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3D NAND B9ia%8. &t EV Group s, BERIEEER, BAFHEEMISERIERNRERESH.

EFREBS (‘KE”) BIEERATER, RAESHTERANNHAR. 5K, HIVERNRY FnFET
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EEEENRNERES, ALD €X
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KE 6/23 LTM Revenue Mix

B Batch deposition Treatment Service% F 2T m%l
nIBEIC

bl IRLT 30% FIAtBSIRSEX, (BNiZEHAIR, £ KE BIIRSERIIH, B0 =2E5R
200mm IZEFHIHE. XEWESHMTR miEtt, KE BRINRSEERE, XEFTRE NEHE
BYAS (TCO), BRJsEatERMSSINR. BRI, KE BFHE/IMEETER (mini-batch ) AIIRSSHIINEREE
4 &, FERMIIEHRIRE TCO TR,

KE EFEF#SS, NAND BHIRERAINA, FEXZ DRAM, REREHE. K& Gate Al
around BUSRAE, XAMERATBESTTIARERIL,



KE equipment revenue by application
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B NAND DRAM Logic/Foundry Others% ¥%{$ﬁ&gﬁ%§[

KE BIEEHTERATEHFESHETR (CVD) FIRFEIR (ALD), ML IiskitE
batchCVD/ALDTE., EfbFETESIER (KRBT, MR, 2. ASMI) #BiEf#t ALD TH,
BMIFEETITREER, e MNE=ELE 1 MNRE, ARSA (batch) RE. KE 7EitE ALD T
SHRHIEESMM, SIS 70% BRI, HREBOEERT TEL (LUK ASMI) .
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AL, ERNEEXMERNRRMERETE, KERBEEEX,

Batch/Treatment Equipment Market Share CY2022A

analysis
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XE—NMEFERATHIANA, HERT NAEATEEKNE KE FIREE. AMAT ELIREREAN
ALD F=iRtRE. REMIHIAN ALD i5#E ASMI B2 IR SHFHMEHEINER, 1B AMAT {(BHlE
FZHAF T 2R (GAA) iB4E ALD SBRAVIERMIE (POR: Processes of Record ),

AMAT NEWFTIRAETRERINNT, tiI1F2E KE I ETNRERINZIEINN~REEH. FEHH
B2, #itE ALD S8RE ALD B2 AR, BRE ALD SHNEWIRF—ESERERIINE
ALD TE&F ., AMAT FUEIBEISERR E23 KE D TipRIZEIZERTAR .
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TR, EENX, RESEMAITRZIRE LAEE. EXBAMCRTAE, BARTTEHRHE
EMEREE, BLF EFISHNRE EEETFES AR, XEE (BERARNESEMNSN)
BT ERRE L.
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FSAETR (CVD), BPRFEIR (ALD) ZHFE— 1N F&. LRIIRENE—T.

—. BBV

RER— I EREENRES— M EBRALNERKAK, EEMESEFSHERRIFAE.
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SHBHIREIEES, XESETSEIRE L, RENFERN, FATRERE R,

plan, (Z) |HERBENRNBRAESRE. NTTREWE, —MEEREERMESARIRSK
BE, RNER—SMEIISSEIF.

M. RFER

JRFEIMFR (Atomic Layer Deposition : ALD)Z CVD B9—NMNFE., £ ALD /1, BRI —FhEIfR
SR, REB—SELNRERR., ARBIEESA (g0 N2SES) RAZEFLABRE T E2RISTRIRIAR
SEFUEHAEIF. AERABZRNSE. B_RMNINRFENERIIEA0RE, HPE—RAYRY
EfXETERERERM LB, EEZIELUEAMEEENER.



ALD NEERREZER— T BRIRE. —XNR—ERF. —BEXREEM, sFBAERETH, X
HiE ALD {EA—FRTFRIS ZE B RS | HARE.

(a) (b) n (c) ® P ®
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. Precursor A ' Precursor B . Reaction By-Product @  Inert Camier Gas

ik

Schematic of ALD process. (a) Substrate surface has natural functionalization or is treated to functionalize the surface.. ec:- - _-' ‘-"{[u}dl W
ace. (“ k.? e

with surface. (¢) Excess precursor and reaction by-products are purged with inert carrier gas. (d) Precursor B is pulsed and‘reacts wuh $
precursor and reaction by-products are purged with inert carrier gas. (f) Steps 2-5 are repeated until the desired material thickness is ad-eveo

ErENERETIFESIRIAL. MBS, Tl FERITEHIBIRERERES. XLEE
HittZzVaGIARFEIRRYE WERME. ALD XWTFEERMTRESTEER: FEERETTMEESER
fizg (BPARFERE) ROREIUAR, FIa0 3D BFESRIMELLEEHA.

Uniformity Conformality Surface Smoothness
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Interface Control i

; Composition Control

Excellent
Atomically composition
engineered control for
interfaces to ternary alloys;
optimize leakage all ALD
current, reliability solution
and work-functions demonstrated

for GST

B =W A | P 11 54
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To batch or not to batch, XZ2/NaJfR

HESMETH (batch tools) AR2—RE— N REE, MEULMESNEE (BREHE T RE) U
RERME. TR, IER KE AUitEIEEE 1T ALD HAE (ASMI. Lam Research, Applied
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BthA—ERa. flin, EAEEEAES, siREEHIZE G, Wt BTEERES M EE, T8
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BIRBEF DS,

BT, EINARNENEERHEESIRE (‘HARY) 414, NECESEENTRENER: Eit
ERNEENEERIANEEMELLENE, HAR SHIAKIEIN T FERAIRERER. B, BRI
B () FEERNNEZ R E—EME, RARNKREIIGEEE KRR BEHRR B,

B—MREZREIE (depth loading) , FHATEEI NAND [HZIATHkE,, WARFRRBF T8
M Lam Research 3%%5 3D NAND A ERIRE. REH#FMNREUSERFR. XL, SAFENRX
ERSERESKONE. A, SHAFARNE, ZRAARAEEE TITZIRE, BA AL FE2RE
BTFERRE THT.



Challenges for High Aspect Ratio (HAR) Etching

Depth loading Etch depth vs. Interval etch rate Radical lon
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In the HAR structure, the transport of both ions and . #¥iza%; siver xll/,l,f.l:," .
easily attenuated. It causes depth loadmg =]

KE B— 1 ABUtET E——AdvancedAce , ZTE—XRSAILMIELIE 175 NRE (X(UERTF
CVD, A2 ALD) , i Tsurugi SR E2—NM/IMEE TR, —RRSTLMENE 50 NRE. AdiE.
IMBENFRRR, ER— MIWER, SRANEEELL, XEITZS8 (FlainAinigid) Frshoes
BED, FHERHESHSERRE. X AR HEN Ef iR BN EF S LA R E T E.

HTBHEERFPEISMIELED, MARZIEENE. 33T NAND, XEMELE >70:1 fSFESL.
DRAM BB A THARISMELLTE.

Key Modules in 3D DRAM

Stack formation a [l |“ o CMOS wafer bonding to enable CbA

&I” - CPA

Cell Transistor formation

Capacitor formation S MBS e ‘”,,”_;

o [ 475 7.[ _

Currentlv evaluatina multinle ontions



HANGIFR, ATIZEMLEE®S, HE ALD FIBIHE(ET 48 & 3D NAND HERE. BFR
B, METE 64 ERIEERD. RItzsh, BERE ZEREERYT X, B TESERIRES
EINER. AtA? EZEEREESREIITES. FAREICHSEIRENTAE#RK, BIKALt
ERfEfEELESESE, S TRRREHELE.

ALD Throughput by NAND layers (wafers / hour)

Batch e=Single

analysis
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FEEMARFESHOEENGFFENSRE. 2T ENENNEERK, EARENEEHEET.

SRETUABEEGEEF, FEFEMREENRZEHREMERSE., XEFESSTAEM AR,
HREEFEZNFEEERZER T HEtL, RENERERS.

MFEEMS, —RETERRIEMMREER AT LZ2RMESRW, NMINRAAFRE
®it. wFEER T, AL REBEIT/UREE, X—HESHAR hot lot 7, XETAF/REMI SIS,
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BERRRE T Z2HMRS BRI ERMEEs 5.
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ALD SRIEEEMEMERR? —fkit, ALD BTEESERNRIEN, THESHELLES 3D RIS,
BARTIFEEREE. WTXEER, XEETMRIFAIMEEEE" (step coverage) : BIFARIEARTFE
HEN ERESISINER. SHIET2R5EM 30 i, PHRESHMERSIIN., IRESHIERRG
RULEEE, NRERREREE SE OISR EEERIFEEE.
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NAND B9ZISBE BT T,
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HESHIFCIRRATLUEE 250 BE, Eih 7 fkE. REMIEESE, ASREL (HAR) iEFLIRZIE
iR, XMRNEFHRATZAEH—RIREAREE 70 Ea97l. SEARNRENENFLRERSMT
TR BRI R M EXRER. W FEEmultiple deckshUiRIESXYLSE, REEEIHS
i,

ML, EEfLHKEERFAKREREHRET, S—RIRENE CEAFTTE, BIRESRE
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T ALD FISFEAIRTE eI 2R, ERFIRMIEIRZ HE, LEFEERETEERM.

RE, USSEEEAE LEHSHIENCMOSEKER, HPaEF4IRassfIATNANDEE
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NAND fHZIZRZXE, BT, BEXERR.
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PUEILY). FRTERAEACY. REEEM. DR, XK T EMEENTA R BIET MY, HTE
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H%, DRAMBFFEIFHALD,

7EDRAMHR, SMELVRVSIEEREARS. B—(UEUEEA B SRIEBRTIN A FEERSSE . 5
NEREEMERD—NEAE, ZEASEFIRIBEEREPEIENGE, X2 DRAM FRETHRRAE, B
FBZSE8 (1T1C) FRABERITERA,
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Bal, #H—4%8/)\ DRAM XN Z 48/ \BARIIR T, BRIV EUHE— L4/ ERE=R
ToEfR5eEr, NmASLH. 5 NAND —#f, 3D DRAM #HRIIEARIEEH, LASCHUSERIRAYT B
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H4REF. XX ALD # etch KiRE— M, EXNREETERFIEHERREE— TR, BAXESEH
D ERAIEEFTEhE.



Key Modules in 3D DRAM

| CMOS wafer bonding to enable CbA

& a CbA

Stack formation N )
-

o

Cell Transistor formation

Capacitor formation e SR Il'n,._,

Currentlv evaluatina multinle ontions
Ria, BEWBKATALDBBR.

ALD ENXEEHNBIEHIETRZME 2007 F, ZRJSAF/RT 2007 FEH 45 PERTZH5INT
ALD, IttRT, “SMEERTHMRESIR. BERER I8/, —aEEDR4E/), BEAMIKM, 299K
EANEET, “SWELEIERRBREETR.

SHRFRAY 45 PATRSINT Ea RIS K EMIR (HKMG) 4518, AR TR, 7
ERY R 65 PRI mUA ERIXEHFIIEE. HKMGEMRASWEIR T EENBEaWE, HERSRE
REZREEIMR. & KBNREET ALD LK. RIRFESERT. T, ArEESIEE, L
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BRI T | R,



Standard

HK+MG
Transistor

Transistor
Low resistance layer ~

- Al W e
Polysilicon gate 7 i
N+ for NMOS \ \ = /

P+ for PMOS

Different for
: NMOS and PMOS
soem
SiO, gate oxide ——=_, : - -l High-k gate oxide
' Hafnium based
s/ \o LD s
e N ;i
Silicon substrate Silicon substrate b

L SRRV
RiE, BEEIBEHN FInFET I, RAETH 3D (MAEFMHE) , X ALD ESH—S1EM, &
ITEILAESI, XF FinFET, MMRE=/MUE LIREaiE, HEE—rsH, HE3EREMRa AR Tz
TSRS, MR

s, FAERERRNBERAIRAEHRSE. hathtbaRex, 78

RPEEER, XESLINEESTEEMEE. RAXTHESTEM ALD &8, BFRITLER, Xt
FHUEEHbEMERIFRFNASE ALD BESIZES.




(a)

Gate oxide

Insulating oxide

P-type Si

(b)

Gate oxide

Insulating oxide

P-type Si

(a) The traditional planar MOSFET design leading to an inverted surface

channel and (b) the FinFET or tri-gate design where a Si fin that is covered
by the gate oxide from three sides becomes inverted from the surrounding
gate oxide, thus increasing the overall inverted volume cc"*\pared Iﬁ }1’\{’, ,,

-—- ——.

planar design for the same gate voltage.
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/
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Incoming structure Spacer deposition Csphear o) ML AL

EXFER T, 5 ASMI, Lam Research #1 AMAT WERSRRETEMHELL, KE 0 TEL AY#LE ALD
TEFEGREFHARTER, Ebh—MiIlF2#E ALD BT FnFET MRMIEE A9 EfRY. EfRas
2ROk BNRS, FEERKERE,

IFANERTEZIRY, (ERRYIRENARESRHMMRAIINES, SHRITZEZERE k BB TEE, HE
EEAERIRR .
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Logic GAA creates new ALD/Epi opportunities

= MIM
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Il Dipole
BTN

B Wrvs

Xﬂz FInFET, F1RISHREREEER 3 MIETLAKEBSAE, BABNMIERNEZ

SEFE? BA L, Bf, XESEF. XET 2 (GAA) BAEZRMERIISE, BERMIIR—
¥§J§Aﬁﬁi’¢§5’ﬁmﬂ<# WiE, WRAEREIANSREIASEE, M FnFET hRE=ANME, MM
FFEARAUBRENEE AR, M TSEETI#E.
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f contint of tow individusl ones. 475
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[ERERES MR FIRATER.
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