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A Study of DRAM and NAND Flash Memory

Development Trend and Opportunitiesin Taiwan

Student: Hsun-Kuei Chan Advisor: Dr. Hsiao-Cheng Yu

Institute of Management of Technology
National Chiao Tung University

ABSTRACT

After evolving for amost 20 years, the global DRAM industry has become an oligopoly.
The top five leaders in the world are Samsung (Kored) Qimonda(Germany) Hynix (Korea)
Elpida (Japan) and Micron (America).

The DRAM manufacturers in Taiwan chose to form strategic alliance with the Top Five.
For instance: Nanya and Infineon havesgtarted a joint venture company which is called Inotera,
ProMos and Hynix have signed strategic alliance;. Powerchip and Elpida have started a joint
venture called Rexchip.

In 1980s, Japaris DRAM makers surpassed. American manufacturers such as Intel and
became the world's largest DRAM: supplier-with 6-inch wafer technology. In 1990s, South
Korea's DRAM makers replaced Japanese manufacturers and became the world's largest DRAM
supplier with 8-inch wafer technology. As the 8 inch fabs going to be superseded by the 12 inch
fabs in 2000s, what should be the strategies of Taiwanese DRAM makers? Note that a 12 inch
fab. Requires investment of over 3 billion U.S. dollars, which is triple that of an 8 inch fab. No
doubt that DRAM industry has high entry and exit barriers. In the other hand, the NAND flash
memory has became a serious substituting technology to DRAM. The purpose of this thesis was
to gather critical information in assisting Taiwanese DRAM makers making strategic business
decisions.

The analysis was based on industry analysis models such as Michael Porter’s Five Forces
model the SWOT anaysis model and the BCG Matrix model to analyze the pros and cons of
Taiwan s DRAM and NAND flash memory makers.

Key Words: DRAM  NAND flash memory Strategy
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2.1

2.1.1BCG

Boston Consulting Group 1970 BCG

Product Portfolio Matrix
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Windows Vista & Intel NB Santa Rosa ( 29
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3.5.2 DRAM :(NAND Flash DRAM )
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3.5.4 DRAM (Roadmap)
DRAM 90nm 512M DDR2( 33) 8
90nm 90nm 8 12 2007 Q1 90nm
35)
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T
B80% - | i
40% L |
20% L
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Q105 Q205 [ Q305 | SA05 [ O106 | Q206 | Q06 | Cd06 | G107 (QZ0TE |Q307F (S40TF
1 201t |wm Tinm 02% | 20% | 48% | 99%
A E0nm OO | 21% | 268% | 52% [130% 1 235% |27 8% | 1.0
(alinm 2% | 27% [180% ) 290% |37.5% [485% | DBEA% |650R0 |66 1% | 58.2% |92 1% [40.9%
8[]?_[‘ 100 Mum |76 596 (25 4% | T2 6% | 87 6% (57 3% |442% | 34.3% | 262% |16 5% | 12.3% [11.8% | 23%
w030 Mo (19 4% (106 | S0% | TO0% (360% | 30% | 25% | 226 | 21% | 20% | 28% | 23%
OIS G | 1% | 1E% [ 14% | 1T4% | 1.2% [ 1.2% | 16806 | 1.3% | 12% | 10% | 08% [ 1.0%
[
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Company Tech. Nod Q105 02 LAk Q4 Q106 Q2 K] 04 o7 Q2 Q3 L E)
Sarmsung 0.11/0.10 35% ¢ G0%|25% SETH[15% A 50% | 5% 95% A2 % 32 % 2T % 28 % 12 % 1% G % 5%
S0r A% 15 % F6% A0 % 53 % 1% 67 % 63 % 53%h e} 3T % 20%
20nm 0% 7% E% 12% 20 % 0% 50 % B0%
FOnm 0% 5% 7% 15%
Qimonda 013014 10% 10% 10% A0 % 6% 8% ei 0% 0% 0% 0% 0%
0.11/0.10 25% Q0% Ta% T0 % G2 % 7% g2 % F3% 2% 19% 16 % 6%
S0n 5% 10 % 15% A0 % 32% 22% 55 % Gd% 590 B0% 51% S3%
S0nm 0% 0% 0% 3% T Z21% 1% 25%
FHTEnm 0% 0% 2% 5%
Nanya 0.13/0.14 15 % Q% 3% T % 5% 7% 7% 2% 2% T % 7% 5%
0.11/0.10 22% 91% Q2% =3 % TE% FO% 50% g2 % 29 % 3% 26% 21%
200 m 2% 5% 5% A0 % 5% 23% S S0 % 5300 S9% G4 GG
FTEnm 0% 0% 3% 5%
Himis 0.15/0.16 2% 5% 2% 2%
0.13/0.14 40% 5% 0% A0 % %% 0% 0% 0% 0% 0% 0% 0%
0.11/0.10 7% 0% G2 % T Y G3% 4G % F2% 18 % 13 % 0% 9% 10%
S0nn 8% 10 % 20% 25 % 1% 51% 1% T3% EE%n 53 51% S5%
20nm 0% 3% T% 9% 21% 37 % 29% 25%
FOnm 0% 0% 5% 10%
Prot0s 0.13/0.14 T % 10 % 2% 1% 15 % G % 15 % 13%
012,11 ST 1% |55% S 1 | TT% ME% |55% F27% 2% G2 % 55 % A0 % 438%4h 3T 23% 11%
S0nm 5% 2% 11 % 28% 26% 26 % 37 % 2% 0% 0%
20nm 0% 0% 0% 0% 0% 5% 17 % 6%
Elpida 0.11/0.10 G5% ¢ 30% |50% J 0% [ 30% £ 55% |20% 65 % 51% Z3% A7 % 15 % 0% 0% 0% 0%
S0nm % 10 % 15 % 15 % 0% TT % 3% 26 % 93040 03 % 05 % ST %
20nm 0% 0% 0% 0% 0% 0% 0% 0%
FOnm 2% 2% 5% 13%
Po\v\erchip 0.15/0.16 13 % 1% 18 % 21 % AT % A7 % 28 % 25 % 19 % A7 % 18 % AT %
0.13/0.14 12 % 7% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0.11/0.10 TO0% TO% Ta% 71 % GS % 7 % 15 % 2% S% S% A0 % 12%
S0nm 3% % 15 % 36% S53% G7 % T3% TA% G3% 3%
FOonm 0% 1 % 8% 18%
Micran 0.15/0.16 10% 5% 5% 3%
0.13/0.14 20% 22% 15% 12 % 0% 0% 0% 2% A0 % 0% 5% 5%
0.11/0.10 G0 % 65 % TO% T0 % G2 % S0% 3% 31 % 20 % 15% 12 % 10%
S0n A% 2% 0% 15 % ZE% 0% 96 % G0 % E5%h G2 % G0 % 7%
7E8nm 5% A0% 12 % 22%
FOnm 0% 3% 5% =)
35 DRAM
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36 DRAM
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DRAM
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>
2005 2007
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355 PC DRAM . .

PC 2006 DDR2 |- |\ DF DDR3
39) DDR2 PC ‘ DDR2 NB
6~12%)( 40) DRAM

(average selling price  ASP)
DRAM
Interface
DDR4 . -
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eenMuan, DS 2 1067/1333 133311600

DDR3

w
* ] "y

at
W, L 800MUST 106711333
ol - 3
Fully Bufferéd -
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DDR2 =
400/633/667  532/667/800 C67/800
.
[ ]
DDR N
-
Voltage [1.8v - 12v
-
L ]
Density 512Mb . 2Gb
L]
L]
Process 90 : 70
" 2005 2006 2007 2008 2008 2010+
39 DDR
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(1]
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3.5.6

DRAM
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3.6.1
2005 12 DDR2
90nm 2006 NAND flash
( 43) DRAM
170 g o %
-; ina ] 5%
:;:: 40 10%
= 100 &8
s0 (R
m - . s e 1%
|-T|:td|:F‘.i|'ﬂ:S|.|:d-; O T O G eyl =
|-TMDP#ddmrd B 7R3 | B0 |00 |00 (1,003 | V436 [ A3 | 0EE 20 R0 1T
| SulfcisnepS-000 110 3T | 40% |0 S f=d Bt B0 ] B [0 1A% 3 57 | B 1B | 35 [0 5T
43 DRAM
(1]

47

2006
DRAM



3.6.2

2006

DRAM

Limit: Millioz LED

3,000
8,000

2,000

AT

5,000 £
4,000

3,000

o0 ¢
1.0 =

200G DRARM Revene
[heclosed By Ovm Brand CRAM Shpoent | not ichidng Eundry rmeveme

O Beverme | 5764 5,664 5330 4 35 3475 2.200 1,730 | 444 30 32
SpLLE h (98.4%) (
Samsung( ) Qimonda( )/ Hynix( ) Elpida( ) Micron( )
20064 DRAM {5
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Powerchip Uogy All% 1.6% 285%

152%

Hwmnx+
ProddCs (4.1%)
20.9%

45 DRAM
(1]
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3.6.3

2006 DRAM 8 6 ( 39 15%) total
wafers=1,174k ( 10,130k 12%)( 46)
2006 DRAM 12 7 17 41%) total

wafers=1,964k ( 5,331k 37%)
8 +12 =5.3%+20% =25.3%

R ¢ Totml Wwater sl shces e yaar]
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100%
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60%
40%
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IIITFahDRAM D% | W% | R | BR | N0% | W% | B | B8R | 0% | 4% | 0B | 55% | &% | 0% | 80% | B%
IlE'FabDE#M To | TR | T | 0% | T0% | W | 6% | 60% | 60% | 0% | S0% | 5% | 40% | X% | 0% | 15%
48 DRAM 8 12
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1 3 (CAGR) 121
2.8 12
3. 70nm 30%
2008 12 277 / 2009 12 364
( 2
2 8 12
20006 2008 2009
" 373 0 0
123°% 444 721 308
total 19 721 808
(#F12*¢,HFh/A)
(3 n
2008 ( 7%) -2009 ( 4%)
Samsung |Qiunonda | Hmik | Elpida | Micron | A& | %8R | @EHeaff | 5 total
AK08 0 26 56 325 i) 325 26 31 ] 2249
AN 3 ] 24 323 ) 32.5 { 31 24 1744
total 3040 26.0 804 (5.4 2040 654 264 2.0 2410 39840
(9 F12-4, %R/ A)
3.6.4 8
1.
o 8 ) ( LCD IC)
(13 8 ) CMOS
(8 8 ) CMOS
2 8 )
a 8 ) LCD IC IC

CMOS
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3.6.5

2006

(Infineon)(2 8 ) Qimonda
@ 8 ) C )
(LCD IC CMOS )
@a 8 )
12
@ 8 )
@ 8 )
DREAM OF Margin
S0
0%
F0%
20%
10%
0%
-10%
-20%
-30% T ;
Q104 | 2204 [ 2304 [ga0a 0108 [020s [0305 | Q05 [106 |g208 0308 | Qa0s
—+— Fowerchip | 31% | 43% | 45% | 38% | 19% | 2% | 15% | 9% | 8% | 18% | 360 | 43%
—=— ProliOs 1a% | 33% [ 3i% |28% | B% [-20% | T% [ 1% | -a% [15% | 33% | a2%
Sampung | 31% | A1% | 36% [ 2B% | 22% | 12% | 19% | 18% | 18% | 20% | 31% | 1%
Hynim Ja% | 30 | 329 | 32% | 2a% | 15% | 2TR [ 109 | 204 | 20% | 2T% | a0
—=—HManya 14% | 32% | 25% | 10% | 3% [-13% | 9% [ 3% | 11% [16% | 20% | 28%
—=— Elpuda 5% | TR |I0% | 10% | 2% | -9% | 4% [ 1% | 6% [10% [ 15% | 1%
—— Datronda | 2% | 178 | 18% | 10% | 3% [-23% | 4% |-1T%| 3% | o% |13% ] 18%
—— Memn 2% | 1a® | A% |13% | 8% [-18% | -1% [ -1% | 11% [ -3% | -1% | 9%
51 DRAM
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DRAM ( 52 ( 33%) 9%

12" 90nm Cost Structure of DDR2 512Mb

testing cost Labour

9%
manfacture

cost
35%

package cost
9%

materials cost [=
12%

Depreciation
33%

52 DRAM

8 Samsung 8 ( 53)

DRAM 1996 Samsung

31% 2007 2008 8 12
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Hynix 12 DRAM
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2006/2007 ( 54)

Company 2000 2001 | 2002 2003 | 2004 | 2005 | 2006 | 2007E
Sarmsuny 25000 | 19500 | 1.2000 | 21540 | 25000 | 28000 | 25000 | 25410
Hynix 16800 | 3500 | 3500 | €50.0 | 14000 | 19500 | 23000 | 20000
v m.';"?:!:‘m ST 1700 | 12560 | 10000
Micron 11250 | 13500 | 600D | 9000 | 12310 | 15000 | 1.500.0 | 7500
Chmonda 1,0500 | 10500 | 4500 | 6000 | 9940 | 10330 | 400 [ san0
Elpida 57.0 B70 | 3230 | 8400 | 1.150.0 | 1.7200 | 1,100 | 5000
ProMOs 1521 | 4859 | 1882 | 1363 | 4452 | 6600 [ 960.0 | 12000
Winband 1250 | 620 18.0 19.0 %0 | 5o | 7380 | 1500
Fowerchip 3250 | 1550 | 2640 | 4500 | 6610 | 15000 [ 23140 | 12390
; e ’E’I"E;E'm 21530
Manya BE1@ | 3218 | 1211 | 1952 | 2061 | 200 || 2000 | 18460
Inclera 70 4600 | 1,139.0 | 7180 [ 1.230.0 | 14700
SMIC B7.0 1520 | 1180 | 3s0on0 | 1300 | 1500 | 1600

T“;,ng”‘ 70659 | 580987 | 36733 | 65225 (10,7323 | 129720 15,3880 | 15.969.0

54 DRAM
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3.6.7 DRAM ( 56)
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3.6.8 DRAM SWOT )
4 DRAM SwoT
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2. 8 2 .
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4 .
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1. 3C () 1.
2. () |2. (PCM)
3. NAND
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NAND

NAND(data flash)

NOR

4.1
NOR(core flash)
1.NOR
1988 Intel
BIOS
2.NAND
(Toshiba) 1989 (+257)
(Memory Cell) Megabyte NOR
NOR NAND NOR
NAND
NOR /
NAND
(Single Level Cell SLC) (Multi Level Cell MLC) SLC
MLC
NAND (
NAND

NAND
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4.2
2006 NAND 169 ( 6.4%)
( 58) DRAMeXchange 3
(CAGR)  228% ‘iz
’ '. “ I Semlconductor
ﬁ :j "
[ [
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| 22%
Volatile Nonvolatile
N e
| |
=
65% 35%
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2. 100 NB 512MB
PC
High 1
USA 2182M
Europe 3272M Japan 981M
GDP Taiwan 131M
China 8726M
India 1527M
Low >
High EupEEE
59 NAND
~ [26]
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4.3 |
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Samsung( ) Toshiba( ) Hynix ( )
2006 NANDflash
IM flash
. 1% Others
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31%
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4.3.1 NAND

NAND ( 61

NAND DRAM

||
HII

IDM
Hynix | Samsung |
ST Micro Toshiba
Intel SanDisk
IMFT
Micron | Qimonda |
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— 2

-fee OEM other MFG  [4+—

CARD & UFD
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» PKG/Testing Equip.
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61 DRAM
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2006  Micron 6.88 Lexar Media
SanDisk 135 msystems
4 (4-bit-per-cell)
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4.3.2

NAND
64 NAND
4.3.3
2005 :Apple 1.8
NAND 2006
(Hynix Micron) 60%( 65)
25,000 120%
30,000 1009
25,000
BO%
20,000
B0%
15,000
40%
10,000
5 000 20%
0 20035 2004 2005 ZO0065(E ) 2007(F 1 Z2O00ECF Z2O00F 0%
e T HRAR 5 4,22 5,950 10,743 16,567 22,581 25,541 31,210
et 0 0 A Y 105% G559 p) a7 SETE 153% 215
65 NAND
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NAND Flash 2002 DSC Phone 2003 USB PDA
2004 Camcorder 2005 MP3player 2006 GPS
(DSC 4420MB/unit MP3 player
2413MB/unit USD1123MB/unit Mobile phone379MB/unit)( 66)

= 2000 £2010ENAND FlashE £ 58 H £ %

W.{i : Bilions of MB
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66 2000 2020~ ‘NAND Flash
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Samsung Toshiba ” . 50%
(1GB price)( 67)

Wizl MB 3000 - i* 35 m{z
2500 - 30

2pnn b ) 7 ==
4 2o
1500 L
4 15
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o

so0 | o e 1 5

o 2002 2003 2004 2005 Z006CE) Z007CF) o

[ ——DsC () BE 30 1,485 2,570 <, 420
= = EE 150 BE 51z
e APS L=k 1,287 2,413

tuobile Phone EXl ES) (B T8 o0 370
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| =05 B Orive 108 10 555 580 1123
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1GHE B Price (5) EH 15 ] 5 e
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67 NAND Flash
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2003

68) 2005

TR T N

NAND 59%(
( iphone)
ol <
Y0¥ NAND Flash Demandsg kb &

100%

B [ z T

[SIEANEE SRR EERE  EEEE

A% [l ve & (e - g b e

% - £

i FLIE] 2d 2006 ANk 2006F
LI 10% ) A% A% A% 3%
BConsobe MO Navi] 0% [ 0% | 1% [ o% [ 6% | 6%
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68 NAND Flash

56MB

[26]

1
1

“Retail Card NAND

1IGB (69
Sony Ericezon 02500
3500
3000
24A00
2000
1500 Mokia MEZ ;l
1000
- i H
MB/unit i
—— |
2005 2006(EY | 2007(F) | 200&F) | 2009(F) | 2010(F)
O on-Board MAND 1 12 25 a7 103 273
B Retail Card MARND 12 a6 275 E11 1243 2257
OBundle Card NAND 14 31 TE 126 2 Ta5
69 NAND Flash
[26]
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2, (PC)

PC Windows Vista NAND PC
6.7% ( 70) 4 3420 ( 400 )
100 %%
0%
BO% |
A0% |
20% | -
L}
0% ]
2004 2005 ZO08E) | 2007 F) | 200=20F) | 200F)
m Hon- PC HAND demand 10000%, 400,109 Q7.7 [=cPcy) 21.7% T 5%
@ Total NAMD demand from 0.0% 0.0% 23% (=3 158.3% 20 5%
HB Fis

70 NAND Flash PC
[26]

Vista ReadyDrive ReadyBoost
ReadyDrive (Hybrid-HDD) ReadyBoost (enabled by UFDs/Flash cards)
Intel' s Robson Technology Hybr‘id-HDD‘ Solid state disks(SSD)

PC (15)

5 Vista ReadyDrive ReadyBoost

BrER 2 3E FeadyDrive | FeadyBoost
S Microsoft VWindows Vista
E[E8] IROS - BT EEhEE
FHEELRE Pition EMD
HLIENAND Flashi{ZEEE -
=S Hybnd-HDD Hybnd-HDD ~ USBREEHE -
SR
st MIA fERAES 128hitin=
(28]

2007



2007  NAND PC NAND Hard Disk Drive
( 71)

e _ ANAND Flashd &% wpunp Flashi ANGS A &
é_ A %& Sod St Lagiop ] Seny Vieo F'“""'"['J HEHICES  BAFE—Santa Rosaf g
Sohid state disks(SSL)

Ll/w e NAND Flash Hybrid-HDD Robson Technclogy |
NAND FlashPis - LREFSE B | Hybid-HDDRY E R
(% il AP
TR SONY * Samsung | Microsoft ~ sefgme= L _ el
Samaung + Hitachi Il T
Global Sorate

Ta:imolgiﬁ
ifries |C  EFHDD ) BINAND FlashiEFHmiBThas
FEREY | STDmrT 4 HtREsR RS 4T

g WE . 2§
LHHH 2006Q3 2006Q4~200701 2007Q2
FRIES REHE 200904 200804 200804
71 NAND Flash/ 1771 pC
(28]
MB NAND 25
NAND 1.8
(Micro Drive) Micro driver 2009
3 ( 72) Apple Dell HP Sony 2007
NAND (Notebook NB)



1 Ao mds
10 — i
A TS |
WE | yome AR08
DDRZ | SUMb"5aaMHbe | 50 gl 8
NAND Flash | 7Gb 2156MxE a7 | ns 41
TR |0 mEEA |85/ 108
L | 008 2000 8|1 8
; BOGE 3004 T R
p e ] T
e
mﬂgﬂ 6008 1001 T [
& 0008 1267 i) |
: 58 1323 05 || L
40058 267 oy ©
w— it (P4 ND Plash /MDD | 15 [} 1] o pid L] i1 ] 4 3
s | -ich HOD st per BB | T8 | 450 ] 0B 3 o | @3 | D4 | 00 | D07
ol g D) Flaesy oo pareB | 11545 | 4590 | 303 [ 2004 | 1088 § 485 | 141 - ]
72 1.8-inch HDD NAND Flash
[26]
(1)Intel Robson
NAND Cache PCI Express
SATA o Santa Rosa
o3
Napa ( 6) 2007
E Haps Santa Roes B - -
ETT [Tar, [Tt 0TIz S
L]
FSB 925 1, 333MHz §
CFU Pentiam D) | Core 2Dno | Come 2 Dun BB 64 115
P FSB S5 1 3330MH:
s Be
e | e K| gum DDRS-1 066MH=
& 2 {6 USH Parte
ICHE ICHY
- SATA 6% 60bps
CPLU Came [ [ 2 [y Com d D FSB SRR 00MH: ;
e a0 are {=] o 'Hmﬁd mf&
F5B S S00MHz
945 =
T * . 4268 DDR2 66 TMHz
58 HD Audic
‘;f;ﬂ T ICH? ICHE | # 2 USB Ports
FE #) MAC B
WLAN 20211 alg B02.11 algin | MO% B0211n
WWAN " Windige | DA HSDFA
o’ HAND
i - Robeon | o sh on board 156ME ue 51FME "2

(29]
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(2)Hybrid HDD

NAND Cache
( 73) 2006 8 Flash Memory Summit
Microsoft HDD  Windows Vista PC 128MB
NAND 256MB 512MB  NAND Flash
1GB PC
[ mt | w0
FRs MEEDS | MMBMERCH
bt DESREE
Srkipbn | PEEMRIF
Hpbet oG Bookmy 851
3. 58 2 R ETD 0 e et e 39, Tunb a2 D
s m;n_' i ks iy | ICBTEE
volatile cache Et3NEE | ESHE - AR - HDOVD 6 - ARy BB H
a3
73 HDD
[29]
(3)SSD( )  Cache HDD:
Samsung 2006 9 40 Samsung Charge
Trap Flash (CTF) ( )-* 32Ghit NAND Flash
GB 20 256 GB NAND
2008 1.8 (7
7 Samsung Roadmap
e i iz i sh 5 B &R | =0/168
S1Mb | 150mm  [SLC | floating gate 1342 mm . e L)
1Ch 120mm | SLC floating gate 1310 mm DDR2 5 12Mb5 33MH; 50 g
2 9mn | SLC floating gate 1440 mrn NAND Flash 2Gh 250 M 47 2138
4 Omn  |MLC | fosting gate 1483 8Gh EZ‘W}{B 14-EE il
43 T |SLC | floating gate 1428 mrn 3??8 il %&uﬂ;ﬁ %EE/;GB
4%k f3mn | SLC ﬂnatl:ng gate 1240 rarn 15 R "m0 o
16Ch S |MLC | floating gate | 25 HIGE 133 19
320 40w |MLC | Charge Trap Flash 20084. 7/ GBY | gty B0GE 157 16
6407 dime | w4 MLC | Charge Trap Flash 20092. 3/ GBI | yan 1B0GE 100.0 08
128Gt | 30mn | @MLC | Charg Trap Flsh 20101, 2/ GB 15" ggggg Egg gg
2560b | 20mn [x4MLC | Charee Trap Flash 0068 T 07




CTF Spansion MirrorBit Nor

- - K
TANOS ( k )
Spansion MirrorBit Nor
20% 28%( 8)
8 Samsung Roadmap

MirrorBit Quad CTF

1989 , 2006 Spansion 2006
/
( ) ( 1/5)
1/5
(TaN)
1/10
( )
>S50 m 168B >20m >20m 2 5G3B
40 % 20 %
30% 28 %
[31]
(4) NOR
NAND NOR Flash
2005 NAND Flash NOR Flash( 74)



120%

SLC MAMD Flash SLC NOR Flash 20,000

Densit 512 Mbitz1 - 2 Ghit: =123 Mbit

Read Speed 27 MBE3 25 MBJSW

(Wirite Speed S35 MBfs 015 MBis

Erass Speed 85MBis 0032MBfs 16,000 T 90%

Rewite Speed TA MBS 0.026 MBS

Intertce 10 - indirect access Random acoess

Application Program/Data mass sorage | eXecutelnPlacs

Cost-per-hit Loy High 12,000 T 60%

File Storage Use Eas: Hard

Code Execution Hard Easy \J

Capadit High NG Low

Adtive P ower Low M High 4 8,000 -4 30%

Standby P over Middle V Low ¥

Cost-per-hit
4,000 -4 0%
0 -30%

= NAND lagic gate 4503 | BABT | 10G46 12861 | 14827 (17758
mm NOR logic gate T237 | 943 | 7942 8322 (8675 | 9076
=a=NAND logic gate YoY(%) | 105% | 44% | 65% | 21% | 18% | 20%
—B=NOR logic gate YoY{%) | 30% | 26% || -13% 5% 4% 5%

Write Speed
=—MNAND Flash =——MOR Flash

74 NAND NOR
[26]

(5)NOR

NOR Spansion 2007
NOR 4 / MirrorBit Quad

4 / 256Mb  2Gb

2~3MB/s 10,000 NAND

NAND NAND Spansion

( 40% ) effective cell size

NAND 30%

2 / Strata Flash

Spansion  MirrorBit Quad Flash
16 4 /

(79
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MirrorBit

(ASSP)

MirrorBit 26 /B iC MirrorBit Quad 4{I5T/88
‘I!I# wERE

418
R

| e
aram

75 Spansion  MirrorBit Quad Flash

[31]
Spansion
MLC :
s ;.“-ﬁ.ﬂ.-‘-,;'-fii‘"{ | MirrorBit Quad
NAND NOR MirrorBit Quad
NAND
30%
6
5 MLC
MLC 32
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4.4

NAND

1. Samsung IDM Hynix IDM ( ST SanDisk)
2 Toshiba IDM (  SanDisk)

3. Micron IDM ( Intel)
4

4.5

NAND

76 NAND

[1]
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o e n o

Sinm

40nm

4.5.1

Toshiba

Tlinm

uw o ow ot oo o

Blinm

77

SameLng ~ ToshibafatIsiz s
e E S

",
"

‘l

"

Bhinm

NAND

90 m
HFE Bz i Fiif L
312k 150nr0 SLC floating gate 1348 porn
1Gh 120nm SLC floating gate 121.0 ram
2Gh Olmm SLC floating gate 1440 rarm
4Gk S0nza RALC floating gate 1428 mm
40k Tinra SLC floating gate 1438 mm
AGh B3nm SLC floating gate 1240 rarm
20 B3mm LS floating gate 1356
165k Sinra RILC floating gate
220k Az LILC Charge Trap Flash 20084.7/ ®
G4Ch A0nra 34 MLC | Charge Trap Flash 20092.3/ 6
12800 30ran x4 WLC | Charge Trap Flash 20101.2/ G
23650 20ran x4 MILC | Charge Trap Flash
roadmap
(32]
Samsung

100%. L
Bl l
"
.
G0% | P
40% .'
0% | =
0% Hpme= Hinis nirger | Ivinaen Wicran Wigmn  |Awrarer |[Mavaser |Semeveg [Samzang | S T-h8ors | ST-Miom | Toghibs | Teahits
" o oe [ as [l [l as a% e oy o o m
[mak: [ 53 1% 1% 1% [0 [ % [ 113 it [ [ 134
IEHGI:- [ my i [k i i R TR 38 FIR ] i1 LS ia% 1445
I!EI]. 13 M a3 1% 0% a3 0% 0% K] 123 1% BT 13 % 0%
(=18 4B4 4% LR a4 11 124 164 I8 114 1114 1TH [ELS B %
=513k 9% 14% "% 1% 13 L3 BT TR 143 113 T 13% B 1%
i 2=akh an CE] 3 0% [ [ (LK EEE] ilE [ 0% CE] ifE 4%
= | kb L] ] K] [ [ [} 14 % B EE 167 B 10K 55
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NAND Flash

SLC 10 MLC 1 ( 79
Single Level Cell (SLC) 1 bit
® MLC architecture attains higher
storage density than SLC deas
as SLEC could onby houses two
binary valises in one time while
MLC could howse more than four.
Fiosiig ks [= As MLC could utilize present
Storage Layer 0 “w"mm:':;:dt:n :.::“
-u:-ulr_l e saweel arlmm wl!:h
Source | N+ e | munts SEiRSEly o sable yRekds
8 However, MLC device could only
bear 10,0068 read and wrike
Multilevel Level Cell (MLC) 2 bit e, welhibch s much bower
than SLC's 1o 0. For the
data transference speed, MLC
anjoys a three-fold speed than
SLC but it also conswmmes more
Floating gate power at the maantime.
Borage Layer [
Source M+ N+ Drrain
nwn’ﬁ'gi
79 SLC MLC
(1]
MLC ( 80) 95%
Samsung 50% 70% Hyni
100%
80%
60%
40%
20%
0%
2004 2008 2006 2007E 2008F
O 3-bitl F MLC 0% 0% 0% 0% 6%
| 2-hitMLC 17% 24% 49% T7% 81%
@m5LC 83% 6% 1% 23% 13%

80 SLC MLC
(28]
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OneNAND  ( 81) NOR

NAND NAND OneNAND
NOR
[ ceu | rRsTE neER
(HE S H)
: i
e S
mia
DRAM
OneMNAMND 256Mb
5120b
[ LLF ] =
81 OneNAND
[31]
45.2
SanDisk SAMSUNG SONY( 82)
MR
2005FSamaungy
BE IR
MMCEBER
z MMQHHE s A MOk L,
19978RRELE e, or M icro WmRiFsh
199&?&&. anDisk "'—.‘ 200 H

SIEMENS 200!*&&.
Sandisk

OLYMPUS

19 1995 1996 1997 1998 1999 2000 3001 200

% }'ﬂﬁiﬂﬁ.ﬂl D FUJIFILM
¥ ourMPus - 200254 b m

SHER RERIDSC rogHIBA

SONY

1990EHEY » & : DBEEH.&BGB

82

(1]
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Minimize Micro
'r b
sD B M MSDuo | microSD PANE MS-micro
plus mobile micro
Form
Factor
L
Bl N
20. M =
Panasoni Farcsani Panasoni
3 SanDisk _ Fujifilm = SanDisk c
Vendor Toshiba TR Sony SanDisk Ol Tushi_ba Inf Sony Toshit Samsung Sony
SanDisk S SanDisk
Size (mm) | 243721 | 24+32%14 | 24'50728 | 4323633 25'7?”'1' 20027414 | 24*18'14 | 2003116 | 1‘:]5'1- 12414411 | 157125%1 2
Pin Count a 13 10 sp 18 11 13 10 11 10 1
Up to Up to Up to Up to Upto Up to

wite | 2o | aovgs | 28 [ R | swes | SRS | owes | oowes | GRS | doums | 2wsls

Sl 18MB/s 3MBls 15MBls 18MB/s TMBls 18MBls
Voltage 33v 33V 33V 3.3~5V 33V 33v 18~33 33V 3.3V 18-33 33V
DRM CPRM Mone M"QL"G‘“ None None CPRM None | MagicGate | CPRM Norie MagicGate
P PITIS NA Sony Free Flo PITIS NA Sony PITIS NA Sony
Ly 1999 1997 1988 1994 2002 2003 2003 2003 2005 2005 2006

Source: MMCA, Memory Stick, SanDisk, Wikipedia, compiled by DRAMeXchange, January 2007

e

.
|

L
DRAMeXchénge

2006 “orrmicroSD  ( 83) MMC
Samsung 6% +'SD SD card (
10)
10
WIERIE | B | 2006 2HPE | Full Size | woind Size | nicxo Size FE FR4E fat
SEEE i EE
[

Compact CF o |- - FEEREDIC | HELRRMNER
Flazh 10t
Sauct Media [SM . o - - il B DB EH
%D Hotue xD y Q - &1 - OlympsZ
Card DECEARE
Multi Medis  [MMC 2% O [REMMC  MMCwmpw [FEEFE- Luic[MCHESTEES
Caxd (R RriE3RE) SEMALE
Mevnory Stick [MS 18% O MSDuo  |MSwic |FEBSonyffIFSF

{TEHEESE ~ DRC
Secuse Digital [SD 54% O lmmaED micmo SD (R {ET ZAYE | BMECE FEIE
ey caxd #ih IR

[35]
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SD (Secure Digital) Card  [EE3

sD minisSD microSD % Launch schedule:
; 1999, 2003, 2005

# Association: SDA
www.sdcard.org

# Background:
3C LLC = Panasonic, SanDisk,
Toshiba (SD format)

4C LLC = |IBM, Intel, Matsushita,
Toshiba (digital content copyright)

Copyright protection: Yes,
CPEM

Write protection switch: Yes
(only SD)
Expansion modules I/0; Yes

Applications:
DsC, FDA, PND, Handset

i

2003

Major applications

DSC PDA & Handset Handset

*+4 4+

—
ElFl_._A_._M&Xﬂha nge

4.5.3
NAND
yic
&
HEAE: ARl WHELE:W¥NY
& (#H) (B %)
NAND Flash
B
HEEE ARl SRAE REM
i
5 5

7 - ]
& £ B ¥ A

84 NAND



4.6

4.6.1

NAND
87)

4 0%
35%
30%
25%
20%
1.5%
1.0%
05%
00%

2006 2007
B84 © million 1Gh equiv.
40000
35000
30000
25000
20000
15000
10000
5000
O 2005 | 2006 | 2007E | 2008F
== Supply 1810 8718 14253 34654
= Demand 1758 | 5538 | 13931 | 34124
—a—(SMO-1)<100% | 3.0% | 3.3% | 23% | 16%

% NAND Flash % & #t & 5%

W - milion 1Gh sgus.

£.000 9.0%

S.00o0 T.5%

4.000 B.0%

3,000 4 5%

2,000 A.0%

1000 1.6%

o 0.0%
== Suppiy BT {1080 | 1634 (2914 ) 25T ) 2RO | B | 4B
— Dirand B20 | 005 | 1550 | 2007 | X34 ) doe | 03 | aFT
== (SO V0% | S0% | 7.0% | 20% |0UB% 075 [1.0% | 0.5% |1 2%

Source | §EigE REHERT - 2007003
T ——— | 12} 2RAETET

86 NAND

78

(28]
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4.6.2

ZO0SEE -~ Z00CEE N AND Flask Gt #9500 B i Rl

L B

=T

A%
5%

49 |
L
1% [
1% |

0%

-85 L
-3%

-31%
=%

@

ez EE
205

|<.|4

-0 O

0B

1.1%

1B

-1

A5

1. oLF%m | -3 0%

T T

103

1=a

1z

1m1

B4 ar =4

20D by

=

3o 3

3% 4

Z8. 3

17,3

A0 1 B E =

Sonrcs T HELEE NE W IRRR

——PCL

[-F] L

S81 |

4=

B 0 EST

87 NAND

Samsung( ) Toshiba( ) Hynix( )

2005

ONFI (Open NAND

11

Micron

S43

35 B

(32]

¥

o3 | 1r3 | 148

(95%)( 88) Intel

sh Technology(IMFT) 2006

NAND

oshiba  Hynix IMFT

20065 NAND flash ifi {55
W kash
g O
Y 1% Eamang
4%
o Cihers
= (M Fiash
O HyrSTM 0% | 8% | 1% | 21% | 16% | 19%
O RenesasPowernip | 4% I 5% ey 1%, % [mnuﬁuﬂ:_/
W Toshba/Saris | 35% | 26% | 3% | 31% | 35% | 33% %
m=ec B1% | 56% | 49% | 43% | 41% | 39%
88 NAND

7
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4.6.3

2007

12
(

NAND (bit growth)
( 89) Samsung 2007
Toshiba 12 (Fab4) 2007
80nm DRAM NAND
90)
BH{s7 - GB eq. m units
SE";S“" Tmm S;—g:ﬂ: ::I:( m\f (Microny F?c::a bpcrel.| & | otrers
0% | S0%  [SThiicro [produdti| Irtel)  |Powerc |founcdy | (Infineo
0 Actual 2006 2348 1160 629 123 139 210 88 36 a8 1]
A chual 2007E 5126 3021 2174 2823 27 @55 105 =10 o 1
===yt cyovevth 2006 147% | 213% | 425% | 361% | 234% | 466% 89% 395% T
it growth 2007E | 118% | 160% | 246% | 129% | 95% | 355% | 17% | 67% |-100%
1500
1200 |
Q00
600 -
00 +
0 4
2005
B Other 44 52 8 B5
| Micron 16 o 40 50
o SanDisk 40 &1 &2 73 B85 100 115 130 140
OToshiba | 115 | 126 | 137 | 148 | 160 | 170 | @5 | 200 | 220
m Hynix 165 176 195 220 240 240 250 255 255
B Samsung | 32 306 a7e 400 466 502 515 552 570
90 NAND
[32]
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4.6.4

2006 ASP 50~60% NAND 20% (
B60%
50%
40%
30%
20%
10%
0% . "
SEC Taoshiba Hymix
@ 2005 48% 28% 42%
W 2006E % 20% 29%
91 NAND
[28]
4.6.5
DRAM
(ASP down 50%/Y) Renesas
) 92)
#zZ G#E DRAMBEHE
el B = iR
.l 2006/01 | LA S2 @M E THE®.E | & Renesas fE T 10b B
120 R HEELT | WIS A A AE 5,000 F Renesas 2007 1
90 F X LLF Flash 5%
38 22 & {E
2006/01 | Bd Renesas EET 1CGb
Flash 3% 7§ 7% 48
2006406 | B Renesas ¥ 8] 4Gb | 1. B Renesas £ T B fE 8 Vantel (
Flash #5348 » & |Z= @8 A 1 B
EFEEAEEHBEE 2. 2006 ££ Q2DDR L E @ )
TO00 Eon BLIoH 12M | 50~60% @
i 2= & R = e ATER - BREF (SIP)
FIE 100% » T8 E £ T %
e l20FHEE A B R
1IZM =R s HEEE
S A4S E 10 S BB
iGEES Z006/03 | IE B 5% P 80 & i 8 FH HH 45 7Y 2008 8 DRAM =
A, Flash &= HE B9 FF HUA &5 SR 10% E G Y
B BEBAFIREEATH | A
B 18 T4
o T 200511 | FRFE 12 W R B A5 RF | FEBF 2007 S BN EE
=3 1Gb:2008 & L E Mis R
2006/01 | IE A MEBREE L2 =
nf R 60 A, Flash £ 2
5% F& EE
= BE T4 - b = B8 1
92 DRAM
[34]
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(Renesas Technology Corp.)

2003 4
1 500 ( 55% 45%)
NAND (
IC ) 93)
SD CONTROLLER BLOCK DIAGRAM
Connecmraﬁﬁmim .....
%ﬁé RIS
...Flash hlemory . t
o Card D EERE 38 :
Ve EEHGE o HgE
DR FHEBR
DRl bk R G
H = :
o Controller ; B¥Ef « S B &
L3R AR B AU
YR ﬁ.%ﬁﬁ‘ﬁ’j SD CONTROLLER BLOCKDIAGRAM
e Sl | wbE | e | e R
S g B R e 10 R ;
FEEREELEPS Lexar [{#
% =
Samsung Electronics i %EH;H%I Hia [BIE - Bl =30 W Micron BT ¢ 18 Samsung
s Electronics fi B 52 B
Tashiba FIRE  ABEA |IRE-FER| Kingston | BB - B i
Hyrnix Eaed
(RS BTE - e (B dRE | A SN Mis
SThlicra) raii3
IM Flash B F R R
(& Intel Micron & | » SEENHTE| N FRl | B omE | - mEDS IntelinE
EFalar) B RIS AT &
93 DRAM
[34]
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4.6.6 NAND ( 94)

1.
Intel  Micron IMFT Renesas
2.
3.
?
4.
Spansion  MirrorBit Quad Nor flash
5.
(95%)
6.
DRAM NAND DRAM
IMFT
( )
ﬁ h
?
(95%)
NOR flash




NAND Flash
- %
% DRAM
4.6.7 DRAM SWOT ( /95)
(Strengt h) (Weakness)
1. 12 ( )| 1.
2.
()
3.
(Opportunity) (Threat en)
1. 12 1. (PCM) ?
2. NOR FI ash?
( SpansMonroRQBat

95 DRAM SWOT



DRAM NAND

5.1
5.1.1

( 96)
DRAM(98.4%) Samsung Qimonda Hynix Elpida Micron
NAND flash (95%) Samsung Toshiba Hynix

DRAM NAND Samsung  Hynix
DRAM 45.3% NAND 64%
2006 DRAM ™ 2006 NAND flash

M
Renesas 1% Others

© HynkiSTM 3% 1% Samsung
Elpida +’f”cr(;n0thers Samsung 21% 4%
Powerchip (14.6/?%))1.6% 28.5%
15.2%

Qi monda +

Hyni x+ Nan(y@. 6 %)
ProMOs. 1%) 22.6% Toshiba/SanDisk
20. 9% 31%

96 DRAM  NAND flash
(1]

STM  STMicroelectronics( )



5.1.2

Samsung(14%) Hynix(8%) 2006 Q4 8 NAND
70nm DRAM NAND 10% (
DRAM (Micron)(4%) CMOS
40 ) 8 DRAM
2007 Q2 DRAM ASP 60%
[ ——NAND flash 16Gb - spat —=— DDR2 512Mb - spot |
US$e0 | Us$T
Us$ED - 7 Usée
= ussan | j s
= - Uss4
o usso -
g - Us$3
Us$0 - e
ussto - 4 Us$t
US40 LS$0
1006 2006 3006 4006 1007  2007E
97 [DRAM  NANDflash
2006 NAND - Norrrm DRAM  58% 50%
( 11)
11 DRAM  NAND flash
2006 s 20064 A5
HEARF(FFI/ H) (ta3dr)
DRAM 1844 340
MNAND 1066 169
NAND/DRAM 58% 500
Samsung  Hynix  NAND 404( )
22% ( 12)
12 Samsung Hynix DRAM NAND flash
FEACHHS (#3 AMATH A)
Samsung Hynix
DRAM(SIf) 202 270
DRAM(121H) 786 | "™ [ea | "
NAND flash (85f) 250 154
NAND flash (12¢f) | 173 | 1> 64 ie
NAND/DRAM 91% 65%

ORAM

97)

DRAM



1. Samsung 8 250( ) DRAM 14%( 13)
DRAM NAND Flash
13 Samsung DRAM NAND flash
A
ﬁg W B W TEER sl "
(FHH)
& Fah 5 1569 P / R Eiheumg Flash / ASIC / SEAM (.18 45
f Fahf 1995 E/ 1188 Kiheung ITAND Flash 009 [
& Fah 7 1995 e/ P Eiheung MAND Flash 009 &0
8 Fah# 1998 G E/ 18 Fiheung MAND Flash 009 ]
8 Fah4 1999 $2H / 3384 Kiheung AN Flash 009 75
8§ Fab 10 2000 25 7 3% Hwasung DRAM 0.090.13 100
& Fah 111 2001 W f TR Hwamng DR AM 0.0/0.1% &0
& SAS 1908 H 7 BAF] Austin DEAM ooRg.13 42
i 5 Line 2005 R E /3268 Kiheung Logic 0.08/0.13 5]
12 Fab 112 2001 P [ FEE Hwasung DEAM 0.0 70,08 15
12 Fah 121 2003 GEE 7 TR Hwamung WANT) Flash 0.070,09 50
12 Fab 12 204 G £ IHR Hwasang DEAM 0.07/0,09 53
12 Fab 14 2005 5 [ 354 Hwasang AN Flash 0.07/0.02 27
12 Fah 15 A0S Y | TEYE Hwarnng DR AM 0,070, 0% 50
12 2007 268 1 BT Austin DRAM / NAND Flash -
12 - A0 Singgapore DREAM f NAND Flash = 3
S ElC ]
2. Hynix 8 ~154(- 11Ty -DRAM 8%( 14)
14 Hynix . 'DRAM = NAND flash
A
| s Y WL T poall I~
(TH R
& Fah 4 1993 gk #)I] Lehon Foumdry { Memory 013 16
ft E&D Line 1990 SR 7 #4) (| Leobon DEAM J eDEAM {1} E] 7
& F3 1995 SE/EE Gomi Memor g/ SEAMROM 012 15
8 Fd 1991 B H /i Cheonsiu Foundry { Logic 0.3 2
& F5 1994 g H / 15 Cheongin DRAM / Flash / SRAM 0.13 40
3 B2 1005 wEH /1] Lebon DREAM LN ES 10
& M5 1554 SR #4) (] Lchon Flazh / DR AM / SRAM i3 A
& M & 1585 /)] Lebon DEAMSEAM 0.1 L0 13 a3
& M7 1996 SR )] Lehon DRAM /090, 11 o
i MB 1965 B/ T Cheongiu NAND Flash 0/090. 11 80
8 M9 2001 S E /A Cheongju DRAM { NAND Flash 0090, 11 5]
& E4 1997 22H / B JE. Eugene DREAM { WAND Flash 0/0/0, 11 &0
fi El 2000 6 B ¢ i Cheongju DEAM / NAND Flazh 0l 10
& - 2006 EPEJ’J'JEShmghai DEAM / SEAM / MAND Flash | 002011 A
12 TI10 05 S E /i Cheongiu DEAM { SRAM { MAND Flash | 0.07/0.0% A0
12 - 206 £ &b Tarchnng DERALL 007009 1]
12 - 2006 tﬁgij:jishanghm DEAM /fESEAM F MAND Flash on7 7
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3. Micron 8 78C /) DRAM 4%(  15)

15 Micron
e
| ma e st A =R e
(THH)
8 Fah3 (IM) 1989 Beise,U 5. HAND Flash 0091013 25
8 Fahl 1961 Foise,1T, 8. DRAM/ CMOSSHEMBIE | 009013 50
8 Fah2 1985 Boise I §_ DRAM, CMOSBHESRNEE | 000013 5
] AMOSE2 1906 Averzano DRAM CMOSEHREERIEE | 011013 50
8 KT Fabl 1902 Nishiw aki-shi Japan | DRAM/ CMOSESRME | o 50
8 KT Fah? 1996 Wishiwaki-shi, Japan | DRAM/ CMOSSpeanis | 011 25
8 Tech Fabl 1008 Woodlandz Singgapors DRAM CMOSE#RERNEE | 00901l 36
8 Tech Fabl 1993 Woodlands Sinzzapore DREAMN 0.0%/0.11 14
12 I 2003 Mlanassas, Vieginia 15 HAND Flash 009011 28
12 Tech Fabl A6 Llanassas. Virgiuia, U5, DERAMN L] 5
4. Toshiba (2006 160 /)
Fabl (0.11um-90nm-70nm 8 NAND Flash)
Fab2 (0.11um-90nm-70nm 8 _ NAND Flash)
Fab3 (90pm-70um 12 _NAND Flash)
Toshiba / SanDisk 12 (Flés‘fh_Auiance) 50.1% 49.9%
- 2006 =8 . 12007
7,500 e o
5. IMFT (2006 50 /)
Fabl 8 (90nm)
Fab2 12 (70nm)
Fab3 2007 12
NAND 2007 70
2008
DRAM 8 DRAM
ASP(average sale price) 8 2007
NAND Flash



5.2

( 98)
DRAM PC(Desk&NB) Handsets Server & Workstation Graphic buffer
NAND DSC MP3 Cellphone USB
2006 DRAM 2006 NAND Flash
Consoles
Digitd TV Game PMP Navigation  pc
206 L7 other 5B e 1w O DSC
Graphic buffer 9.5% 0% 35.0%

4.3%

Server &
Workstation
4.5%

Handsets
64% PC(Desk&NB) Cell phone
7L6% 18.0% 26.0%
98 DRAM  NANDflash
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= | b ) -
DRAM  NAND “ .~ &3 1 (
) k. Saa? DRAM  72%
PC  NAND T,

1.DRAM  Windows Vista (1GB->2GB) ( 99)

WIN NT4.001886.00) WIN 2000{2000.01) Visea(2007.61)
Mlin memory 16MB i memary G4MB Min
T MIMB-1GE
NI SE{ 199801} VI XF(2001.10)
Wil Mir marsary 16ME | min mensary siaas Jihack
oo | l { 120
o WM 945 195,08 WIN ME{2000,09) - 10
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I'Imll'l'bu'!f I'II'I'l-'I1M:J'F : | m'
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2.NAND (100MB->3.3GB)( 100) NB (2.3%->29.5%)(

Somy Ericcson WES06
3500 ———

3po0
a Mook iaB139

2500 |

2p00 |

1500 | Hokia N3 F

1000

% o MBAmit S500 i H D
— i

0 2005 | 2008(E) | 2007¢F) | 2008(F) | 2003(F) | 2010(F)
0O On-Board MAND 1 12 25 a7 1003 273
B Retail Cand MAND 12 56 275 511 1243 2257
0O Bundle Card MNAMD 14 31 76 126 M2 798
100 4377 NAND flash
oI5 e, 18]

. 1
i | A
g .
1

L=

100 %

80%

BO% r

40%

20%

0%

205 | 2006E [ 2007F 2005 F)
701 5%

20.5%

|I Mon- PC HAMD demand 1000% | 100.0% | 97.7% Q33%

@ Total HAHD demand from | 0.0% 0.0% 22% 5%
MB PCz

101 NB  NAND flash
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DRAM NAND 10
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PCM
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5.3.1 (FeRAM)

100ns FeRAM

10 16
FeRAM CMOS SoC EEPROM
SRAM FeRAM
MRAM MRAM
5.3.2 (MRAM)
MRAM 1972 1992 Honeywell
( 103) GMR TMR
MRAM 10 12
(DRAM 9 8 ) 50ns  (DRAM 10ns
10ms) GaaEee, MRAM
MRAM
Word Line
103
[31]
53.3 PCM
1968
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10 14  ( 104) Ovonyx ELPIDA

IBM Macronix
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DRAM  NAND

SWOT BCG
6.1
1.
DRAM NAND
NAND DRAM
2.
PCM( ) DRAM( ) NAND
( ) SRAM( ) ( 1C22% )
3.
DRAM ( )
( ) 10 DRAM IDM
1z ) NAND
DM ( ) (
4, (Demand)
DRAM NAND
( ) Windows Vista NAND



3 (CAGR) 12.1
22.8%

(Supply)
DRAM NAND
IDM
DRAM NAND flash PCM
DRAM ( ) NAND
(IMFT ) ( NOR Flash
Spansion  MirrorBit Quad)
DRAM NAND
12
? 2008 ( 7%) 2009 ( 4%)
DRAM NAND 70nm 12
12 ( 30 ) (>10 )



6.2

BCG ( 17)
DRAM  NAND
DRAM NAND GDDR DDR3
17 DRAM BCG

1(S1): DRAM
DRAM NAND (commodity)
) ( ) !
12
(DRAM)
(NAND GDDR DDR3 )

( ) (



2 (S2): NAND

DRAM (
!

NAND 12

3(S3):
(commodity)
) ( 90nm)
4(S4): 8
8 8
8
) 8
)
( 90nm)
5(SH):

(GE) (
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