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I-Ching Decision Making Model Applied to Taiwan Semiconductor
Photolithography R&D Strategy Selection for 22 nm Generation and Beyond

Student : Benjamin Szu-Min Lin Advisor : Dr. Cherng G. Ding

Master Program of Management for Executives
National Chiao Tung University

ABSTRACT

Lithography process is the most critical path to enter the next generation, especially for
22nm HP generation. However, expensive advanced equipments and high R&D costs make
the rapid growth of actual total cost while adopting advanced technologies for next generation.
Uncertainties and multiple technology choices also increase R&D costs and time to market.
Therefore, selecting an optimum lithographic technology to meet R&D cost reduction,
provide new technology to customers in time, and increase technology competence efficiently
Is an important topic for Taiwanese semiconductor industry.

In this study, I-Ching decision making model: “The Equilibrium Transformation among
Mind, Recognition and Resource”, developed by Chair Prof. H. L. Li from NCTU, and
I-Ching Cube, described in this work about special 3-D arrangement and energy states for 64
double-trigrams in a 4x4x4 cube, would be implemented to explain how to select the best
lithographic solution to 22nm HP generation for Taiwanese semiconductor makers.

Keywords: I-Ching, Decision Making, 1-Ching Cube, Technology Forcast, Semiconductor

Technology, Lithographic Technology
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LA F# Faskd o slgm i@ BL S F KR aE k(K 248nm fo ArF
193nm) 5 R KK o @ Bz G Ald 05 AT FZF A BEEH T4 TR
I8 4E I 0930 2 (58 T3k ko RERE R ¥ BT 0 JE Y SRS el
o pr(Immersion Lithography)[23] £ 4+ #icizdt js éhie 32 4& P UL F 35 7] 1.35 > gt 3 B ¥
AT ED L) R RATROY A o gt b B RF Y F oY {ofiir R OB m*
e 7l Bkl A E R A KL Ao WATAR B e ddic o AT0L AR B ARAR B
# gd i fR47 & e $#F(RET: Resolution Enhancement Technology) # *% 4 k1 &]4e:
& % 4p 45 £ ¥ (PSM: Phase Shifting Masks) [24, 25] » % € 4p #h 4% & ¥ (Multi-Phase
PSMs)[26] » & &b » 5 e B (OAI: Off-Axis Illumination) » ¥ 3 & & chiﬁ:r(Double
Exposure or Double Patterning)[27]% - % 3§ 4v b & e WAz chfdd7 R o 1} enipdF §oen
Pojpr o gRad £k § AR QAR R ¥ B MR HeE BT R F e ey FRE
C1 ”Déﬁﬂtﬁ VLA RTHONZ AR A o T 2 0 & B RIS R FR fE
17 B s e & 7 & R WAz ek 4% 4 (Lithography Friendly Design) » % i 5 4%
Bf e N otk S r g kBt R e R R R T o
e REMPHEMTET - X o TR B 3R > - B G RE RPN
17 22nm HP (half pitch) & SRt S R afi'l FI 7 A BRI F S L8R
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kAT 0 AP T SRR AR R R R EL AR gl Lt
kBB e 707 X AT AR (X-Ray PrOX|m|ty Lithography) ~ #8458 & + & g’
(EPL: Electron Projection Lithography) ~ < 4c:& 7 3 % (LEEPL: Low Energy EPL) &R T b
E*:,H:,H:r Fobt 3\ 3+ L #eB2(IPL: lon Projection thhography)i—i [28] - L H G 2% L E
THEpAEiTS A FPRE L SR R F A5 (high throughput) ® <4 Fap B
(low defect density) e B2z & k"% KB T4 A » 2 b ifiget g2tk BB st 3
Adfosit imh Rk R BDGDPFIEL > Ao P RFERPE L 0 R FpL 2k

Fhlbfm-Ea2dr247 Ko

International Technology Roadmap for Semiconductor (ITRS)& - i B % {4 chie 5
#d e 70 2 AFFNE ’M’“ B ER A AT Al 2Tk R E T R
w o ITRS 4 % 522007 L E AR B FRI(R 6)° - &iF% b £ (EUVL : Extreme
Ultra Violet Lithography) ~ £]#77193nm %/ ;% & 3 (Innovative 193nm immersion) ~ #&
* ¥ pcR’ (Mask-Less Lithography: ML2) 2 £ & &° (Imprint) & $s » & 2007 & &% §s
}_iﬂ@ ITRS eh® 31U LAL S F IR 22nM & A ek &7 (FHF @ 330 16nm 2 &~ ¥ (70

ST IEE SIETESL R T Y AN R ¥ R Y. L,
b B4 b B 3P 7 3 $oe(Directed Self Assembly) o

2007 2010 2013 2016 2019 2022
- 2008 soos | 2011 2012 | 2014 205 | 2047 2018 | 200 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm JEnm 11nm
65 193 nm
193 nm immersion with water A%
\ DRAM Half-pitch
P Flash Half-pitch
it
193 nm immersion with water :

= - . HNarrow
LLN 193 nm immersion double patterning options

4193 nm immersion double patterning
EuvV
kPl 193 nm immersion with other fluids
and lens materials
ML2, Imprint

Euv
pral Innovative 193 nm immersion

ML 2, imprint, innovative technology \
' h
|
|
|
|

I3l Innovative technology
Innovative EUV, ML2, imprint, Directed Self Assembly

HE Recearch Required M Development Underway [ | Qualification/Pre-Production [S%1 Continuous Improvement

This legend indicates the time during which research, development, and gualification/pre-production should be taking place for the solution.

B 6 2007 ITRS 2 $ 4l s & EW
(FH# &R ITRS)

K SiE S E R TRATE R H 2 15 ITRS 42009 L HA8 R % B EB(H 7)°
gﬂq b 4 ﬁbgv]@_;‘ﬁ;—ﬁ{ﬂ e ~193nm ZENEE T ERE AT MPEZ AR

-—\
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P N AR S IR 22nm £ R g E T (FHMT A Y 16nm v R T 7 e Bl B

P53 1RiE S Ch AR~ £IRT103nm B S E Rk s mk Y A 2K RE S
poim o AR R o L 4e b3 s ol s (Interference thhography) Foobooa
8 1lnm e o F BT f‘fjﬁ:,{hm:ﬁ E

o

First Year of IC Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRCAN P2 pitch (um) (contacted) Il 3 7] EL] 0 12 T EEl
| Ty — (un-contacted Paly)(f) 20 1 16 14 13 11 0 89 8.0

45 [193 nm immersion with water

MPU / DRAM time line

32 |193 nm Immersion Double Pattern Namow
EUV (DRAM / MPU)

i

22 |[Euv

193 nm Immersion Double / Multiple
Pattern

ML2

Imprint

Narrow Option]

16 |EUV

Innovative 193nm immersion Multiple
Pattern

ML2

Imprint

Directed Self Assembly

Interference Lithography

Flash Time Line

11 JEUV

Imprint
Directed Self Assembly
Interference Lithograph

B 7 2009ITRS 2 HAAcH % E ER
(FH# &R ITRS)

rAr )I*f“ﬁi H22nm £ FEARE KT i PR BB B P .

a. BE gk

s B A SR o FEN 193nm kBB L R IE- T uk kg
»o22nm QRO BT TR E TR AR RS ARG o B X EHEABE L
Hi guE{HF LT > D4F % ZEN198nm kE M FER R ATA T P
A E R R P RF YA S 0T %42 5% Double Exposure - Double
Patterning - {= Spacer Double Patterning - 4= ] 8 #77= - Double Exposure € 45 - =< %
PREFL JI* s BrAR LA IRE ) EFMEBFFRDIN A>T R
FoRerk e > 4 Rl IRk SR L p Rkt k o RIBERIED B R ARG S
FEEIF R @24t £ A& - Double Patterning £_ %% — St ke F s ’ﬂ’* %v -
TiaFs- @k BUEHRY - I RERED] S - H RN R E EER > L
FHo Sk RE IS - BRLEFS D Rk B ERE - 2 a:; kR
BT R A ES o ERERITRGS N e Nl EP R > S X

% 427 1@ 4. Double Exposure i fs k¢ A g & p gl k% s
B AL BT WAE N Ao A P F S AR KIER s A S AR B

-—\\
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¥ 177 % 84 m & 2 Double Exposure 2 — =t sk g AR {5 5 =0 Sk pE = Bk & B
HEHmAE L POREPRFEF DR LHEHEAR L 95 2~3nm > & Double

Patterning W42 % ¢ > BEHERHmAR € MO MABRATrREF IR TR DEE > A
WML RABERETTrRETZIRERFT LARE RRF A W?}“ﬂ %@ * Double
Patterning - # 3 2 > f?kfp refRiA-¥t o Fr B B4R 0 F R Double Patterning #l 42 & it
@ AR MBP R AT TR AT LA Rinita g ¥ o Spacer Double
Patterning 7 r‘lﬂﬁ-%i‘ - SRR Y BAEE D] Y - SRR R IS LI Y -
@ Az & 4 Spacer > I 12 Spacer ki A 0 T ig EfET R N R R T & A
L ’L‘»«%—‘E-f:"%: SRR Z Y - s &2 A% - = Spacer W Az¢ A 4 HEA)
e r Rk EN S oA AR Ay G R 0 4F A7 4% Spacer
Wigd A4 B @ F/RE I RBRATICRET TR T LA L RRF R
BB ELREHEREA 7 LR E[29]

Pitch Splitting
Double Exposure Double Patterning Spacer double patterning

Mask 1 Mask 1

B EH R oo

trenches

Mask 1 [ ] [
|| || || ||

N I -
WO R i

trenches . T —

and etch
D harmask S

|

Mask 2

Develop

Figure LITHI

Expose
trenches

R

Hhm v pF% F

b. #&iF%
IERE=Y

2013 # f247

#2 > 4o NAND jJ }'\—

Ry T

e R P

i ":f‘fm Fr A7 & ITRS ¢ fai
AR TR R R i 5 851
el RBIR RS A
ﬁﬁﬁiiﬁf’ﬂi EZOOQE,T}U:
PAZEHR K

Top hardmask etch
Spacer formation

Mask 2

(ATATATE
F* L |

Coat and
expose .—
|

Oxide deposition
CMP

Spacer removal
Oxide removal
Bottom
hardmask etch

Etch

hardmask I I I
and device W || || ||
N e —

Process Flows for Pitch Splitting (DE, DFP), and Spacer Patterning
¥ 8

3 % Double Patterning = f& ke
(FH KR ITRS)

193nm £ § e Fpren £ @ e 22nm HP Z_v a0 'y & 1\1
TR ER R

193 # FRIE \ffd’v:(,ﬁ' P IV
SRR :ﬁéﬂ*
2011 ﬁﬁ* T AR b kR H A
TR G RS L o 50 ApREE

STRBER A IR T AR DEIFR LR £
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*Qiﬁ%ﬁwﬁﬂ%%mwﬁﬁﬁﬁ’%%E%EEQWMWNMM’ﬁéﬁﬁﬁ

A& (Line Edge Roughness, LER) » 12 2 st %424 & (Line Width Roughness, LWR) % -
Foobe &R F b3k ik Ik S 0 MR AR A e foif 4R B HORR A - & 2009 B
SR PR E Y 0 BRI P wdRIF, P R T Ok 34 R R (B
9) ¥ - ZAFEJRAF SR ARM I o FhERIFRN R RRLEYE B
Z Pl {T R e AP B AT B o

2008 / 22hp

1. Long-term source

2009 / 22hp

1. Mask yield & defect

2005 / 32hp | 2006 /32hp | 2007 / 22hp

1. Reliable high power

1. Resist resolution,

sensitivity & LER met

simultaneously

. Collector lifetime

. Availability of defect
free mask

. Source power

= Reticle protection
during storage,
handling and use

. Reliable high power

source & collector
module

. Resist resolution,

sensitivity & LER met
simultaneously

. Availability of defect

free mask

. Reticle protection

during storage,
handling and use

source & collector
module

. Resist resolution,

sensitivity & LER met
simultaneously

. Availability of defect

free mask

. Reticle protection

during storage,
handling and use

operation with 100 W
at IF and 5MJ/day

. Defect free masks

through lifecycle &
inspection/review
infrastructure

. Resist resolution,

sensitivity & LER met
simultaneously

* Reticle protection

during storage,
handling and use

inspection/review
infrastructure

. Long-term reliable

source operation with
200 W at IF

. Resist resolution,

sensitivity & LER met
simultaneously

« EUVL manufacturing

integration

. Projection and

illuminator optics
quality & lifetime

. Projection and

illuminator optics
quality & lifetime

« Projection / illuminator

optics and mask
lifetime

= Projection and
illuminator optics
quality & lifetime

P HRiE U vh %Sk e i
w0k Kk e | 4
AF A Nenizid
( intermediate focus : IF ) ’@J 4174 3
mJ/cm ATR B ZAREY bk kR), &
ok kSR PR o ERIE Ch kK PR AR 1B
F "Jfr;tﬁé F3 3t 200 &
Wb R e R R AR A HFEFH Y i R o M
(dlscharge produced-plasma > DPP) &% % ¢} sk kR < )}%J e viEF 10
- 50 R Zk®o i ALl B

T A

"SR Hp - R

Mo e
(

S D

RRER T
2 %1

3] 30 %

& EUVL#34 ¢ 4 ¢ 73
T kR

f + %180 %

R HE

w2 PO L

: 2009 EUVL Workshop )

+ 20 mdlem? > HRIEH ¢
&R ok kR 2 ﬁd

IR FARIEH Ok R T OB FRIF
o 1L HRIEH ¢h Sk kiR 2 967 * 4 B4 100wph
CHRIFR PR FRE IR EPUSF I ABIFR PR RALY B LR
KSR R 4 115 %
(k@ * 10 mdlem? scp B 2 1B iF
bk Sk ),%lrrlﬁg,J 4154
+ EHRiF
R pE R A
127 e
200 I 11}

s (B * 5

gdie o ¥
LJ:‘ g gé'—-ﬁ;T] dr g Pl SEeE TR 2 4] (Laser-produced-plasma » LPP) &% % ¢ sk
%%gﬁﬁﬁggﬁp%nvaﬁu&‘ws %mﬁ\%Avg’ﬁwwﬁﬂwﬂi
i bk kiR R KA B A APRIRN PR R AT R o
o R R J\ A HE i o %%/’3'[30]” i’%r’ E I G "*7% e T
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E i bk o AT g o d B i v é_

kA R AR R TR
T B r SBG BAEE S B F- BY P AR fASVERT
kB ARk E KL T EREREHAL Fl} o 83 fac £ 83 FlHRF% oh
%&ﬁmﬁ#%waéﬁﬁﬁmrJﬁmf+%%@n@é¢wgﬁm@%+ﬁ <ih
EL B4 7 P (Cymerinc) s 2 £ 7 BT AL fofhie ~ F 2 e & i
ﬂfp’d ig ;lé;)gﬁz’rb 3 G o3 ﬁ,{ﬂ"‘ ) ;ﬁm,-jégviﬁf\{;ﬁmﬂff— FOLR T BT L 2 4»3,1-/;1.@

]\_i]ﬁﬁ/##b P?'cv'cz})?l%]».ﬂ B BBEA 5 DA RO S T K3 A Z &
/7!?‘;“ PJaJc./)E’UFﬁ’f;_ g];;z,_#ﬂ }@;’# +_€L}gl—g_)f3_L m;ﬁk'fzﬁf]?ﬁ_. J\mj*ﬁ;‘/#m l‘-/'lo-flc/))"j'l
R R e § R

n:s ‘.“&t 1*4‘- ‘3‘3\

R OF R B
AN REPGSIFE L 5 B 5 EZ A PRI E Y RARS
LI T ST e il (1) #2352 ’f R B [32] (Hot embossing Nanoimprint
Lithography » HE-NIL ) ; (2) % ¢k k@ iv = 252 f i &7 [33] (UV—curmg Nanoimprint

Lithography » UV-NIL ) ; (3) #icic® $k (Soft L|thography) [34] - &= + A infkjivae
REAR> 29 240 > AR YR FE T AL pf et (Mold-ASS|sted) il B P
Lo FAUCREEE  REFRGREMBRE  Fo Ot QR v

ﬁﬁﬁﬁﬁ@ﬁ@ﬁﬁ%ﬁﬂﬁéﬁw@ﬁﬁim$f@*imﬁ5@ﬁ’%i%&
Poep Mo WEAKAIGRA PR X 0 2N RE PR RS AL S5 22nm HP
T pE R 2 - o

FARE g EFAGE > wH 0 WA S ARG FR o 4
BEW T ER LG RAFTEREZEFEFRUML 23 3 A HFHAY &

é%ﬁ*ﬁm@ﬂFmﬂﬁuP’p@Wﬁp’@’ﬁF e e Lk
;ma&ﬁﬂﬁ’&;@Wﬁﬂ$%ﬁ@ £ B AR AT %ﬁﬁp’
il § = Ak(Adhesion) AR B HEE o b i SR EEFIER 0 F 9F H i (T RRIEAR AT o
Voobo B FRAE  REHCE okt (Substrate) = K 2 T /TR R 0 R4 2353 B FF
B fri 4 3 % B (Poor Contact) & # » H 3 2 o R4 R 2
Fo R H AL S PRSP Pl o FORE LS - BRI o 2
%@éiiiﬁﬁikwvlh%.iwﬁwﬁﬁ“”%@**mk%’%@ﬁéé
FREFEIE L G FREDULFELALZELFTTHFE S 5 o

d.ML2 Fjis

ML2 #_j& & & #c® (ML2: Mask Less Lithography)#itrefi % » 2§ 5 EBDW
(Electron Beam Direct Write) &+ & & Bilc@ Hir, v # % - §if 2+ % 3 REFH
P RE[35, 36, 37] 0 d 2 FEEE A ER AT EMA REFE S AL
PR a4 o P AR BHMAEALGODT L FWE MAPPER - MAPPER 2 7 %
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?,’»t%‘/a‘iﬁf(MBEBDW' Multiple Beam Electron-Beam Direct Write):& * -
+ ?\(ﬂflm&%#&rs i# 13,000 iR F R) > BT RBIZB I HEL
AR TR S SR AT E e f Joi od 272 ZREH Y > MAPPER
oA F'”?m,ﬁ'{tﬁ AET *f’* ARAEEFEFHIRAR A TP RAAAFL A
’E."/:q T RHER AR E T ET S V?\m@:& P F oy iad] 110 57+ & o
B AR A TR R 13000 E R+ K 0 W F - KA gt 0 B AKX 013,000 iF
REPER AN 510 ¥ 1204 AT 2 AR 8 A (Clusten) i 53kt 4 AL
PBRTETFRP oL - Jads J o 100 B b 12 ed S FlehA )
TR EEARE o V- B ML2 § 5 RPN AL LT - BE AETERRTE G
TRy BRFSH) o Aop - R A ,Et.' REREX B EATR $ o
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