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SK Hynix : # 47— # &= #
Samsung : i &
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DRAM Micron : & £ &
NAND Flash | Micron @ &3 R I~ ~ jif & - Lehiﬂ

Samsung : ¥ Fab 13&15&17 ~ T
#P1~P2
SK Hynix * 1" M10&14&16

'|-.Samsung : 45 Fab 13&16&17 ~
#P1~P3

SK Hynix * 1" M14 ~ #
l\£11&12&15
7

icron * 10N V10X ~ 10A

Kioxia/WD @ = P # Fab2~7 ~ £+
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5t B 2DRAMS i:70% 2}

¥ e (MS$) ik 5 (%)
3Q22 2Q22 QoQ% 3Q22 2Q22

1 Samsung 7,400 11,130 -33.51% 40.69% 43.49%

2 | SK Hynix 5,242 7,011 -25.23% 28.82% 27.39%

3 Micron 4,809 6,271 -23.31% 26.44% 24.50%

4 Nanya 362 613 -40.95% 1.99% 2.39%

5 Winbond 150 239 -37.24% 0.82% 0.93%

6 | Powerchip 38 63 -39.68% 0.21% 0.25%

Others 186 268 -30.60% 1.02% 1.05%

Total 18,187 25,595 -28.94%|  100.00%|  100.00%
T %k © DRAMexchange ~ # 5 HAEF & & & %@M‘@W oma s
¥ PR 10 i - F# - LB




M e 4 NAND Flash? i 350%

o WA X ik F50~55% o SK Hynix 2 90 % ~ JcpiIntel NAND z& i 48 27 | 'va s
¥ % =3¢ B+ @& 4 3D NAND Flash¢h Fab 68 > 2021# & % & § - 1§
B %2 PPEROE B 103/2025% & 0 Je s SK Hynix 03 (k42 5 Kioxia

o iTH {S.}";\m TRsdp 0 B AR A 0 e Samsung A % iy o

¥ 1c(MS) ik & (%)
3Q22 2Q22 Q0Q% 3Q22 2Q22
1 | Samsung 4,300 5080 -28.09%|  31.36%| = 32.99%
o | SKHynix 2,830 3,615 21.72%|  20.64%|  19.95%
+Solidigm

3 Kioxia 2,539 2,832 -10.34% 18.52%|  15.63%

4 WDC 1,722 24000  -28.25% 12.56%|  13.24%

5 Micron 1,688 2288 -26.22% 12.31% 12.62%

Others 634 1,009  -37.13% 4.63% 5.57%

Total 13,714 18,124 -2433%|  100.00%|  100.00%
T kh © DRAMexchange ~ ¥ ¥ A F 5 R c’@cﬁé[(d/c@dm U
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DRAM # 42 i35 Fl¥E

e 2008+ —40nm-class — meaning 49nm to 40nm and classed as 4x
e 2010+ — 30nm-class — 39nm — 30nm — or 3x
e 2011# —20nm-class —29nm — 20nm — or 2x
e 2016# — 10nm-class — 19nm — 10nm — or 1x
Ixnm — 19nm — 17nm (Gen1) lanm (Gen 4)
lynm — 16nm — 14nm (Gen 2) 1bnm (Gen 5)
1znm — 13nm — 11nm (Gen 3) lcnm (Gen 6)
Company 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
18.5-
Samsung 26-2x 20-2y 1x 16-1y | 14-1z 13-1a
SK Hynix 30-3x | 26-2x 21-2y 17-1x | 16-1y | 15-1z 13-1a
Micron 31-3x 25-2x | 22-2y 19-1x | 16-1y | 14-1z 13-1a | 12-1b
TR kiR ¢ ICKnowledge LCC ~ 3 & # AR s %c}bddl%dm -
H AR 13 £d - & & - £ B
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Samsung LPDDRS with EUV

e Samsung 1z 12 Gb LPDDR5 DRAM#: * EUV¥ 1y 12 Gbix A 4p+ » Cell sizejt >

15% o D/RGGK 3+ AR #17. Inm(1y) "%

=L

43.98 mm?(1z) > Die sizeXg ] ¥)18% e

Samsung LPDDRS5 Chips

15.7nm(1z) 12 Gbj€53.53 mm?(1ly)j > ¥

Memory Capacity 8 Gb 12 Gb 12 Gb 16 Gb
Tech Node Dly Dly Dlz Dlz
Parent Product Xiaomi Mi 10 Xiaomi Mi 10 Samsung Galaxy Samsung Galaxy
Example S21 Ultra 5G S21/821+ 5G
DRAM Component | K3LK3K30EM- K3LK4K40BM- K3LK4K40CM- K3LK7K70BM-
Example BGCN BGCN BGCP BGCP
Die Size 39.12 mm’ 53.53 mm’ 43.98 mm’ 61.20 mm’
Bit Densoty (Die)  0.205 Gb/mm” 0.224 Gb/mm’ 0.273 Gb/mm’ 0.261 Gb/mm’
Cell Size 0.00231 um’ 0.00231 um’ 0.00197 pm’ 0.00197 pm’
D/R 17.1 nm 17.1 nm 15.7 nm 15.7 nm
EUYV Lithography No No Yes (BLP) No
Applied
T4 %R © TECHINSIGHTS ~ # & B0 6§ Bhgptad Bro namss
HE A 15 ad - &% - L8
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e Micron 1z LPDDR4 vs. Samsung 1z LPDDRS Chips -
e Samsung reduced cell size (Samsung 0.00197 pm?2 vs. Micron 0.00204 um?2) and D/R
(Samsung 15.7 nm vs. Micron 15.9 nm) °

Memory Capacity 16 Gb 12 Gb

Tech Node Dilz Dlz

Parent Product MT53E1G32D2NP- | K3LK4K40CM-
Example 046 WT:A (LPDDR4) BGCP (LPDDRS5)
Die Size 68.34 mm’ 43.98 mm’

Bit Densoty (Die) 0.234 Gb/mm’ 0.273 Gb/mm’
Cell Size 0.00204 pm’ 0.00197 pm’
D/R 15.9 nm 15.7 nm

EUYV Lithography No Yes (BLP)
Applied

%% : TECHINSIGHTS -~ # ¥ # A 7f &

#

3

16 Gb
Dlz

K3LK7K70BM-
BGCP (LPDDRSY)

61.20 rnrn2
0.261 Gb/mm’
0.00197 um’
15.7 nm
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e Micron# % # » EUV

*AERE > 2 AR EUVZ ¥ a32d o 5 & g} (Multi-patterning) % HjiF
Be i B KA

1Xnm — (c19-17nm) older DRAM technology process node size

1Ynm — (c16-14nm) mainstream DRAM bit production technology today

1Znm — (c13-11mn) 15% of Micron DRAM bit production in 3Q20

lanm process node — 1 alpha — volume production in first half of 2021

1pnm process node — 1 beta — in early development

Iynm process node — 1 gamma — early process integration

1onm process node — 1 delta — pathfinding and may need EUV technology °

o EHEAAT HML T L | FDRAM > ﬁk“‘mﬁi’*EUV’f‘?Micron’\é&éB'&‘%EUV

Log/c MP Node Logic 16/14nm Node Logzc 10nm Node Logm 7/7+nm Node Log1c 6nm Node Logic 3nm Node Loglc 2nm Node LD_(]IC Inm Node and Beyond

m | DRAMB/RBﬂm

Acron

2y nm (DDR4/LP4/GDDR5/GDDR5X/GDDR6)

A L L A L L L L L

Techinsights 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 oo oo e e 2030
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1132 /& 2+ o & B @4z H 2 A% K34 (Calculated cost per Gb » 7 3 3R]
e zk)
o EH A 5 > I L AR EH 4 Haﬂ&mﬁﬁ o
1.00
1.0000 ¢ .
i 1.13x/yr <
0.87x per node
'y . ’ 8
E a 0.70x per node % %
£ 01000 | - %
] £ 1.35x/yr ]
Zz Micron Act E 0.10
B Micron FCST 2
= SK Hynix Act s
L SK Hynix FCST 3
0.0100 3 S ynix Act = ® Micron Act @ SK Hynix Act
AINSHAEILE A Samsung Act O Micron Fest
Sam.sung FCST | ¢ SK Hynix Fest A Samsung Fest
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---New trend
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e 1] & T DRAM R £ & 4 5

o EMEATHCXMD)! Ai H10F ¥
A o 18nm#% 1T FIDRAM & ¥ 2%k & 4%
19nm41] 7 2|DRAM - # B * DRAMJy
DRAMJ 35 o

DRAM MP Node DRAM D/R 25nm, 20nm DRAM D/R 18nm DRAM D/R 17~16nm DRAM D/R 15~14nm DRAM D/R 13nm DRAM D/R 12~11nm DRAM D/R 10nm and Beyond

3B 425 19nm 0 F R-E O~ [TnmE A2 E
LR CXMT = e § A4 4 e h
2P A %3 18nm T s Ko TR K]

R

1x nm (DDR4/LP4X/GDDRS6) € BB  1a (DDRS5/LPDDR5/5X/GDDR6X/7)
w 1y nm (DDR4/LPDDR4/4X/LPDDR5/HBM2E/GDDR6)

2y nm (DDR4/LP3/LP4/LP4X/GDDR5HBM2) Jov 1z nm (DDR4/DDR5/LPDDRS/5X/HBM3/GDDR6/6X)

3x nm (DDR3/DDRA/LPYHMC1/HMC21IS) 1y nm (DDR4/LPDDR4/LPDDRS) 18 (DDR5/LPDDRS/GDDR6X17)
Mcron 2x nm (DDR3/DDR4/LPILP4) 1x/1xs nm (DDR4/LPDDR4/GDDR6X) 10 (DDR4/DDR5/LPDDR4X/LPDDR5/GDDR6/6X) 3
2y nm (DDRA4/LP4/GDDR5/GDDR5X/GDDRS) 1z nm (DDR4/DDRS/LPDDR4X/LPDDRS5/GDDRS)
B 2y (21 nm 1%) & 22 (21 nm 2*) (DDRA/LPA/LPAX/GDDRSHBM2) 1z nm (DDR5/LPDDRS/LPDDRSX)
3 (g X m 1x nm (DDR4/LP4/LP4XHBM2E/GDDRS) . 1a (DDRS/LPDDR5X/GDDR7X)
K hynix
2x nm (DDR3/DDR4/LPAHBM1) 1y nm (DDR4/DDRS/LPDDR4/LPDDR5/5X/HBM3/GDDRGX) “

@ N 2x nm (DDR3/4/LPILP4) N 1y nm (DDR4/SIEPSH ‘

e N 4x/3x nm (DDR3/DDRA4/LP3/LP4) N 1xnm (DDRA/DDR5/LP4) m A
NANUA L,
W 6x/4x nm (DDR2/DDRI/LPALP2) W 2x nm (25 nm, DDR3/DDR4/LPYLPA/LP4X, Auto) { ] >
- 1z o
winbond — = 1L
IR 1b
_________ PSMCE65/60/4030nm (DDR/DDRZ/DDRILPODR2LPODRY)
fim (DDR3/DDR4/LPDOR3/LPDE
)z & - =
JHICC me e o = ool | 8 )z
1c' 1ic b
axmt 5135 4l
L L L L L L 1 1 L &
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Solidigm WD/Kioxia Samsung Micron YMTC

Generation Layers | Generation Layers [ Generation Layers | Generation Layers | Generation Layers | Generation  Layers

V3 48 Gen 1 32 BiCS2 48 V3 48 Gen 1 32
V4 72 Gen 2 64 BiCS3 64 V4 64 Gen 2 64 Xtacking 1 64
V5 96 Gen 3 96 BiCS4 96 V5(2018) 9x Gen 3 96

V6(4Q19) 128 | Gen4(4Q20) 144 | BiCS5(4Q20) 112 | V6(2019) 128 | Gen4(2019) 128 | Xtacking 2 128

V7(2021) 176 Gen 5? 196 | BiCS6(2022) 162 V7(2021) 176 | Gen 5(2020) 176
V7(2023) 238 BiCS7 212 V8(2021) 200 | Gen 6(2022) 232

BiCS8 2XX \% 3xx Gen 7 2yy
VX(2025) 500+ V10 Gen 8 3xx
VX(2030) 800+ Vi1l 5xx Gen 9 4xx
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e ¢ ®i & NAND Flash fi & /=7 #5(YMTC) ; 09/2019= 7 & # 64% TLC 3D NAND
Flash o gt: 596%] » 04/2020% =7 v 128 & TLC/QLCr’& #Z)'r R T o A 8T
/% o pan64% 3D NAND S ik & it 760% > 40% A i % 128 % NAND o b =x # £
L1128 K 2 14 b _mNANDBB PR H o BRI GRE #\ KB o

2020 2021 2022 2023
2H 1H | 2H 1H | 2H 1H
SAMSUNG 128L V6 176L V7 2022 MP 236L 2023
KIOXIA
Western 112L BiCS5 2020 MP 162L BiCS6 2022 MP 212L 2023
Digital.
dw’ucron 128L TLC 2020 MP 176L TLC 2021 MP 232L 2022 MP
We
SK hynix 128L TLC 2020Q3 MP 176L TLC 2021Q4 MP 238L 2023H1 MP
64L TLC 128L TLC/QLC 2021 MP 232 2023
o : _
%)Uéﬁ R fi %c}é[(a/(@cw’e B WD
21 £ - & HF - £ B

CE}SL NAND Flash & % £& % 3§ 4

e 2010# m*NANDmI._,,,fi'l & £ 178 i R £ 0 2020F {2 B R i £ T T
1382 /# = +
o & BHHH =& A K2 (Calculated cost per Gb » # 7 3fip|eh= &) o

- Triangles are 2D NAND, diamonds are 3D NAND

1000.000 ¢ - Filled symbaols are actuals, empty symbols are forecast !
- Color indicates company !
TLC/QLC/PLE/HLE |
1.38xfyr . MLC/TLC
P 1.00 ;
00000 | L8
1 A\'I-\' - : \.
P I
La8- : = B
MLE/TLC/OLC 51 2 ! [ ]
10,000 1.43xfyr 2 '
- ‘f H - 0.7x/node
E ! : 2
£ i ' S
8 | ' : 3
- E ! =~ 010 |
z 1000 i ! ! E
= L}
g SLO/MLG/TLE I | ' £
= 1.78x/yr | ' ' 2 B IM-Act
= ! | ! @ Kiox-Act
0.100 | ! ! Blue = Intel ' B MT-Act
! ! Red = Micron 1 B SKH-Act
! ! purple = Intel-Micran i - ;,‘::‘m’
| ! Grey = SKHynix H -
|
0.010 | ! ! Green =Samsung 0.01 . —
| ! Orange = Kioxia ' E E E 3 3 8 & 383 I R 8 » N~ 8 3B
! | ' c c E N8 o 4 &~ 0 T O © ® = I O
' ' & & = 2 ST £ 2 22 8 53 & 8
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CEESL NAND Flash i & & £ & **DRAM

DRAM NAND Flash

- Triangles are 20 NAND, diamonds are 3D NAND

1000.000 ¢ - Filled symbols are actuals, empty symbals are forecast '

- Color indicates company 1

1.0000 3 - TLE/ALG/PLE/HLE \

F 1.13x/yr . LI :

100,000 £

L v 21!

- , $®7 ’é :

= 3 | -"-,3" :

£ MLE/TLC/OLE I !

£ 10000 L 1.43xfyr !

< 0.1000 ¢} = I

& . 1.35x/yr £ i

o s Micron Act % 1000 b i E

v - - 1 1

s Micron FCST - ! I

a - X K] SLC/MLE/TLE ! !

SK Hynix Act = 1.78x/yr { '

2 @ ! I

0.0100 | SK Hynix FCST 0100 | | | Blue = Intel :

F Samsung Act i ! Red = Micron '

r Samsung FCST i | Purple = Intel-Micron i

[ - i ! Grey = SKHynix :

Previous trend 0010 b ! ! Green = Samsung |

i ---New trend | } Orange = Kioxia H

0.0010 ! ! i

. L | H

1990 2000 2010 2020 2030 0001
2000 2005 2010 2015 2020 2025 2030
Year Year
[ S - N2 X M REIE = B RT - >

Pt kiRt ICKnowledge LCC ~ # & SLl9F o %6}6%/@614’6 XY
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hi 4 Nor Flash® 3 3 4¢

e Nor Flash® ¥-Z20F fepr2 3 ik 55 d + » F20F 46nmit18% ~ 58nm it 65% o
P2 55nm i 58% > & §p45nm B fzde e o cv & A£)RT55nm B R B AZE 40% o B
ASEr Uy rRF LA BREE gp«f@ 5

® 2021 oA b M 0 AR ARG & FlA o F RS B s
PR LA RMFIA AR ED ’—v»/lx?r*’r_‘”ﬁi SARTF 74 ANor
Flash » i&#-i¢ A % Nor Flash it % < +§ 3 4c -

Nor Flash 77 4& &

409
34.8%
359, 32.7%
30% 25.4%
25% 22.5% 23.2% 21.6%
2036 15.6%
15% ”
10.9% m—
10%
5%
0on [
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o EFERM BATAHCH LERE A(CPUGPU) L e R e 7 F B Bf - £
ISt E RS T RIS Rt i Kl A ) B SR %\'"Lr 3} Memory Wall > ]
MR T 48 JTHBM o

o 1Y ¢tk (BUV) Ak ~ iR & 4E & {v3D DRAM % A7 engh jinfid = % #4%5 § g o
- A ERA e
2021-2026 estimated technology roadmap for
3D memory — HBM, CBA* NAND and 3D V-Cache

(Source: Status of the Memory Industry 2022, May 2022)

AMDIU KIOXIA *CBA: CMOS bonded array
ZEN 4 3D NAND aalicron
SAMSUNG (chipler) (BiCS7)
| H-Cube Jl I-Cube4 i
AMDZV ! SAMSUNG ST i fMcron
Ryzen 7 [ Her3 | HEM3+ | 3D NAND
3D V-Cache | (>300L)
2021 2022 2023 2024 2025 2026 <
Milan-X [ HBM3 | 3D NAND
3D V-Cache Aqicron (>400L)
e AMDIU SAMSUNG SAMSUNG
HBM3

Technology

KT -
i 3D/2.5D Hybrid
Non-exhaustive lists of companies TSV Bonding

FH AR Yole ¥ E ST G R A Cigpital @are muwen
HE PN 25 gid - &% - £8

cf}Tg 2023 # DRAM bit growth 12%

e 20212022 DRAM fifp 7 & 4 dis 40 » A ik s f AR 21
Al s CMOS 473 » "UFITs i Ay > & F k3 - RF ALY 5o
7 ff’ 2023# >3k DRAM bit growth YoY+12%

0 o
Millions of Gigabytes
35,000 25%
223%
30,000
20%
25,000
0,
20,000 15%
15,000 10%
10,000
5%
5,000
0 0%
2017 2018 2019 2020 2021 2022 2023

mmmm Supplied  ====Yo0Y%

FAL kR Gartner ~ ¥ 5 LAFTE 5 R
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e 2023 # NAND Flash bit growth 20%

o 3D NANDH L & 5 B » f 7 44 & 3D NANDE-F ze fpf @ 4§ > 3 3/ %
AT EL 0201528 E 42k BrE A @ESE > 96K - 128% ~ 144K
176 4 % 5 He5 5 > 202242004 4+ B4R o

o % S AQ2 R 4k A 30% o FF 12023 % NAND Flash & % chie = & £ & 420% o

Millions of Gigabytes
1,200,000 50%
44.6% 45%
1,000,000 0%
0,
800,000 3%
30%
600,000 26.3% 25%
20.0%20%
400,000 159
0,
200,000 10%
. 0%
2017 2018 2019 2020 2021 2022 2023
mmmm Total Units Supplied YoY%
=l oo NETE S ik > e
oAtk G Gartner ~ ¥ E AT I %‘fé @re wami
HE PN 27 gid - &% - £8
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e’ DRAMZ &3 4 @

o HZDRAMAZ ¥ %141 & £.4 PC/NB® 31 #$DRAMZ K> Ll A& 57 RKik
DRAMLL'é'}"gJ"E’ E]EIJ —I-Q ‘}\E]Jj\g l PR‘?’go

100.0% E ﬁ 3—0 5.0% 5.6% 5.8% 5.9%
90.0% 7.1% 8.0% 8.8% 9.7%
80.0% .
70.0%
60.0%
50.0%
40.0%
30.0%
20.0% 39.5% 46.7% 45.0% 44.0% 41.3% 42.4% 43.2% 43.4%
10.0%
0.0%
2019 2020 2021 2022 2023(F) 2024(F) 2025(F) 2026(F)
Data Processing Electronics ® Communications Electronics
u Consumer Electronics Automotive Electronics
® Industrial & Military/Civil Aerospace Electronics
?7“ AR Gartner ~ ¥ £ 4 AE TR % ﬁi’ %%W%m@ B WD
¥ A 29 B - BB - b8

e DDRS;% i & 14+ 71§

o Intel it ERPC! § £ X70%2 + » AMD:20%2 + o Intel P PR B 37T 2 ’:M? vhag o
2022# DDR5/% % 5 % 4oip ) » ) E K E 5% PN > 2 i7- R PPRBI L § >
% 3 3 DDRSFTHRALE S 5§ 18 § P+ H20~30% ° 7F 5 2024 DDR5 wg¢ﬂ4mw

o FEAYARMAZAILZEFI2RFRF TSI HFEET -

2022-2028 modules shipments by DIMM type and DDR generation (in M units)

2022 2028
------------ . ~51MMu  ~650Mu

® RDIMM

® UDIMM

® SODIMM and other
PC DIMMs

® LRDIMM and other
server DIMMS

® DDR3 CAGRy, 252 ~4%
® DDR4
® DDRS \
® DDR6 \ "t
? a
i?l‘ : N 2E K REIE LS
F 7* j\/}%l Yole %1;‘#&@?1? " ?iﬁ? %{fb&ld& %Wé BE AR WD M

HE AR 30 tid - F#H - L8




A€ oo = NAND Flashij’ 2 € 3

CAPITAL

e Smartphone ~ SSD % 82 8NAND Flash® #-F f#a crbfdg > 2 % §3F A k2 £ #

- S TR R
Items 2019 2020 2021 2022 2023(F)
Solid-State Drives 43.73% 51.27% 52.75% 56.73% 58.67%
Communications 36.95% 30.41% 31.15% 29.00% 27.42%
Consumer Electronics 4.05% 4.03% 3.73% 3.51% 3.62%
Automotive Electronics 0.97% 0.86% 0.96% 0.97% 1.01%
Industrial Electronics 0.75% 0.86% 0.84% 0.90% 0.98%

T &R ¢ Gartner ~ 3 E A R %O}élld/(@aw’e B WD
£d - & - £ B
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A PClIeitSSD 4 & 60~70%

CAPITAL

W ¥ 2SSD 22021 & » PCle3.0) | & #-86% : SATA i9.8% ; PCle4.0 i-4.2% -

([ J
SATA 4 & SSD i & i * ** K4 PCH 3 ; PCle3.0/ & SSDa 3748 ¥ i & i # ¢
Mezp A JRPCH K47 35 PCle4.0/ & SSDA #5865 2 & % B =4PCHEH 3 -
F£352022# > PCle 3.0 | & 1£56.3% ; SATA#4.5% ; PCle 4.01£39.2% o

o { ¥4%SSD%2021# »PCle/i & #61.6% 5 SATA31.4% » SAS/ & @bt 57.1% o

7f 5 2022& PCle /i m 1£64.4% ; SATAE28.9% > SASA & 1E 56.7% o

Items(¥ = B 37) 2021 2022
PC/NBJ& * SSD 2.496 2.59
F &/& M SSD 1.034 1
& % =SSD 0.51 0.53
1 4SSD 0.15 0.19
4.19 431

%&}5[(4/ (@cwfe B AL
£ - & HF - £ B

L

FHAR  ME  BERFEG R
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e iPhonel4 i 7| 3] 5L+ $#128GB 1256GB % £ 100% ~ > 256GB¥]512GB i %200
% 7~ > 2% %NAND Flash= # 3 4+ 7 3]10% > F]#* %= NAND FlashsF BT
SWRERLEL LR G E -

UFS

95% ~

21 £~

£ 512G
iPhone14 799 % ~ 899 % ~ 1,099 ¥ =~
iPhonel4 Pro 999 £ ~ 1,099 £ ~ 1,299 £ ~
iPhonel14 Pro Max 1,099 & ~ 1,199 £ ~ 1,399 £ ~
TSR ¢ Apple ~ CM ~ # & 5 AT s 4 4 Coptal G wanes
A 33 B - B - L8

A

> I
CAPITAL ﬂifr-l

intel

@ == : Raptor Lake

— intel (LP DDRS5 - DL VR
E=— ® 2H : Alder Lake Power Delivery)
— S (USB4 * Thunderbolt4

PCl-e Gen5)
intel AMD{1
®2H : Zen4d

® 95 : Tiger Lake(USB4) (USB4 - DDRS)

& Apple
® 115 : Tiger Lake(USB4 -
Thunderbolt4) -
2020 2021 2022 —
PR LRI A SRR S E SR R A %‘}b[(d/(@cu’g B
34 gd - &F#& - LB
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LR 5 3 R
eMMC=> maps &GPS navigation data.
UFS=>Infotainment system
PCle based NVMe=> Cloud data

-----

ADAS L2/L2+&EDR
8-128GB

Up to

1TB

inacar

Cluster 3 Augmented Reality
2 16-128GB

J A %R 2 prodigytechno ~ # £ AR f ((%‘}5614/ @are mamon

# E AR 35 ad - F# - kB

(‘( ’g’ »

CAPITAL

G Gl T

Usage in car DRAM NAND Flash

infotainment & Digital Cluster 4 - 64GB 64 -512 GB
ADAS / Autonomous Driving 4 - 64GB 8-32GB
Connectivity 0.5-2GB 4-32GB

Rear-Seat Entertainment 4-16GB 64 - 256 GB
HD-Maps 0.5-1GB 8-512GB

Accident recording 1-4GB 64 -512 GB

FAL kiR ¢ SK Hynix ~ 3 5 BAFE 5 R Cgpital @are wumes

# E AR 36 ad - F# - kB
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CAPITAL

Application

Density ~64/128GB : ~128/256GB : ~256/512GB : ~512/1TB

i
(|nrv_ehicle
nfoinment) = Storage © eMMC UFS UFS UFS
~Lv.2(ADAS) Lv.3 Lv.4 Lv.5
Level
Partial Conditional High Full
Autonomous
(ADAS)

Density 8~64GB ~128/256GB : ~512GB/1TB : ~1TB/2TB T

Storage eMMC UFS SSD

?7}41’& SKHynix*ﬁé&éﬁ?Flaif{r %%W%Meaﬁm»bm
HE A 37 tid - F#H - L8

e Automotive memory CAGR 20%

e JiYole # 7 > 2021~2027 # Automotive memory#-11 20% 7 CAGR:# 3 £ - 2021
E B Y T 1,670 BE & o BB L EAE28% o automotive memory i i 43
BE A BEBM2.6% 0 BT E L EMI% - B e ERMERF A S o
BE BN PR

o H % ZefpARd (bFE X i Micron P kF 545% > H =t i Samsung 0 W ik F 5
13% > & Infineon - Kioxia » SK Hynixfr ISSI ¥ <7% o

2021 semiconductor market 2021-2027 growth rates (%)
200%

Automoltive Memory

in
-}

5
=}
=~ |
£ 10 [20%¢]
Q
%2
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- T S
Z |6%
%}

iy
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3 o i é-é'ﬁ & ?
- W 5 ) a5
N fdernory revenue B AULD Serm revern e By e o o
& o o
mmm Other semi revenue e Other seml revenus aF (q\" ¥ \.f"ﬁ
[mor-mermory] [rest-auto) & oF JoF
[l & o
W & ¥
o
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e
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DDRS5g #5>DDR4

e PCZ Server DRAM# tg3720% = + ; Mobile DRAM g i< ac f? & o

B P 4Q22(E) 1Q23(F)
DDR4 QoQ-13~-18% DDR4 QoQ-15~-20%
PC DDRS5 QoQ-18~-23% DDRS5 QoQ-18~-23%
ASP QoQ-15~-20% ASP QoQ-15~-20%
DDR4 QoQ-23~-28% DDR4 QoQ-15~-20%
Server DDRS5 QoQ-30~-35% DDRS5 QoQ-18~-23%
ASP QoQ-23~-28% ASP QoQ-15~-20%
Mobile QoQ-18~-23% QoQ-10~-15%
Graphic QoQ-20~-25% QoQ-18~-23%
Consumer Qo0Q-18~-23% Qo0Q-18~-23%
Total Qo0Q-20~-25% QoQ-13~-18%

T4 %k © DRAMexchange ~ ¥ & $ B 7f 2

%c}é[(a/ (@cwfe B AL
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gd - & - LB

e 1Q23 NAND Flash {f # 78 # i 10~15%

o 3" 2 ENAND Flash¥ =8 2 &7k 33 » R B3+ 2
FlashZ & 3388 T 300 R tgah ~ 120~25% - 5 ¥ 2

N

’
e
‘/H“- :6

37 ) 43 5 4Q22 NAND
B &L QHH DR
E

£k BT ERBUBIE RS 0 A RAQURA » e P RiT RN E X IR
o BB 1Q234F i 1% 5 ot

P

eMMC
UFS

4Q22

Q0Q-20~-25%

1Q23(F)

Q0Q-10~-15%

Enterprise SSD

Q0Q-23~-28%

Q0Q-13~-18%

Client SSD Q0Q-18~-23% Q0Q-10~-15%
3D(IT\I§(I:\18?QVLVE§6‘“S Q0Q-20~-25% Q0Q-3~-8%
Total Q0Q-20~-25% Q0Q-10~-15%

FAL %k © DRAMexchange ~ ¥ & FAFFE v f1 &

C@c}é{'{a/ (@cw’e B AL
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he 4 35 2 2H23 DRAM £ .34 4

o LATE SREAD [ &ie iRl B A TS LR A S ey
“’K B-12 A
Millions of Gigabytes 1100%

8,000

7,000

6,000

5,000

=
4,000
3,000
2,000
1,000
0

1Q19 2019 3Q19 4Q19 1020 2Q20 3Q20 4Q20 1021 2Q21 3021 4Q21 1Q22 2022 3022 4Q22 1Q23 2023 3Q23 4Q23

mmmm Total Units Supplied Total Units Demanded === Sufficiency

A KR D Gartner ~ # 5 SRR R %@édld/%m#ﬁmmm

HE A 41 i - & H - bm

2 JH23NAND Flash7 1% ¢ i+ 48

o PRI ABRBRINMAFTLASSD efht 2L BEEZ SH LR AL
rmmn%m{$@ﬁwm§mg 2H23 AT T o EPF EH IR

AT W PG Ko %5 EANAND Flashdf § 422 - 7 i > B &R & ffk A D
H_’, o
3(&0 Millions of Gigabytes

50,000 \j

200,000

150,000
100,000
N I I | | | ‘

1Q19 2Q19 3Q19 4Q19 1Q20 2Q20 3Q20 4Q20 1Q21 2Q21 3Q21 4Q21 1Q22 2Q22 3Q22 4Q22 1Q23 2Q23 3Q23 4Q23

mmmm Total Units Supplied mmmm Total Units Demanded === Sufficiency

?‘Hj\/& Gartner ~ # £ ﬂl}éﬁ??‘a;;ﬁ’ %%W%m#ﬁmmm
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NAND ASPE£ #f £ T

¥

Worldwide NAND ASP per Gigabyte History and Forecast

2D NAND # 3D NAND 7 4%
#) > NAND FLASH i &5 >

AN

2.0
1.8
1.6

20%

10%

1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.12 0.095
H =
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

B ASP e Growth

FAL kR ¢ Gartner ~ HE A 5 R F

-10%
-20%
-30%

-40%

0.062

2023 2024
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DRAM # 4 g2

238

CAPITAL =
1994-2022F DRAM Market Growth
:z: 78% 77%
A Motorola + TIZ p & OKIig o A
70% 7 NEC-+Hitachi ~ Hyundai+LG % | ‘g9
1| Toshiba+Fujitsu % & .
ol I [ N
40% \40% A \ /'-:S% I\ 37% ’ 339,34% \:u;qc
~1\ ARV A == VA
. \ I\Y \N[ 1 /A | [\ VA
o \ |\ \/\ ] [\ \ 87[ \
. \ | ] = v \ | \ |
ol B W . L
o ‘ ’ \ \/ “11% -a% s
| -23% A%
-30% 29%
-40% . 0 ida 12 PR -37%
50% | Th~IBMag 2 V_SI% Qimonda:? Eipida 3

93 94 95 9 97 98 99 00 0L 02 03 04 05 06 07 08 09 10 11
Source: IC Insights
: IC insights ~ 3 £ K AF TR 5

TR kiR (33

T T T T T T T T T T 1
12 13 14 15 16 17 18 19 20 21 22F
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A

caeroa, HEEH(8299 TT): ¢ =+
, AREé
® 3R 33 % > NAND Flashdp f 3 4 = &
> P ¢ HFLCMIF 4 » B B1H23E ] £ 31 -
® FiREnE fiE o ¥ H 43 FFPCle Gend

SSD T B #F % o 4t NODMig s ™ H-
(Embedded ODM) - 2% g% &% 5 #i %2 (Gaming
Mwmwﬁﬁg%ﬁwgg¢@Jp@%¢y&

HEHE LT -

i B g~ 2021 2022F 2023F 4Q21 1Q22 2Q22 3Q22 4Q22F 1Q23F 2Q23F 3Q23F 4Q23F
FEAER 62,557 60,256 53,378 16,833 17,106 16,285 14,575 12,290 10,265 13,386 14,528 15,200
FELfIEE 19,100 16,613 13,254 4,763 5,389 4,991 3,533 2,712 2,317 3,152 3,860 3,925
FENEF 9,084 6,224 3,384 1,860 2,460 1,920 1,221 623 264 716 1,231 1,174
ATECR 8,147 5,803 2,946 1,812 2,185 1,807 1,192 619 244 599 1,077 1,027
FLis EPS(7) 41.34 29.44 14.95 9.19 11.09 9.17 6.05 3.14 1.24 3.04 5.46 5.21
£ 415 (%) 30.53% 27.57% 24.83% 28.37% 31.54% 30.37% 24.42% 22.07% 22.57% 23.55% 26.57% 25.83%
FENE F(%) 14.52% 10.33%  6.34% 11.05% 14.38% 11.79%  8.38% 5.07%  2.57%  535% 847%  7.73%
Feis B F F (%) 13.02%  9.63%  5.52% 10.76% 12.77% 11.09%  8.18% 5.03% 238% 447% 741%  6.75%
¥ # T>YoY/QoQ(%) 28.99% -3.68% -11.41% -0.55% 1.62% -4.80% -10.51% -15.67% -16.48% 30.40% 8.53%  4.63%
fzf‘ 4 £ YoY/QoQ(%) -6.34% -28.78% -49.22% -24.00% 20.61% -17.31% -34.03% -48.09% -60.53% 145.11% 79.87% -4.66%
Rl g AL ﬂfﬁ@%?—“f NP E3 S EPST R MR AINTIRATE o
= 2% % Ir A A
PRI ESA R %c;bi&d/%mt&&ﬁm»bm
H AR 45 & it & - LB
CAPITAL
Appedi
%c}bdd& %&W& B AL
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T DRAM NAND Global IDM players manufacturing in China
8 XMt IYTEC  =cwccow intel . samsuns
NOR Manufacturing —_— !i
a [ C JCET = Kimtigo & 5%
k] ..o L snarc : z .
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> " RRAMRXEL
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cf}g 2D=>3D NAND

Bit Line Selector

(BLs)
Channel
(CH)
Channel
Bit Line Selector
(BLs)
Control
— Gates
(CGs)
Charge Trap e
(cn) T2
z
14:,( Source Line
Fold It Over Stand It Vertically STS.I.:F
FOR & iR 0 MDPI ~ 3 5 $L A9 2 R 8¢
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e 3D NAND H: piFehig ig

3D NAND Roadmap

2017 2018 2019 2020 2021 2022 2023
Node (pairs) B4 >80 >120 >150 »200 =250
Total Stack Height ~4.5um ~Bum ~7um ~10um ~11.5um
WL Pitch (nm) 57~65 51~60 =50 45~50 40~457
Vertical Scaling Single / Multi Tier Multi Tier
Lateral Scaling 4/9 9 > 14
Architecture Change | | ” Vertical Scaling " Lateral Scaling
CuA -
-]
| =
Sit
' g1 o
< e
St - A
] »14 Hole
More WL Prch Multi More Holes Pitch
Pairs  Reduction Ters biw Sins Reduction
Source: Apphed Materials projection by
%gbmz %Me BE AR WD
49 B - FH& - £8

he 4 200% 3D NAND Flash & #

o 2015# M 4-4& » (Paradigm Shift)3DpF % » %455 = & sa ok #icfw i > 2021 #
128Lr4 + 32 43D NAND Flash ! § £ 1541% - 2022# 128L 4 + 3D NAND
Flash i£80%  200L 12 + B 42 3% &~ NAND Flashf & #

The Last 31 Years Flash Scaling

production
AND EEPROM  4Mbit 16Mbit G4Mbit  256MDI iGhit 2Gbit 4Gbit SGbit 168G 326 312G 64G 128G 128G 128G
1.0um 1.0um ~0.7um ~0.4um 0.25um  0.16um  0.13um 90nm 70nm S6nm 43nm  32nm 24nm  19nm  1Ynm  1Znm
fIEDM 19867) (1988) (1992) (1995) (1998) (2001) (2002) (2004) (2005) (2006) (2007) (2008) (2010) (2012) (2013) (2014)

experimental . . .

2D NAND was Litho Driven 256G 256G/512G  256G/512G  1.33TB QLC 512Gb TLC
(48L) BICS2  (64L)BICS3  (96L) BICS4 (96L) BICS4 (112L)
(2015) (2018) (2017) (2018) BICS (2019)
[ =1
1991 3D NAND is Etch Driven
2.5 inch
20MB
35KB/sec 2019
$50/MB 20x16x1mm
= E 118
microSD™
450MB/sec

Western Digital
TR AR WD~ #EHAEFRE

%6}6[&4/%%& B
# S 50 B - EHE - LB




e QLC NAND Flash % € £-i# 3 4c

e 2021&#SLCH b & i+0.2% ;: MLC #+10.2% : TLC#80% ; QLCi#9.3%
e 2022# SLCH f & #0.1% s MLC #8.1% ; TLC#77% : QLC#15.2% ©

Multi-Level-Cell (MLC,TLC and QLC) Memory Density Trend
Densﬂy increased by 10, 000 tlmes

GbTLC(96L)

10'000 e e e e e e — — —— tonTLCS-.L\ ‘?-
e e ——— F—F—F—+ 266GbTLC(48LI-]
N S I S S S 128GOTLC(150m)
128GbTLC(A19nm) T l
128GbTLC{19nm)
-
=~ 1,000 i 64GOTLC(24nm g ‘;’ 128GbMLC(15nm)
£ 32GDTLC(32nM) et y GdGbMLC(MQnmJ f
£ Cl43nm) {1~ 64GbMLC(19nm) | I
- snm) 64GbMLC(24nm)
2 100 3 2GbMLC(32nm) =}
= — 1660MLC:43nm) =
> o BGBMLC(56nm) ] I N ——
e
= - -’;- SGDMLC(mnm: 11T eMLC(2bit/Cel) |
c 10 |'2emomMLC = 4GDMLC(90nM)———— L ATLC(3bi/Cel) ¢
8 ¢400nm: i 2GbMLC{130nm) : ——+——F @QLC(4bi'Ce
f T WGDMLCMSOnmI

1
KIOXIA R Db R et 53
?‘\‘Hj\d;ﬂ KIOXIA - # & $ 477 & % & %c}é[(a/ (@meg L
HE PR 51 egid - F#E - LB

hi 4 % B NAND Flash & £ g4t

Samsung SK Hynix Micron

Metrics

Xtacking V-NAND 4D PUC
Die markings CDTIB EET1A KgAHGDgUBO K9AHGD8U§ H25FTBO H25FTCO B37R B47R
1215 57 (1) 60.42 68.15 73.60 47.10 63.00 46.50 66.08 49.84
area (mm?2)
Memory
capacity (Gb) 512 1024 512 512 512 512 512 512
Bit density
(Gb/mm) 8.47 15.03 6.96 10.87 8.13 11.01 775 10.27
S G 128 232 128 176 128 176 128 176
active layers
Number of decks 2 2 1 2 2 2 2 2
WL pitch (nm) 58 48 44 43 52 45 56 56
BL pitch (nm) 39 39 38 38 38 38 38 38
VC height (um) 8.5 12.4 6.6 8.9 8.1 9.4 8.6 10.7
Slit depth (um) 8.8 12.7 6.7 92 8 93 9 1
P KR o Techlnsights ~ # £ 48777 & 2 F %6}5[(6(/ @are mawn e

# E AR 52 ad - F# - kB
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