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3D NAND Manufacturing Challenges

Film stack deposition

Increasing # of pairs requires
high productivity

Impact of defects
magnified

Non-uniform
layers

0

Channel etch

Selectivity
to hardmask

Bowing

CD variation
at top vs.
bottom

Twisting
Incomplete etch

Word line fill

Lateral fill required

) Voids
in tungsten

AZ: Lam Research, O2HoMCH< 2|A | MIE]
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Significant Challenges in Scaling 3D NAND

More Layers —>
Taller Structures

48 pairs > 60 pairs__J

KEY SCALING CHALLENGES
Structure integrity

Thick masks

Slanted profiles

Elliptical holes

Top-to-Bottom uniformity
Uniform horizontal removal

Deep clean capability

ENABLING SOLUTIONS

Disruptive new thinner hardmasks (1)
(Precision CVD)

Innovative Etch technology @
(Sym3)
Damage-free radical Etch @

(Selectra)

Need NEW MATERIALS AND REMOVAL Technologies

22 | Extemal Use
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Extending Our Leadership in Memory Hole Etch

296 Pair Challenges Enabling Product: Flex™ Dielectric Etch

» Higher aspect ratios » Proprietary ion energy control 2hipment Growth,
- enabled by unique, small-volume,
confined-plasma chamber design

b Mask consumed
_—— byions

y

Memory Hole Aspect Ratio
0

Neutrals fail to reach
bottom >40:1

T —_ 50% of ions may not

reach bottom >50:1 I Channel Hole Etch Position

2014 2015 2016

32L/48L 8 96L

WYY i r——
CD variation \‘ ‘|‘ I
Bowing - = Jtopvs. it s

bottom
Customer C

2016 2017 2018 e
Incomplete * _ Year in Production
Twisting 5

© 2016 Lam Research Corp. | 2016 Investor & Analyst Meeting 36
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New Hardmasks - Enabling 3D NAND Scaling > 60 Pairs

b

HIGH VALUE PROBLEM APPLIED SOLUTIONS

> 60p o PRECISION CVD

w material - 60° inner

Sealing returns to

New material
Mask thickness

>50% of stack > 60p High strength

Low stress
High selectivity

DTOR at advanced
3D NAND nodes

At multiple customers

Extemal Use C ARRHER.
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Word line

Charge
trap layer
Poly channel
Oxide barrier
layer
Tunnel
dielectric % Oxide fill

KI2: techinsights, OIZHAAICHS 2|M |

18 8. 3D NAND & == 37k= ALD Ftoll 5. Z2| AES 2L U= BHE {FEA S ALDZ S35l

1 U3, & 57t s0iHBEA 20| HolA+S T2 SEGHX| D ALD Fu| £l 7t

Extending Our Leadership in Word Line Fill

296 Pair Challenges Enabling Deposition Product: ALTUS® ALD Tungsten

» Quad-station architecture allows per-station
optimization for best performance

» Stress-induced wafer bow

» Defects due to fluorine attack
Fluorine Reduction

» Fill of complex structures

—_ — -3X
|1oox

Stress-induced bowing

F Concentration

Wafer
50 Depth (A)
Stress Reduction 32L/48L

o ______CVDW Customer A A
I 5X T Customer B A

Lateral and
vertical fill

fegiired CustomerC A

e _ALDLEW
Customer D

100 200 300 400 500 600
Film Thickness (A)

Stress (MPa)

NAND Tungsten SAM Growth

100 5 Word Line Tungsten Fill Position

64L

© 2016 Lam Research Corp. | 2016 Investor & Analyst Meeting
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3D NAND & 57} 57keh= A% NF3, WF6, Lej714 5 8. 571 =go] & Zolth
A 72 A AR o 4= 48ttt S NE I 64dto 2 Sl Alolt). 53] SK
sfolg27h 72t AlEe] =3 Ao FAEE HEAHT A0l NF3, WF6 5 Al
AHgERO] TS AR AMIAALE 961 o)delME HE2EY 34 E9S AE FUd)
o]g 79 SKHEjg| A=A 4287} Eofd Aot

ZEYAE OLED Aite] S7ksle Ak 3tk At aEd ol H 8 aAALE 9
ZYAME OLED g Ak Algsioinh uldoles 8 2nfEE JAlEe] F9ME
OLED ¥ &AlE A 52 Adolt) oledlA &8 Fslr] a8l Ayl
LGH2Zdo] Fo| My} FAE 440z Age Aot). o] A NF3 & A= 4229
TAA 9 F Aok

EXIo|74 BUY, 2EZ7} 220,0008 SX|

SKHE[E G =0 digt FARl7 BUYSF 53571 220,0009S FA%CE 53571 22
B AAAA o] 1wk gl Wiolo] S Whd3k P/E 208} S H&aiA AHgEisit) | 57}
T 20173 715 P/E 16.89), P/B 4.290] A Foltt.

Zi| (12¢) 12/14 12/15 12/16 12/17F 12/18F 12/19F
THEY (M) 212 338 461 562 701 735
Hedo|9) (M) 26 113 154 166 217 229
HHO|UE (%) 12.3 33.4 33.4 29.5 31.0 31.2
0|9 (M) 14 66 109 118 159 171
EPS (&) 1,289 6,270 10,299 11,181 15,082 16,201
ROE (%) 43 18.9 27.2 296 36.5 30.2
P/E (tH) 39.7 18.6 17.4 16.5 12.3 1.4
P/B (tH) 1.7 3.3 45 4.1 3.3 2.7
HE+UE (%) 2.0 2.2 2.0 1.9 1.9 1.9

FK-FRS 912 7|F, =022 X|8jFF & =0(Y
A2 SKHE2|HZ=, ol2foll A< 2lMx|ME



HHEH|

{2 Xl= 3D NAND 33

LCD/Ht=x| ZH]|
(Initiate)
SHZTHR,12M)
Sz7K17/07/11,24)
AB0f

42i0[o}(17F, Alof2)
0

Consensus HH0[A(17F, A

EPS M&E(17F,%)
MKT EPS MAHS(17F, %)
P/E(17F x)

MKT P/E(17F x)
KOSDAQ

FIESE(%) 1748
HojFot 3.6
AtiFot 6.5

190
170
150
130
110

90

T2

38,000

30,050

26%

62

b)) 55

60.8
39.6
10.7
10.0
656.01

591

20
68.5
17.2
1.54
16,850
30,500

670 1274
149 722
17 830

—Fg=2 —— KOSDAQ

70 .
16.7 16.11

17.3 17.7

EHIA (095610)
24 X|= 3D NAND Z2X0| 435

3D NAND 44t0] =01 B x| M3d ZH| A

Has ulea] A3 gus giels Atk 9 AlEogE PECVD, Gas Phase
Etcher &¢] Itk PECVD: E#2nks ARaiA dohks o1& gloj 3l J4A1A +
T o Rk 8 2N E e ARk SKeteld 27t Q)T Hl2e] 2017d AA
HEEA] AAES] FAF Z7IR Qe ulEed 2,73399(+53% YoY), ol 6159¢
(+69% YoY)& 7158 Adolrt. 2Q17 AAE wlg- 458 oz odect. Fgeld]
249919(+ 58% QoQ)°] 7Fsd Ao it

3D NAND EXt 7135}

T viRe] vk YRSl 3D NAND F4F Ao 753t 1 glek 2017 Ak |714]
3D NAND tj&g @ato] 7Fest Al Ad-apt f4dct st dA4l= B A
5 O A AAE 2 SKatolY2rt M14 9 239 3D NAND A4 7juE s
Ak 9714 shb7EE 72 3D NAND YFiHs Al2ket Alglolt), TAuhi= v2e] Y-
S TARNZIAL #2649 3D NAND Fibs Al mlo| &3 Qe AJ7br=e) =
el 3D NAND A& #& AF gastar Al Akl Eoizit). AR olE3) 4
A2 o We]7] 98 #H Heloll 3D NAND A¢ 98 g-gsla A% Aaks A8l
NAND A& 7+ 44 27t AsiAuA &5 st Tt sold Ao o) o)
glaoh 28 Fe ) A Sl El= 242 Aot

53] 3D NAND9| @ 47} =opA= Ao] H2vp ARlslal Qe sfenprad S48
PECVD H] =2 Z71l Z=90] & lolth 3D NANDE AY IS 8 42 &5 &
ofof k= Fo] Aot} of7]el| sturtaArt ARHT El2E stuvnkad FE |
& Akt 19d] 3D NANDO & 77} oA E5e Zlojx|an e &= Zlo] o
Ak & 4% ek S N7 FasRin) o) H2eh 22 i | ¢
AEoA 3 L900]t) 53] 96 o) dellA T2 e Ao Adye v 287 ¥

=)
=
Aol SEnlsa Sl 37k Basld 54l Fuk

EXI9)7A BUY, 2HZ7} 38,0008 HMA|GHH F{HZ|X| AJXt

Bl2ol] oigk T2kl BUYSH E3257F 3800092 A e AHYAE A&ek, BuF
7h= 88 3701(20179~2019%) 54 ROE 28%9} Cost of Equity 7.4%E BlalsjA] A
A3t @ F7Rk= 20174 715 P/E 10.84, P/B 3.18j¢l] 72 St}

Zi| (12¢) 12/14 12/15 12/16 12/17F 12/18F 12/19F
THEY (M) 110 100 179 273 299 323
Hedol (Mofed) 16 9 36 62 71 83
HHO|UE (%) 145 9.0 20.1 22.7 23.7 25.7
0|9 (M) 15 13 31 55 61 72
EPS (&) 943 772 1,752 2,817 3,088 3,647
ROE (%) 19.9 14.1 25.9 32.0 27.0 25.0
P/E (tf) 12.2 131 15.3 10.7 9.7 8.2
P/B (tH) 2.2 1.8 35 3.0 2.3 18
HE+UE (%) 1.4 2.1 0.8 0.7 0.7 0.7

FK-FRS 912 7|F, =022 X|8jFF & =0(Y
A2 B2, ool At 2|MAdE
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HHR|
0{24%Xl= 3D NAND &3

EXO Y SEFI} HSHO)
5)

E5g(ZcH HIAIA} ARl =ZEIHY)  E=SH(ZEWS) HIAILR} XA =EFIHY)
FAAX| 01 (036930) 2017.07.11 e 18,0008 SKHE[2IZ=(036490) 2017.02.09 o= 220,000
2017.02.17 o= 13,5008 =4 oA H Y
=4 oA H e 2016.10.17 o= 198,000
91PS(240810) 2017.07.11 o 37,0008 2016.07.20 o 165,0008
2017.04.12 o= 32,000 2015.07.01 o= 160,000
HA A H Q| Bl 2(095610) 2017.07.11 o= 38,0008
2016.05.02 o= 20,000 =N e H e
(#) e MBI E! (#) 2%PS (#) SKofEllg= (#) S
20,000 40,000 250,000 40,000
15,000 30,000 200,000 30,000 a”r’ﬁ’

150,000

10,000 20,000

100,000

5,000 R 10,000 50,000

SXOH 25 U HSIIE

71 2

tr t (] o] bt

20,000

10,000

16.7

o 3 12701E 71F Hij$UE 20% o|Ae] X3l of Ak HIZE: 8% 12719 7|F BRI FASEO| AIRFAE | =L A5
Trading Buy : & 1270€ 7|1F HU$AE 10% O|4ke| Enj4=0! of 4 2 AU 7|E GEXFHSEO| AEFUE 7
e % 1270 7|1F Hoj+YE -10~10% O[Lf2| S| of&t HIZSA @2 1271E 7|F GEXTMNSE0| AEFAUS thd| WAL Y5t
HEEA D S5 12701 HiAE -10% o|Ae| FItsIEl0] of A
o{=~(A), Trading Buy(l), S2(@), BIZZ2(#), F7H—), SEFI7H=), Not covered(H)
EXto|A Hig
of=(ml<) Trading Buy(tH<) =E(z8) HIZSA(HE)
69.67% 17.06% 13.27% 0.00%
* 20174 6% 30¢ 7|FESZ A2 17t S 8FAME0 isto] SEeH 2 2Y FAS=9 vl
Compliance Notice
- SAkE X2 MY SR ZARRA oiAloln) aiRisio] St ofsi2A Il elS e Eelgic
- Bl 2 X122 FBKiA AP MSst AlAlo| gtEHCh
- 2 XA2E AN 0 d2|AEE RZANY A ZAREA CjAlole] FEFAAE ¢ H2|E 2Rt UX| 54k
- 2 A2 oFe| 2Hst 2oLt ZHI3tol 0 d2|AES| 90| HEoH| HRHEISS Eolfhct
2 ZAEMRIEE EAle| 2IMAMET] MRS 4 Qe AlE ¥ MEZEH A2 ZiolLf, YAD| O MEMolL MM S RIS ¢ gloaz XX} AR meka)
Holslol| 35 A_E—'.‘OI LE SXMA7of] st EI% 7E 42 SHAI7| HiZC, PEW ZAEAMRIZEE ofst 20l D2 ZAUFAL Zujof ofsh HA elAx|ol
SUKEZ Al2E + YUSULE 2 ZAIRMRIES] XM AAHES Sl Bz EAlel 512t glo] 2ot SH| ¥ Hi=ZE £ glEuCh
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