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1806 18/12  10/06  19/12  20/06 ROE (%) 14.6 19.7 16.9 17.8 145

FIFRS 21E 7I1E
A3 STMOI, OHAESXSH 2| MRIME

Ol HIAEEXIZA



J19ES [ STIMOIE

EAZQIE 1:KrF PR £29| 3124 &7t

AR HEEA] PR &4 5 578 AlFeln, 3D NAND A A& 1915 Ak 9
+ KrF PR 4%, DRAMO|Y LogicEtt #Ag} ol =7F w2 3D NAND 37 ollA
Al o wo] AREE I 9tk 3D NAND #4¢l4 <] KrF PR 3D W S7be] upe
PR FAE S7FA7ACk 3z B4d0] Q7] whigell, 7]& Alsst v A5t =& &4
o] QXA "t sAR= A 20139 o|dFE I W= uAet 87 3D
NAND® 1A% KrFE 7ldato] dAl = 578 1Ak A 3D NAND 374 (V6
ool vlf- =& AHEE FHEIAL ol Ao FH,

2019 Wiz oF 80094 Fwo® FYPHE A KrFg PR 22 1) 3D
NAND agegle] mE PR 2 57k 2) 202195E 14AFe] 2 Stacking 7]% &=
o W& Mask 24 F=(=1714}2] 3D NAND A% 374 step 57D, 3) 49 1
AL Xian 2 7 7Fgel wE £ 7t weh 20209 5E 9] 724 S o
g}, Uolrh @A 961 o]A4F9] 3D NAND 13- eSSD 419 ¢354 3ty &4
A9l 7H5E 3ol olojrtal ok A T3 Fg Kol FART AR KrF PR 4
2 Z7he] dlado] wher 8 §&o] obd F2AQ KrF 29 oA FAlo 17
AF U = AE ol Aol stttk 3% =y 7Y vRe A= 128%
0]%-9] 3D NAND& KrF PR AM-F F5olM FARS 9143] =& H7&S FA8Y
Z o7 ket

5~

a1 PR S ZEsH0F O WL staircase At 7Hs

PHOTORESIST

PHOTORESIST

A= OHAEENSH 2| MRIIE

OIHIAEEXSH 2|MA|IME 2



78RS [ STMOE

22 3D NAND A= d<s 27 W2 KeF £ Z71E A88] AXleuls A4S 4

A okt 18 IC Knowledgeoll Al 2338tk '2020 3D LithoVision' AF8E 1S

u, A= AAE2] 3D NAND mRA AR 7ie+= 20201 St oF 48714 2021

d 58702 oF 21% F71etA "k (1% 29 3 %) 53] 2017~202097H4) }
A F7Hgo] A4 kg Whd, 2020~2023W7HA] nkAa 3 Ao FHES &

3] o =old ZAog =Aw)

07| F23% AL 1) 3D NAND =% PRoIA KrF9 H|%Fo] 6jA3] o= A3} 2)
MRAAS] miAT T S7HE] B AAE diE] ¥4 o iﬂ~ otk ol BA
£9 yoy S7HEO] W& Ao] ohyg} 7]Ee| 1 stacking 7|&S IFEPEA mRAT ¥

A 357 A9 AP 219R EE 1729 229 V7 38R EH g8 AE7 )
=& E?Jo}ﬂ ol wpet B AR O B2 viAd 2AF TP FEE Y] wl
2 ek

F7H o7 g% 128%k 0]5-9] 3D NANDo|ME 2 Stacked ©]5-9] ZE=wlo] Tt 1=
o7} A& Folr}, AT HE AgFo® 20213 AYshd, Bf dAES 7
1Mo g 2 Stacking ©14e Multi—Stack NAND %3} o]Z <13 Mask %
Layer & 7P} ddAdoz ojojd 7oz wgylty, 3D NAND aghsle] ups
Stack &7} o]Z Q1% KrF PR 7154l 2319 2020 o]$2 ] 7158k Ao
2 e}

of7]e] gEo] AR AlQk2 17](¢F 65K) 274 o] dA| olojx|aL gl F
7102 Alok2 27](Full CAPA 65K) 9} ¥l 2 3% NAND #2712 UdHE
A& 739, 1) 3D NAND +% Wstsh(25 571 + 2 Stacking 7<% ®¥gh 2)
3D NAND CAPA A F8 w2 KrF 2 $71H 3APF 8o Wol 7144
T oA = Ao ek

a2 AEH 3D NAND 2AE2] Mask Counts 0| (&HEAALL| KrF Mask Count= 21EH 172L G2
AR 7|5 =UotHA 25 o)

100 M |-line W KrF S ArF ArFi Avg - Act - --Avg- FCST
%0 73
80 | 70
L 61
58 i i L. em=e-
70 F 48 -
L @ ,
60 Y 43 REEE T
50
40
30 H
20 H
10
U - - .-
R B R e o R ST
Zn Zun Mes<n |cE<n |20 Z2<n |[E<wn
17 18 19 20 21 22 23 24 25

X1&: IC Knowledge, OIHIAESEXISH 2|MX|IE]

OIHIAEEXSH 2|MAIME 3



[ SToIE

33 A1 2020 F String 1 2 > 2021 3 String 2 122 3}, Layer 2| 37t50| 713 2 A

600 r 8
. string 1
[ . I
500 L o String 2
[ W String 3 .
N String 4 ’,'
400 I Max Bits/cell act N y emmm- ’ .
- - = = Max Bits/cell fcst /) \ ) ‘\‘ / §
3 300 4 -E.
§ 2
3
200
2
100
1
0 0

Xt&: IC Knowledge, OIHIAEEXISH 2|MX|HIE]

124 3D NAND 2| &% Challenges (Micron, 2019/11): Multi-Stack Strings 0l &5

¥ Low NAND cell current issue v Select Transistor VT Controllability
« Junction Engineenng, S/A Design + Frnnging Field, Doping, Programmed SG

* Mobility (GB, timmed Si Channel) Engineering v PGM/ERS S @ same retention

¥ Multi-stack NAND Strings *+  Diox (narow SION profile)
«  Curently 2 stacked (640, 120L)

7 =
¢ 4 stackad (1281 2580 ) o marn (5171} e-migration in CTL

» Deep trap, Lamnated CTL
¥ HAR Plasma Etching and Filling
*  Channel tube etch, CSL etch (= 9971, 96/126L)
*  LUndform Fllling (Si or metal)

v Cell coupling, Cell VT distribution issue
+ ONOA unfarmity

¥ WL Cell Contacts Formation ¥ PGM/ERS Controllability
* Negative WLPGM VT
*  PGM bias condition

v COP Opt., Triple Oxide (LLV, LV, HV),
Chip size, Defect free, Yield, Low Power

+  Throughout and cost issue

¥ Decoder TR Reliability
¢ OHV MY

X=: Micron, O[HIAEEXSH 2| MXIIE

Qoksiaid, 1) EUVZE 445 DRAMOIY Logic? 2] EUV % 7Fedo] A<
Sl 3D NANDE 723 0% Step 577} 3] 571 Futel §10m, 2) 1 stacking
WS Ak AR 2021 d 128% o] $9] 25 KE= 2 stackingS AR
A Mask 57 752 AsFo] A Fdroh & oyt §icks 4, 3) Ao
2 s Hof QA k& A TR AIES] S (53] AMIHA 4ol G
ks AE v dort ek sl 9 1A U KeF 2 vlso] M =& A
O FAEE FA KrF A% A4 Ad4e] g% WA= el

F7HH o7, A= dE TOK(Tokyo Ohka Kogyo, 22 PR A& <F 25%,
TSMCY 1% ¥ F4) 9 $47] 2= (2019~2021) oA PR AF13} A%
HAste] tfst yE-S AT = ATk (2F 5~7 Fx)

OIHIAEEXZH 2IMZIME 4
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HA 1) TOK YA kA AAgE sk A 5 sl 3D NANDeA €] Thick
Film KrF 7]%9 284S AAsta giglon, 2) EUVE PRo|Y ArF PRYUF 93]
202137H4 KrF PRE) AAZo] ¢ & o7 F43ta itk v AMATH LAM
GO ==Y AH] QAISol EUV Edlel uhE Step o frakths A4 4 o=
7l wE Step 4+ T7F 5L EUVZE A58 4 1= 3D NANDelIA9] Step = 57F
o d 28& 951 e A% AR #FoE st

125 EUV/ArF/KrF PR £37| Z2i: Thick KrF PR2 £3l| 1xx-stacked 3D NAND & 0f& =7}

Status of/initiatives for major products 25
m EUV/ArF O EUV:

#Cutting-edge photoresists=EUV +Arf - Demand for 7nm-compatible photoresists increased

O EUV to drive sales grow - Qualified our EUV photoresists for Snm-compatible process
edge photoresists - Focusing on winning adoption of 3nm-compatible

O Expand sales of ArF photoresists for the' photoresists
Chinese market O ArF : sales in China increased

KrF

|
O Sales growth to W Qualified our thick KrF photoresists for 1xx-stacked
demand arising from increased 3D-NAND

production of 3D-NAND, etc. Designed and established a system to boost production
® High-density
integration materials Packaging materials :

s 3 y Sales for 3D packages increased
O Strive to increase sales thr . p
advances in cutting-edge packaging MEMS materials:
technology Sales for Asian electronic components manufacturers

increased

® High purity chemicals

O USA, in addition to Asi'a, Enhanced production capacity of Clean Solution
contribute to increased sales Strategic enhancement of “Advanced Surface
Preparation” business

tok . Medium-term Plan Initiatives/ Targets © 2020 TOKYO OHKA KOGYO €O, LTD

A= OHAERXNSH 2| MRIIE]

226 TOK: 21 W7IA| KrF PR OfZ 3 W7 70% A& 337 TOK: 21 EMA| ArF & EUV PR Of& 37 40% A2

Sales growth to be driven b wing demand arising from increased z E -
J product‘fogn of 3§_NAND, e g EUV to drive sales growth of cutting-edge photoresists*
Expand sales of ArF photoresists for the Chinese market.
Sales results and target . . .
Sales results and target ‘Cutting-edge photoresists = ArF (Immersion + Dry) + EUV
FY18/12-FY21/12

Nearly 1.7 times FY18/12-FY21/12
m KrF Nearly 1.4 times

O Further multilayer stacking of 3D-NAND m ArF

FY18/12
y Address 9x-layers to 1xx-layers. JFY[!G/B*:‘:}IS/!Z =100 O Sales expected to increase to Asia and USA.
/ . i ust over 1.0 times
T%}f O Sales growth to be driven by growing r O Sales growth in China to contribute to
FY16/39FY18/12 demand in Japan and expanding sales to increased sales.
Just over 1.3 times, Asia.
m EUV
O Factoring in increased sales for both
memory and logic.
O Win adoption of 5nm and 3nm-compatible
photoresists and translate this into growth
r T : from 2022.
FY16/3 FY18/12 Fy21/12 FY16/3 FY18/12 FY21/12
Result Result Target Result Resilr Target
tDk ® 2019 TOKYO OHKA KOGYO CO., LTD. t(]k © 2019 TOKYO OHKA KOGYO CO., LTD.
K= TOK, O[HIAERXSH ZIMRKIE] K2 TOK, OHIAEREXSH ZMRKIE]
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2 A AA) Mask Countsi= 7HAdh= RS HojFa Qith = EUV =9
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Counts™ 7nm = 5nm > 3nmE 252 7148 99, gASS] KrF, ArF, ArFi
Mask Counts+ AF 7HashA ¥d) I8y 3nmE HPE O 2 2nm 2 1nmE dol7}
WA= EUV Mask 48 319 2 ArFi, ArF 5ol 37 S7kstAET. InmFH&
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80% | > L 45%
76% | L 1%
8% 10.9%
9 7% 74% - 10%
75% | 4% | 439 10%
74% 72% 1 L 9%
70% 40% 70% 8%
1Q19 2Q19 3Q19 4Q19 1Q20 4018 1Q19 2019 3Q19  4Q19  1Q20
Xt=: DART, OHIAEEXISH 2|AMX|HIE] Xt=: DART, O[HIAEEXISH 2IMXIME

£

"

21 STUMOIY 278 &4 20|

Ao 1Q17 2Q17 3Q17 4Q17 1Q18 2Q18 3Q18 4Q18 1Q19 2Q19 3Q19 4Q19  1Q20
= 1952 1955 2081 1864 2006 2146 2256 1864 2164 2143 2167 2218 224.6
HEH7t 161.0  159.7 168.3 1485 1657 1789 1864 1433 1729 170.0 1708 1751 172.9

IS}
§
o

825% 81.7%  80.9% 797% 826% 834% 826% 76.8% 79.9% 79.3% 788% 76.8% 77.0%
34.2 35.8 39.8 37.9 34.9 35.7 39.2 432 435 443 459 52.8 51.7
17.5%  183%  19.1% 203% 174%  166% 174% 232% 20.1% 20.7% 21.2% 232%  23.0%

il
Ot
[=)
1

[ RS
i
by
S
1
iy

ol 16.0 18.0 21.0 16.9 14.6 16.3 18.5 21.7 23.6 25.1 249 31.2 31.4
Z2o/o/E 82% 92%  10.1% 9.1% 7.5% 7.6% 82% 11.6% 109% 11.7% 11.5% 137% 14.0%
MIEo[< 13.3 18.4 217 4.5 16.0 14.0 13.0 18.8 24.0 21.2 23.3 19.6 33.1
MEOIHE 6.8% 94%  10.4% 24% 8.0% 6.5% 57%  10.1%  11.1% 99%  10.7% 86%  14.7%
g71=01< 10.3 13.4 16.7 4.6 13.0 10.5 9.8 14.6 18.0 15.8 17.7 7.1 24.7
=0/9F 5.3% 6.9% 8.0% 2.5% 6.5% 4.9% 4.4% 7.8% 8.3% 7.4% 82% 31%  11.0%

Atz O|HAEEXSH 2|ARIME

a5 SZUNOIY 2718 44 20| I 71 w2 27| 0r 2 (HH=A| PR HIS 2ol 7]21)

(dlet) UER" aeiole! @olelE
250 - 16%
14.0%

200 1 B87% __ | 1%
6% 117% | 1%

150
L 10%

100 | 8%

8%

50 |

r 6%

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ \ \ 4%
1Q16 2Q16 3Q16 4Q16 1Q17 2Q17 3Q17 4Q17 1Q18 2Q18 3Q18 4Q18 1Q19 2Q19 3Q19 4Q19 1Q20

X2: DART, O|HIAESEXSH 2| MX|ME

OIHIAEEXZH 2IMIME 10



22 SZMIOIA 2718 0iE 201(1Q19 2E I Mzt L Z2)

(&) 1Q18 2Q18 3Q18 4Q18 1Q19 2Q19 3Q19 4Q19 1Q20

x| 0HEH 200.63 21456  225.61 186.43  216.35 21435  216.71 227.84 22459
=W MXIHE PR, Wet Chem 136.32 147.69 167.01 115.81 124.51 12483  128.47 13275 12891
U LEH L 19.90 17.50 14.41 16.99 16.55
Sie MAIHE  TFT-LCDE 3EtMIE 62.02 61.76 63.34 67.86 65.15 67.55 70.61 73.97 74.72
7|Et YHIR, gteH MY S 2.30 5.1 5.26 2.76 6.79 4.47 3.23 4.14 5.41

IHEHIS(%)
=L XHE PR, Wet Chem 67.9% 68.8% 69.6% 62.1% 57.6% 58.2% 59.3% 58.3%  57.4%
U LEH L 9.2% 8.2% 6.6% 7.5% 6.9%
Sie MAIHE  TFT-LCDE 3EtMIE 30.9% 28.8% 28.1% 36.4% 30.1% 31.5% 32.6% 32.5%  33.3%
7|Et FHIR, BteH MY S 1.1% 2.4% 2.3% 1.5% 3.1% 2.1% 1.5% 1.8% 2.4%

A= OHIAEEXNSH 2| MRIIE

o Al
A H 2014 2015 2016 2017 2018 2019
o= 669.6 709.3 765.0 785.2 827.2 875.3
&7t 569.3 580.7 641.6 637.4 674.3 688.8
WEEfE 85.0% 81.9% 83.9% 81.2% 81.5% 78.7%
HEZ019 100.3 128.6 123.3 147.8 163.0 186.4
WEZ0/94E 15.0% 18.1% 16.1% 18.8% 18.5% 21.3%
A0l 37.7 58.5 454 7.9 7.0 104.9
ggo/ys 5.6% 82% 5.9% 9.2% 8.6% 120%
MIFo|2 14.2 24.6 32.3 58.0 61.7 88.1
AEO0/S/E 21% 3.5% 4.2% 7.4% 7.5% 10.1%
g71=01< 10.6 19.9 26.4 45.0 48.0 58.7
=0/%E 1.6% 2.8% 3.4% 5.7% 5.8% 6.7%

A= OHAERXNSH 2| MRIIE]

24 STMOIE =2 HZF s

FL HE H 43 0iE HIE(1Q20)
* 2N (Photoresist): HAE EI=X| S2E 0/T 0 HAAIZ @ Lo
ZAGRO M2t H2| 4SRN DMEZE HEHS S9Y = ARE ol

=L MAH=E LHSHE HEMEE BteH| Chip ¥ TFT-LCD S0 AL 57.4%
* Wet chemical: =33d 20| Z#&Z S Hdl, Az, M S0l ME&=
stetHE
* SIEHHIZE = ; LD S0 ZoUE =S dHig
Q| RIS A;I;F}T LC_D 2"—- 1|ERo‘(thit£her2|cal etC.) LAY S0 HES SS Y |, 33.3%
AMZE ME S0l MERE EStHE
*URN: SSHAEN D20 M7bE0] S 25, &4H Y AN GasE
E LUAA J7|EFZE BOots SEZ A2 HIEXM, AZX| YK, LEHZX| 6.9%
2&s S0l A
* MM} S TFTLCD S35tMIE S(Wet chemical etc.)2| Recycling® HAS
7. HHE Myst MES
7IEH™AIR, CH=R| L) * MU{(Thinner): Photoresist Spin Coating & 2|2 I0|H 7HEXl2|o] EXQ$t 2.4%

Photoresist2 H|7st7| ¢lali EBR (Edge Bead Removal) 280 AtE. £t RRC
(Resist Reduced Coating) 3X2 S5l Photoresist2 ZE/A|l Photoresist2]
AI8EE E0l=Hk AE

A2 OHAEERISH B|AXIMES

OIHIAEEXSH 2IMAIME 11
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PARE BAEY] 8l A Y Tl e BaAQl Foletal ddETh
Argl 7129 £59k ] 79 v dAE 2 =3

7HRL FAF 24 upside®] W —2—0 —E—ZH@E}. A B A4S WEAE PRE T
Aoz wzA s, 1) KrF€ PR 3D NANDS %4 walel 23 A<
CAPA $4, 2) ArFig PR % ﬁ}ﬂr CAPA S (DRAMC 29 vl&x] vz}, 3)
EUVE PRE A /s B3t =274 4o g AAko] o]fhA 7o 7 s} F
g A Y Afrgo] ag Zhked, dR2E JeHsig AR S48t 71x, A
Q A3 9 rlRE A 774 EUV 2HE7HA] Qojd &= Qe AAZ &5 5#141 Y-
2 kst SHA 71 wjg ARl dijle] @ ZAoE wdd:

‘WZ0jo]M: 22| TOK(Tokyo Ohka Kogyo)7t &= &
AR A %—ﬂ FESHARE nplo] vk Al Hlgo] wWlEH e oF 10% TF& A
ol A AEo7 o8] AFH PE ¢ 11~16x 52 ATt §
BT} 2ALo] &a) A4 42 7]F 2020F P/EE 11.8x T B33t 507
WFofo]d =5of] Y23 9lom Historical2® A

I ARs SATF 07 FAPE AR JSR(2020F P/E 25.6x) ¥ TOK (2020F
P/E 26 9x) QH WHoold S Faubd Zlog st} (SAR= 202F P/E 11.8x)
= Pﬁ} 7Nzol w7 ARy A3} 28 PR AL FujofA
7V % EZ—?OJ 1 Z 2k glom, 2) ArFi 5 Alg A4 JEZ Q8 wiEy) ¢
s A4 éh T Fstar 9lon, 3) &3 EUV PR 5 AlFolA "4
T % 7 =& dRdold Zeu|ds § %o% EUV 2dlE|d7H4] A 7k

5, 71840 R dE AL =2 ofolHl s Rl & e PAlES dE A4 ¢
A=2H] Valuation Gap®] F3 A= Zlo] Eldatn, of7]ef| H3l] EUV 2"} ]
AR}, SKalolyAete] =2 HEIAE 2= AAES F7H4Q] WlFofold xg]
n|do] 7hssiths ddoelth 3ASE o] Hia] st Ehaido] ARS w TEs]
P Al AAL A= A4 PAE HAEsls Al7|= AWty BaEch E5) 92
I AEETE 22 ofoldlso] &3 E HAE X3 W s|FH wjE 1Ao] 243}
A ARl Fu 2 Al Al (SKHEIE YA, SR YRJ1SYA, o]dd A
24, 34 )9 reratings 7]tjsit), AL ThE Alo| o] AAQA=AA FLH
I Qith
=5 ZZIM0JZ Historical Valuation Table
2014 2015 2016 2017 2018 o019 2020F

e ks 17.31 17.99 2975 28.06 23.93 1757 -

o 15.57 12.09 14.08 16.52 13.69 11.36 11.76

ks 133 297 3.12 492 3.78 2,89 -
PBR

o 1.19 152 1.93 2,89 216 1.87 -
ROE(%) 767 12.89 14.36 19.37 16.73 17.62 -

Atz OHAESASH 2MXIME

OIHIAEEXEH 2|MAIME 12



=6 S2IMOJA Valuation Table

78RS [ STMOE

(Hef ) Of & FA0[Y  OPM(%) =0[9 PER PBR
2017 785.2 7.9 9.2% 45.0 16.5 2.9
2018 827.2 70.9 8.6% 48.0 13.7 2.2
2019 875.2 104.9 12.0% 58.7 1.4 1.9
2020E 915.0 137.2 15.0% 101.4 1.8 1.7
Xt&: Quantiwise, O|HIAEEXISH 2| MXIME
#7  TOK(Tokyo Ohka Kogyo) Valuation Table (Global MS 2f 20% +4)
(USD mn) ES ¥OI0[l  OPM(%) 20|2| PER PBR
2017 821.1 92.1 11.2% 58.7 253 1.1
2018 953.7 %2 10.0% 62.3 17.9 0.9
2019 943.3 87.6 9.3% 49.6 329 1.2
2020E 1,032.6 115.3 1.2% 79.1 25.6 1.4
2021E 1,092.6 132.7 12.1% 90.2 22.3 1.4
Xt=E: Bloomberg, O[HIAEEXESH 2|AX[MIE]

a6 TOK O4E HIE 74 (FY 2018) 1217 TOK OiE HIF +4 (FY 2019)

mKrF wArF mg+i LCD mHigh—density integration = Other mKrF wArF mg+i LCD mHigh—density integration = Other

Atz TOK, O|HAEEXRISH 2| X |E Atz TOK, OHIAEEXSH 2| MXIMIE]

7 EUVE PR Others0i| 23t Z: EUVE PRE Others0i| Z3t
#8 JSR Valuation Table(Global MS 2f 20% 3d)
(USD mn) WTELH HA012f  OPM(%) #0|9] PER PBR
2017 3,808.3 390.2 10.2% 299.9 16.0 1.4
2018 4,480.8 383.3 8.6% 280.7 12.2 0.9
2019 4,341.5 301.9 7.0% 207.9 19.3 1.1
2020E 3,959.2 234.9 5.9% 150.3 26.9 1.1
2021E 4,355.4 345.3 7.9% 241.0 16.7 1.0

Xt Bloomberg, O[HIAEEXESH Z|AX|IMIE

OIHIAEEXZH 2IMIME 13
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Appendix. 1) =& 40| HMD} DjMlet 54

EUV H|9] NA 7jAdolnt K1 74, 3ge] 74 &2 okl yolgle dlded) A&
olgllsid o AA AT 4 ok @AY 9l 4 (Rayleigh's Equation) o] w2, w]A
ohe #13 resolution®] 4L 1) w=F99] FF(D) & H2A7IAY, 39 KD
S 71N 71AY, W= FxF(numerical aperture, NA) S 7} A7) 024 753 %It},

1

218 RAAGHAE 37HE 9ISt 24 H+E (Rayleigh’s Equation)

R=k A k A
"t NA Y nsina

Where...

R: Minimum feature width possible by process

ky: Process dependent adjustment factor, typically 0.25 for
single exposure optical lithography

A: Wavelength of light used in lithography operation

NA: Aperture of lens

n: Refractive index of medium between lens and wafer

a: Acceptance angle of lens

XI2: Rayleigh's Equation, O|HIAEEXISH 2|MX|ME]

HA of7|M k1 FHFH resist/maskgr e A o4 FuA Ay e
optical scheme 8458 YPHS sk Ageta 28 4 Stk gA Zshd PR
AEn Agne] faAd 7w, }_ﬂ A&, AgEEe] dol® 9 ofe] H3HQl W
To Zgtolvh. 3 A= FAE AQTE el e = 7 e A/ W
ekl ol3llE Sl A vEA 4tk ASMLE 79, ot 1¥ T o] EYAE i
139 (holistic lithography) 2= #2418 Eaf K1 S W53HEA], Ao ¢Hgzo=
Torxlﬂb W ARESkaL Qlvh AWbAo® AAshE ZaAA A 2 Ae/HEE
9ol el ef7lsta SleT ] ]L A= F volAS} g AAFE Aeshe JAE
4 Hol| IA Aok = 5 Stk
%19 ASML Q| K1 & £07| 2I8t £F4 —Holistic Lithography

. rg@

phy sca with 4van<d apability
(m.vqlqo‘- Iy.\ d focus.

Process Window Process Window
Enhancement Control

@= @TT"‘T lfz@”f‘ﬁ

al Lithogr .mn) Full ch-pdt;::';:mmw

Metrology

A= ASML, O|HIAEEXESH 2|IMX|ME

OIHIAEEXZH 2IMIMEl 16



T8 AL olg e AT K12 dwbdo® 0257 A2 HEdes 2 5 Qv &
22 FHojAehs folvh. ey A Al P—S ArFiE o3 = JEd dolA ¥
A7 0.25 ol Rgekat, HEHEY $4S Bl k1l WS ‘%”ﬁ%ﬁuﬁ ol
uet vAlgl o) ZeAAE v 13 Ry

ARk 5, A9 34, Fuo
A& STMAIIEA A2EE Y AdellA HolA o mEsAl HW, 1t ©@A l—t— HE] o

S WYz W0 F k1S 9E F Stk HE dEdolge 3 A7) vlAs
o]

e T
2l ol

_4

A 3 W k1S W Aotk

a0 =4 US| AMH A NA, K1 59| #3t - MPT(Multi Patterning) = 2= K1 2| €8

= ASML
Key performance enablers for lithography shrinkage e
085 1 Rayleigh equation:
0.60 1 Fyd Resolution = ¥ | K —
0.55 1 MA 0.6 ) s, dmin. half pitch) A
0.50 x +
o g.q5 {REr Hline A 2
= OoPC = 0.85 YW EUW
2 g0 1 - ’ S -
&2 KeF ! 0.33
& 0.35 1 i
= o 0.80, 0.53 x
. T - -
T ArF Mﬁu -
0.25 g, ATF
0.20 1 Daubul't. - k:l. x“.‘__q:. 5 ArFip gy
AT ArFiy,, 1.20 1.35.%
015 350 250 180 130 90 65 as 32 22 16 11

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
Half Pitch Resalution [nml

Atz O|HIAEEXSH 2|MXIIE]

T the g Wl wakeo] B 1)), o= HAES 245 o 4 9= sb
EgH0l3, thale] 71 Wskal7) ofele wsrolr. o1714 FAkS] PR(Photo Resist)
7F AR Qe o] UNA ") vk e WgEo] FYsithal 7Py sy,
KrF9) 3o 248nm, ArF7}F 193nm, EUVZF 13.5nmo]7] wjio], o]Zd o0& EUV
9] S E=7F ArF tfin] 148 7o) S71E 4 Q= Aot

ot EUVE 72302 F8A /M7 F(NA)7F S7] i), AA sds 32
EUVZ W3le uf oF 4] Fxnt @) ofg) adole & 4= 1%, 1%eke] 3
A S FAY Mt gl oAM= K13 NA 714E &8l PitchE 2 kS
Ur As 7P & WskE = & ole Wshe 3o wskEs Fd 7hsslikith EUVE A

£ WA PitchE S F2AZ & glo, wilE K1o] ok 1l NAZF Hoj#)7]
Lﬂ%—f_roﬂ, EUVE &% Pitchg v 7AAI717] 8liA= K19 stz SR
704, DPT %3h 3 NA 4% (0.5552] Wsho] A aixA 5= Zo|t}

T U TAReE AviEapd, ofef FelME & g U ArFigh FA efakeielel 2]
71 13.5nm 3 EUVS vlwals 749, EUVE 30| ArF tu] 148) 2H<]RE NA
T8k oF 4u) 2] wjiEel, AAH R Half Pitchiz oF 4¥) FF02 7123 4= 7
Ak (k1 = 0.3°.% 714)

OIHIAEEXEZHE 2IMIMEl 17



J19ES [ STIMOIE

210 =& 7|58 O+, NA, K1 Hef 84 = (Half Pitch)

Tech A(nm) NA K1 Half Pitch(nm)
g line 436 0.9 0.3 145.3
| line 365 0.9 0.3 121.7
KrF 248 0.9 0.3 82.7
ArF 193 0.9 0.3 64.3
ArFimmersion 193 1.3 0.3 44.5
EUV (NA 0.33) 13.5 0.33 0.3 12.3
EUV (NA 0.5) 13.5 0.5 0.3 8.1
6.7nm wavelength 6.7 0.5 0.3 4.0

AI=: JSR, OHIAEEXSH ZIMRME, F: Kl 3ESE 0392 2F 5 71

22 NA (Numerical Aperture, A= =2}, Z270/707 3b) ol thar F&oltt NA
o] A5, A 2l 4o ZEES sttt ofy] I-AME & F Q% NAZE ot
Aof| e} "lo] FHEo] stetsiAl Han, W] FdEe] Aers Al Qv IdE
o] BHAH Hoix A Hrh 5, OH’%E—.:‘«] 71 Qulstt), NAZE soldas 325
o5& Yol ¢S Migsjxicks ofujo|t},

e NAS 7k dd3or FEGAE (HR)/He AsH(=a1de ] AshE G4t
A Hm 34 JdzgtEIEE 27, 24%) Fol vHAA H= A E8sHA k. st
APA o ZE & & 9= NAZF AAgH EUVE] AFRYE= tsdliA &9 517] w3t
742101: ¥, “Hl 7] T7Ve oIl Hrk. ol 7]Eel 0.33NACA AR &
=5 AR Kotk AS ovlehy] uhiel, ASML-2 Anamorphic 7]&S ©]
%’5 of JIFAOE 7SS 594 WY e =oldal AT Folth 7|EY w3

isomorphic HHlo® 7lzel Az Zo] 9t IuE A= wao|gith
Anamorphic 7]%& ASMLe] 20161 At 24.9%% Q1 Zajo] A SMTﬁ:J 7]
=95 A8 Zog ®etk EUV A4ne A%hs F4stal U}’\i A= FIgk Fst

AZ ZHEE 2R ASMT7) wh== o7 dube,

2421 HighNA = 2ol BHES
Medium NA

22122 Anamorphic 71& 288 &%t 0.55NA 78

™ Anamorphic magnification solves the angular spread at A,ML
the mask -
Multilayer Reflectivity

60% -
0.33NA - Mag 4x
Jr——p X

Reflectivity [%]
w &

S

R

0.55NA - Mag 4x/8x
Gr—— Y = 8

0123456 7 8 9101112131415161718

Angle of incidence on the mask [deg]

Xt2: Intel, Bohr and Mistry, O|HIAEEXISH 2|AX|MIE| X2 OHAEEXISH 2|MXME
F7I12E2 U DA O] AR, MES2 HiAkES 20|

OHAEEXIEH 2IMXIME 18
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2223 NA 2| E7t= Throughput 37t2 212 - LE#H=0]| Ofl SE 2 siZ

7 Larger NA results in higher effective throughput

ASML
NA limits # of LE steps and dose needed for LCDU it
200 EVVL Werkatap
507 [Furminaton
E TPT reduction by dose for LCDU and LE" E
—— m——x 5/ = —— —r—
T ——n T LN ——————
) E———
* Z 140 —_— = = ———
g 10 SE.\ \ e
b; 100 = ——— —— |
% 80 .
= 60 LE2
. [ —
s 20 LE3 ‘\
e 0
E—— 24 22 20 1 16 14 12 1 e e
———— {Final) Half Pitch [nm] ————
Ef——— e
| —— —
| — — —

* Effective throughput = throughput / # LE steps

X2 OHIAESEXSH 2IMRIME, 3 Throughput(TPT) = AK| A4 / LE Step (==&/A412t 39 3

ol
R

ArFi Wo] ArFo} UEAE Z= Immersion®]|gi= 93 7|9HE& AREsPAA Half
Pitch7} H Z4a37] "otk A3 7oldt, AR 9 7748 =0l AAH d=E &
o] & Hlo] FHES =ol= 7|&o|t) o]F B3] NAS 7]&€ ArF 0.99)4 ArFi 1.3
o7 Z7A 4 A, A¥A o7 Half PitchE 7]Ed8] oF 31% #aA1Z4 4 A

ATk ArFe} ArFiol zfol= A= nA|sl 34 W5 2 NAZ L &2 4 9tk

I ERE] F GA] S A Enhd, 120w 3] FRTF SRl i,
284 F7HE Ss A 2 A e HAsE FE K1 (HE A
W Zlo] 7R oR FedRIth 28a K1& Fs] 95l E A3kl
& ks g5k, NAE s oA aeol= Al &
dolXe 274 Ud + %E e e A
40}71] doh geja HE dEg Be] wE v)E F7F 9 TpT A7 A&5E WA
Tech node o] HuA& ASolr s AEL Fdo] Next Gen®Z Tech
Migration®] Mz 48 44 dut.

AN

JE24 MPT &%t K1 i 22 HIEH SHAl0| =2 > M2R T3S S0t HI84 sid™ d45

High NA EUV: The next step

™ Business as usual: increase NA as far as possible ASML

Relative improvement:5X over ArFi, 40% over 0.33 NA EUV e

1.00 =g
[ne3esam] © Major technology step

|

0.10 |

° (e.g. source, mirror)

0.01

1990 1995 2000 2005 2010 2015 >2020
Year of ntroduction

Sicte courtesy ASNL Fedrary 2018

+ Next logical step

XK= ASML, O[HIAEEXISH 2|MX|ME

OIHIAEEXEHE 2IMIME 19
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211 g TRo| & A
IHE A(nm) 365 248 193 157 134(193i) 135
Res Half Pitch(nm) 700-300 250-90 90-32 40-10 7-2
Years to commercial Developed for ~4
. . 5(1986) 6(1991) 10(2001) years, never 5* yrs(2006) 25(2017)
introduction(Year) -
commercialized
Plasma
. Hg lamp > KrF discharge from
Ligh Hg | ArF | F21 ArF |
ight source g lamp laser rF laser aser rF laser CO» laser + Sn
droplets
0.3~> 0.25>0.33>0.55
Initial > final NA . 0.36>0.93 0.6>0.85 0.75 0.93>1.35 ' : '
nitial = fina 0.65 (2024)
Lens Refractive Catadioptric Catadioptric Catadioptric Catadioptric Reflective
CAMP CAMP CAMP CAMP PHOST,
Resist Novolak CAMP PHOST ’
esis ovoa methacrylate Fluoropolymer methacrylate Metal Oxide
Reflective mask,
Vacuum, source
) power, reticle
Chemical Cher.mca.I Bubbles, inspection, LER,
o contamination, CaF2 lens
contamination, watermarks, PR flare, black
Other Challenges . PR SEM element supply,
new pellicle . ) ) component border,
. shrinkage, pellicle, resist . .
material - leaching stochastics,
outgassing .
pellicle, cost,
aberrations,
Image shift
A2 OHIAEEXESH 2|MXAIE
7225 ArFiQt EUV B4t Bl
Resolution = k, x h}'A_ ArF immersion EUV
Kk, = 0.265 k, =032
Kk, difficulty, kmit = 0.2§ ”
2 Wave ergth -1.9‘,’..”.7.!. 13.50m
NA13S S NA0.33 A NA
NA Maximum N ' V N
Numencal Apertire
AR @ -
Resolution T r6nm %

76nm 26nm < 16nm
Miniemum pitch T3m ha pich ™ hal! pié o

A= OHAERXNSH 2| MRIIE]
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1226 EUV & Tech Node
10

€.1um (Nodes)

400 - 440 nm i
e CE— < 0.36 um

Microns
-
w
o
3
3

e
-

PO WYY

0.01 T T v v T
1970 1875 1980 1985 1600 1005

Year

XE: OHAEEXISHE 2| MxME
ASMLo] AAJg EUV 373 ZE9 ¥4

ASMLo] A|AE EUV Logic 3789 ZEWS IA 4-t7HA] AE5 =), 1~3A4H12
AL 0.33 NAS A3 Astol|A 34 W4l k1S YW Wekolt) o= & 4
g s /i AR E/HEE N, 34 AN w28 i 9 A T 55 A

4 Zlo% wolt). 3AltFEE Tﬂr" tight? 7§l BosjA=dl, M2z v A
toluf Ag AN Tol A, FAd DPTE HEsH 2 202 Btk

o{A

II

o

o|% o= M5 0.557F4 oA 5~3nme Logic Tech Node’} 7Fsad 7
E HQIth DPTOA EgjEo|uvt QPTE Yok &, /75 =ole Was A
3k ol WPH A%%o] HE] dledoz Z45 7] wie], HVMo| 2.3
EUV 7& SdoM = AsHA] & 7FsAol 7] ol

o
o

-

7227 ASML O] A EUV AlCH tH3}

| Progression of EUV lithography for logic products ASML

Public
Sice 24
2018 EUVL Workshop

1st Generation (foundry 7-nm node)

k, ~0.45

Lithography process relatively straight forward with PC-SMO

The right time to perfect infrastructure
2" Generation

k;, <04

Lithography process becomes more sophisticated
3 Generation

k;<0.3

Process sophistication; DTCO; Double patterning
4" Generation

0.55 NA

Atz: ASML, OJHIAEEXISH 2| MX|MIE
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212 EUV MICHE Half Pitch 2] Bi5}: K1 HA], 0|50 = A NADPT or 2 NASPT & ME4

Gen Year A(nm) NA K1 Patterning Half Pitch(hm)  Tech Node
1G 2019 13.5 0.33 < 0.46 SPT 18.8 7nm Logic
2G 2020 13.5 0.33 < 0.39 SPT 16.0 7~5nm
3G 2021 13.5 0.33 < 0.29 DPT 1.9 5~3nm
4G 2022 13.5 0.55 < 0.46 SPT 1.3 5~3nm
5G 2023~2025 13.5 0.55 < 0.39 SPT 9.6 3nm
6G 2025~2027 13.5 0.55 < 0.29 SPT 74 3~1nm
7G 2027~2030 13.5 0.55 < 0.25 DPT 6.1 1.xnm

Atz O|HAEEXSH 2|MXIIE

ASMLo] ¥8l EUV 2EWE deke OWE }xlolur gL e 2w 9 F
SlEchd, i 055 Aol Fold K1g thr] Wit Wako g Half P1tch*‘
10nm oJ3tz WU Zlo® Hl) o] EHTHL Tech Node® #H2A7]= Hol
7 8 S7Vs] e, 285 AR 9 S7FskaL, Tech Node #H4%o] 1 tight
A Qo7 welth HFHo7E 0.55NASIA DPTE Yo7 B2 07 oAte=
g, o]5 F3 Inmtje] LogicO® A= #aubad o= Heltt A= HEHEYL
EUVEL zl&gof & Ao HIIT},

AP ArFis 18nmelMFE Q2 siEE e 3 miiel 2 e @A gol
3, dAE BlE-S 1S Tnm7HA7F ArFi QPTE 2 4 Sl shAA]etaL s
th 2 A vlE3 EUV A Foleks 1t Hlgo] 275 = EUV 7]s
A Sy 71e4 SHelMy Ads] ARl FAE a7siAl =, oo uket
2020 Snm AE AZIRE st AIEY] A4 H Adsd low dekdEn
43, Foundry 342 FE9E EUV ARl -5l A2 Zlo= melth

o, i ?}L

1228 % O|HI8IE QsHA= High NASE L EUV MPT 7+ 232! A
a Combined EUV, High NA, DUV and holistic solutions needed A3SML

to support shrink in the next decade pas

Minimum resolution continues to shrink ... ... and Logic takes over from DRAM in overlay scaling

. STEis Mt Apphcatons
- ”_:f = > fna On Product Overiay [nm] o
| . - . DRAM
. 0N 35 i s et
g oy - =) Gierean 30 4
<
2 ”5 Ykt
5 e b Sokvare
E ” ¢ YiekdStw
° ~ ot
; N f 'S YwdsStw
£ p 8 oy £ 1.5 Sotwary
3 " -
g J S ST Ut of (Y 10
3 I
o 05
Customers request
. Wl o rign e 00 + T v complementary proouct
2015 2020 2025 2030 Innovation
2005 2010 2015 2020 2025
Year of HVM

Source: ASML analysis

A= ASML, O|HIAEEXESH 2|IMX|ME

OIHIAEEXSH 2|MA|IME 22
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329 ASML Q| EUV &H| 2EM: 1) TPT 7§M0] 23, 2) NA 7H40| 1 Ch3

" EUV technology extended for both 0.33NA and 0.55NA  ASML

Supporting applications beyond the next decade B

June 2018

EUV 0.33 platform will be extended to provide state of the
art overlay and node to node productivity improvements

EUV 0.33 NA
2016 2017 2018 2019 2020 2021 | 2022 | 2023 | ..2025 |

NXE:: 33505 \ NXE: 34003 0ver|zy> TPut' \ NXE:3400C NXE Next
25| 126wph / 2.0nm|125wph / 1.5nm 1.5nm | 170wph <1.7nm | z 185wph

High NA
1.70m | 185wph

High NA introduction

at 3nm

r N S
1 TPut: Throughput upgrade (wph) EUV 055 NA

A= OHAERXNSH 2| MRIIE]

Appendix. 2) 3D NANDSt & AEfZ

NAND Flash #A|%& A&02 w51 3D NANDe| th& proto typeE 7Fd A5 A

Ak 21L& Toshiba (B A= Kioxia®Z 873 W7A) o, 44 3D NANDE A it
sl Algel diEal VES Amsta Sl e AMdEAtelth 20129 249 3D
NANDe| 3t 27] Ex12 3, 20149 2202 24%F 128Gb 14t] V NANDE
At AAARE tib] 7P Sl dstolth

100% ©]5-9] 3D NAND 7]% A4l BAES] ZEH 714 A ake sz 32
< Gate otgflol Y& 714 (PUCH CUA)oIU HESS S7HA71EA 971S Wres
QLCU PLCO| ZAo] AT ubd A Az iAAel 7]4S 1005 o)Ak
3D NANDZE 1¥e] %= Single Stack 7]<ol2kal 2 4= it}

Single Stack®] #4J& 31%=9] 27} 719l HARCE B3l 97k A4S wshs 4
olttk. =, Died ContentsE Ee]#aL = dhz WEo] Bz #=olehd, A %A
T YRS A Tes Tl LS G R i B 7FH 07 A|FEk= Zlolt)

Double Stack?] ¢ Z} Stacks 2+ 712-d] Fio dAZo] o7ty Az 34
g AoAA 9‘:} ol Ax A9 Tt ¥4 A8, Tact Time 59 $7F

= 7t AsS EEHA "ok Wi E Single Stacke] A$ 94 &SR VY F
Q3t Fitolgtal & 4 ok AARE Al9ls 7“@’\]%% T FHof glo] oH
S 711 o]u] Double StackCl.Z AF &t ot vhd A4 XjX}% HARCE =3t
T8 FRo AAFF7] wjiol, Single Stacke 1IFEHAA U & QU AAES g
Skal Q= Aol

OIHIAEEXZHE 2IMR|ME 23
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32130 A2t 3D NAND Zd2239| Key — HARC(High Aspect Ratio Contact)

rning

- High Aspect Ratio Contact (HARC) - Dry Etch

oot of this problem is that how quickly we can find the optimum process combination
Input Visible Output

Samsung has forged close-links with all relevant

Q participants, from equipment maker, through
(7

and further academic community members

Samsung is a Pioneer
Unsbizable in the VNAND Flash Technology,
Process based on the

rid Top Channel-Hole Etch Technology

A= OHAERXNSH 2| MRIIE]

3231 Micron 2| Double Stack Al

3D NAND: 96 Layer Creates Competitive Advantage

50% increase in layers

Sets write bandwidth benchmarks

Array stacking for the 2nd time

Uses CMOS under array for the 3rd time

_—
B \orid's
—— 32
== smallest

s&— 512Gb die
_— =~

32 Layer 96 Layer
Gen. 1 Gen. 3

A= OHAERXNSH 2| MRIIE]

GARE A= A 3D NAND F-iol| st Fieio] x|&5d Zlojetar Adgitt,
APAAL AAAFEO] 64WHE] 29 F Double Stacks A|ZFeh b A A= A A
128W7HA % Single StackC.® A|Z3}a Q= AFsto|t) I8y, 1284 0] % 1724
B A2} T3 Double Stack 7%= 3D NAND ¥4o] Wsld Zlow gioken
olof] we} A3 AAF] Mask W Layer 574 3t 7|Etjn] Ads] 2 o7 zs=
Aoz ey olo wet g GAlE =3 g5 AT o]% Multi Stacking ©AIZ
Hol7bHA 3D NANDeA 2] o B wiAa 37 S7P7F o]ojd Ao Helrk Al
A0 7 DRAMO|Y Logice EUVZ} HEshdA AA| Step &= =7F SEE A W+
= Wk, 3D NAND:= EUV 5 o] 171 el Step & 7F k= 7HE w=
Aoz FAHL ol ulg} 3D NAND agksle] w2 =27} F7ksh= KrF % SiC
Ring, Etching 1] FelA¢] =9 F717) o]ojd R0 2 shetec),

OIHIAEEXZH 2IMIMEl 24
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3232 AMMZAF 3DV NAND THH - 1 Hof| AlZH 52 FUT
i
= = = =1 ==
= — — =
= = =
: T B = = -
= 3 3 H B=
B = H =H ==
— ~
= = = = o ==
E - - =
= == =H== -
~ ) — - - .
Q===
== H =
Pt —
IT:3 :
==

Xt=: Chipworks, O[HAEEXISH 2|AX|ME

1233 Toshiba ()2} A (2)2] 3D NAND & 20|

234 ANAAE 3DNAND A2 2

=-=p Channel =—tp Channel
_» Trapping _, Trapping
layer layer
by Tunneling Tunneling
oxide [ oxide
Blocking Blocking
™ oxide > oxide

(¢) Deposition of gate
diclectric and tungsten

(d) Giate node separation

A= OHAERXNSH 2| MRIIE]

713 AAZZE VNAND 7t AMich

Atz OHIAESXSH 2IMXIME

e

M 72 HE & g5 ¢
LT | HHE
1MICH VHHIE(128Gb, 245H) _ B}
’ . D ¥5% CTF /3D X85 3H BH, SE(M7]) 2, M7
(3D NAND Flashe] Al) 307 13 CTF/3D #2558 37 24, J=(27) 2, 27
514 2~10Hf
MOy ChHH| M2EE
2MITH VHI=(128Gb, 325t) 201408 3D BES CTF/ 30 2xxz 25y HAH | ERE
20%, 2 2
3D YIS CTF/48%t 5 HE ZF M0 CE| A44kY 40%
i vdiE =) . - '
3HICH VHHE(256Gh, 48H) 1508 e wm I15(TL0) EES 30
ZDFN M AX-BH(9-Hole) / 214 3MTH CHH| &= 50%,
4N VHE(256Gb, 64H) 2016.12 S 32 M7 / ZIMEIY CTF &9 MAtd 30%, MYSE
&d 25% B¥Af
=04 MHY SE 2 M & ~
ZUS - MUY EH ER WA IE Ty o 22 w0
SHITH VHHE (256G, 92E) orgos L VA I SE I MZT o, ey
A s 87 JlE / gAB(W) fRpEee o T T SR
23 Jle 0% 29
ED% 47 71E Hg
2% E71L I= = (TITCVNAND SMITH Tt A5 10%,
6MICH V NAND(256GD, 12858)  2019.08 i 21 &= TR /Single Stack 0 o sy ey
T T M2/ A hole A 937l 0 S 0T T T
6.7 ZA(MA 20% B C R

A= OHAEENSH 2| MRIIE

OIHIAEEXEHE 2IMRIMEl 25



J19ES [ STIMOIE

(s

12135 YA A10[3H 3D NAND B4 HHAl — APSZIZ= TCAT 722 TANOS Cell & £t

I [ Toshiba) |
Cell (- )1+
]n—;v»-
: Cell string : A
=i
j"_ - P-BIiCS (perpendicular charge trap)
= - -
Selection gate
Control gate
Selection gate:
Memory array <
/ BICS (perpendicular cell string) TCAT (perpendicular charge trap)
[samsun | SKiynix 4 e
Cell > -
1 @ £ L1 -
ik Akl =1 3
« =
- - ’
- .
Call string o, o o
DC-SF (perpendicular floating gate)
'l 'l b
2006 2007 2008 2009 L
Year paper presented

Atz O|HIAEEXSH 2|MXIAIE]

236 A49| TCAT 4

:
i
)

Sacrificial-fim
removel

|"'°"‘°'r"-"“l Memory array

von

i

[

Sacrificial

[

[

A= OHAERXNSH 2| MRIIE]

2237 3DNAND T S7t= EHHCR Etching Sd2| H0|: &S5 0P|
Extending Our Leadership in Memory Hole Etch

»96 Pair Challenges Enabling Product: Flex™ Dielectric Etch
Sh ent Gre b
» Higher aspect ratios » Proprietary fon energy control o il (’,,"f"v’
enabled by unique, small-volume,
confined-plasma « \ber

Memory Hole Aspect Ratio

2014 2015 2016

Channel Hole Etch Position

A= OMAEERISH alAX[HE]
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SZIMIOIA (005290)

MHFHE E AN
(A1) 2015 2016 2017 2018 2019 (Aoigd) 2015 2016 2017 2018 2019
[SKHA 2557 2648 302.8 3636  410.6 TE 7093 7650 7852 827.2 8753
2 U SR 560 618 730 858 1144 &7} 580.7 6416 637.4 6743  688.8
IHEAA 2 7(EHEA 1231 124 1236 1435 1445 IHE5019| 1286 1233 1478 1530 1864
TH XA 659 644 702 906 876 TojH| Y || 70.1 79 759 820 815
7|EFR St 107 16.1 3.0 437 641 ggoly 585 454 719 7.0 1049
HI RSt 400.0 3928 3643 3968  430.1 (EBITDA) 940 1191 1133 1065 1468
EHH7|HERS 2.9 49 09 149 141 2829 -216 -174 -132 -149 -139
SERA 3341 3199 3058 3248 3516 O|XHH| 163 138 130 129 132
TR 210 195 173 144 2041 A7 IYS EXEY 0.0 0.0 00 -1.0 -0
KAEAH 6557 6576 667.2 7605  840.7 7|EfF eIl &0| -12.2 43 =07 66 -1.9
SR 4249 4043 3383 3558 4332 HIEA 221012 246 323 580 617 881
LT L 7 (Bt 441 519 556 687 655 HSALHQIMEIR 47 59 130 138 294
T |2 8RR 368.4 3349 2693 2666  335.0 HEAHH01 199 2.4 450 480 587
7 |EFR SRR 125 175 134 205 326 STAL0|Y 0.0 0.0 0.0 0.0 0.0
HI RS 603 563 613 988 472 712019 199 264 450 480 587
71288 400 383 482 802 269 N[ 198 260 448 477 585
7|EHIRSER 202 180  13.1 186 203 SO 21.1 %2 317 415 607
SExEA 4852 4607 3996 4546  480.3 HEZ0|AE (%) 18.1 16.1 188 185 213
X|HFFR|2 1643 1902 2640 3021  356.3 HHOIAE (%) 8.2 5.9 9.2 86 120
23 24 287 257 257 257 EBITDADIEIE (%) 133 156 144 129 168
2o 86.3 884 1223 123 1223 YI120|1AZ (%) 2.8 3.4 5.7 58 6.7
0[9YoiZ 28 574 1027 1412 1934 ROA (%) 3.1 40 6.8 6.7 7.3
HIX[BIFFXI2(SZ) 6.2 6.7 36 38 4.0 ROE (%) 133 146 197 169  17.8
XHEEA 1705 1969 267.6 3059  360.4 ROIC (%) 9.2 7.3 1.3 1.0 130
HgSER FQ EXX[H
(Aloigd) 2015 2016 2017 2018 2019 2015 2016 2017 2018 2019
gHEs MIFSE 613 1068 826 633 1124 EXXE (x)
7]=0]2(24) 199 264 450 480 587 P/E 12.8 18.4 24.5 79 147
bHsZolH|187t2 788 1003 784 693 964 P/B 16 25 43 1.2 2.4
SYRAZT A2 318 705 389 3B6 405 EV/EBITDA 6.5 6.6 12.0 5.7 7.3
F R ZHH| 38 3.2 2.6 1.9 14 P/CF 2.6 38 8.9 3.2 5.6
7 |EtZ4oH|E 17 08  -1.0 17 0.4 HHEUE (%) 1.1 0.6 0.4 1.2 0.5
FAEE KRR HE -19.4 02 -144 -339 -42 Y (%)
1 ESN TR ENC)) -5.5 41 71 -192 =22 Il /ESl! -9.7 78 2.6 5.4 58
UK ZA(B71) -2.0 12 -65 -20.3 38 ol -187  -223 584  -13 477
HYMT S7HLA) -3.6 41 8.3 88 -1.3  MT0|Y -575 31.2 79.4 65 427
7|EFRIAM, BRHE -83 -92 -91 -32 -46 712019 -55.7 323 70.6 6.6 224
EXgs ¢z -386 695 -480 -752 828 EPS -50.7 235 64.4 27 27
SYRAHE(FS) -3.2 -596 -360 -50.0 -74.9 FEY (%)
TR ZA(BTH -34 33  -09 04 -07  ExHE 284.6 233.9 149.3 1486  133.3
EXIXA 22 (B71) -01 =30 -127 -97 -72 QEH8 60.2 65.5 895 1022 948
J|EtEREE 11 -36 15  -16.0 0.0 E=AIUZ/RE7 | R (x) 204.4 154.8 825 747 585
MNEHE 3 47 307 200 253 1.4 Felo|l/28HIE(x) 3.6 3.3 55 55 7.9
XUZo| ZIHZA) -12.8 -31.3 -504 294 1.7 SIS (Mg 408 373 318 347 362
ol S7HLA) 150 03 322 47 47  EXYUS (MAY) 348 305 221 228 211
HEZe X 25 2.8 2.9 4.7 47 FEXEER)
7|EREE 25 09 -18 0.6 16 EPS 445 550 904 928 1,138
29 &7t 271 59 112 128 285 BPS 3,514 4,010 513 5875 6,931
MES- = 283 5.0 6.8 730 8.8  CFPS 2,222 2,684 2,488 2,280 3,016
7| U 560 618 730 858 1144 DPS 60 60 90 90 90

X2 STIMO0|A, OHAEEXIESH 2| MX|ME]
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4%
HI
1z
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STMO|E 2837} F0| EXjeld HEIY
(#) - - = o 2212(%) = ox T2|E(%)
e =T = - _ = - -
30,000 o o sy | HL EHN @@ | A oz sy | BT EHM wma
25 000 CiH]  CHH|  CHH] Cjd]  CHd]  CHH|
] 2020.06.24 #HA ZGA
2020.06.24 NR NR

20,000 1
15,000 1
10,000 1
5,000 -

0 : : : ‘
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