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*SPIE: Society of Photo-Optical

Instrumentation Engineers

SPIE 2021 Advanced Lithography 2|0fl SA} RIS ZH| &2 H1ZD} A|XH
* SPIE= gsh 2012 HAUE st82 B =g, AS 2012 M 7|s 58 £

* SPIE 20210 2=230Y, WAEL |ntel 2XXF] HE(Metrology) 20t =2 HIXY

=2 Lig 2%

=22 F£2 LI IRIS BH|E 0|83 H2 ImageE Sl HH LHL|°| Het £H
* Intel2| 3D NAND 44t 3% & Control Gate Recess (CGR) 3%4 Zsl| =5
* Throughputt H[2X21 MHojlA Non-destructive &5t 30|14 ZQ > TSOM
* TSOM data cube pixel ZtZt2| RatioS HiA1tQ] HRAH|Z H2| > Parameter
* TSOM data parameter2t Zgf2| AfO|X8} ZO0[7h =2 M oA 2
> Zgt9| Al0|=2} =0]7 TSOM data2RE ZHIZ GISE + UCk= AS 2(0|
*TSOMZ Sofl BT Of2f Z&2| MO|RE FFot= HUE RE 7/tsd M|
* Wafer Intel0il reference. HH|= YAEIQ| IRIS(B/F wafer inspection) AtE
[==29 Z2E]
* Hole etch processE ZLEIE Sh=0 522 NIR TSOM application M&
* Model-less TSOM X[t GHLtQ| ‘Differential TSOM data cube’ PIOZ 24 0=

0|45t BIHS M50 Under-surface Z&C=2 HH

2% 50|22 SY =2

XX O

YAE —— KOSDAQ

20.2 20.6 20.10 21.2

Share performance

2192 3 & T IiE SX2 4X 4% &= Inteld EH| HE 7154 &y

* 211 OfATIHEAS 97929, H0|OL2 4702 2A(OPM 48%)°02 57

« 47| LI82 Zeto| ZX| & ofL|2t S8 JHHUA2 ST} IR =5 A= HH
o SAQ| | 3 Ze A LA12|E9 R4 YB2 =2 R0l 20 2A
BXHZ=7121/2/23,2) 71,000 A7H5U(HAS) 679
HR0|2(20F, A 2) - LT A () 10
Consensus S0|2U(20F, &4 2) - QEZMHIE(%) 59.6
EPS €XE(20F, %) - Q=201 HRHIE(%) 1.2
P/E(20F x) - HIEK12M) Y7HolE 1.82
MKT P/E(20F x) - 527 Z|K7K) 23,881
KOSDAQ 936.60 527 Z|T17KE) 71,000

Earnings and valuation metrics

FIEE)  IE e 12 2 (198) 2019
27t 30.0 0.0 0.0  OH= (M) 9
ChiE 36.1 0.0 00  FoIY (M) -2

SR EXIEH -

/
MIRAE ASSET
Ol Aol A CH 2

HRAO|UZ (%) 222
20/ (Ho/2) 3
EPS (%) -364
ROE (%) -104.3
P/E (&) 00
P/B (&) 00

HIZ21E (%) -

F K-IFRS G2 71E, =0|92 AejF= 7i% =01

Az YA, DA 2IMRIIE]
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SMOll St £Xt QAIAYS RO AHM Cover page?| ZED ZH0| SAQ| 7IE20] FHOLt

Ct= S 2oty =2 '%—E—OHOI 15 20ig = UCk=E MRS % [olH S=oict 01 211M

OlAf 71EUR0|, S= LA SR FAL 7UHIQI ez 219 AH0] I /fdE 207

TOIEF CiEh 71X SHOM F71XQ1 OIS Hok= FXE 1-I3H g =2t HEAEE of
8, 2510 ZE5tuA} BICt

3D NAND ZSEAE2 4t Hig SHOA 02188 2410 QUL 53|, IE&H|(High aspect
ratio) HoleS éP—f = 30| 7+% 77“3%1 HAHOI %)Solﬂf Intel9_| 3D NAND F&&=
Floating gate 7LXZ 7|2tOZ SiCt 53 = J8O|Ct.
0] & E3| Control Gate Recess (CGR) -é;’SOH FEIUCL 2EX T2 HHO| SEM OO x|t

AL ETHQ| Control gate®t Q11 &0FEl Control gatel] B&s &9015 4 11, 0 ££0] 0|
=20 Zeez ZX|otaXt ot= £&0IC}
=20AME IEEH| channel hole A2t 392| ZutES ZAKInspection) &0l UCA A2

Ho of
olr

SIAEEO CHolf Ao, BEH SIEHE(Sub-surface)dll S4E Zdl2 ,:,Fx|6h'l_ 2asi=[|
|8 §8%0|1 H|m}3)(Non—-destructive) ZAIZ} 7ES5HH £E7t HEE BHAIQ1 TSOM(Through
—focus Scanning Optical Microscopy)S A715110 QICt.

II

J2 1. =2 TA: NIR TSOM £235t 3D memory EH 0[5} Zsto]| CHst ZX[et 22

2021 SPIE Advanced Lithography (22-24 Feb, 2021)

Comparative NIR TSOM for 3D memory subsurface
defect detection and classification

Jun Ho Lee(#{%#-%)?, Seokiin Na, Junhee Jeong®, Ralf Buengener®

aDept. of Optical Eng., Kongju National University, South Korea
ONEXTIN, Inc., South Korea
¢ Intel Corporation, USA

2021 SPIE Advanced Lithography. G4 Comparative NIR TSOM for 30 memory subsurface defect detection and classification

Atz SPIE 2021, DIHOIAICHS: 2JAIXIMIES

12 2. Intel 3D NAND &%. Channel Gate Recession 2X0jA{Q] Zsto| =5

Channel hole etch process

Session 5: X-Ray & HAR Metrology

| Defect of interest (DOI) };

FG (Floating gate) — FG short in CGR

———— <Intel’s 3D NAND process> |

é E % thin control gate (defect)

.

normal control gate (no defect)

E%

l

(B)Conl rol gate

tile Memory and

019).

o
T4 Comparative NIR TSOM for 3D memory subsurface defect detection and classification 5/24
Af=: SPIE 2021, DZHOIACHS: 2 MX|AE]

2021 SPIE Advanced Lithography
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3D NANDE HIZ8t 3D MemoryE & (Metrology) % ZAKInspection) &0 2101 012
2 Ze0] AX9| LR HX[ot QAtk= HOILt. 7[Z0I= Ol2fet Zeig A7| flal 4Kk
Layer¥] ZIOHLHD] 22| IXIQ S4S HOMHHOZH 3HCY. 12U, Throughputitt HIZXQI
M AXIS HS5IX| 040 B2 0{2E MOlSH= Non-destructive 28} $10|Zi0] LR3I}

g 1 Ho
= o o

71Z2| Microscope= In—focus imageE SollA{Tt FEE FotC. BiH, TSOME in-focusOi|
M HHE 38 #0t 02t 9)=XMOZ Defocusdt imageld HEE $FISICH TSOM EH|=
7|2X9o= Bright field microscope0|H, Multiple through—focus position®lA] SA|M| optical
axisE [Mz2tA Wafer stageS HEXHO= 0|0 C=ro| 0|0|X|E fEBICL =X +F& Data
cube= TSOM data cubeZ 22|21, 0|42 optical axisS W2tA A2 ©HO| 00X
TSOM imagez2} StCt.

20160 = NIR IHE 0| Inspection tool (IRIS)O| micro scale TSV holed|| £E=2 X%/}
C}. HIZ TSVE ZAlst TSOM study?t M2 BOEUS If Q2= F2 BH X sl ==

g1, A AHUE micron £&0|AOLt X|tal, Adaptive-optics supported TSOM ZHH|S
7He, Q0| HEMS Mechanical parte 0[S g{0| Scan & 4= QUQUCt. WAEID} AMFXIO| X|
S 2RIt

7 3. Model 7|Hte] TSOM 3% 7HQ: S&SH Akt HQ

Model-base TSOM Process

‘Session 5: X-Ray & HAR Metrology

Step 1. Bright field microscopy with through-focus (Z-axis) scanning  Step 2. Image acquisition at multiple through-focus (TF) positions

TsOM image

Match

N » 14
1
MSDys = 5 ) (4 —B) 4 [

=
N = total pixels

Library of
Simulation/experiments
Step 3. TSOM data generation: TSOM data cube and TSOM Image Step 4. TSOM data processing: library matching or deep leamning

2021 SPIE Advanced Lithography e mparative NIR TSOM for 3D memory subsurface defect detection and classification 8/24

Atz SPIE 2021, DIHOIAICHS: 2JAIXIMIES

J2 4.20164 =2 TSVEHO NIR TSOMS HESH Atzfl: YAE! RIS &H|

First NIR TSOM application into TSV

ef. Jun Ho Lee, Jun Hyung Park, Dohwan Jeong, Eun Ji Shin, and Chris Park "Tipltil h-f optical
10023, Optical Metrology and Inspection for Industrial Applications 1V, 100230P (24 November 2016); https://doi.org/10.1117/12.2247807

2021 SPIE Advanced Lithography A Eomparative NIR TSOM for 3D memory subsurface defect detection and classification 9/ 24

Xf=: SPIE 2021, OZHOIMCHS 2AX|ME]

. Proc. SPIE

Mirae Asset Daewoo Research 3
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o AR = ESH Model less TSOM methodS SI7134CH HEH ZAS9| A0|XQt =0|E Ofl&fst
7] ol TSOM data cube pixel Zt22| RatioS HiZATIC| HRHH|2 CHE1t 20| Ratio = (Signal
- Min)/(Max = Min) H2J3iCt. 0|2t &2 H|E2| MolZ TSOM Height2t Volumes H2IHC.
£5l, 50% TSOM volume2 7t& 2 22| X10|2] HEIHL} =2 23 7IKI= pixelE2| &2 2
03ty

0] B4+E Sall, 22| AO|=2t =0[7t TSOI\/I data parameter(50% TSOM volume, 70%
TSOM height)2} &2 M3 HEHAES Z=Ch= AMS UHZICH 0l Z8e| Mo|=2}t =0[7t
TSOM data=22E 2HI2 01|§5a ps f— = 20jstt. H|S 0] ¢/t BHAC Agitts o

&l

4o2 SU|= 27otn, BH O Z3O| MOIXE FMok= HULE OiM5| REIH: XS
233 4 Ak

2! 5. TSOM dataZ 2E| EX Ratio2 && Parameter H2|

Analysis Parameters

Session 5: X-Ray & HAR Metrology
<Conventional BF Mlcroscopy> <Model-less TSOM>
Size Area | in-plane v | | TSOM Height | | Tsom Area | | TSOM Volume ]
- - - ]g/
n — <
W<
Shape
- ———
S — — JE TSOM PV
e R
— - Ratio — Signal = Min
S A0 = “ax — Min
e.g)
50% TSOM volume
- . . 0, ;
[ 80% TSOM Image height
Ref.: Joo J.Y., Lee, J. H. Jang, W. H., Lim, Y. W., Jeong, C., Mun, J. and Kim, H. H., "Defect size estimation via model-less TSOM under optical resolution”.
(in preparation), 2021
2021 SPIE Advanced Lithography A EsRparative NIR TSOM for 3D memory subsurface defect detection and classification 11/ 24

Af=: SPIE 2021, OJHOAICHS 2JAMRIHIE]

12! 6. ParameterS 2235l Model 20| ZHI2 Z3te| 7|2t 0| K= 7H5

Model-less defect size/height estimation

Session 5: X-Ray & HAR Metrology

Ref.: Joo J.Y., Lee, J. H. Jang, W. H.. Lim, Y. W., Jeong, C., Mun, J. and Kim, H. H., "Defect size estimation via model-less TSOM under optical resolution”,
(in preparation), 2021

2021/ SPIE Advanced Lithography N S EEA Eomparative NIR TSOM for 3D memory subsurface defect detection and classification 12/ 24
Atz SPIE 2021, DIHOIIAICHS: 2MX|ME]

The control gate recess processE ZLE{SH7| {{alf 4702 Wafer =2 HIAEZICE. Standard,
Weakly skewed(defective), Highly skewed(defective), Standard wafer after post etch and
clean (ACI) 0|4 47}X|Ct.
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[027] Wafer= InteldlA] inspect, reference 3L} YAEIQ| |RISE= NIR bright field wafer
inspection ZH|S AR3HCE. X7| defect?] 22t TSOM data acquisition ZF0| AF23IUCY.

[2=8]2 M7Hel AIO|H0|| defect mapS 0|1 U=H, InteltA S reference?t IR
Z UR[SICE F2 SR} IHYAIZ|0A Skewed E +5 S At 7t S7fots B8 H&
5I SOIRNCE T12iLt, BT Ot2H(Under-surface)Oil {IX[5H QU= 27 AOIZ= HTI5| YUX| =&t
38 7. Intelof|A reference$t Standard wafer®t 28t wafer
Test wafers
Session 5: X-Ray & HAR Matrcogy
Four wafers in order to monitor the control gate recess (CGR)
= One standard (Reference) - CGR POR
= One weakly skewed (defective) - CGR POR+
= One highly skewed (defective) - CGR POR++
= One standard after post etch & clean - ACI POR
<Wafers were inspected at Intel for Reference>
Standard wafer Skewed (hlghlzdeiecnve) wafer
‘: - ' "F.;\ Ejv'ed count per die
sgsaiEeci:
2021 SPIE Advanced Lithography e Comparative NIR TSOM for 3D memory subsurface defect detection and classification 13/24
Atz SPIE 2021, O[2HOIIAICHS 2| X |MIE]
7 8. TSOM dataZ &&3t Zulet Intel reference data| =2 UX[E
Best match to reference
Sossion 5: X-Ray & HAR Matroogy
<Standard ~ CGR POR> <Weakly skewed — CGR POR+> | | <Highly skewed ~ CGR POR++>
Best matching conditions
= Imaging wavelength 840 nm
= Defocus position -1 micron (1micron under surface focused)
= Defect types = same type of under line pattern (black/white)
= In-house algorithm applied for surface defect removal
2021 SPIE Advanced Lithography S Esmparative NIR TSOM for 3D memory subsurface defect detection and classification 15/24
Af=: SPIE 2021, DZHOIACHS: 2 MX|ME]
S Aol ZSMRXIE Holsk=0l, 80% TSOM volumes AFRSHCE [1219] plot2 TSOM data

cube®| SY intensity surfaceE LIEHHCE Ratio values 2424 0.2, 0.4, 0.6. 0.82] ZuiC}. 0
Plot2 Undersurface defecte| &st™ ZI0|£ E0{F=LCE

[2310]2 289l Datalil CH3H x=2 normalized radial position0|1l, y=2 HHOZEE Q)
optical depthZ Plotst Z0|Ct. O] plotdil A E7dst SO|22 M2 LS 2L

1)

2) 0~ -0.5 micron?| optical depthOilAl= 20| LAX| 4Q4=H, Hardmask LY Z0|Ct.

ne

S HHMO| A2 0§Fo| Under surface defects2 &Lt

Mirae Asset Daewoo Research 5
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3) CI2 FA0AQ] Zst2 ZI7| CIE optical depthlM EE E|OQUCt £5517|2= Central
zone, Inner middle zone, Outer middle zone Edge zoneQ= 253111

Central zone WA= depth =0.5 ~ =1.5micron0l|A{, Inner middle zonediAl= depth =1.5 ~ -
3.0micron0flAl, Edge zoneW|M= depth 0.5 ~ =2.0micron0iiA] ZAet0| SME(QUCE

4) Process’t 2L} Skewed 245 Central zone0| &} 'HOIKCH.
5) ACI process defects?t CGR process defects 2L 2|5 S UL
8 9. Differential TSOM dataE &3t Zgfo| o3 =4

Differential TSOM data cubes
(isointensity surface)

Session 5: X-Ray & HAR Metrology

<Ratio = 0.2> <Ratio = 0.4>

<Ratio = 0.6> <Ratio = 0.8>

10 10284, Whte Crtera = 0.6 Vol 42, X=0.09 Y=0.03 251,63 10/= 10284, Whte, Crtona = 0.8 Vol=0.12, X<0.01 Y=0.08 Z+-1.39

1| J ‘ NF
2021 SPIE Advanced Lithography Ao mparative NIR TSOM for 3D memory subsurface defect detection and classification 20/ 24

Kbz SPIE 2021, DIHOIAICHS: 2JAXIMIES

13 10. TSOM dataS Stt Z3fe| £E4 &

Defect locations

Session 5 X-Ray & HAR Metrciogy

<Radial position VS Optical Depth>
Some surface defects are classified as under-

0.5 3 3 surface defects by the in-house surface defect
o & i tg removal algorithm.
f No defects are found at optical depth of 0 ~ -0.5 pm.
5 ¥ Defects at different zones are populated at different
E’ o E optical depths.
E_ it RAg Lt = Central zone (0~0.2r) -0.5~-1.5 ym
g = Inner middle zone (0.2r~0.5r)  defect free
g 2 i e S «  Outer middle zone (0.5r~0.7r) -1.5~-3 pm
g 25 . e e = Edge zone (0.7~1.0r) -0.5~-2.0 ym
g 3 .' Central defect zones become wider as the process
8 = becomes more skewed.
38, ACI process defects are more widely populated
4 than CGR process defects.
45!

0 01 (52 03 04 057706 07 08 09 1
Normalized radial posion

2021 SPIE Advanced Lithography A ETEEAComparative NIR TSOM for 30 memory subsurface defect detection and classification 21/ 24

At SPIE 2021, DIHOIIAEH 2R IME

[Z=2] & 70| X222 NIR TSOM applicationS hole etch processES ZLEZ dh=0| X
85t 742 JHEINCHES|, Control gate recess process). E3t Comparative model-less TSOM
methodS MQZHCH O|2EH X| 5LtQ| Differential TSOM data cubeZ2H FH 2|8 A
3 4 QUUCE Ol2fst HES M261H Undersurface defects®] 2 S0|22 MES
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