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ABSTRACT

The development of Taiwan’s Memory Industry was started by ITRI’s “Sub-Micron
Project” which was first introduced to Taiwan in 1991. Since 1995, Taiwan’s government
did not continue the investment in the related “R&D” Plans. Even though, there are more
and more Taiwan’s memory corporations have been established. However, they received
DRAM technology from Germany, Japan and Korea instead of developing its own products.
It caused Taiwan’s DRAM technology was controlled by the Mother companies with the
strategy-integration patterns from the leading companies in this field.

Recently, Taiwan’s Memory industry becomes as the leading position with 20% market
share in globe by the upgraded DRAM technology, the dense 12-inch DRAM plants and
effective advantages. Due to DRAM industry is a capital-intensive environment, the rapidly
price fluctuation and industrial environment changing cause a variation of global DRAM
corporations and a severe fluctuation in DRAM market scale. According to the history, it’s
been 3 times of critical recessions in global, memory industry (1996-1998, 2001 and 2007 to
now). In 2007, the global DRAM industry was influenced by the under-expected demand of
vista, the over supply of DRAM and the severe.impact of global economic depression; it
caused Taiwan’s DRAM industry lost more than NT$ 20 billion. In 2008, the financial
tsunami shrinks the demand of DRAM. Due torTaiwan does not have its own technology of
DRAM and the technology of NAND Flash which'is second biggest market share in global
memory industry, it results in Taiwan’s DRAM industry lost more than NT$ 100 billion
seriously by the continuing over supply of DRAM.

To observe such an industrial environment, it is essential to analyze how Taiwan’s
memory corporations can find their future in this field. Should they find another bigger
market and create their influence by going on the next step in traditional DRAM model? Or,
should they transfer to the R&D technology for new business opportunity in next-generation
memory in order to create new perspective? What is the role of Taiwan’s government in such
ice-age environment? Should Taiwan’s DRAM corporations do some aggressive actions
during the shrinking demand by the global financial tsunami and the turning point of
Taiwan’s DRAM corporations in the crisis between life and death?

This research analyzes the current situation of global and Taiwan’s memory industry. It
includes DRAM, NAND Flash and Next-Generation Memory; the related technology,
applications, the future trend, Taiwan’s DRAM manufacturing model and its advantage. This
research does not also analyze Taiwan’s DRAM industry, but also includes the business
opportunity and product development in other memory field. Meanwhile, this research will
analyze the capacity of Taiwan’s memory industry in order to provide the solutions to
Taiwan’s DRAM industry and the suggestions to Taiwan’s memory industry for the future
development.

Keywords : DRAM ~ NAND Flash ~ Next-Generation Memory ~ 12-inch DRAM - Strategic
alliance
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2R 2HMEREEE PR
3.1 AnicREA P BT

2007 & >3k RE D F X I d + it £ DRAM i el 55 3 3

%\» IFLZ 4ofp o s R A A B 5 591 R FE ~o #2006 & % i¥ 3% "’"’ 2006

£ 22%:n 3 A, = B F enjr £ -2007 & > 3% NAND Flash # 3-#2 2006

Ex LT 15% P15 RE ~ > S A DR T‘éﬁ“’ﬁ EenE & 4 F o

MRt A B £ 53 7 DRAM B H-p - & 3t 2006 & + by = £ 36%:%
HEAR 2001 A2 E%R:37% AE5 319/ E ~ -

> 21

if iz 2008 # DRAM # #-% 284 4 % = » % i3 11% » NAND Flash p|
FHEXANTHNE GRS TG R A MFF S L 15%
B 178 B E < oo

% 3 2002~2008 & 2 3kis R FRAEC

Hiv: GEET

2002 2003 2004 2005 2006 2007  2008{e)

DRAM 15,4581 | 17,521 | 26,317 | 25206 | 34,295 | 31,848 | 28,350
SRAM 2775 | 3094 | 3358 2245 | 1516 1412 | 1435
PSRAM 138 292 762 1226 | 1867 530 £93
MANMD Flash| 2,364 | 413 7.007 | 11,057 | 13,453 | 15,448 | 17,768
MOR Flash | 5520 | 6583 | 5434 714 | 7393 B317 | B85

EPROM 329 320 395 335 331 335 304
EEFPRCM 746 G35 1,000 230 1,085 1,216 1,187

RO 420 362 Fad 296 ) 378 7o

Cither s* 344 Fai 437 474 G11 G2 G35
Total 28,422 33,498 18,067 19,807 60, 780 59,046 56, 996

EEHEE © Gartnew200808) § THAES IEE 2002117
3.2 DRAM
321 27ti £ DRAM# & B 73 &k

IR L EWAELFE VAT R B ATES PR b 8 B o

T o Am e KEFE P @&3@4 “HRA é‘Fi‘E‘-WMﬁAi p
ki & DRAM 4 2 B 75 4= B Samsung % Hynix (= 4% 4

#~ Elpida(f « %) -~ # B Micron(# k) ~ 48, B’ Qimonda (% ¥ if)%
ﬂ—ﬂ"”—"rb"i,aﬂ’—}_i_ZOO?ﬁ iTj:DRAM;ﬂ”l z
ik 27k DRAM % 33175 = » 52 >3 DRAM &+ 24 2 [
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# #7 Hynix - Elpida ~ Qimonda - & & 23 ¥ { vk B E & 2 R & %
IR W

ARLEERAE Ep 1996 F BAFE o A g~ FpTilE s FogiE
PP ARRE S AR E R B R BN IAE B Al X
EREAES E AN 3 A8t & R & T2 2 3 R % hA i 2000
FELEs 2TRESE N 1204 & FIRE N o BRRA B PE B 12 w3 B Bl R
AP TN E AV G b % 5T A o 2 2004 £ if 2 DRAM #
FLE > RFEE=s LEWAE L lZvﬂ‘aal}ﬂEﬁﬁmiT&’ LRy~ 12+
o0 ] B & fi 0 2 B DRAM ﬁlw R FltaE 20 ERGAH

£ 4 2731 % DRAM 2 A M RE BB

IR b F

2005 # [2006 # [2007 & [2008 £ (e)
R (= h2+5A4 1) 485%  [46.2%  [48.7%  [48.3%
ENNEEY 15,596%,]108%  [9.8%  [8.8%
w (#FE) 1217%  [157%  [125% lo.6%
P& (i) 1.19% - |10.2% [11.5% [14.6%
g
(4 % +=2L+5%+EX162% [181% [17.5% [18.7%
BT+ &)

TR kR AT R

¢ 2007 & >3 % 10 + DRAM Je ¥ fc k5 >
Lo w87 E A 67 hER B
?fi;@:]%'}*ziu YT 40 R E o A IR

w10 £ % 23k 10 * DRAM ¥ % 2 ¢ > & DRAM & ¥ vz
BT o A U R DBEE o 27 Samsung (= A R )R KRR
DRAM #ssg F M » d AT FE LG R+ DRAME £ & &
fs o TR R g Hynix (84 L) Bz k> A MES
«’DRAM#%oBﬁaNEC\,;&\B*% =% T DRAM % ¥ » 2} =
i@ L% 4 anf o id(Elpida) o gt b > 2007 #E o B K H 4 2R
DRAM%E]%]E}%E%EEi’uEL)i@XN}
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- S | | | i 67.06

- AFiE | | | 39.95

- sk 38.28

i £ % d 32.07

- & 3 15.61

- 71 & 14.18

® 7% 10.67

= 4 p] e 3.9

= 2% M 1.79

0 10 20 30 40 50 a0 70 R0 90 100
1998 &
= 3 AE & T

- =Z2TF ' ' 4 29.85

o RKRTF 15.9

e} NEC 13.21

- £ % 13.01

w LGE T 11.64

- P -F e 10.1

. = 10.05

o B i s 9.35

= F X jd 6.85

= E s e 5|7

0 10 20 .30%\ 440 50 60 70 80 90 100
Bl 5 233 DRAM 2 27 ¥
FTORkR R AR
% 5 2008 # 1~-3 & DRAM »t—l,%ﬁ’ﬁ %‘ ke i&-*ﬁ ol gy
2008 = 3 5 T 2008 + X 2008 = 3 2008 = 3
ompan &
33 pany i3 % % ENE
1 Samsung 3,868 30.4% 5,938 30.7%
2 [Hynix 2,427 19.1% 3,591 18.6%
3 Elpida 1,902 14.9% 2,962 15.3%
4 IMicron 1,415 11.1% 2,164 11.2%
5 Qimonda 1,216 9.6% 1,676 8.7%
6 4 fy 605 4.8% 885 4.6%
7 2 1 516 4.1% 836 4.3%
8 S 1K 355 2.8% 550 2.8%
F# %k ¢ IC Insights, iSuppli » DIGITIMES %52 » 2008/11
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mE DRAM # (7% E ¢ »1996 # 2L 3 5 18 R DRAM fy I F o
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B 6 23k DARM R 7 5= ] % i
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10 # % > >7% DRAM FudnAzfl 2] cnfE i b i > $ PEP 5 2 @ 42
Panasonic~ = £ 7 #% % L ~ i+ T % (OKI) % < fip #:7 1 DRAM 2 % >
1n$i”fmmmmkﬁrﬁﬂﬂﬁ’#4tpi %~ DRAM e # 45 TI (4L &)
kaMiuiayk DRAM #  #li¢ ¥ %> >3 DRAM A £5 1 2 4 »
2L AAVERERATIRRH P > 2xkeE- A RumPIEada i

Zhk > Bwi# e g DRAM # F ¥ 5% > METHFHEFBHMP e w2 & §_

QR = A A ’3%,23." ~ #& & ¢ 3 DRAM ~ NAND Flash ~ & 4* ~
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;gi o

10 E kR > B 5 E K &ﬁLmA ﬁiﬁ%@
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< DRAM ity chide | g e fiF < 285
% =~ 5 DRAM % —‘F‘fF'B);Ib Fx s % § 1424 DRAM
P E 2 %i«%%grsé %+ F5¥ 55 1 DRAM isfeBr @ & £ & it i
* 3% KB 23k DRAM 3 E5 5 f "/‘_@EJE" SR ER R
2 fom A4 Ly e PUNERAEDF ] 0 @ B 2008 #&s I K
TR E *?“fﬂ»%%’DRAM ES QD) o E L g

BiE 10 #p %~ ¥k~ £ A EF < £ DRAM sasgiEh P ¢
O RN T ﬂaijWﬁmw%k B R R s S g
Ppe o TR Ko A2 a0 12 v & R 0 23k~ 7 DRAM fi 12
vt B FURLE 152 S ehpd 1% o

T

€

% ks

3.2.3 2 3kDRAMz + 24

w23 DRAM R ch& R 5 > m 8 ~ |y 6304 7 2007 # > 3%
DRAM 4 &b & e 97%-° 3¢ Biie 8 s P end L Z L T3 i (XX AR
¥ ¥ >3k DRAM 2 % 9% H w2007 # DRAM # ¥ % 3| ¥ icic #7
TE kB RIPEY > UE J&r@&ﬁﬂ“-m‘i HF gt > 2 7 DRAM 7 3
D IR fehiEn > DRAM B fe s tgal < > 35400 I g s £ o

% 6 DRAMABBE R 2 A k4 %

a? 2 5
%Ak PHMEMB |[AkMpRn w o ;m;
i # & rp A A ~30%
w4 LB 75 FREgasd LeE 20%~25%)
4 B ] B by 3 qvx
ﬁ] o i & +38 5 s +3H 5 1. ﬂié—t“fﬂ'@i fe d = F 'fr"’} 0%
ﬂfr’s;‘(n*l) 3.¢ 5i%4 DRAM ® ii—
# EP+ELP EAM(R) L TS+ By Fad
5 (EMm(R1) E gy
2.9 35124 DRAM + #
20~25%
kg T3 + 4 BTN
- A B LPHEG P 3’j o ?;f*f w5
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2008 # >3k DRAM 7 34 5 Fen®d S BRF FEL £ & DL
4 o}_ﬁm ﬂfmv’ F 3 Samsung G fo s % DRAM B & 18 > @ 3%
Bz A ﬁx“’é°r]“‘ e /‘?——Fr—g@i NaxF e 12 ‘:‘jﬂalﬁ})f}_

At
ERERLI é%?ﬁ % 1 & DRAM 3 Henf § 5 o dﬁi L & DRAM R
RWREE LR FH H G F o Lo RE 23k DRAM 2 L RFI 2 B2 55
% it o @ gk e Samsung 4 p Eoend £ A 2 ﬁt%i‘— ~+ % 1k 30%; Hynix
BN E 5 ik 20%; Micron &2 s I {2 E I L E £ 35 ik 20%:; Elpida
grd B8R gk B L2 0E 20% 0 & 3R DRAM w < i

fH.i

i

3.3 NAND Flash
3.3.1 23182 ARFRE MP

NAND Flash 2 ¥ s & ¢ & % > 2007 # >3t NAND Flash =+ 7 =
BB ™ H G FE33E947% % - = i 3 WHSamsung: P Toshiba
B = o Samsung 7% NAND Flash &35 & + - e > FE £ endk & > £ H §_
Apple # #+ iPod i& » NAND Flashm@@s> Samsung { 2% % Apple B i
% 7 NAND Flash & %) & 75 <% % Apple 1~ £ s (hAF > Tkl 3
#5 ¥4 £ Samsung 2> 3 NANDFlash 3+ @ e & % e % o

e d > NAND Flash # 3 F]= £ 18 » B L Ap4 » A5 Fla S
7] » 2008 & 7 H-3p 5 #-d g E= & ~Hynix> p * Toshiba~ 12 %2 IM Flash
(d R Intel HE L EFh D) wpiws Pha o

% 7 2007 # 23k NAND Flash 1 & & 7

2007 & | = @ 2007 & 3 F 2007 = & & | 2006 & £
1 Sumsang | 40.9% -3% 1
2 Toshiba 25.1% 4% 2
3 Hynix 19.3% 17% 3
4 Micron 6.4% 139% 5
5 Intel 3.0% 258% 7

FH KR D AR IEK; Ay R
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3.3.2 NAND= £ 4 & if

Kkl A misg 1@&» » NAND Flash % 2005 # # B 42 i
NOR Flash 5 » & 2006 ¥2 2007 # > H & & ~ tF# 4c » 5f = 2008 # NAND
Pre BB A B 7 AR S & o St B4 BMEE A Rk~ fllfed 32 4
ARFAREFE > AAN AR e LE R 2 L8 ERET L A
T e E E 40%eiE B AT i 0 F]et NAND Flash & £ 48338 + &
ﬁﬁ%%ﬁ*ﬁﬁ%#’ﬁwﬁﬁﬁﬁ%°

100%
| — = =
B0% T —— ey S LA
Ra iy t\\‘: B
3 [ 3
\ N N
60% ;;‘\\ %\ o S
o i B B
0% M E— | i Rl
0% R L ——r e
0%
| 2004 | 2005 | 2008 | 2007 [2008E) [2009F) 20100k [ 2011¢F) [20120F)
W Other 5% 6% 6% 6% 5% 5% 4% 6% 5%
O SEAM T% 5% 4% 1% 3% 2% 2% 2% 2%

B NOE Flash 18% 14% 12% 11% 12% 10% B% 9% 3%
NAND Flash 15% 24% 22% 16% 32% 31% 31% 32% 31%
E DEAM 55% 51% 56% 54% 48% 3% 55% 51% 4%

W7 2iREAELF
FAL kR ¢ AEHAT T
NAND Flash p = 1 & & * & 55 #4948 - MP3 Player ~ £ % % iy’
PR ASEE L (B 8) iT# K o d 3t NAND Flash & * 47 & chif 5

BE O ORMP Tﬂﬁ’“ NAND Flash 3 &2 5 7 & ~ 2%~ 4 = #1778 NAND
Flash i
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N | T ,
05
B
N0
L%
05
0
105
U

Mkl
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LT LT TIT= (R VY ITLTT|

TR L LU LI IME SRR U

B 8 >3k NAND Flash 5 # & f

g‘g\',‘»;\j\‘ijﬁ‘\‘grﬁm‘m ;;L‘,%L
NAND Flash #-¢ % e {88 2 ;*Fm

A ERMA S tl’2007411’31'1DRAMm)?)’r L L I -
Flash > % = < p] ¥_SRAM > L Ex iz ﬁ —x rn; fEH % o 77 % 2010 # DRAM
:w\q\c'rﬁwﬁwmﬁw Z ijg Hz 7B\ o fv Flash ehg i@t & p -
R R SRR LM B A (B 7) > £ H 2007 & & % e fatl
#A &k gcz. % > Nand Flash & #-4r R I3 & & )i %‘b VIR N S DRAM *
i 7%2 2 NOR Flash % i3 10%¢04 3> » B3t 23R s a7 3% 19 3%
oo ipd B F X A APPLE ¢ %% iPodnano ~ 1 % iz 4ps ~ 2% 2
MEFFHEEYH NAND Flash :zfa 72 £ 5 fenx gt £ o Ffa 7 >
DRAM %2 NAND Flash i» §_# 3PP 0 8 o
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¥rF ARDRAMA ¥3 B K&

4.1 AR RBRUAEFERL FF R

AR R AE T B E4 T 1991 £ 4
Mk E B AR REE R DAL

1 x
© AR RALZ & o

st H (7 en T %

—

T AR N ERRE - RF EE R~ A 1995 & 5 AR
ﬁ&%ﬁ@ﬁﬁpﬁﬁéiﬁ%’1%ﬂW%ﬁ@mﬁﬁ@@$i,

p
]

R RN
7 ;}li/!{tr—gi-}':{9 Zf‘ﬂ".‘,,ﬁ

FERAPFTEIFLELUARYTEFHR O > A & A
DRAM s E 45488 + > % B R A F A BP0 P 32
g

ok A& & M RRLR B
4M DRAM 1989/2 1989/3 199111
B"ALE(EEEL) 688 523 100
16M DRAM 190073 [=HECN 191 1993/05
BARW(E %R R) 489 = " WS 458 110
1 L ) X 95 2585 N2 564 A 1%6M 5
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oEFEER 450 452 47.0 45.0 521 536

W21 2007~2012 # >3 SSD A E R * FE &%

TR KR dpH
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SIBRRAFMP AL

BF 4 SSD 10 ¥ HDD 2z Hjbmric B4~ H A PC 2 ' 3 T+ B+ of

BHEAT o LRIEARERT BT~ Z EAPM O B A S HRE
@x » Hp i R 1—;4 Fr PR R kT B o 4k~ SSD B % -7 NAND Flash
ABMRE RF L& 5= 4%~ L2 - SanDisk ~ £ L4 ~ SONY... % 4f ¥ i
BooRE FREs A £ NAND Flash mf;’t B e e W A% S
* @ Intel @ 4 2008 # 7 "0+ B3 SSD &2 &% { %5
R ek B p ko X T B ixaﬁlﬁa T i
SanDisk Z g » DRAM = Fi % £ 2 Intel & F IM Flash & &
fo BT o 2 FFiRiE E SSD AR iR - it A A e o

% NAND Flash &

4 9 2007 & SSD 4E &P

Rank in n Hevenue . Market Shara(%a)
— = “endor — = Changel%) __ =
2006 2007 2006 2007 =t 2006 2007

1 1 SanDisk 2845313 313049 B.3% Z7.1%| 267%
2 2 Toshiba 1,758 476 1971862 12.1%) 16.2%| 16.8%
10 i Kingstan 347 BEO) 1,097 950 215.8% 3.2% 9.4%
4 4 Sony 792517 7B0,953 -4 0% 7.3% F.5%

HEER ¢ Gartner(2008006) s THHET (EK %238 (200801 0)

Rank in

2006 | 2007 il 2006 i :
3 5 Samsung 525 056 555,?1 3 -205%) TAW| 5E%
7 g Transcend 411,215 B09 0353 451%|) 3.8%| 52%
3 7 A-Data 435 936 476 511 Q4% 4.0%] 41%
g ] Lexar 405 513 426 571 44% S8%| 3E6%
3 9 Panasonic 243425 341,074 -3F 2% 2.0% 28%
9 10 |Pal 381,773 301 556 -21.0% 3.5% 26%
15 11 Kingma:x 73,045 249 935 242 2% 0.7% 21%
11 12 |Apacer 185,270 195,017 -01%) 18% 1.7%
12 13 |Ritek 182,941 194 063 O6%| 1.8%| 17%
14 14  |ATP Electronics 123,327 113,907 -TE% 1% 1.0%
28 15 |PNY 22254 113 654 MOT%) 02% 1.0%
16 16 |Trek 95,951 M 105 9% 09% 058%
15 17 |Metac 105,285 75,485 -283%) 10%| 0B%
23 16 |Pretec 43 635 74272 43 6% 0.5% 0.6%
19 19  |Dane-Elec 72 006 72345 1.3% 0.7% 0.6%
gl 20 |Super Talent i b 55,235 M Mal  05%
Cthers 1,080 055 B9 905 -354%) 959%| 60%
Tatal 10,865 ,714] 11,711,555 7.8%] 100.0%:| 100.0%

R ¢ Garmer(200208) 3 THHEE TER SE38 2002/10)
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5. 1.4 A R F L £ 17

d p o SSD ”]IHH 20 “f{ﬁﬁ % 5 Ao’ rv/‘ff‘m U'f’é’gﬁﬁ— E",% pk/ﬁrf"#‘
BEEE - d AP mﬁ EL (Transcend ) ~ = k](Ad- Data) A (PQL)
Fpt (Apacer) ~ B % 6-~7~108% 12> Fp 214 xﬁNAND Flash #i % 40
HERF LS ¥ %%@ SSD ¥icle e g @ 257 5 AR H Y DAL B
Bk 7 & ﬁmﬁTMéJv‘“bbﬁ#%@2€éﬂéo

Mo g 1C 304 - d 2034 [C Hpr 2 2 58 SSD #ae e 4 Hjis > p

AR IC RFMF AoEm o X~ A ﬂﬁ Afl-EXE -mEZY
Wk SSD B4~ HEipd] IC> H @ EeF + Flig & ki 3F NAND Flash
Controller h’?%\ X IIR%EPRP » He o~ w & SSD 4p k# Controller &
r-r'T %\IE-» L E °

dptw oo AR P W SSD MaEE i) IC Bkt 2 i
Wi ibd - 2en2sfpe = HSSDAE A KFRE LG - 2B o

g
“’m}

[} m\

d *>SSD A& &5 5 %AWAQ#E%ﬂ%\{# B35 M L Rk

= s;’“ BE s X e P aw” EREAN: I =5 30 A o SRS 2 SENN DR 20 S A
# R~ Tt m(Wear-Leveling) ¥ 0 802 5 & F cnfR 2 20 55 foip) 32
T hEE

Flot o d AR 5.7 NAND Flash 2 # F ™ 28 % > 4o NAND Flash
~ Ky Toshiba > 4] ICE 2 @A e~ A ~ 5 1% ~ AA] T~ EX -
FHHO R ER MR FORFETHRIE 23 R EREE Ulink
21 13 7 p o 2 k227 TSSD mip? (SSD Alliance) g 5 B @ en
A& penE & SSDA &EF A ha L RIET Lo 3R 3T WRRR AR ET
ﬁ#%%&ﬁ?% jads B2 SSD A& SRE RS - RA SR T R

v & H a4k SSD A F iR e it o SSD ERP 5 P oworE - ﬁ*”’ﬂﬂ'—i%

J\sz‘yﬁ'fi‘\ & ‘s\'mﬂ?’?ﬁ_ v HohreT g ep AR R AR e p.\s‘zﬁ‘\:'L% VAL R A =
W R s I AR R 23k SSD A F P Ry gg o
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s :

— :
V‘H"‘ Flash i_||
Control/IC @ ¢
= .,-'\

<

Module
— ¥ ssd
:;; Server,f;n rage
PC
gl
. —_———
OS/Software ;/ : Consumer Electronics
Test Lab/Tools
Bl CURRENT I FUTURE
Standard | Flash Controller | Modular PC/INB Others
1R1l . @s \g-;- J L1 B
JEDEC Intel Afatech A-data Brand OEM/ODM Allion
T3 Hymix Alcor Afaya Acer Asus Ulink
NYMHCI Micron Micron Apacer Apple Compal Agilent
ONFI | Powerflash | aspedia Carry. ASUS Foxconn | LeCroy
SanDisk Genesys CoreSolid Dell Inventec | Microsoft
Samsung INCOMM Foxconn _ _
Toshiba n - Bal Gigabyte El_lf:ﬂta Tektronix
HP IStron
IMi P_'W flexstar
icron Ritek NEC
Phison SanDisk Sony
Skymedi Seagate Toshiba
SMI Silicon Power
Super- Talent
Transcend 55:‘
Bl 22 SSD & %4a

FR kR 1 SSD B B

.2 TH AR E EMR

5.2.1 TE AR L

ijnse it NAND Flash # 3 p % enfilfegire grlig i 45 %
4 2> Intel FEiR] Flash 2 #cspie’ i 45 2 8 WAR » & S 35 H-¢
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ﬁmﬁf'#ﬁﬁﬁﬁﬁﬁé’%%ﬂﬂﬁé;ﬁﬂﬁ%%%@o;

# NAND Flash tedtitr®@l42 /4™ % 32nm ™ » & 1 §_22nm p& » &+
T&E&‘é‘ SOPLTELEE 0 TP B G F SRR PR N TR sl
g AR F MR FRT{ £ERHNEh o

mﬁw}

Hp = ,\: «-\q._ _a“l‘

“3) T LAl 5 % SRAM &7 DRAM % i ST 2 L R e
%8 > 2 27 Flash Memory F & 24388 (s a g - 2 ",f% B2y s d
WEBrFTAFETZ i#“fﬁv T TFRETERRITHL Py A B
B pE-enifBhe @ e 25408 4 2o [ 48 «h Flash Memory & /R iﬁ%“ﬁf B3 F
TEMEFE > EREBER RN iy A2 ] o gt
Flash Memory T N RE PERRE S 8 TR SR T
BT dple e o Bt FHA T TH Ry L2 SRAM -
DRAM ¥ Flash Memory enig 2k » K k7 B85 B & X 9 F -

P RZXFZERBUAF LIS PR >FF T AR e
MRAM(Magenetic Random Access Memory » g4 s %8) STT-MRAM
(spin-torque-transfer magnetic-random-access-memory) ~ FeRAM(Ferroelectric
Random Access Memory - 4# 7. &5 2) ~ PBCM(Phase-change Random Access
Memory > 4p % i* 3o 18 H) » HE SEER 4o

5.2.1.1IMRAM(Magenetic Random Access Memory » z +isi )
MRAM & 1z ¢ J‘E%ﬂ'i?ii% ’ 1' [ % T F p R @ 2R AL Ry

=Bt SRAM & DRAM z_ 7 j= T RAM T A SR - 2R
Al T3 a0 R ﬁn"“r’? VRS R ) BN R 2
FI% CRHHEAATIE S E R AR R T IEANE ML R T;pﬁﬁ“#r]%

: b"ﬁ;ﬁl :m’%’{erJl”E’ |—1J a)\g(]“”"}'aziq\:lvql;mpmo‘;}'f"
PW‘ B r it MRAM ¢ iz 2nfr ok i > FIR E R F TR K
TR T

b MRAM £ 4 DRAM eiig 4 35 B4 44> 3 B & B P DRAM E-
6 > SRAMRIT > 4ot @A » » METEERFM R L7IE

NEFAST R nEEZ - o RH MRAM 2 @z milcit B2 ¥ (7 > e
AXZ R R APHFEE St d B R R FH N R 2R B FET
ikl T E R kB 2 0 BT o

5.2.1.2 STT-MRAM(spin-torque-transfer magnetic-random-access-memory >
REIERE S e LAY
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» 7 f34 MRAM gt feeh- LR AL R~ B r 52 &
MRAM s > f % (Spin - Torque -Transfer Magnetic - Random -
Access - Memory ; STT-MRAM) » STT-MRAM 24 &% p 27 ind & #
B HRESF e TR L S Bhilee o 22 ﬁﬁ@wMWWHB
e oo fe vt i@ sie MRAM FHRLPHT R FTE AL A P TR NP IE-Y) <K
ETFIA 2 - o R A REERZ A EE 4 LES e RN 00 R
EFAF &% mFAE STT-RAM » 5 f5 g i #F A L8 R g s
o » FEFP~ 525 fgiE (9 05 mE ) STT-MRAM B & ° 3f
STT-MRAM #2012 # = 3 o

5.2.1.3 PCM (Phase-change Random Access Memory » 4p % it 3z {5 48)

PCM #7i& * chfp & i Hjirs ¢ ;_g_@f@’# Bk ik AR > o
Bt £+ (Ge~Sh~Te) chip & it WA & LhT )
%

ﬂk

FE &
At
éi

oo My

¥R g o %ﬂh‘ﬂ‘*iﬁ%—ﬁ#«*‘ﬁlé*%
e BIbiE B A kL R AL G 7 P\?vﬁ??]‘ﬂ:}—it{,j%‘%‘l}b

o

(e e
ey =

—

L
=]
il e

hpas}
\gl

=%

P

M E
mm’g » B
x5

%ﬁ A @%ﬁﬁ B A MET SRR e
KO- L bt’rg B EATZAEE o ptth o d AT S TE Il de O

B % CMOS W ME X FTRAPE LS - ¥ 2 DRAM

ﬂﬁ&%#&’&ﬂ%&ﬁiéﬁﬁo

Mo TR AR aEE? o g%t 2z Rt (Phase Change
Memory ; PCM) % i% i3 P% - 4p % 1 #1384 1970 # A Fded EFHF 23
?%’@£W%*%*%Wﬂﬁﬁﬁw*2moﬁuﬁw%ﬂﬁﬂa@?
BA kIR 5 A A 2000 # (8 4p 1 MR LT ehdp % 1 e (AR (PCM) o
ﬁ;ﬁ{ﬁ_% 'f’l‘%" SR ﬁé‘é_}‘ ?ﬁi"‘ < Fia’ %ﬂ 4 Iﬁa °

i O

ki
i

‘.\E‘r %%i- %n\'

5.2.1.3 FeERAM(Ferroelectric Random Access Memory » 4 7 3z 8 %8)

E

FmAMwHﬁﬁmmmAM,nkaDRMA_%wwaﬁ»wgm
3 % 0 @ FeRAM 1142 4x e 4l (PZT) & 4ndade 5 4+ (SBT) “@m
WHES ST G BTMDT - F AR BRLTE S LRI
BHEEH - 2 - B T AMFRIRS RS P g m%
TR FL B TR

S0 h > FeRAM S B > flizchimpic it AR E 5 o FALE ~ H A &

6134
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B> m oo BV EDI00ns 2T 0 B o~ =tk P4 0 2 7R & b Ag A% Flash
Memory 2. -k 3 o d > E 4 234 2= {4 DRAM ~ SRAM & - 4g - -k 3 ¢
W® B 0 * E# Flash Memory szt 38 g ¢4 » @ &b T £ 4R -

D.2.2 2RI FRIE " R
210 L B TR N2 FaR

e B B
f"%‘- ¥ At ;E:_
MRAM e e T ERaEEd) X AR LA i NERE i
BRI AE A Pie B IO FERIIE
(magnetoresistive RAM) x o 27 EKE ¥ & CMOS #4784 SRAM

ISTT-MRAM (spin-torque-transfer| #% & » i€ fF MRAM 4p § it & "g‘ﬁ
magnetic-random-access-memory) | »> ;' {Rf8 | R

1. PCM d > H s f wre W5
MRAM £ FeRAM 2 1/3 > 3 {1

e it
2. B % & Logic RELEE 2P
PCM 2 A k¢ & NOR
iR Flash,, # = NAND Flash(# 32| NOR Flash
(Phase Change Memory) S Aok TR T )t B H(dr &

SUHUE TS S SAER) @
e S A S S N %
commodity z/R%8 7 B B

3
1. By 4£# F Mot @ FERAM
FeERAM JFEFEH AR B R S
T e 2 53 F 1B~ npg e xrng| P ORAM
(Ferroelectric RAM) e it Y E N R A T

% T RPERE G By s R

TR &R ATy

=
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5.22.1 4 il ~ # hF & RMAT IR R

211 THAGBREART L ERESFECR

STT- 2 Flash Flash
MRAM I MRAM  FeRAM  \OR) (NAND)
Non-volatility No No Yes Yes Yes Yes Yes Yes
Cell Size{F2) 50~120 6~10 6~20 6-~12 16~40 15~34 10 5
RE‘}?‘;”"E 1~100 30 2~20 20~50 3~20 20~80 10 50
Write/Erase 146 1ms/0.1
Time(rs) 1~100 50/50 2~20 501120 3-~20 50/50 &/10ms i
Endurance 1016 1016 =>1015 1010 =>1015 1012 105 105
Write Power  Low Low Low Low High Low Very High Very High

Other Power Current Refresh
Consumption Leakage Current None None None None MNone MNone

High Voltage
Required Mo 2V <1.5V 1.5-3V av 2-3V 6-8V 16-20V

TR kR 1R IEK

7

b Aay o= A v RdE R FRE-FaoTE KB Hoeoa [Ny

- FHEi R om Y AT AT 08 JI}'iI—\" e PR T pa
=+ .
Z\

fe M A | i2d 25 5% > B 457 Z#ﬁL’“ﬂH« ERAE T oA B g
A e R s HgES o .?,%“@ PR S G oA 45 0 $25p] PCM $%&
% B~ NOR Flash # #-che+7 eRAM 2 MRAM 't SRAM £ g4t o

012 TH ANBipe 114 AT~ B AR

> DRAM NOR Flash [NAND Flash SRAM
o [ a0
FeRAM O i O - O i
MRAM C i O i O i

FH &R AR IEK-ITIS 5% 5 A 3 K
> TO a7 B S TA e Bt 5T X | fgmid it
Fh>TO s d BETA i i TX ) sty B
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52.3 2IR/FP B B g4

5. 2.3.1 MRAM/STT-MRAM# 2 & 4%

A 3 K i P~/ B
2001 & TSMC £ ITRI >+ 2001 #| 1. IBM 1992 & 7 3 » | Infineon1996 & T B 442
IR §37L v 4 > X P B H| MRAM 4B~ 7 % MRAM ; @ 32t 1997
MRAM 2. ¥ ® DARPA % | #4=% A% MRAM
1994 # 4= & ¥ Motorola :&
FARBE AT R
2002 = 1. ITRI »* 2002 # = =
MRAM B 4 @ A7 3 ji( 7
P e
2 & Iy fLHT 2002 £ 4r ~
ITRI MRAM 3% L H %
2003 & TSMC 2003 £ 4% | Motorola ** 2003 & 10 * | Altis & 2003-20054% 3 1.7 | NEC £ Toshiba *+ 2003 = # 3¢ % 2 0.6
MRAM :}iqﬂﬁi% Jadigxr 018 et Harz | m ¥ ~ (by IBM & | Aok Fa i IMb MRAM  #&: A
4AMb MRAM #jis Infineon) » r 0.18 §= 0.13
e F B 256Mb
MRAM - 3% 2003 & jE
% ¥y 2500 § &~ 0
2004 & ITRI 2004 # = # B % & Infineon ¥ IBM >% 2004 | Infineon ¥ IBM »* 2004 & & 1% 4 #

1Kb MRAM

£ & w0 018k
# ¥z 16Mb MRAM

#0.18 Hicok oz, 16Mb MRAM
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2005 #

ITRI 2005 = &% 4 1Mb
MRAM

Freescale >+ 2005 # % # #*
* 90 z F @Az MRAM
P 24 2005 & + @
AMb h A 5

Altis 3+ 3% & 2005 # ie {7
FrRitLA

NEC Toshibaz* & *+ 2005 & % & # 3%
71 100 B P [l > % 256Mb MRAM
2005 & & B 45

Grandis+Renesas

65nm STT-MRAM

2006 = Freescale + # 4Mb 4 & 2006 & B 4
Toshiba+NEC+Fujitsu
+& A+ E+AIST & (7774 STT-MRAM
2007 & TSMC ¢ & ;¥ ~ MRAM| 2007 & 8 * B 4 NEC # f@ & I+ J & -7 MRAM -
E A4 0 % - 3| IBM+TDK T4 10 F >t SRAM enMRAM # 57 1
STT-MRAM :#-# 2008 # | 65nm STT-MRAM % . 250MHz> ¥ & 5 IMb it 5 % £ o
Bl ;A : :
2008 & Hynix 22 £ 7 Grandis & | - 2008 # 9 * B 42 Hynix+Samsung

% STT-MRAM -

& it STT-MRAM

FH kR AT BT
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b.2.3.2 PCM# & i& 42

2 F L wM i B
2002 = 1. ECD 1999 & = = Ovonyx =
rE F o T EE Intel 2 ST ik 3 o
ko 3
2. Intel ~ Ovonyx - Azaleg
Microelectronics »+ 2001 # =
0.18 gt H B & & 4MDb
PCM
2003 # ST = 2003 = B4 &4k ) Samsung  d Tera-level
0.35 #cst 2. 4Mb PCM nanodevices 3+ % & # > %
2003 & 2= g g 0.24
Mok 2. PCM
2004 & Macronix »+ 2004 # 7 * 7 i% ST »t 2004 & B % d & *
2 IBM g3 T & (52 4p 0.18 jiz 3k 2. 8Mb PCM
L2 Rl ) B R T
2005 # 1. m%Z ¢ + & IBM 2 Samsung = - 2005 & & B
Infineon % F = = 2 3 & ¥ 41 256Mb PCM & &-
BEE > 2 PCM s
2. * 5 ‘ﬁf&‘@ﬁ‘fl
Flg + 9L ived TPCM
FAEBHE 0 Mz # X 1.2 1y
FTo I B Mb F &2
PCM > p = 2 E & 1Kb PCM
P 4
2006 # Samsung # 7 g AE E
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"

ix R

¢ 256Mb PCM > 3+ 3% &
2006 F TLXEH ~E A

2007 & Intel & IDF + & & ST & 1% Samsung % # H %g 512Mb «
128Mb PCM PCM %25
2008 +# PCM ZE Phase | %54 > B4y Intel &2 ST £ B A% & 2 Samsung # # ** 2008 & + X

21# Phase Il

T Alverstone | e B 48 & 4|
H* 90 2 F WAz 128Mb 4p

el

£ % A 256Mb {fr 512Mb &7
90nm # &
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5.2.3.3 FeERAM# E & 4%

NG (R p A ¥ R
2001 # 1. Ramtron = @ = * 3% 1984 | Fujitsu p 1999 & 42 » T 45
VR £ B4eg B FRAM $tw | 12 0.35 st 38 2 256Mb
i€ & B4fr 2. Ramtron *t | 2 FRAM
2001 # 8 * B4 & 1% § P&
B> %377 FRAM g3iF
-
2002 & 1. B %2 & 9 % % (NDL)> Fujitsu 2002 & 2 4t b & %
2002~2004 & it {7 MR W47 - 3,000 3 3¢
%A~ M F O FRAM ®iF
% %g-,]vg_pr ;E y 1 [@’;f R AN ;u
=L
2 FRP AT b5 g
o5 g 3R g ES
g BFHET EROHEY
T RN
2003 # Toshiba 2 Infineon ** 2003/7| Hynix ** 2003 # # 1 H ¢ =
girg i A @Egd| #EF SoC* FRAM B &1t
32Mb FRAM P
2004 # Fujitsu 3+ 2 /£_2004 & B 4> » | Samsung **+ 2004 # & VLSI %

12 0.18 #ct £ 2 FRAM

4 Embedded FRAM H:ji » %
HoF NI ES BES P T A
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2005 & Ramtron B 4~2 A& 0.35 ik
B A2 S5 m F B 7
FRAM+RTC

2006 & Ramtron B 4>3i& it IMb| 1l @ {1 ¥L Em
2T2C FRAM 0.35 et ®l 42 | B3 65nm 256Mb FRAM &1

BIATHOE

2007 # MR BT 013 #ck @ | Fujitsu 7 i 2Mb FRAM e g
#2 % Ramtron # Z 4Mb | 8 % e B4einf + 3
FRAM & %

FAL KR D AR AR
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FRTY ARME R EE s 2 L R g PR R T
A mp & 702 STT-MRAM 3 5% - £ X R| £ PCM; & B &
FF Y gz B EAEAAS S FI AR R A 0 R RR R A
BRFEITSEFEH T T8 E Hhe PCM 4o MRAM e E » @ 2 » PCM
3% o MRAM 5 - 29 5 Fx DRAM i

5.2.4 THE ABRBEZITT UBRNL R

4 13 & ke faigt HEd

TH KR | MRAM/STT-MRAM | FeRAM PCM
DB BFAE |« B flHci 687 2 | E s 1,211 & > L fldci 249 &
PRk 2001 & A= & > F7 (1989 Az~ F > (2003 £ 3 £ o FEHF R
HoE RAFAF [T KRG R |~ R FEH Y
Ho~
e P REEL R
e £ iT iV

STT-MRAM & %

o AP FE P~ | TSMC e ITRI 2% ?‘ﬂﬁ-‘ﬂi&r'}%g’?"tg’ prZ +t 2004 # & IBM

A s 2004 & iz = 1Mb | NDL i (7 -FeRAM 4~ | & i¥ = 5 ; ITRI *
MRAM & % 2 g A 2005 = ¢ W » DRAM
2007 & TSMC @ o ' XR(F B B
;% MRAM £ 2 = I) 6 T
e BRI I FORAH: 2 22 DRAM i
STT-MRAM  #- # & 7 22 PCM 23 2
2008 & K it N A )

Fhem SRAM LP SRAM FE3 2012 #1018 A
DRAM B~ % NOR Flash

TR kR AR IEK

dRBFEJIEFE N RGE  SHFFE O REE e piap TR N
i " 1LPCM#75 ~ & P~ NOR Flash # #%8+ » NOR Flash & 2007
Eerh Y Y L 68 mE A > @ Samsung *t 2006 & & x5 £ 512Mb ¢
PCM:> &% &+ %7 PCM 7 # ¢ P NOR Flash % 3 - NOR Flash
F - A BT S B 4 b Samsung » FEEP A kK PCM v o st S48 R
TN A S RAEPEI T B PCM A g * B o me 3T e
Hu 2 Jhep* 3 3% SOC #4#¥:0 Embedded Memory < ¥ ¢t » FERAM
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T B LP SRAM » @ B~ % B Bt Bk § 3 g it s 7 ogh s
B2 1¥%%; MRAM Al %7 &* A RFID ~ Smart Card ~ Security Device
FOHE TG Mo

D.3 AT R RME BRI

5.3. 1 # FIMRAM # 45 B 7%
MRAM % & I 4 ¢ 5 3F 7 R =~ fuip 4k ~ > @ 2 B MRAM $ i
B33t 200l & SR TV EIFIRET ST AL RRE Y MRAM 1
BAU AT DS MRAM BA 54 + § 2007 &7 2de s
2008 & F X L b > X B E STT-RAM 2 5-(% 2 & MRAM) » 2% FFEC & 7}1

5

\mL fs

—

Egeﬁﬁ%»NRNWié?%’ﬂm'&SHWMM%s2%8&*
k3o 12008 & mH-¢ =% 15 MRAM &2 41> p @ ”ﬂ*%ﬁ‘uﬁ'l’é‘?*ﬁl
%aa;ﬁ?é%ié’ar%»mﬂlp%%ﬁ’f%% = Fa
@wﬁi’méféﬁ,giwmmwr BEitd o
1985 1990 1995 - 2000 2005 2010
[ | | | I |
' 2002
GME invenied
A F MARM % E g4 - D A M
B ST 2001 EEa gL v IBM/Infincon/Alts
£ B3 MRAM Motorola
[ ] 1 A3t 2002 £ & = MRAM B 42 ] 47 5 16Mb
- NEC/Toshiba
pECR PR R)E £ % 4kb SpinRAM
B LS4 2002 & 424 1 A MRAM Sony
A P 64Kb
Ik g g (B e ) : m Samsung
B G R 5720033 0 MRAM B 7t 41 4 2”‘1‘3‘*"“‘3’“"““""@3@
2y 1Kb 1Mb

B FRAFEUFRPEPE

B 1R 2005 & 7 B4 J) IMb MRAM
TSMC = 3% » MRAM £ 23+ % »
iT3- 5 - 3 STT-MRAM #2008 # &

B 23 ARE 23 MRAM 3 B & f2f%/%

FALKR © 1 # s AR Y F
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D. 3.2 3 FPCM #Hiegt B R

A A 2005 # 1 Prmr—*’ A f el FHRERP 2 Foehi
B =~ = PCM =B g 2008&‘_%%1&)\ phase Il F# £ o % 1% P
?P’f“@flfé'j-fmfz~rﬁ”"\ TERFHL PCM 2% « # ¢ e
IBM & it g e RiE 31502 PCM 3 B &itenis g o BT &2
pl& p & Elpida & 27 3F o 2 R R ¥ PCM %7 3 3~ > 4p#3° FeRAM
fo MRAM % 3% » Bion 5% & PCM 3 B it £ ] o

640b (T0mm2) 64Mb (64mm2) @ >1Gb (=100mm2)
0.18um CMOS

0.120m CHOZ K 4 £5nm CMO3
==
e A
K
16k (TED)
test chip 0.11pm CHOS

0.24pm CMOS

Ahdb (test chip)
S5 | 0.35um CMOS

2003 2004 2005 2006 2007
B 24 AFEE FHPCM 5 Befinn

FAL KR 1R % 47(2007)

f{E NESAS

erywhere you imagine.

=1

mtel

N/\Ng -

NANYATECHN()LUGV CORPORATION l

SV-O.N.)!: |cron % w \ ‘, PSC I
EEE: -'

\N—,

Bl 25 PCM joint ventures in the world
FHR AR 1FRT kT
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5. AFRARAEA KRB ENFRBE
5.4.1 T R lRA ¢

ﬁ%”w%ﬁWMﬁ%E?%%%%Tﬂﬁ%ﬁ@,gggggmﬁ
R FAF ERIE S B R R B A AR
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