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gAA €t

2g445te Fojate) AEEE FMAE 24
AFle 99ez F43t Schmalensee(1982)
o w2, Frizke A4 AF F2A:
o] AFo WP BIAYF FEE /A Hed,
olg@ 4% ddMe Fulde A9 BA=E
A €t old wetA AR x7] AdAE
Ao AFEL dig A4S 2T 73E A
A =1 ol B4 27| AYAe eEAFez
Aolsle Aol YtHWernerfelt, 1987).”

. e 74

3.1 F2 202 He|
3.1.1 Major DRAM

T ARS8 U W A4S EE 1Y
AAe AYF Fo 1 HlEe] 713 2 DRAMS

Ad2 Aot 2003d 48718 € €9, 2
o Axe] A4F F 256Mbit DRAMS| A4F
o] 77.71%Z 7 &9 wehA 20034 4&7]9
Major DRAME 256Mbit2 F<j€ct. ojw |
& Aol A28 @9 i (Unit) oot

3.1.2 Frontier DRAM

g AAE BF s W 2 AES Major
DRAMYT A€ Ade] 48 DRAMS2
Frontier DRAMe®| g} 9@, 2003 4&7]
9] o] %W, Major DRAM°| 256Mbite]E2
frontier(+1) DRAM2 512Mbit7} 5|9, frontier
(+2) DRAME 1Gbit7} ®c}.”

3.2 977

FWHIA ddHe F& FUT FH(input)
thu] A=E F(output)d ¥&2A 9Jn|} £F
£9 wirjojn} 9471} whild BA 9 Sich. F&9
e AL & A9 dojsE FLsHA T
T o B AZEL devE oH, 918 ¥
FE 2L 9uld e Aot FABY A% F
Ao A3} vl gou2 74U/ Ax W
ke Y9 JFo| & AE AAE o, &
=4 #€2 7199 AA4YHE 2B A T8¢ 4
7} exea @ 4 991

8) B4R Au2 A Ak gTeiARc AU o 2 FHE vlAEd, ot ZI9ToIRe Biele dFTFYUeE
o] FUF g FRFARFo| AAToiAe] vjsie] gidetz] WEolnt. Robinson(1988)2 7AATolAS} 7IdTolAE F4)
o 7K1 JE 2] AYAEE AR 23 ¢ 22 238 AFRAS

9) ¥4 Frontier DRAM € ¥AHolME Ml DRAM o2, & A139] Major DRAM 2t} 7154 A9lol AT 27] 4
o2 ¥ JlHos A% AfEL YL Aol 23 dFdal 714 HAste] o3 7ke A A2 Major DRAMO|

.

10) ¥r=A| 89 849 & o2, viE 1029 BEA Al & 1% AL 13 29 vjE o] Wle AL A o
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HA, AAZ A3Ad DRAMSY 27| 444380l
¥ Major DRAMS| 9718 ZAAAZAEA o
¥ e A3dg. @49 ZAd DRAMO]
Major DRAM®| HU< o, 7|9 A3 33
o o BEaNE W WrEE /M e
Zlect, nAAQ ZAAoled w2 sde] ¢
¥ YA4FE MR=MCQ AdA vYehiA g, s
A7t EAG ASdde A2E d¥d =23
¥d. Spence(1981)€ 8go] EAT B+ &
Aoz Ao AL v WE ¥Fe F4
9 942 Iz AU, F, A3 YA
Ao oA MR=MCA F712 8A9 3 &4
Aoz Qg vl drie] Aol d/kE 1
dlof &< ouidnt. mtd 7L dA & ¢
A Aoz A7 &4o] vl dMEAde |
7tech ZApd dAe AAFE F7ME {9
s Aot 71E SgEd A7 fuk
o2 ARHE Sgadte] 49 ds2 FHN
AHE bl 24zte] 7P S AARAH Wright,
1936: BCG, 1972: Lieberman, 1984: Rapping,
1965: Lieberman, 1984: Macher$} Mowery,
12003).

7Hd 1: Major DRAM®| A Fo] @S5
£ F&0| s,

7Hd 2: Major DRAME A48 & 7Izte] 2
5% ¥ 780 yehdd.

4, 710l Sa7lde HEAEE 257
JeAHE A A FEF st AASH o}
. FEE Tt FAA ¥k 3+ 719
QoM E A ARFE 2 Az @A
o] o Hl &S YA dRo|t}. wety 2
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71 & AREFES 71 A A8 g7
gte] Q7HEAE S Y58 stedel ¥4

71E9] FMAY 33 AFES B¥ F=2 A3
AdeA 7t BEFE 52 A Afed HEe
Hel Qi o] AFEL Foujxle] A 4w
E3448 FojAe e A=A $99 €
Ao2 F38x 3l (Urban, Cartert Gaskin,
1986: Murthi, Srinivasan®} Kalyanaram, 1997).
&, TolRelA AP go] EAske A5, F4
719E 7189 A= 7199 FHjRE E5E] 4
3 F714Q FA7F 9edA do. A gL o
g 725 dsted 94 Hx A g Lol
TuiRt Bofzke] AFA A& AR Tt
A, q7lde A2E FEAE Whked 48
s A Aol ¥3HEY.

g FujAe] FEAel i@ Sad #2¢
FoAAE FuAEL ATt 3ESFE FFAEY
AF2 Ao A& =1 ojd] e e BA=
2 $AA 44 He 4% Ydn Easd #
3 it (Wernerfelt: 1985).

TFulAbs A4 AFS FAd= FaRle] AF
g 244 ARE /A 8 B He9 B
=g 238 ¥ (Schmalensee, 1982). ©]°l
g2t A 27 Adzs A AFEFR
g 34 22 7138 7HA Ha o3 @ B4
< 7] A gAlFez AojHe B¥ol
H(Wernerfelt, 1987).

oj% 2 ATZAHE £ 1 7| AR £V
o AYFezA Fujzaie 2 Ag ¥ g2 W
o2 2719 #& ARERES FANA Ha,
o we} g7ive] 44348 E 458 4 Sda
AZE, oA oo 2L 7Mde A3,

AHSH T 393 M2 20104 48



4 3: Major DRAMS] AA) ®A 253
AAL%5E vldhe $g0] BA g
Aol

Aoz, g9 dFade 7199 A4 9
ANEAe Z2ddA SEERE nE ¢ Lo
228 949d A% ot 7Hd 49 7Hd
5% 44385 tH Lieberman, 1987). % 3¢9
SFaart 34 Jdehdod 719 A2 Ade
DRAMAIAY %7 #48 §9lo] A, ¥
g0 sFasy} 24 vehddd sde A2
Athe] DRAMAIA A Z48 f<lo] 24T
Aot

Irwin and Klenow(1994)9] 97914 DRAM
Ao A e BFaFH] FAE AAUEH,
2 ddMe AE 719 9 FEAE ART
st ohea 2L RS AR

7H4 4: DRAM A4 olq e shaash
7 2AE Aol

Jarmin(1994)& 719°] £3¥ #5& ARH
S 34 Stgol A EAEH, Ak 71U
3 go] s Ueh A g WY T4
719EL B3 gl Al 3A Yehz
Ae FAE AT & =8dME Major
DRAMS] FAAAFe] Be 79 A= 7190
2z 4%sn, DRAMIRS & o3 719
o g sFas} vdAAeE Yeherlel
qg 478 A3 ol A3 okfe 22
7HaE A3 E.

7Hd 5: AR 71994 E 353 gl FsH

ZAASHIT 39 H2% 20104 4%

uheH Meio| st anlel HIIPANE

g Aol

V. g7 dA

4.1 72y 3 @l 4

Z 7Mde] A%FS A% AR S e 2Ol
4Asgc. (E Dde 4 27234 AS€
W5Ee] A9o] veht gt

UM A5< A% 29)
A72y 1
YIELD,, = a;,+ 3, CMDRAM, , + 3,SCOPE, ,
+B,FABAGE, , + B, WSIZE, ,
+ 5L WIDTH, , + BeMDRAMF, ,
d7=23 2
YIELD,, = o;, + B, TIME, , +B,SCOPE, ,
+B3,FABAGE, , + 8, WSIZE; ,
+B;L WIDTH, , + B MDRAMF,
A723 3
YIELD,, = o, + B, ENTRY, , + B,SCOPE; ,
+ByFABAGE, , + 3, WSIZE, ,
+ B L WIDTH, , + B MDRAMP, ,
A7y 4

YIELD,, = o, + 8, CMDRAM, , + B,CMDOTHER; ,

+B,SCOPE, , + B,FABAGE,,
+B; WSIZE, , + BgL WIDTH, ,
+B8,MDRAMP,,

ATRY 5

YIELD,, = o, + B, ZCMDRAM, ,
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+B,ZCMDOTHER, , + B,ZCMDRAM,,
* ZCMDOTHER, , +B,SCOPE,
+B,FABAGE, , + 3, WSIZE,
+B,LWIDTE,,+ f MDRAMP,

AL 789 vl Yoy 137 713d A
A A8 A F Bzt 7bsd Ao A5 vl g
5o 22 £&9 FRE AT BEA e
AP g FEE EPsin ooz gty
S8 532 |9 FU= EFH Lo I

A wen. B2A 2 =RANE 2o A b
A& AHgstlen A e a1 Yt
A, & 749 fabe 71E22 44d DRAMS A
T4 o€ A8 F44E dol5 AE ¢ 5 Ut
W, 44e DRAMS 7158 € dols9 A%
2 ol 83 fabs] B4 8 34 &
Aot et $LF 7& SeME AT fabo] FY
g€ dolse 7% 339 A Fxol gt 4
#58€ DRAMY| 7147} g8AEe & ¥sE
FANETE ZYd TPNA 2l A S £l

(E 1) g4l Bol

9 & 3 9
N gaws G179 3493 / FABS o184 Huizdxs Wl Ad2ag
g 3%
CMDRAM {fﬁi) Major DRAMS] i@ S2A37H49) $A o] A28 43
TIME iﬂfg Major DRAMS] 32 AAARE BRNEAA) 279 &
ENTRY A A9 Major DRAM A4t 243 719 3 Adld A4 #
(2% 3) dAzaE H@ @&
A9¥%  (major DRAMO| the SHENAAAY A AA FANAS - Do) 719
L (28 4) A8 AA21E AP @
A ol .
ZCMDRAM (28 5) ¥4 CMDRAME EZ3% W4
Aras = "
ZCMDOTHER (@5 % CMDOTHERE EEa¥ ¥s
ZCMDRAM A o 3 5
« (ZCMDOTHER) (28 5) ZCMDRAMr# ZCMDOTHERSY interation term
SCOPE A #HFE710 Z 71de] A4sta 3lE DRAM At
FABAGE A Z} 7199 FAB°] % 7}5¥ ¥ 39 94
WSIZE A Z} 7199 FABe 95+ sdolne] 273
LWIDTH FAMs Z} 7199] FABYIM 283t 39 njA3 =
MDRAMP AR B F4 3PN Major DRAMo| AA3he H|F
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3ARYe 2449 VIELDE 589 44
olvl (2719 $44% / FABY o2 Hu)
zdse] Fo) A28 AP oz Ao,
Q714 AZE7Ie FANF|F FEo) T 7
7190] 2870 4% ZE AYe] DRAM %
BAES 256Mbit2 MG #S TR R
#9shs FABY o84 Huzdse #e 8%
AQoAN 2z 7190] Be3in g FABY o] 24
AYZYES AY T ¢S TaH, ok ¥
ot FABo| 44| E4% 4 A& Adlel sloln
NEE =3,

Ao 47td A4S & M 19 28
AFs) Y3 A72Y 13 ATRY 294 3
54 479 st dutdoz AAHE FEE
o] w49l CMDRAM® TIMES ZH2 AL
st S it o gExE9 A9
< v A3 AFEL ATEH, 94 Rapping
(1965)2 A2k AARATL A% Az 44
o Udehte stgads BMshed sloA Azt
FHANEFS Bl B4 THF ZAH A
FHYAFA gt dgYo] ¥ Ao Yey
3 9tk =% Lieberman(1984) 28Hg Az 4
dolMe stEHE o] B AFNNT AJ7HESL
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S & F0IHO et
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& Ed
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BEE

E m B
BEB

BEE

Input:
A0 FUE ZCH FNOIH M=
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>
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(5, 42td DRAM 49 4/ 714 40|59 7l)
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A723 39 W4 ENTRY:E 2R3
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AL AFE7) 9% Re2, CMDOTHER ®s+
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4.2 BEo| MH

A7o) o]&¥ FABY A& DRAM| df
A8 Gartner Dataquestde z&E o] 43t
Aok 1996 1E71%H 20069% 4%7]7HA]
9] % 44%¥7] 'DRAM Supply and Demand
Quarterly Statistics: Worldwide®t Worldwide
FAB Database & o] 439 &34

Dataquest®] A&ole A AA9 fabe] i 1
gzt gl 7Fed dolme AF2 FFE o|EF
AgzAxrt FeHo] g, B =dMe AT
ARE o] &3l 3t fabolA A4td DRAMS
NFE o84 HAg2Ygss Wro +¢9 deA
2 AHgsiglt o, A2 fabolA & 2 ¢ A
gate delslg e o84 HYEAES Ao
7t e AAZARY FEAN FYEHAT, B
Agle] B4} 27] AuFAL ¥ AL 859 I
o2 g e Ty &S XY}y gEd
AARe 48 et YAFE 2AHA] ge 542
Holng FAxYEe HUzYEe 94 v
ojFojZctn 713 & # 3ot tfe] A7 7|3
(1996'3-2006'3)9l= DRAMS 8 L A4t
7E3 F7lske FA4009, 53] 20039-2006d
e A4E v2E] gA 332 FFF| ¥
FAHoz F7IEY. gt AAZYE diAl o8
A HYZATE AHRIfE FEUTY A4
2 571 sida gddd.

#E F FABY Wd zAs7t 944 DRAMA
#HE A8/} e BEAE AYsiien, g 7]
AdE F5+ T 7149 Arole TEAF 1d
o #ZXE AYFHAT.

A AAL vxA Jde AL e F
FTREO 23E WA 7199 FE F 227002
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P I AL T M A

HFEEY #3A £ 385702 dehdd.

. (E2E 2000:3%€ 2003371212 Major DRAM

% Frontier DRAMS) Mbit% HFuv7}2< 2
dZF3 ¢ltt. Frontier(+1) DRAM3} Frontier
(+2) DRAMS| 7% Major DRAM9] H|3t 7}
74 zYgu|d e A1 S ¢ F U

V. d5EN 2

5.1 7l SAEM En

(E 3)& Z Wige 7148A%L Yehiz 9l
t}. #4449 YIELDY A4 BF#e] 3.8412
ez gz, EFHA 1.663, A& -1.211,
A 6.728¢ B¥XE /HAx o A
CMDRAMS®| 7% B3k 3.932, EFHA 3.932
2 Yyehda 9. 4994 TIMES %37 11.979,
EFUA 506322 Yehtx gled, ol #F
HE 7195°] Aoz < 1287] ¢ Major
DRAME A4 gde AL 9uidd. 4984+
ENTRYE ## 1.605, ¥F¥x 0.7612 e
Uz 9t} EA¥M4 SCOPEE 7 3.7482 4
gta glen, ol #&AHE 7IYEC] YA
3.748499 DRAMS A9 ABdsxn U2
T £t

$A¥4 FABAGEE ## 7.967d, ZFUA
4.07622 JYepted, oje & X 4 7]
o] 8311 Sl FABY ¥o] HAHo2 %
8dYe ¢ 4 U WSIZEE H# 196.78mm
g Jehjjz 9led, LWIDTHE 3T 0.2412
Yehin gith. MDRAMP+ & 0.57022 4
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(& 2) Major DRAMZ} Frontier DRAM2| MbitZ ASP

Major DRAM price Frontier(+1) price Frontier(+2) price

Major DRAM per Mbit per Mbit per Mbit
- 2000 1Q 64M $0.13 $0.13 $0.25
2000 2Q 64M $0.12 $0.12 $0.22
2000 3Q 128M $0.13 $0.20 =
2000 4Q 128M $0.08 $0.10 =
2001 1Q 128M $0.05 $0.07 =
2001 2Q 128M $0.03 $0.05 =
2001 3Q 128M $0.02 $0.02 -
2001 4Q 128M $0.01 $0.01 =
2002 1Q 128M $0.03 $0.03 $0.23
2002 2Q 256M $0.03 $0.15 -
2002 3Q 256M $0.02 $0.08 =
2002 4Q 256M $0.02 $0.07 -
2003 1Q 256M $0.02 $0.06 $0.24
2003 2Q 256M $0.02 $0.05 $0.21
2003 3Q 256M $0.02 $0.04 $0.17
2003 4Q 256M $0.02 $0.04 $0.16
ks $0.047 $0.076 $0.211

e ol #FE 7IYgSe] ANANF F BT
Ao2 57%%3 =& Major DRAM®| A3z 3]
=% T e

(B e &4 8579 2adAE vz
o 4 F44849 YIELDS: A9¥s, A
F9] JRBAE AvEE 4984 ENTRYE A
o BE ¥ & JARAE Yz 9
2% ¢ 4 9. 94 CMDRAM#* YIELDE
1%9 FEolA FA% %9 A7 veivda
ew, Ase 0.7949 #e Zed. TIME#H
YIELDE 1%9 F&olA #ojd 4o A+
7} Yyeda glen, 0.3559] A4 #g Z#Eed

270

ENTRY$ YIELDE -0.0439) &9 3@ATE
7AW, $ARLE R vehdx ¥t §4)
¥4l SCOPE, FABAGE, WSIZE, LWIDTH,
MDRAMPE F4W4¢l YIELDS %9 2@
A7t foAoz vehtz sl ¥4, 24 499
7o FANTY JUBAE AV BE B+
A ABAS7E fRez yehda AT bFE
249 #AE 9 Aoz vyt

5.3 CiSSEA g1t

(R 5)e 7Hd A5 A8 d7=3d g o
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visH delel stganel AoHPHER

(& 3) 7I=8A
s N Mean Std.Dev  Min 1Qtr Med 3Qtr Max
YIELD 385 3.841 1.663 -1.211 2.682 4,030 5.218 6.728

CMDRAM 385 3.932 2.368  -3.688 2.636 3.970 5.686 8.116
CMDOTHER 385 6.884 2.064 -1.817 6.274 7.034 8.501 9.283

TIME 385 11.979 5.063 1 8 12 16 25
ENTRY 385 1.605 0.761 0 1.098 1.791 2.197 2.708
SCOPE 385 3.748 1.203 1 3 4 5 6
FABAGE 385 7.967 4.076 1 5.098 7.293 9.756 33
WSIZE 385 196.78 26.50 147.40 181.56 200 203.43 275.75
LWIDTH 385 0.241 0.124 0.088 0.145 0.180 0.350 0.505
MDRAMP 385 0.570 0.298 0 0.344 0.643 0.805 1

(B 4) dE 249 moj& (Pearson) At
e YIELD (1) (2) (3) (4) (5) (6) ¥)) (8)

YIELD 1

CMDRAM
o 0.7 1
CMDOTHER 0.644“. 0.6 (11 1
(2)
TE%E 0-355-‘. 0.%IC. O'miﬂi 1
EP{I?Y -0.043 -0.209*** -0.209"** -0.365*** 1
Sctng 0.330"* 0422°* 0422°* 0311'" -0230°* 1
FA‘(?)GE 0.118" 0.144°* 0144 0226" 0.040 0031** 1
W?,})ZE 0450°** 0430"* 0430°* 0072 -0.083  0.093* -0.300"* 1

L 0623 0604 0604 0256 0.027 0154 0036 0702 1

MDRAMP g ong5ees (175% 0.175"* -0.148"* 0.241"* 0.001 -0.243" 0.209"* 0.031

F ' REE €0.10, *t. RHYFE <0.05, **t. feFE €0.01
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Learning Effects and Cost Leadership
in Semi-conductor Industry

Jung Hee Lee* - Young Hoon Lee**

Abstract

The primary object of this study is to examine the impact of learning effect on cost leadership
in semiconductor industry. In semiconductor manufacturing, wafer fabrication (FAB) is the
most complicated and important process, and is composed of several hundred process steps
and involves several hundred machines. Therefore, the semiconductor fabrication usually aims
to improve the wafer yield rate, which have been recognized as important factors to build core
competences for semiconductor manufacture.

The key contributor to a learning curve driven by manufacturing efficiencies is also the
improved wafer yield rate. Rapid yield-learning rate determines profitability because high
yield leads to low unit costs and high profit margins.

This study, therefore, focuses on the output yield rate in the FAB process of Dynamic
Random Access Memory (DRAM) to examine the association between learning effect and cost
leadership.

We differentiate our study by using output yield rate as a proxy for cost and analyzing an
individual firm's strategic decision by quarterly firm-level data. Data on FAB and DRAM
was obtained from DRAM Supply and Demand Quarterly Statistics provided by Gartner
Dataquest from 1996 to 2006, which included the 44 quarters. The sample firm included 22
firms operated worldwide.

Empirical results show that first mover firms with a greater experience of new generation
DRAM can attain cost leadership when it becomes a major DRAM. The learning effect observed
is that the vield rate of current major DRAM increases with accumulated output and product

* Ph.D. Yonsei Business Research Institute, Seoul
** KICPA, An-Jin Accounting Firm, Seoul, Korea
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time. We find that price premium exists in a new generation DRAM. However, we do not find
the relation between the relative entry order and cost leadership, which indicate that first
mover advantage do not arise simply from buyer switching cost.

Our additional test results provide evidence of spillover learning effects. However, these
spillovers are neither complete nor symmetric.

Key words: Learning Effect, First Mover Advantage, Spillover learning effect, Semiconductor
industry, Cost leadership
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