

LA R MRS FREPALL 7 ¥ R
'] (S1 wafer) F 1% B & #EL 0 2R{S BB & AmER
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Cig AT B fr i A hDNA § 4

* FARAGDNAMAT~-CHUEG)e 5 F #h A& >

\J\\-s\\-\

VCGﬁ ;i' ’ T' l}i?};—\ﬁ v — L yl@l Q;FEF%\?%Z%A,
| (spatial sequence) ° 2 F H&% YRR H ¥

AR % w2 EDEEHE) o
e M AR PO T R EROCLS B
FREBEE > H ; P Hp(T) e 2 Fy 2% A4

Time zequence

)

A pF R e 7)) (time sequence)

(nano- or pico-second)

iCometrue [ iX E. 8/4/ 2024
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R {7 B ADNAfof R T B iFand & "SR FiRGamis

« BRfrZFAp AR SDNAfRA S R Y O HT RS T
d %’*‘%’%%iﬂ?;% Hie o o feif e e B2 R
A

P B eB 2 iz ¥ i @ & ¥ DNA Computing & &_Quantum
Computing s % {rg@ 2:A ?

C RE el BRRSE  BRRE ARG bR v
A EEBH R R A PR R ER G HREY
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FA a1 123 F ehe A
* 2ZAX2FZ N B FFEZ AL B RS
o ARES G A T A 27 N HEE BER T
241 RS B
« DNA® 32 R crjedg #2022 F
ARV U E @SR RF R Ieeg ?

Ik

Sugar-phosphate
backbone

Silicon crystal lattice

3.4 nm

0.543nm 2.172 nm 29
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& & ik A e VI

L3k areggi 7 koaBls 55 - FaBSEiTs - gkl
SRR RS E LY I X LR P

3. & Ry Rl UL B {1 E i p o R R
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@ & gk Ao VIL D A B ol 4 (B 6 /4% 7

7 sk H i (photolithography)

HE= R

;]l‘; / |uuuuuuuuuuuuuuuu|

9?\1 L AR

(A A BB NN EEEREEREENEN]

| — T ERE Y
HEE |
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& B ehh A s VI gk 45 (30 /3% 7 )eni A R e

o Skt K ¥ f347 B (wavelength and resolution)
R=XL/(2NA)
NA=nsin 6
0.3 <n sin @ < 1.4 (for most optical system)
05A<R<ISA
R=j%47 &
A= 4 otk gt £
NA = i # 4 7 enfcie 3¢ /= (numerical aperture of
the lenses) » 7% k& & Sic & & g 4
=4l ki B
n= /i 3755 (refractive index of medium)
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B f T =(Moore’s Law) ki A £ e 2550

LR A E AR * sk R 8 sk RS ¥ e A K (White light) ~ % ¢k sk
(G-line/I-line) ~ ;#*% ¢t & (DUV) » — ® 3|3 A% ¢t L (EUV) o

White light G-line I-line DUV EUV
e o 780nm~400nm 436nm 365nm 193nm 13.5nm
710 Eﬂ,}i ™
Hg lamp Hg lamp Hg lamp ArF laser CO, laser

AT

| W —

780 nm ' 400 n' 300nm 20 100 nm

3 0.8um  0.5um 025 um 0.13um 65nm  32nm 14nm 7nm
. 1.5 um Ium  0.6pm 0.35um O0.18um 90nm  45nm  22nm 10nm  Snm
I D N DU O N N a0
1982 1987 1991 1995 1999 2003 2007 2011 2017 2020

1989 1993 1997 2001 2005 2009 2014 2018
iCometrue [ X E. 8/4/ 2024
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B 2= (Moore’s Law)

¢ =201 (1.67€) FHTEPNFMe 707 HEHHED € 40 3
(= BRaeMe L) o
o F|ptE N L EgE 4] e B & 2kh(Technology Node) 2 70% ¢ &

40 2 ¥ >28 2 5k >20 7 F > 14 7 5K >10 2 F
» 7 7 5 > 5 74 > 3 4 > 2 75
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TSMC 4riz & % 7 = 25 Intel ?
1. TSMC#H B kit cndr 4R > & 7 chds 1932 F g% ¢k (DUV)
EFRT 5 TE N B S gL o

2. TSMCEE#H* &% P R (EUV)RH# B A7z F 252 f chkjiss gL o
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TSMC % ** 42017 #10 2 3 &l 42 = 2% Intel

o+ TSMC= # 4% 193% # chE% ¢t L(DUV) A £ A10% f 2 7%

FFE S BN A B0 T F U M R R iziméiz T BE o F R
‘b R(EUV)E AT K 253 K o

Intel * 193 % f duE% L (DUV)R A 10% + 7 "B 1 ¢4 » 219 4
50 R R QAT L

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 (%= 3x/&) 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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o S
A 3 4
& #& T AY &
& & v Q,Q%Q‘I’Q S q}q’&(@ q,%vé O
L™ Fe¢ Fofy T A IS 5.8
TELEELE VL SO FL
1010 1 & g @c’ oy -&%Q .@.&Q@ Q}AV \4;3’ ¥ & o \/ N
< Y L FE S e FE
I Y FE Y NS
o | S et e PN & N
10 & A SV + A
e Q}Q & ° 49 & , ©
L» F S o > ¥ !
p 10 VS S .
2]z . ] && .o ARG :
) ®
LT F N l & |
o6 B S ° &
;a;: @ 5 e & & I
6 F ST 0 s |
g0 N & S £ &F Intel + TSMC
Q> > R S AT 2 h— 3 s h—
105 —+ .\ y ,@}Q’Q) \&Q}o@@ > L %;}il’h— : = %j{il’h—
& Q’ﬁ 1
< )¢ >
10% —- 0.8um 0.5um 0.25pum 0.13pm 65nm  32nm 14nm 7nm
1.5pum lum  0.6pm 0.35um 0.18um 90nm  45nm  22nm 10nm  Snm
I I NN DN D O N e
}?g}ﬁ[; ""Lﬁi 1982 1987 1991 1995 1999 2003 2007 2011 2017 2020
1989 1993 1997 2001 2005 2009 2014 2018
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TSMCa #3238 42 P eh s 3 )
cERBMTREAEREG AT

o TSMC & A4 8 1 7 % fio58

 TSMC: Taiwan Semiconductor Manufacturing Company
cARHTREAZRFF AP

e oI TSMCB~ 2 > 1 o2 flagd ~8d 5 %2 2 FH2
(Made In Taiwan, MIT ) %3 4 L B8 %2 &af Intel > = 3 S8 a2E R4 L o

https://www.cw.com.tw/article/5034316
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B?Lfﬁ‘l;;dj_ ~ITE X 1

EUV Source - Principle of operation

Droplet
Generator

[+ =1 Vessel Scanner

Intermediate
Focus Unit

D metrology for
—source to scanner

alignment

Scanner Pedestal

Source Pedestal

Beam

Transport

Fab Floor

CO2 system

Power Amplifiers PP&MP Seed unit

Sub-fab Floor

HEUV SR & 4%

1. CO, 7 &t & (A=10.64c:F)

2. *CO,G S+ MMFHF(F )1

,\\;ﬁ’é'm%.%g;ﬂ'%%)’}g%%\'

(Laser Produced Plasma, LPP) -

:Z )j-;—?-ﬂ

=h
;5

7N

&

N

3. RBER R 24 x 10°8GB0eV) - H
% TS e

BRaEHRIT > 5% 5

% 7 A5 (Sn™8 —Sn“9)
4. ¥ B i AR t«fﬂ¢x% B R

il T s gk : R A T

¢4 2EUV.

« &+

=
5

;’»
b

£ >

2 )
A

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

s BEBHALI BT ’jﬁf%df% (E:) *3EIHFAIGERA AL K- o
o —;ﬁ%ﬂ114§‘%250i5ﬂ%%+§ﬁ *E%J%IZSMWG’J 4 (#E 2% 0.02%)

1S ARG EIFAT
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o6 ] EUVZ 4 &

https://technews.tw/2021/02/15/euv-mass-production-of-lithography-technology/
iCometrue [ X E. 8/4/ 2024
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https://ccc.technews.tw/

r V4

_;_.“'--"..,
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https://www.ctwant.com/article/67825
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4

Al Machined sc & $ 4% = 47 E a5 fo L Pgds 5t & & 3¢
‘ F4p 261 =x * (order of magmtude)

* iz ChatGPT# # g 4 ¥ 2 £ gz m kK> @ £ &L P& T A
(electrical power) 4 it iE =

 NVIDIATH % ¢9H100 GPU & ‘14 » — B ae ¥ 427700 W 4% ChatGPT
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