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A System Dynamics Model of the Dynamic Random-Access
Memory Industry Development in Taiwan

Abstract

Since Intel produced its first DRAM in 1970, the DRAM industry has begun to develop.
With the assistance of the government and the efforts of the corporations which leads the
prosperous development of the PC industry and at the same time it increases the production
value of DRAM industry, and as a result, DRAM industry has become the pride of Taiwan.
Recent years the business cycle has been turning and with the global financial turmoil started
in 2008 to 2009 that lead the DRAM industry into a managing crisis. And because of the vast
production value from DRAM industry and huge number of employments involved, the
fluctuations of DRAM industry have profound impact on the macro economy in Taiwan.

Although Taiwan started to build up its own DRAM industry late, it has become the
world’s third largest DRAM manufacturing country within only 20 years. The fast
development of the DRAM industry in Taiwan is worth investigating. It could be affected by
the government policy, corporate R&D investment, the changing in the final demand or other
economic factors. Since the interaction among these factors and the system structure are quite
important and complex for the development of DRAM industry, this study using system
dynamics to analyze Taiwan’s DRAM industry. We propose four key loops to describe the
DRAM industry, and use quantitative models to simulate the structure of profitability and
productivity for the industry. The future development of Taiwan’s DRAM industry is also

discussed.

Keywords: DRAM industry, system dynamics, industry development.
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(% 1.1) 2003 % 2007 &£ DRAM HHEEFERI ELAI

2003 4F

2004 4

2005 4F

2006 4

2007 4F

PCs

50%

48%

48%

46%

47%

Servers

7%

7%

7%

7%

8%

Workstations

3%

3%

2%

2%

2%

Memory module upgrade

26%

30%

27%

26%

21%

Handsets

0%

1%

2%

3%

5%

Digital TVs

0%

0%

1%

2%

3%

Game Consoles

2%

1%

2%

4%

6%

Others

11%

10%

10%

9%

9%

Total

100%

100%

100%

100%

100%
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KT LA EAE R - M FE FR R RS 5t - SRR S A nVAH SRS - BUR - R
FRZE > M58 305 R RS S A TR AR E AR DABE IR S A R RE A
(RS o RIBLECARAR Y H IR E BRI ARS8 - TR AR SRS 2 B (E R 5 R
HE®RNAE » D EE 20 EE Y B - #HREZE (1980) s8R MEREE AR
2 AR BRI EEETE B W AR ISR~ SR A > B — 5T — 24
(EE—>EEER - DL SED B A R 55T -

BLAMREE Coyle (1996) MY RARENAEE ST 7L - S AnBh AR A0 FLEPE AT T

(& 3-1) Fim -

W

AUy
o

G
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P
=2
=

[P A e AL A ST A

Bt
(Bright ideas and pet theories)

TR EE (1 RS =
B TR AT

-
S

RISHE R B

(i 3.1) HERENRRBIHTHI R

- RETRERERD

3W (What - Who ~ Why) ; RIZEHIRERD. ~ TIFLE ARBA O UERTE - Ryfolifse?

- PR Fe B A S Fet L

FE B A R SR B (A B S 2

BT

BRI EE EHE AR R SRR A - DABARE S 2 TR - BRI HEEN A
GBS P EE A —(EPS R - B AR B A R - AR SR B S
IR s NI EEAT —(EFS EL - APl 2 AR 8 R 4R AT (AR AR % - Fi7aH Bright
ideas /245537 FIHE HHELM B r Bl A AR PR PSSR I LU - Pet theories 245
BB N BB SERE0 oy VEEL > SO A ST R BRI A S
LA A FHEEAER -

« PG -

BANE AT BB SRR DA 4 HE A B VURS Ay A R Y -
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h.~ SRESAE B EET
R [ 58 =156 ToPE By R s i - (QURECHT S8 = PE Ry E Moy Bright
ideas and pet theories AY45EE » A BHdGH#E A FEPEES -
Mz (2007) 3875 » BN ERGT RV ITE B 73 R DU T TED B
— BRRE
SRR EENTT - BRI SR T E R R
=~ MREEEERE
ST I RE R RS M5 E PR R I P25 P — D RS AR RE R H A RETRE A #E &
FHISE RPN TR0y S B IR E Fe B - TEIE IS B 0 A B ST A% TR
1 H13% (Domain Knowledge) HEESERK -
=~ SRR R
WRER ST HY H By T2 SR B P AH S R AR R Sl R B R R SR
HL T EA S » HIGE AR ELHEE S TR - DIEP T\ R EEE
REHE ORI (e 24BN REMUAR B B R AR R
VY~ B BUHIE
B RE T ST B 5 EL IR M R o M A TR L s -
h. o~ SIS T
AR B SE % - A8 nE B i A BRI A S EE (B AR T BRI 7
7 e
At > SD MUBZERcR E2A =« —2EMERREFRE ) “EHEE(HER - £
B EMERRBRAGRI T AR 2SR 5 A Y[R N EAS RH s 8E » T — D R fR R
Y B 4B - TENRE AR I 2 TR B M R R B (A U B R 5 &
SrEnREIE YL B AR BRI R W AT B AR g DA [T R e B R A -
FEHH DL EPERAVERAD - AH7E SR 5E DRAM ESEAMFEMNT T - HUE1IGE
DRAM ¢t fee 2 B MR » DURH e eS8 R h S BRIV RH (% > IEEA NI T A

AP SlEE RE R RV E LIRS BRSPS N A SR S e BB & -
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33 ZMERERRUE

EEHHA A AVIREER  F RS AR R S —HIE - AR ESUEHIE R Z &

FeITREMUR T EIREZ T 5 - Hermann (1967) iR RS S0E 73 Ry AU -

Voramd

Y/

~ NHERUE (Internal Validity) :

SO Ry rT SR > HARBEAN S EREERRGREEE  TRAEANS8HE A
EREE T - BRI ERERE R Ry R e By | > AR (R P B S B m] SRS

—
=

=] o

- EFERE (Face Validity ) :

AR 28 AE > SEEERE T AT /R > PR R et
HAREAZ A - NI EAE RS R BLE E 28017 Ry 2 ] Z BN AR (2 -

- SEREr — SIS (Variable —Parameter Validity) -

R HIRE B e 2 iIH B Ry - R R IERRIARE -

« FERE (Event Validity)

B FTE ERVB PR L E B 2 A 2 HIUH B - s A E N IERGTT

- BERRE  (Hypothesis Validity) :

ERHE T RV EEE 4 > N EERGBNER > A SRS E
HE R > FrLAE R e USRS - B R B T DU A e B B Y
SEHIE -

R HEIENE L - BT EOR A AR AR S M E] - AR
(1980) N HMBREHEERVHE - HE R — B ARBIEN 25 g =LA A

A NI -

g s

» A BEAVETRR (R 2 EZ B EE A B A E R (R
+ A PTERER SRS » FEEE R T ERE (EEEAY B IR -
+ IS R B HE A ARG E -

BRI LT R EE 21T A E A BB -
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5 NZE B R bt Fett - HRUERtE al{E - IER e gl =T i
AU Z e R B » kS F ¥ 245038 S B S By B B 1 R (A iR m] DUER
S IR - S VUIER M S U TSR (E 1% T RE 1B » TSR IR S B
BHEETE & BN AR SR HYRUE - 55N E BhRE =R By 5 2R a H AR E 1
(Stability) ~ ZEZAURE (Pattern of Oscillation) ~ H5#4H (Time Phase)Bi{R B HARY =50 2810
BRI B 7 ZAR A © LRI R ENRERER I 2 G A T2 S AW 77
B2 o DIARWZEEE ] - Bl R ADollar/ ATime - E 4 BhRETT RV S — » thst
- EBHAIEET RS > BB MR E S i AR AR (% - Ry E B
RS LR E RN TSP IR 24 IR B ST 7 A F BRI
IR 5

RS (2004) FREEE—E AFEEEX AR - [N EE RGHHT R At
REHVRE ST - WIIEHE W EE AR - NS E R R4 - BN
R EREEA R H Y - B S HHEIURSN B - Eitiest RN BB 24045
FERRN - AT —(E m] fEEABRn BB - B E RGN E A4 -

ARTEZ RS Rl > RFARIE_E7IC Hermann (1967) ~ #f&7% (1980)F A\ FiethifysaE

B SR 5= o WA S B R MBS R IR E AR ST -
34 ZRENRSEATNRNA ¢

PUNFRFefE St e - FIA#ERR (1980) BiEiEE (2010) SE A AR [H] 65
ER IR KRR — PR RESTINERAGE R R 1Y T -
— N = (EEE R SR YRR > AT LA S g e A A RHRR T © (18
3.2) Fon A BHEAEE B ARG - AN - BZR  (E 3.3) Fon C &l
D S8[FE 52 ¢ (8 3.4) For E S8 F B85 AsE) -

A——— »B C——»D E——»F
+ -

(B 3.2) RIRGHMhE (E 3.3) IEMRRE (3. 4) ARR#E
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Z - ([E135) FT G B H B RIATSEE - REIG () BLH () 2R
JEEIHG (31) S8 - G BB - WAS Ik H 4 @5E) -

G——f—H

(i 3. 5) WFFEIAAE

= ~ R [E]g&IRES (Causal feedback loop )
(B 3.6) Fr > A BT R FIE A KRB EGFINE T E  H A~ B &

EH AR - (lE 3.7) RIS (OO Rt osERes ) - 40 - C #5f0 - D thgigin
D _EFt& E & BFr 281 E GIEIEE(F - (F C 20 B - NIt R IERE
TR FONMT B REAEE) - Rk G (Ha4 R A Sy B8 R R H 2 iR
BA BB - G ATRTERAE - (& 1 REE LM - (B 3.8) &
SRR (UM R aRERES ) » FONET BB B Eha AR & (5% 7 A Y By A4
HIEBHYRCR - BA BB EEITER > GE L REHTUE 1% TR AN RE -

Sy oy 4
S

/

+

</

I -

|/ e

C F - k/
+ E

» \/

(B 3.6) MERLRER (i 3. 7) IEMHREL (i 3.8) HMIRER

RER[EIEE RS A ENRE L - BAERRNE SR EREARRAV R - B
HESEHEN TR - STHCAERE T ENREMEAE R DR IR (BI85 B e e i m] £ —(E A U A
o qff Level (FHE) 91 Rate (RE) JITERAMBIREEEAN N AIZ OB - TRER
FH G EREGEFER RIRE  TEEBRE M ANE( LGNS RERMEE
HRHHAE > REARREARE Z B R (BALE/ BRI o —(EPASR R a5 Y
REEH > AR LWAESN[EES - 1L— M EEE 2 2GR ARG R © 3.
400 H BB L R P (P2 BE Y R ZE T 2 AR 2= BB T 2B R T T 80 35 BH
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E 1980) - HIAURE Wire (S147) » Bililt 2400 B » MR BURBALES [4mss

Rk B AEEE L HIFE B Flow diagram CF[E) - 40 FE (3.9) fEESIRE B -

(rl=—— Level |g—X—

Ratel Rate?
(-‘r u * +

7811 7812
b A
=2
2E 2
BzEnn 2 ﬂéﬁggﬂﬁ@j% \
AN BBl s, HE2

(B 3.9) BEEEXEE (Stock and Flow Diagram)
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SBIUE 5% DRAM EXZENGEEETR

41 RSB

78 DRAM S0 SE ] 1984 (EHUES T, 20 547 - FESRMVALIRENE - BB
BN AR 2 T S48 H > E ELRISEI DRAM 3 - LU TR e STt 5 AR
UGG DRAM SRR B -
411885

7% DRAM ZE3£ 55/ 1984 (EEE5/A SIS T T 2 (EBI%F DRAM 3
f 375 1985 4 HIRDIRIREE HH 64K B 256K F) DRAM: ML £)85f #8501 DRAM
(BN (A3 CAREE AR RS - 55 SIS Pl T AR GBI 2 33 - 2
T 1987 SEBRTE AL EBTET + 1989 4R AFFE R BL B (B e &5 1 pic L T R g
(F 1992 4RI ) - S E 1991 4RO HHERHE RSB Ty DRAM B i
72 1993 £EHETL 6 o GIEIR + DUBCK B DRAM » JERI5A SRR AT E R
DRAM 3£ SR OV FEERIT IR A THHER A ROk R B 53
# 5Dl DRAM Bk BB B SAE Y (4074 HH B — SR 03 LR A Y
DRAM /A i 5 -

1994 4E i FAHERR T2 1 » BIPTEL DRAM 23 SHIBE T - S s A =2
B TARTL T 178 | FERSRPPIT-&1F » IR RIS A
ERAERLRITERA - AT A H —ROMATE AT 1998 25 - RS A4S
AL 8 5 GIEIA 7 5L DRAM RSB ITIER - (- B A & 7+
LA 2518 DARSRRTACRIT - 4 1099 4:E {78 DRAM U3 : JR4E -
TR KGR IR AR BRI - e p R TSI » 5 2000 FEEIEL A,
EIRT G SBEAGEEET DRAM GRS —FL% - 2 Ky
SRR SRR S HE DRAM FESEHOZE (A AIRIRTE - (5T 2001 4% » M R

It BB R ZRIMU T Z EEERIESE Tt - rEsRrv iRt 2 $271 -

/=
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25k DRAM TT5{E 2000 £ 1% » W% &340 A= SRR 12 ISP - AEEH
JR 5 8 N - 12 WRZE AP & B/ KA E R G~ B AR BIE 5 EIVES 5
BEBER > A[E 2002 FHEFSE R HTEEL DRAM Z fmisi 7M1 2003 45y 4572 /i
FEHEER = HET > JRBHEER DRAM 1B F175 - BEEXEF THAEH
HEmEY AR~ J7 8 A R B DL P LAY FE an B A B 4
4.1 2BEEHR

2007 FEFHEHBYRERFEEGE Vista EZAHFTRERYECIRAG A S B Johy XP AHEL -
IS NTECIE R  H TSI Windows Vista 19 R (& > BEE R S TERANT T /E %
HRS bR R E R B A LI MR B Y NR PSR SRR 12
INF T < 726 RE R 4B Y - G R RG TS LB K - TR B 2007 = HRAY2RERk s & fT-ERT
5 [ R B ER HE FRAOR R - 2T DL AN R 2% > 2008 - DRAM #H{H S
HiggE N - GEtEN DRAM s avfi pigsHE 807 il Ky 2008 4Ry 1,500 {87t » &4
B EE ARSI N R S > 2009 55 T 2RAY 670 (BT - RS SEIA A 2007 55
TZFF 2009 T SHEE N FEARES - BINY DRAM FESE HERERTAT AR
% (BIPE > 2009) -

MR RS AER T 2T BN BSIA E - BEEE AR -
2009 FHEIEEREAEZEHHVEET) - 5 DRAM Rrrsga A B ik Al = 508 H - Fr
SEH 2009 NER o RRRETRGE - DURGRA R AR AR - Rk H SRR
THRTHEHIEERES - MR ZEAERA Y - b fddEk Window 7 R Bhi it - (5 DRAM
am 1 B EIET ) - SR — SRR ARG 5 LURESEA 4 - Y 2009 R E 2010 EE—2
5/% DRAM FEFEAAEME TSR s84 » B PEEE S -

Rl edise 109505y B 2007~2009 AR AGRFREEEZAIRE » BURFE
2009 Y= A WIBUNEARZAE 6 {8 A NI & &L E#E /A 5] (Taiwan Memory Company
TMC) » I A E AR ESEREHEEEREEAEN  BREN A TN
A¥IHNE - B 2009 £EV0 H #EE L Elpida £71ii45 58 » FROCTEHARHZEIBESE - B H Wifs
@S AL E NGNS

clg
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{ELEE 7Y 2009 £E4H DRAM BEBGHR(E ST - R T HABUF ECRA T - 2 B
SRS > HinARCEiEE ) DRAM EERNETIE » HERTHE RN
sPBLAFERE )2 TMC SHEIRTSRAE > B iR (iR B M o BE & (e s
REJT > BIANTI&, ~ NS (8 B B O E S F > TR PP I CE RIS e S RS
SRR > (H O SRR R - PRERM R 2 SR e i — W i AR AT R RS
SEIR R RS > AT RGeS 1F - SRR R G AR F T > BARKE
SRR — AR
4.2 DRAM EFE—RE

DRAM € Ry 2 im B e ABL S i s SR Ay A SR - Hoae anf VB i d [F] - 50
S H BB EERE - TGRS TSN T4 > 1C BUE R R BT BT ey A FIFEE
RS EGTEIEN_E - BAOaE R RIS 2R - RPRERS MRS EAYTAE o RSB B
HIFY IC _ERVEEREEEE T2 EIRGG I - IS AR S RV E R B FRE T - SOEEEREH
1% AR —(EE B ARG RS - DRAM & 5 lieH FlE R Rl (EH 2 IC
Tl ZIRF eI R U /N H - 255 DRAM B EUARE » 8%l ~ B LR AT I EREX -
FIFHBRETZE (2004) ~ 5RIEZ (2006) ~ =#AFlG (2008) 85500 8 B AG A SR AAE SRR e
pranth H SRR T
421BBFE

R R A S ER A REZEEE DRAM R - B 5 BRI & B AT A E A s
Sl o BN HE A E SRR RS AR AR & R - ShlBIRRHY [E] 2 pleA S B R ST HY
WA BT > EEBEOE St ie R UG SR A AT R e - R BRI
JHECACHD 8 I & [EIRgHY 10~15 (B35 F] 12 N &4 [EIRgHY 25~30 {85570 » M 2 4F
JTRERHE R A B R e 8 - — 8 12 R B/ E S EA S B S5
WA S A LAV REN: - TP R — R A AR I -

42250

Hi7Y DRAM HySUS B2 DA FIMH & 2 HIE T - BE b ~ Sy Bl aE AR

FIGRELRIT - HE B SR Z s /R B SRRy LG Rl - ER S SnA bS8 B EUAR R
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ot R A RS R AR T A - fEGIBEURHSTI7IE] DRAM ~ SRAM £l
R BURBIRAC R - L=~ 2Bl E /Y - BFAE R&D H A G H
BEEH 10%~15% - RAYWIEE| =(E3=TeARBHS R » RN G 4518 R tH & =iy
Rt AFIME - Rrrs oA 2K B i et 38 sE T BLERR R i ie Tt - BA RGBS
WP AE AP T 455 11 B LA T P (B
4.2 3 B

DRAM 2K & BUEITE FE i AR AR BT s 15 ) B B A e g 5 e
A A E S » BEAERR ZEEMNI - EPHE e RO E S IIm R - P
R P 2R 7 B AR ALR -
42 MRA S

AN R ATEL DRAM 5 #0AHIE] » (BR85S i By 1 S e A S - 20fey
FRARAR FE RN AN B Ry = B2 - (VAR E | - PEE AR TR B L (B I AP T
R AT R EE T E 2 &R B SR SETUIE &R B - {5 T DA
R A AR S MR IR - A NRATR - AR E S ER TR - BL0.35 fekay Sl
REARFE 7 AN AE 0.5 oK N - EHM RIS > FEH SR RJRSe 0.5 FICRAYRIfE -
580 > 8 IS IEIE 12 Inf & [BIAR ELE » 12 IS BT ] H 2 SoRr B4 By 8 Infam[ElY 2.4 %
B EEFR G B TR B R A e (A 2 AR

(£ 4.1) FRESHERA T E L SR BCZEEE

BUFEHifff(um) | 05 | 035 | 025 | 02 | 0.18 | 0.175
AR EE 100 | 210 | 400 | 630 | 800 1000
EE RS 095 | 090 | 0.85 | 0.75 | 0.70 0.70
HRE 95 189 | 340 | 473 | 560 700

BRI+ 5RIE(2006)
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(%4.2) 8 HREER 12 K REIRAERR

8 INf & [E] 12 15t (B 7= 52(%)
i [ B AR $1,671 $2,547 52.4%
YT 541 1297 139.7%
RS 95% 95%
DL LT 514 1233
EEUADN $3.25 $2.06 -36.4%
FHEERAR $0.21 $0.21
AEREA $0.57 $0.57
HA A $0.18 $0.18
(ST NN $4.29 $3.09 -28.0%

BRI ¢+ 2B (2005)

4.2 SEFMF AR E LR RIGHRIM

DRAM ZSEFRK EZAH L PC 175 - PC iG> KB E Bl & 722 DRAM #2445
HYRESK > BRI TRsieses 2007 £ 3 H 27 HAVHZESSH - SERpEEHY 2006 4
RO S B FTHE L I /FESE Z28 Windows Vista & K EHETT$#5Y DRAM =8 2 F5 KA
SGRISEEY - B Vista #EH Z1& - TG SEA Gl il R S PRI s T 2
%5 b DRAM {7 fiaE A K

FEE RGN R A AT R MR AR E - BSOS RERET E
B - M ERES SRR - A R ER B AR - SRR
FRUUENE H B o Fr A EE (4G ERYIFEIRAE - (E1SHt R 2 M E FERR T -
BRI SR EFSRER Z A E R ZINR & SRATR R B T HE S TS
PP & AR BT ERE - (EANERBEERYK - SR B8 TR > ESRATRAE - B
P& e R R E BB T > AR S/ N SRR oK AIERS SCFHETT > AEEHITE
B iGRit DRAM ZESERFIRHVAE SERIRE - FESE TP AR th i Fr 880 5 R I ER R 52
MEIZUFEEE - MR B h 2003 524y 14 52 F 3RS - BV 3] 2010 SEATRIEY Fu5¢ £
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4.3 28 DRAM EFRZ R T
578 DRAM E FEAHEN HAM B Z¢ DRAM e 48 f A TR R R e L 4 R » 7
B RBUN SRS R G B &I © 55— B EAEm B BRI 2 - 2R TRl

G FEATRES IR - PERI TRy (g pE L EL A B 5 5% f DRAM EESEAVAHER 2 g -
4.3 IBUNBORE &

W3 DRAM ZSE - B s E ERARTE AT - Pistat S me AT
HUEEE > BORCRy T EE SR SR IR EE AR - By 1973 SEFRITHY T3EmFERe - K
TEERVETHTE R DRAM SR 2 VIR B EEE AT - DGRt #EIF T4
WG NTIAERT T EE SRV B RS R&D BETT » MEZAH R SCRE TR TR R S A F] N
FOpRSHmEE A GER L - B REAEATRE HAVE R AT E T -

4328 EEMBSERBREEIF & - SHITHRAT SRRt

R EESE DRAM ESEEFAIHIA R LA A an B AR - FLEREI AL
R A LR B S RE ) BB e > SREBIPR ARRT & (F LRSI B3R A /Y]
© R TEE R R BT ER - B BSOS FRYRI R R > AR A R
Z DRAM % » 578 DRAM FEEEFARUSEEERE LRUES) - 1E3% - HRpsaEs

EZFNZ— -

Om

(F 4.3) BN EEMREGHE S 1FBIFERRRS 2 B2
NC| Al R EYENRE
JId 1994  |1999 4 : =2
2003 4
e 1995 (1995 4F : PHPYFIHEAR %
2003 4% : JH 11
2009 4 FNEE

il

EEERYE 1996 1995 4F : HEE
2000 4% : IBM
2002 - : Bz AT E
2008 4 @ FEHE

BRIRIR © AT
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(B TR Ik BR 37 S VB R e 0 BV A R - 110 2 o S B a2 o ik g e A
P > DUEE-FERS Rl MRIEE 5T (1977) RIFRALL: (2006) » 7225 FIAITENER
SRS A R T s IR ARy 1989 £E DRAM VTR » ZEEREH S
K e #sZ EH: DRAM i Az - EE7ZEAS A H DRAM GTEETT - Flufli
HomfENESERR > RERRSRENEE -

1997 ol Rl E S - SREEIN - (EERAYZE N iER DRAM 58 RHEFEE YT -
RN EEAENFTTETE - EalEh 25 B2 (EE] 32.5 Jr > BREEREIERIAL - EF
FER5HREE 46 (BT - FERFfENEESEE AL R - FAER MRS - ERAIER
I RS DRAM ZESERT - 7R EAGRE EI1E B AE ik DRAM i sfeiig 8 A 5 - i5{E 1999
F1RIRH DRAM EEZE -
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FOE HEERE

51 EMEE

5 DRAM FESEIESE ZOIH > AT Z S ARl B S MRk s & A& e AT — {1
T TR R i o T Y PR AL Y AR 7 LR il 5 e R R S R Y L Mk > 58 DRAM
EREBUSHIEERERE L TR R E AR - BT Riloier R - U7
REE TS S » AT LI DRAM £ R3] > FIF Vensim §RESHYENRE 3 ATRE T I1E
A iy A S (EBR R RS LN ENRRAVIAR - RELLRERET 5/ DRAM SR T B e SRERAE
FERE ~ A1~ BRBRE R 2 S S B B 28 TR -
5.11ERERR

P AERTHAT AT 2 0 W AR MR I P B s s (g JTREE AL DRAM
BUGSE - BB RV BIETHE DRAM Wi EHER - WRPERIERA T TER
T 0 R N B 8 e 12 W « REE e s e A B DUE HUEER T 5 25000 BR
{& DRAM & 7 HY- P AR EE A

% 5.1 A HIGIERGRSG H 2002 0% FEICEEREER 12 W B - FF Rl E Y
di 1 B Ry [ROeHY 8 IR AE R 2.4 1% AR IR e 8 INF b BIRR 12 I & Bl i B S AT
FETTEE REN B 7 BIEASHY 30% - PR R A BRI (F v] DASE T e S A1 2= e - TR e
EEEA LIS IR - B IEEE SR A ERERERSREENR - R RIE
2T EEEENARES © RMETKA T > AR ERE G i i AERER]
PR - R IMHE o H R s Y S PR Rl A 1T 52 B e JE A B SR < R (T
— (B &MY ER S -
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(£5.1) BCRERATEE 12 NEERBEU(E 2009 £4£)K)

B AFEAME | mER | R | mRERE | 2R EH T
Ao (R/H) | (um) HratiETT
EEFE J7 Fab P1 2002 45,000 0.07 620 (= Memory
EEE pal Fab P2 2005 45,000 0.07 700 (= Memory
EEE Al Fab P3 2006 40,000 0.07 700 & Memory
CEE o Fab 1 2004 62,000 0.07 778 & Memory
CEE o Fab 2 2006 62,000 0.07 920 {& Memory
CEE XA Fab 2 2002 20,000 0.07 434 (& Memory
EEE e Fab 3 2005 65,000 0.07 1,426 (& Memory
CEE e Fab 4 2007 65,000 0.07 825 {& Memory
CEE Hit ity Fab R1 2007 80,000 0.07 1,200 {& Memory
CEE HEFS Fab 6 2006 30,000 0.07 490 & Logic ~ Memory
EEE FEGER} Fab 3A 2007 62,000 0.68 839 (& Memory
BERIRIE &R ~ R E4E0E
EEEE
/ N
EREE o P A
T R
C TN
EEIESaEN > =) + NEnZ
DRAMRE R ——w g — AR
(I 5. 1) $8EERE BN
512 AN ERE -
MR TR ERVEE AT EAEERE IR T A IR DARE A SERY R&D BE 1R
AREZTTHERERATHIRE ST » B b2 2 b S i B AP RE RS - HIR ARV el

BEARIK > BINRRE K 2 2 EAE RS SRR Rl - DT Al R EE 4R 7 80 EESRAY R&D
REJIRE RN EFRTIZAIAT] - BATREAIAAREASGE DRAM EXEN T EERE
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BUEAHRER - FIHEE DRAM EZERY R&D S5 H i THh - 1£ 1990 FEREIFEE
&RIGAHIFAZE TR RV RH R e TS - EHN BRI s AHE
ERHEE > AHE S BT E TS B AR AR AR E S - IMA R
ASINER BB A > B E 1) EE R e Bl AT S 28R S0 A A ars Bl B AR T 2 BdoK
sTEHESE - BB ERESE - BN AR S8 R A E £ THY
ANT7 - ERR R EE SR E RO EE A ) - — HEESE B RE TV E = AR AT A8 0 - Al
GiEm RN R&D B8 DIATE T ARl (i 7 PR A RA > HEMTHET TR HY
JER] > ZRIMESRHY R&D ARG IS &7 B PR ERA - T B
FYRER] -

BUR&DIA
e ErapaDin | < EEGS

IS Y
ARTE (—p e
P SEIAE FERAR
WS wown (3 |
ST
+

+
&) FE i @4—DRAMFRK
([ 5.2) AJJEBRRES

5.1.3FM&1E -

DRAM 7SS R TILE (R LA Feat E 7 I AE S8 T) Brd A an Bl -
&Rk 7 BT TRAS SRS - RRps th BB AR B & (R S8 A an B R lr - Fp SRRl
B B SR VAR A E S Z W EARE A - MBI EAR i SRt - BB
BRI S R AR ESH ST - AL - BRI R R R Ry B P i P B2 S FrE ol -
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B EIE RS FEIPEA - BIN 2 DRAM s & FE R RN =% - 7
FIT-Eh e R - FER S HVIHSS H DTSR B R BRSSO el ER -

5] A g e 58 122 B [ P e A . 5 /' AR IR EE SR 58 e ARG > P ARl AR SZ
RN Ry s A SE AU RS S A B B 2 [N 2R - YN B e S F 2 ZE HEY
FEFREERE BBl & fF - B AL EE DRAM EgrrvEbisre N2 5 HE - HR
AEESEF ) - IREEEREEERKER 12 Wi EE - MBI MNEE &8k
RE SRS T R B A A AR B 2 AR5 MRS EHHUS AR B SSRGS+ 5 B 1Y
BhGRE ST > 4 (I8 5.3) For > Beflofe i RV B RrfE T - nliert e SEnyEie Rl -
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FR1THI[%2-Table
[(1996,0)-(2025,0.1)],(1995.94,0.0236842),(1996,0.0456),(1997,0.0568),(1998,0.0645),(1999

0.0687),(2000,0.0905),(2001,0.038),(2002,0.0269),(2003,0.0302),(2004,0.0295),(2005,0.018
9),(2006,0.0213),(2007.09,0.027),(2007.73,0.0322),(2010,0.0399123),(2011,0.025),(2012.21,
0.0258772),(2013.2,0.0289474),(2014.24,0.0333333),(2015,0.0355263),(2017.55,0.0307018),

(2019.86,0.0307018),(2021.45,0.0307018),(2023.23,0.0307018),(2025.44,0.0311404)

INEHER]E
[(1996,0)-(2015,0.6)],(1996,0),(1997,0),(1998,0),(1999,0),(2000,0),(2001,0),(2002,0),(2003,0
),(2004,0),(2005,0),(2006,0.0252),(2007,0),(2008,0.4),(2009,0),(2010,0),(2011,0),(2012,0),(2

013,0),(2014,0),(2015,0)

HRITRIE

[(1996,0)-(2025,6e+007)],(1996.13,7.36842e+006),(1997,9.3232e+006),(1998,9.43635e+006
),(1999,5.60414e+006),(2000,3.22256e+006),(2001,6.87982e+006),(2002,8.96394e+006), (20
03,8.59017+006),(2004,1.4312e+006),(2005,1.93596¢+007),(2006,2.58783e+006),(2007,5.4
1459e+007),(2008,56+007),(2013.91,3.47368e+007),(2023.23,3.60526e+007),(2025.27,3.421

05e+007),(2025.27,2.36842e+007)

T AEIE
[(1996,0)-(2025,2e+007)],(1996,0),(1997,0),(1998,0),(1999,0),(2000,0),(2001,6.5866e+006),(
2002,3.13542¢+006),(2003,7.630966-+006),(2004,5.29942¢+006),(2005,1.50981e+007),(2006

,5.23664e+006),(2007,0),(2008,2.15e+006),(2009.65,2.63158e+006),(2011.22,2.45614e+006)
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(2012.91,2.36842e+006),(2015.06,2.01754e+006),(2025.27,2.54386e+006)

FE A= SRAT Rl 5 (Time)* SR1TFI[ % TABLE(Time)+8& 17 2% 5] {5 (Time)* /& 5] A1 5

(Time)

FESEE &= INTEG ((+ESEE SR A-EEE A L), 40000)

SRR AW IR+ 32T A=A (Time) + RTTEEE (Time)+ EUR /& (Time)+fsg i 7

E(Time)+/ES M7t /&5 (Time)

TFIMFRLERS

[(1996,0)-(2025,2¢+007)],(1996,0),(1997,0),(1998,0),(1999,9.21591e+006),(2000,0),(2001,0)
(2002,5.17388e+006),(2003,3.43948e+006),(2004,9.39941e+006),(2005,0),(2006, 1.60305e+
007),(2007,0),(2008,0),(2009,0),(2010,0),(2011.11,87719.3),(2012.39,0),(2013.55,87719.3),(

2014.3,-87719.3),(2015.06,0),(2025.27,0)

BB &
[(1996,-100000)-(2025,1e+007)],(1996,9.01e+006),(1997,2e-+006),(1998,3¢+006),(1999,3e+0
06),(2000,0),(2001,0),(2002,3.5e+006),(2003,2.32479e+006),(2004,4e+006),(2005,3¢+006),(
2006,9e+006),(2007,0),(2008,0),(2008.93,0),(2009.77,0),(2010.53,2.60219e+006),(2011, 1e+0

06),(2012,1e+006),(2013,1e+006),(2014,1e+006),(2015, 1e+006),(2024.82,1.00746e+006)

WP S =S SR A 8- (BRI A Table(Time)* & &

BRI RR=E B S B (K Table(Time)
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& 1 B E5 (B Table

[(1996,0)-(2025,200)],(1996,121.93),(1997,163),(1998,115),(1999,183),(2000,140),(2001,53)
,(2002,105),(2003,112),(2004,124),(2005,72),(2006,109),(2007,58),(2008,40),(2009,50),(200
9.86,75.4386),(2010.83,85.9649),(2011.79,52.6316),(2012.85,66.6667),(2014.01,71.9298),(2

015,55.2632),(2025,36.8421)

AR Table

[(1996,0)-(2025,200)],(1996,140),(1997,136),(1998,145),(1999,132),(2000,89),(2001,81),(20
02,94),(2003,104),(2004,67),(2005,59),(2006,65),(2007,59),(2008,66),(2008.84,61.4035),(20
09.94,61.4035),(2010.7,66.6667),(2011.69,69.2982),(2012.56,63.1579),(2012.79,59.6491),(2

014.24,52.6316),(2014.71,49.1228),(2025,35.9649)

EE M =0 TR EE (Time) +F1 B RIA+ 2 S & 570 2+ B A <5

i

NEIEER

[(1996,-100000)-(2025,9¢+006)],(1996,0),(1997,0),(1998,0),(1999,0),(2000,0),(2001,0),(2002
0),(2003,0),(2004,0),(2005,0),(2006,5.46293¢+006),(2007,17419),(2008,174653),(2009,5.29
271e+006),(2010,7.89165e+006),(2011.11,2.86562e+006),(2012.39,0),(2013,0),(2014.3,0),(2

015.06,0),(2025,19736.8)

4YHFERE= INTEG (+7E &1271), 52889)

FEEIET=DELAY1( EAEEE™*0.0028, 1 )*EFERflriesH(Time)

7 f==min(DRAM 7&K Table(Time), 48 ZRE*E AEFI R Table(Time))
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FERE R B = SR A A R A S R (Time)

[(1996,0)-(2025,1.2)],(1996,0.71),(1997,0.63),(1998,0.923039),(1999,0.401394),(2000,0.546
339),(2001,0.444568),(2002,0.661564),(2003,0.626825),(2004,0.479698),(2005,0.930023), (2

006,0.803864),(2007,0.7973),(2008,0.390054),(2009,0.3),(2010,0.6),(2025.27,0.627193)

R =S e +(Time) *2.64415e+006

B Rt
[(1996,0)-(2024,20)],(1997,1),(1998,1.7),(1999,2),(2000,2),(2001,2.96),(2002,4),(2003,5),(20
04,6),(2005.25,6.49123),(2006.02,7.63158),(2007.39,8.24561),(2012.78,9.21053),(2016.29,9.

5614),(2018.18,9.82456),(2020.49,10.3509),(2023.74,11.0526)

FEREAFI#R=0.9

DRAM ZEkK Table

[(1996,0)-(2025,2e+006)],(1996.17,35087.7),(1997,49533),(1998,52916),(1999,53390),(2000
,106912),(2001,151832),(2002,90608),(2003,183270),(2004,377009),(2005,594034),(2006,67
8982),(2007,1.07388e+006),(2008,1.1007e+006),(2009.87,1.31579e+006),(2014.36,1.47368¢
+006),(2019.15,1.60526e+006),(2021.54,1.70175e+006),(2023.94,1.79825e+006),(2025.27, 1.

94737e+006
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