Flr EflofrE s Ld M L EME X AEEE
. HKMG, Strained Silicon, Nanolithography, TSV & &

Patent Analysis and Logistic'‘Grewth Model for the Development
of Semiconductor—HKMG, Strained Silicon, Nanolithography,
TSV as Examples

N L <F
pERER D REY EE

voE X R 100 & 6 *



SUIGEE S DA SN B B ST e TP 2
2 HKMG, Strained Silicon, Nanolithography, TSV & &

Patent Analysis and Logistic Growth Model for the Development of
Semiconductor—HKMG, Strained Silicon, Nanolithography, TSV as Examples

'SR & Student : Eric, Hung-Yang Chou
iR R Advisor : Dr. Benjamin J.C. Yuan
GRS SR
FRERpPEE RS

AL e

A Thesis
Submitted to Graduate Institute’of Management of Technology
College'of Management
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master of Business Administration
in
Management of Technology

June 2011

Hsinchu, Taiwan, Republic of China

¢ E 100 £ 6



Fi* Bl L AT X2 o WAew B
2 HKMG, Strained Silicon, Nanolithography, TSV A &

RN ST hE s he? gz
EREEE FEF SIS

# 2
» {}%’ ,,/\ f\_"’ﬂﬂ , o

LA EE - BAT®A Y - BIRB AR LI ¥
ki ‘ cE R AEE

el

)
A, Rl RRLLT R T RG] A4
AAFZERA L B Y wdlE s i £ 5 p

A ¥
3 1 LRl e g G 1 g
K~ BicF R AL Reniis s AWM AR AR AL TR R
PRl AeREAY R F LR arkd oo e R {d R e g E LR ¢
Av\év’ﬂ. FOEFRIRTH B T {r FAc g FREA L TER MEETFZ o LR F 5 EEUNT)
ko LEMAARL I TR BE LIRS T ET I AR L FMAE L LN
GEFF o AFT TR E %*"ﬁfz'?iﬁix%’“w#iﬁfr%”f FRESEYMRFFLEME ¥
2 F 5'11 Fod AT LI Ao Y RA L AORIP L «kbfild IR LY LT o

ATRYPBATEENE S BEF 2 AP AT e AL EM K HRE
‘}'Hiﬂ?i G2 BT S E R ArE P2 LA WL ER A N AR B A
ARF IR o B2 AREHRTF D F - ~F - BATHE %%ﬁjijEi*%&&*K;quf 7% 4R
e B (L8B4, — L R R B2 (8 H oy e Rk é@mﬂ#’m'}——xﬁ ;om g
f’a‘%«"r”"”ﬁ‘» *ig;ﬁﬁ‘g’i’g,ﬁ*»’%m EFFE o 2 ES P RSEERT K o ¥ L
BEird k J?']—fr' T oo £ A iR 454, ?—J}g 21 65nmF| 40nm ek i = 34 Hp 772t
r‘-2005~2008‘& BeBr g g g fodjisid * @ 2008 £ ﬂfr200941 A kg IR
oA E G g AR ERE t LEMAEEE T B LR LA
K3 {7 PTIE P o

ﬁﬂ

A

=

MéEF : AATEBME S BEF 2 H M P 5 REMIERA P2 AL
HAl s & 1A



Patent Analysis and Logistic Growth Model for the Development of Semiconductor—HKMG,
Strained Silicon, Nanolithography, TSV as Examples

Student: Eric, Hung-Yang Chou Advisors: Dr. Benjamin J.C. Yuan

Institute of Management of Technology
National Chiao Tung University

ABSTRACT

Semiconductor industry is classified as "knowledge economy" with characteristics of
being technology-intensive and highly innovative. The knowledge economy refers to the use
of knowledge technologies such as knowledge engineering and knowledge managementto
produce economic benefits. Patents play significant parts in knowledge economy; patents that
involves core technologies are critical drivers that move the progress of semiconductor
industry. With semiconductor material:reaching physical.dilemma, question that whether
semiconductor industry can still move:ahead following past fast growth pattern is worthwhile
to be revisited. This research analyses four key patents of semiconductor technology which are
HKMG, Strained Silicon, Nanolithography and TSV, and combines these analysis along with
Logistic Model and Fisher-Pry Model toforecast the‘future development of semiconductor
industry.

Based on the study, onclusions can be drawn as two main points. Point 1 is physical and
material limitations will slow down the development of process node in semiconductor
industry. However, growth pattern can then once again follow S curve with breakthrough of
new material and process advancement. Point 2 is theoretical forecast that timeframe that
advance node such as 65nm to 40nm technologies will be mature for use in mass production
coincides with the timeframe that these technologies are actually applied in mass production.
Therefore, the Logistic Model and Fisher-Pry Model are useful for technology forecast in
semiconductor industry up to 40nm node..

Keywords: HKMG, Strained Silicon, Nanolithography, TSV, Logistic Growth Model,
Fisher-Pry Growth Model, Patent Analysis
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Z 3-1: XEMEEFaE
Brief chronclogy of semiconductor Year Major Events
1833 Semiconductor behavior found by Michael Faraday
1339 Instance of the photovetalic effect deswibed by E.
B I
Origin and development of el
semiconducior 1873 Effect of semiconductor rectification found by Karl
:133351533:, Ferdinand Braun
1879 Hall effect described by Edwin Herbert Hall
1o04 Man-linear rectifying properties of semiconductors to
detect electromagnetic waves used by J.C Bose
The contact-juncticn rectifier consisting of 8 thin wire
1908 and a orystal of semiconducting mineral made by G. W.
Pigkard
1928 Quantum mechanics found by Erwin Schridinger
Development of solid state physics and - Fermi-Dirac statistics applied in accordance with
semiconductor - guantum mechanics
[1800~1240)
1928 Bloch wave theory to desoribe electrons by Felix Bloch
1932 The first sclid state amplifer built by Robert Pohl
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B 3-10: B%# T &8
From Computer Desktop Encyclopedia
= 2002 The Computer Language Co. Inc.

silicon {%i) "Strained” Silicon

- ® ® % @ " ® ® % @

a @& % @ @8 ® @& ® @ @8
silicon germanium {SiGe)

" * ® 2 # " % ® 2 #

@ @& & @ @& @ @& & @ @&

74 %k © Computer Desktop Encyclopedia, 2002
When the silicon is adhered to the silicon_germanium, the silicon atoms are stretched.
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oo @ A5 iR e B oo R 4 Se TP g Ul Bk B ¥ o < ﬁwéﬁ@%{}%
o R REER AERLES A #3) — f B 5 (Bi-axial Tensile)
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MEF QR F PBEE S, AR 4 T F R R R
F @ (channel) » FIE T 5 8 el 5 B FH b T LI A
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PATE RO T T LMW AR S e 2 Spde TR R R
FERPFTRIZ R FE S ad Y DR AW RS [T Bk
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LA TR R QAR PRT A
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BI13-11: & Z&d= T i (lon) & s B0 7 B
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BI3-12: B Hiaes B
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NA=n-sin a=d/(2f) (=35'2)
P niEEY Ry T2 a b Fradh REL A& d5 7 B
fRE s EE-

Flgt o d 2V R ehg AN F 5 R BTl 2 PR A R
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3.5.4 33 (Packaging Technology)
3.5.4.1 SOC (System-on-Chip){= SIP (System-in-Package)
“More than Moore” P& A=45372005# » H i & ehp i ¥ d RI3-65
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SOCHE - B & kit s (System Level Integration; SLI) ® ¥ #% &4 2
ik R SAIC ER R E 7Y P (Ao ASE BMPU core, ﬁtii?b%i
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Moore’s Law & More
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Beyond CMOS

TR kR - ITRS, 2009
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o P MR AL H R Al 3 RIERGE Y T A 8 o ahfied S N ﬁ‘ﬂ—\
SIPen= 5% o BI3-103 P 1 SOCE SIPevt $i 6] 51

B13-15: SOCZ SIPev i [§]

SoC (System-on-Chip) SiP (System-in-Package)
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Last)® <25 ; 2 ¢ Via First ®l4z* ¥ &~ 5 CMOS = (Before CMOS)#2 CMOS f&
(After CMOS) = 25 (45 724" » 2008)
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B13-16: TSVit T & B

IME's US 624575282 “Wafer-Lewel Packape for
Mucro-Eleciro-Mechanscal Systern (MEMS)"

51



e e U

1
4}.
bt
#
h_.h
\v

4.1 = & 3] o

SR HTER S 2 hE o RPOTI z’v’vg#éﬁlﬁiriﬂ"fﬁ’* 3
ORAFL e d 2 R RnERE T - FATHHREL o L AR T O
B Rid R0 i - L R RS BT R R e A K e A
BRI D U - i s E 5 T AW S Ak
WA T fod I8 o b AAR 0L Bde o A mﬁ/rs’a‘f'ﬁ‘fr-&ﬂ?ﬁ&m)’gg fad A o

i

|

BiTHct E ko SR W AR L ;’f_rmféf»;' L AETERI Y 0 & 7T R
rﬂﬁolﬁ b%1F| ,;' ° 4: gﬁ.}z kAT G m,{:r y Br=t m;? 5:; %V‘-m > 2\ Pk
. Meade and Islam (1998) e B 5N ;'Z:-G\ ERA A e A5 0 ok 4-1
S

Fo4-1: = & 315 1)

#7) ERE A Rl A F A
o B E ST Verhulst (1838)
W 2 1 Tl SERT
§ARAER (Logistic. 4#3) Gompertz (1820)
Mansfield 3% Mansfield (1961)
R ARE A S e el Fisher and Pry (1971)

(Liner Gompertz model )~ |Young (1991)

Logistie/ Mansfield #2] |Mahajan (1993)

MR A Y
R e Floyd (1968)

LA i Extended Riocati #-%| Reuter (1976)
S R E e, 2007

Ao x B FEAEA SRR e AR S W 2 R e ()
é*gw f%’T* m]"\'r"ti""f%ﬂ/@’f? J2 vt do E AR F R A H TR HE S %
FARE T Y E R - ATHEDEE > § 4954**’;3“ LTV R LRI IR
- e K BEHL FIApE U] o Rk 3 A ;i w - AR R ERT
(offsetting factor) #]m @ #:g—- Henx £ { 5 F % 2 7RAE- H L (A F)
dfs 4 R A Ao e B TP W R Sl 102 F B T 2 K RUEEES O fic T
B > ot PFPear]l model & Bif § EH -

“$i) 7127 (offsetting factor)w 14 %ﬁd B2 EH SR AR #\ im
EH L FEE Y AFL R %é:@'iﬁzﬂm*?-ﬁr?% if*ré HEEFE

* 4L
FeA ook - BEB AL L g AL RS ;J}’\q\»#«—j\m
EBH L5 F S o BE AT o Paearl model |5 47 iuﬁx’r 7\3% v e B #
MR- iE/ G DESLE Pearl modelif & £ B &g ~ it & £ & 2 LB ACH
7 %E,E é%u b2 #3‘}4’ s 7}-\,@ $ * Pearl %"ﬂl]j\w“ﬁ,{ni‘ o

52



% 4-2: Pearl #2732 Gompertz $i7|2 ik
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Bl4-1: Logistice # 4 7 B+
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