®OTONNTOINPA®UA C CYBMUKPOHHbBIM PA3PELLEHUEM

Onruyeckasi TUTOrpaus — nepeHoc n3odpaxeHus ¢ GoromadJaoHAa Ha IUIACTHHY C
HIOMOIIBI0 (POTOUYBCTBUTENBHOTO MaTepuana (¢orope3mcera) — Obuta pazpaboTaHa B
Havase 60-x B Texas Instruments u ¢ Tex mop crana HEOThEMJIEMON YaCThIO MJIAHAPHOM
TEXHOJIOTHH.

KoHTakTHada(TeHeBasa) nutorpadus

1. ®oTomaboH ¢ PHUCYHKOM TOMOJOTHH 0OpabareiBaeMoro cjosi B Macmrabe 1:1
bu3nuecku NpuKUMaeTcs K IlacTUHE ¢ 3a30poM O M3-3a audpakiuu Ha Kparo Hienu
MpeAeIbHOE pa3penieHre amin (MOTYIHUPUHA TU(PAKITMOHHOTO MAKCUMYMa) TIPH JITTUHE

BONHBIAI g 2(25.1)]/2 .

2.Ecm  3azopa  Her (6=0), TO Her W
T(PaKIIMOHHOTO JIUMHTA, OJTHAKO:

e TpynHO oOO€CleYuTh IUIOTHOE TpUJIETaHHe
1rabJI0Ha K IJIACTUHE 1O BCEH TUIOMIAAN U3-3a:
— mnporu0OB TUIACTHUHBI H3-32 MEXaHUYECKUX

" HaIPSOKEHUT,
Konoencop ——
— HaJIM4Hns IOBIICBHUIHBIX MHUKPOYACTHIL Ha

MMOBEPXHOCTH,
[ KpaeBOro BaJIMKa pPE3UCTa NpPU HAHECCHUH
HEHTpUPYToii;
| e BO3MOXHO MTOBPEXKACHUE Pe3ucTa IIPH KOHTAKTE
Domowaodnon
T~ M HakKoIUIGHHEe  MOJ00HBIX  JAcheKTOB  Ha

3azop —— 5 Wm Em .
q)()lnope:;ucnl —Pm HOCJ’IGJIYIOHII/IX oTarax J'II/ITOI'pa(l)I/II/I;

IInacmuna ® BO3MOXHO MPWINIAHUE KYCOUKOB pPE3UCTa K
(¢oTomadI0Hy ¥ CHIDKEHUE CPOKa €ro CIIY»KObI 70

5-6 pas.

3. IToaTOMy OOBIYHO MPOBOAAT TEHEBYIO JUTOrpaduio ¢ 3azopom 6 =5 - 10 mrm. Ilpu
3a30pe 5 MKM amin paBHO 1,4 Mxm s A =200 uMm, a mug A < 150 BHM nns nuH3
MPO3payHbIX MaTePUAJIOB HET.

e poOJIEeMbI C aBTOMATU3AIMEH COBMeEIeHUs TTOJI0KEeHHsI (DOTOMA0IOHOB Ha TIACTUHE
C TPEIbIAYIHIMMH JIMTOTpAQUUECKUMU IHMKJIAMH — KakK TMPaBUJIO, BPYYHYIO uepe3
MHUKPOCKOTI IT0 METKaM Ha IabJIOHe U TJIACTHHE,

4. MHOTOKpaTHbIC OTPa’KeHUsl W3IYYCHUS MEXAY TMOMIOKKOHM | I1I1a0JIOHOM |
00pa30BaHue B PE3UCTE CTOSUUX BOJIH; BBIXO: anmuompadicaioujue nokpvimusi (AOII).

\ Hpes:
\ L TOJIIIMHA ITOKPBITHUA
waonon ] A Waonion |
NANT \\ ho nmomkHa  paBHATHCS
[V V VYV Pesycmnl Pezucm 0l qyeTBENTU JIUHBI BOJIHBI
oKucen N3 \/ AQII n?2 p A
oKucen N3 A
h, =—o, TOrAa
noonodicKa 4n2
nOON0MCKA
OTpa’XCHHAasA BOJIHA Ha
HUdMCHell cpanuye pe3nucTta

Oyner B mporuBodaze ¢ Magarolieil W MOTacuTcs B pe3yiabTaTe IECTPYKTUBHOMN
uHTEepEpeHINY;



® ONTHMAJIbHBIA KOA(P(OUIMEHT MPETOMIICHUS TMOKPBITHSA — CpPEJIHEE T'e€OMETPUYECKOe

n,=.,/n-n,;

ITOKPBITUEC HE JOJKHO YyBCTBOBATH OCBCILICHUSI,
AOJDKHO YIAJIATBCA BMECTC C pE3MCTOM IOCJIC IIPOABIICHUAA,
AOII JOITOJIHUTCIIBHO CIJIA’KHUBACT penbe(b ITOBCPXHOCTHU IICPCa HAHCCCHUCM PC3UCTA.

MpoeKkunoHHasa nutorpacdumsa ¢ NnpesIoMnALLEeNn ONTUKON

Toepewnocmu cosmewenuss B TeHeBOM Gotorpaduu HEIb3s CACIAaTh MEHBIIE 1-2 MKM,

MOSTOMY TIpH TepexoJe B CYOMHMKPOHHBIH JMama3oH CTajdd  HCIOIb30BaTh

MPOEKIIMOHHYIO MPEIOMIISIONLYIO ONITUKY C YMeHbIleHueM n300paxenus (ortomadiona
Ha riactuHe 0 10 pas.

1. Pazpemienue  M300paKECHHS  OTPAaHUYCHO
Hznyvameny, — o

audpakinueil Ha COCEHUX WIENAX B MAOIOHE U

oTIpenemsieTcs, COTJIaCHO AMIUPHIECKOMY

kputeputo  Pajiesi, uUMC/IeHHOH amepTypou
(numerical aperture) oobektuBa NA =n, Sin $<1

Konoencop —

(Domomaﬁﬂon\ ——tee

T

Qpin = Ky - —— rae ki=0,61 y Panest, HO 3aBUCUT

NA”’
oT Tipotiecca (JIMH3BI, PE3UCT, MAOIIOH).
2. 115 TOBBIIICHUS pa3peIIeHHs HaJl0 YMEHBIIATh
JUIMHY BOJHBI W yBenmuuuBaTh NA, oaHaKo

rnyouna peskoct DOF (depth of focus) taxke

3aBucut oT NA: DOF =Kk, A
NA

Oovekmue ——

Domopesucm — iy
Inacmuna

2

dTanbl pa3BuTusd doroaurorpadun

UV Deep UV Extreme UV
Pmymu OKcumepmbie nazepol
g-line I-line KrF ArF F2
A, HM 436 365 248 193 157 13,5
hv, >B 2.85 3.4 5 6.4 7.9 91
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CkaHepsbl
1.Step-and-repeat — 1977, Scandia National Lab: mnomarosoe nepemerieHne

noI0:KK| (Step) u mocienoBareabHOE OOJydeHHE BCei IUIOMAAM KaKIOro YMIa

(repeat).

2.Step-and-Scan — 1985, IBM + Perkin Elmer:

JIUH3A HA NJI0WMAOb YUNA

aunza & pomowadnon ™.

uun

e JjH3a 00Jy4aeT Ha PoToadiioHe y3KyH0 MOJIOCKY MO
LHIHPHHE YUIIA;

e 1300pakeHME pPHCYHKAa JTOW TOJOCKM Ha 4YHIe
yMeHbIIeHOo B 4-5 pas3;

e (oromadiaoH MEXaHUYECKH nepeMenaeTcs
OTHOCHUTEJIHHO TIOJIOCKH U MO/ 00JTyYeHHE MOCTYMAIOT BCE
HOBbIE YYaCTKHU PUCYHKA;

® CUHXPOHHO TIOINIOKKA JIBIKETCS B TY )K€ CTOPOHY, HO C
MEHbINeil  CKOPOCTBIO, Tak YTO YMeHbIIEHHOe
n300pakeHne PUCYHKa BCE BPEMs IOMATAeT Ha HYKHbIE
YYACTKHU YHIIA;

® 110 OKOHYAHWH 3TOT0 CKAHA BCS MOBEPXHOCTH YUIA IKCIIOHUPOBAHA U
- (poTo11abIoH BO3BpalIaeTCsi B HCXOJAHOE COCTOSHUE;
- IOJIJTOXKa CKavykoM (Step) ycrtaHaBiIMBaeT B paboyee MOJIOKCHUE OUepeTHON YuIlL.



Ckanep TwinScan gupmbl ASML

Jlyu Js1azepa, mpoXOOuT yepe3 ONTUKY M ABHMKYUIYIOCH B3ad-BIEPEN MAacKy IIONANacT Ha

KapeTKy ¢ dKcnonupyemoii miacrunoii @300 MM, KOTOpas TakKe JBHKETCS, HO YKe B ABYX
KoopauHaTax. Bropas kaperka co cieaymiolled MJIacTUHOH B 3TOT MOMEHT MPOXOIUT
MOATOTOBHUTEILHYI) CTAMIO, B KOTOPOH ONTHYECKHAE MATYUKHU BHISIBISIIOT W 3alIOMUHAIOT BCE
HEPOBHOCTH TOM KOHKpETHOM miacTuHbl. CieBa oT paboyeil 30HbI BUAHBI BXOHOW U BBIXOAHOMN
MOPTHI JUTsI KOHTEHEPOB € MJIACTHHAMH 10 25 MITYK B KaXIOM, a CBEpXy OaHK MacoK,
MOJICTABJISIONINI HYKHYIO JUIS JAHHOM SKCIIO3UIIUU U UMEIOTINI COOCTBEHHBIN HEOOBIIION MOPT.
«CBetodhop» — 3TO UHAUKATOP COCTOSIHUS, BCTPOCHHBIN MOYTH B KAXKIYI0 YCTAHOBKY B «UHUCTON
koMHaTe» ¢ada. Beimyck 131 mractuHa B yac. B ABM>KeHUH BCE 3TO MOKHO MOCMOTPETH TYT.

ASML (Advanced Semiconductor Materials Lithography) — uunmepnanmckas kommanus,
SIBJISFOIIASACS OJHUM M3 KPYIMHEUIINX MpPOU3BOAMTENEH (HOTOMUTOrpaUUecKux CUCTEM IS
MUKPO3JIEKTPOHHOM NMpoMbIIIieHHOCTH (cBbitIe 65% pbiHka). OcHoBaHa B 1984 rogy coBMECTHO
¢ kommnanuei Philips, umeer 6omee 60 myHkToB 00cayxuBanus B 16 crpanax. IlITab-kBaptupa B
Veldhoven, Hunepnaner. Caiit: http://www.asml.com.



http://www.youtube.com/watch?v=ShYWUlJ2FZs
http://ru.wikipedia.org/w/index.php?title=Veldhoven&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D0%B4%D0%B5%D1%80%D0%BB%D0%B0%D0%BD%D0%B4%D1%8B
http://www.asml.com/

TexHuUKa nosbiWeHUs1 pa3peuweHusi (RET, Resolution
Enhancement Technology)

BeruncianteabHAs WJIN 00paTHAA JUTOrpadus

Hnesi: paccunTarh ¢ Y4ETOM 3aKOHOB BOJIHOBOM ONTHUKHU TaKyl0 CTPYKTYpY PHUCYHKa
MAacCKH, YTOOBI TIOJIYUEHHOE B pe3ncTe M300pakeHHe MaKCUMaJIbHO COOTBETCTBOBAJIO
3a/laHHOMY.

1. ®asocapuratone macku (PSM, Phase-Shift

IR Vackv I Masks), nosBuincs ¢ Hopmer 90 um B 2006.

TraauumorHas PasocnBur. e B 00bIYHOW Macke aMIUIUTYJbl HPOLIEAIINX

A Yyepe3 COCeJHHE LIETH BOJH B (hase W yCHIMBAIOT
MONAT.

nons UHTEHCHBHOCTh  JApPYr  Opyra, TIUKA  HE
AT AT

paszperaroTcs.

e B PSM »tin ammmutyasl B mporuBodaze u

HANOKEHWE MEXAY IIEISIMU YaCTUYHO TacsT Apyra, B pe3ucTe
— — V. N CoXpaHsIOTCS /BA THKA.

\/ e [I[py yMeHbLIEHMH TOMOJIOTHYECKOTO pazMepa

paccmoanuss MEXIy WENsIMA U UX ¢opmy HaIo

MEHATh. JTO TpeOyeT TPYAOEMKHX pPacyeToB M

CTOMMOCTb H3TOTOBIIEHUS (OTOIIA0IOHOB PE3KO
WHTEHCKHEBH. BO3paCTaeT.

e bosee mpocToil M ACHIEBBIM CHOCOO0 AOOUTHCS

npotuBodazHoit natepdepernru — BHeoceBoe ocBemrenue (Off-axis illumination) mox
TAKHM YIJIOM, KOTOPBI OOCCIICUMBACT HYKHYIO Pa3HOCTh (Da3 MEXIy COCECTHUMH
BOJTHAMU.
e OHAKO TPYAHO TOOUTHCS ATOTO VIS BCEX 3JICMEHTOB TOMOJIOTHU OTHOBPEMEHHO.
2. Koppekiwmst s dexros ontuueckoit 6auzoctu (OPC, Optical Proximity Correction)
OddexTsl 6IM30CTH BOZHUKAIOT M3-3a PA3IMYHON J103bI OOIYYEHHS! Pe3ncTa B Pa3HBIX
TOIOJIOTHYCCKUX yYacTKaX — B IHEHTPe W M0 KpasaM (UTYpHl C MPSAMBIMH yIJaMH, B
001acTH BHYTPEHHUX U BHEIITHHUX YIJIOB. B pe3ynbrare mocJjie nposiBJieHUsl IMHUU Oy IyT

Ju60 mupe, b0 yxe TpeOyeMbIX.

e OPC BplYHCIISET TaKOH PUCYHOK MacKd (3esieHbIil KOHTYP),
KOTOPBIH TOCJIC TMPOSBICHUS O0ECIEYUT KOHTYpP (KpacCHBII),
MaKCHMAJIbHO OJIM3KHIA K 33aHHOMY (CUHMIA).

e [lpu yMeHbIIEHUHU pa3MEPOB TPYAOEMKOCTh BbIYMCICHUN U
CTOMMOCTb U3rOTOBJIEHUS MACOK PacTyT SKCIMOHEHIHAJIBHO.

3. UmmepcuonHas (immersion) sutorpadus

e B 2006 Intel (c 32 um) u AMD (c 45 um) s yenuuenus NA
3ameHmn Bo3ayx (N=1,0) Mexay OObEKTHMBOM M PE3UCTOM Ha
ceepxunctyo Boay (n=1,30 —1,44). ASML Hauana BBIIYCK B
2003, Nikon u Canon B 2005.




e IIpoGJiembl:

— OHa HE JIOJDKHA 3aePA3HAMbCA, N02N0wamsvcs OTOPE3UCTOM U paACmEopsmy €ro;

— TeMIlepaTypa J0KHA OBITH pAaBHOMEPHOM MO BCEH MOBEPXHOCTH KOHTAKTA;

— 193-am UV uoHM3HpYeT BOAY M 3JEKTPOHBI MOTYT OOTYYUTHh PE3UCT, MPHUILIOCH €TO
HOKPBITh HPO3paYHBIM
ruApo(PoOHBIM OKPBITHEM;

J —  OpH  CKAHHUPOBAHMH  CO
‘“ , CKOPOCTBIO >0,5 m/c
Omcac N Bxoo HEJIOMyCTUMa MaJjieimas psiob,
Kuowocms 2 &~ Maaemuna  KOTOpas HE TO3BOJHT JIA3EPHBIM
nHTepdepoMeTpaM  IPOBOIUTH
ZIep.m‘ameﬂb njaiacmuHnbsl

MIOCTOSTHHOE CBEPXTOYHOE

-1 HO3UIIMOHUPOBAHHE;

Hannagnenue ckanunoganus _ HOBTOMy BOprF ONTUKHU

pa3sMECTHIIM BOASIHBIE MHUKPO(OPCYHKH, ITOJOBHMHA U3 KOTOPBIX IO XOIY ABMKCHUS
BIIPBICKMBAIOT BOJY C3a/1, & IPOTUBOIIOJI0KHBIE UM BBICACBIBAIOT.

JIBoiiHast 1 MHOTOKpaTHAas Jurorpaduueckas neuarsb (double and multiple

patterning)

OTa Tpylna TEXHOJOTMW CHUXKAET MHHUMAJIBHBIM 3KCIOHUPYEMBIA pa3Mep 3a CYeT

YBCJINYCHHUS TUCIA 3RCII031/IIII/II71.

1. JIBoitnas sxcno3uims (Double exposure) — Bropast Macka 3KCIIOHHUPYETCS HA TOT JKe

PE3UCT CO CMECIIICHUEM I/1306pa}I(eHI/I}I OTHOCHUTCIIBHO HCpBOfI.

e 1300paxkeHue ¢ IMHUSAMU, TONIIUHON MEHbIIIE HOPMBI, pa3Jjiaraercs Ha /1Ba, B KaKJI0M
13 KOTOPBIX HOPMa BBINIOJIHEHA (HapUMep, BEPTUKAIbHBIE U TOPU3OHTAIILHBIE TUHUM).

e [Ipouecc MOKHO MOBTOPATH, KAXKBIN pa3 IMOBBIIIAS Pa3pELICHUE BIIBOE.

e 3aMeHa AByMEPHOTO PUCYHKA JIByMs OJTHOMEPHBIMHU YIPOUIAET €ro HAaHECEHHUE.

2. CamocoBmeniennbie crericepsl (Self-aligned spacers) — mpu mepBod SKCHO3HITUH

BBIpAIIMBAIOTCS pedpa Mo TEXHOPME,

® 3aTeM Ha X OOKOBBIE CTEHKHA HAHOCITCS CHefICCpBI;

® TI0CJIC MMPOABJICHHUA OCTAKOTCA TOJIBKO OHHU,

® [IpY BTOPOI SKCMO3UIUU CIIY>KaT TEHEBOM MacKOM /111 KOHTaKTHOM reyaTtu 0e3 3a3opa.

3. Double Expose, Double Etch (lines) sror BapmaHT IBOMHOTO ASKCIOHUPOBAHUS

(mpuMeHsieTcss HaUMHAas ¢ 32 HM) UCIIOJIb3YET JBa pa3HbIX BUAA pE3UCTa

o A first exposure of photoresist is transferred to an underlying hardmask layer.

o After the photoresist is removed following the hardmask pattern transfer, a second layer
of photoresist is coated onto the sample.

e This second layer undergoes a second exposure, imaging features in between the features
patterned in the hardmask layer.

e The surface pattern is therefore a set of photoresist features in between hardmask
features, which can be transferred into the final layer underneath. This allows a doubling
of feature density.

4. Double Expose, Double Etch (trenches): Photoresist coating over first pattern; etching

adjacent to previous features; mask removal.

TeopeTqucm/I, TakKass MECTOJAUKaA ITO3BOJISICT (bOpMI/IpOBaTB CKOJIb YTOJHO MCJIKHE OCTalIn

3a CUYCT YBCIIMUCHHA YU CJIa MACOK U IMTPOU3BOACTBCHHBIX CTaIlPlﬁ.




O‘IGBI/IZ[HLIMI/I HEAOCTATKAaMU KPATHOI'O S3KCIIOHHUPOBAHHUA ABJIACTCA KPATHOC YBCIIMYCHUC
qHuCjia MaCOK N TCXHOJOINYCCKHUX onepauﬂﬁ JJIA (i)OpMPIpOBaHI/IH Ka>XJ0ro CJI04, a TaKXKC
O4YCHBb BBICOKHUC Tpe6OBaHI/I$I 110 TOYHOCTH COBMCIIICHUA MACOK.

HNutepdepennmonuas aurorpabus
[TpumMensieTcst st 6€3MacOYHOM MeYaTh OONBIIOr0 YKC/Ia MapaICIbHbIX JIMHUN
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Schematic of the NEMO Interferometer design




INMntorpadhma B panekoM BakyyMHOM ynbTpaduonetre (EUV,
Extreme UV)
1. C 1996 Intel, 8 1997 AMD u Motorolla, a mo3:xe u IBM (2001) co3panu KoHCOPLHYM

mist iepexoaa kK A = 13,5 um (EUV), uro6sr pesko ympoctuts RET, T. k. yxe ¢ 22 HM
HEO0OXOUMBIN 00beM BBIYHCIEHHH ObLT HEMOMEPHO OOIbIIUM U HoporuM. I1o sTomy
e mytu ouutn u apyrue Gupmsl — Nikon u SELETE B SInonuu, TSMC na TaiiBane.

2. ASML (T'omraamus) emé ¢1992 3anyctuia B MpOMbILILJIEHHOE MIPOU3BOACTBO CEPHUIO
EUV ckanepoB TWINSCAN NXE u yXe BBITyCTHIIa HECKOJIBKO MOKOJECHUH TaKUX
cucreM it TexHopMbl 18 um m Hmxke (NA=0,33, mounocms coBmemenus < 3 nm,
BbITTycK 125 300 mMm-timacTuH B 4ac). 3.J[71s 3ToM AJMHBI BOJHBI €CTh MHOTOCJIOHHBIE
Bparroeckue 3epkasa c orpa:kennem 65 — 70 % u AAA~25-30.

EUV oTpaxawonime MackKku

1. Macka comepxut 40-50 yeTBepTh-BOJTHOBBIX ClIoeB Si 1 MO ¢ pUCYHKOM TOIOJIOTHH
Ha TIOBEPXHOCTH M3 TIOTJIOINAIOMICH MHOrocioiHou tuieHku: Cr + Oydep uz SiO; +

CTITXXHBAOIIHIA CIIOH Si.

2. TpeboBaHus:

Bydepnblii cioii o )
Bepxnunii ci1oii \ """"" N N ¢ OYCHb TOYHBIM KOHTPOJb
MHoroc.1oiinoe 3epkaio Si/Mo % TOJMIHHBI CHOéB'
s

e mepoxoBaroctb <0,2 HM,
TK. paccesHue u (OHOBOE
ocsemenne pacter ~1/A%; nna
9TOTO CIJIaKNBaIOIIast
IIeHkKa Si;

e orcyrcTBue /JAeeKTOB Ha
3epKajie U Macke.

Moraorurens .= -

f Si i CTeKJI0 ¢ MalbIM TEITOBBIM PAaCIIHPEHHEM

Cr abgorber
Si02 puffer

Si cappin

Mo-Si ML Fil

Onruueckasa EUV cucrema

1. JIBe coeqMHEHHBIX MEXy OO0 BaKyyMHBIX KaMephl



e B xamepe uctounnka KoHAeHCOP U3 19 achepruecknx MHOTOCIONHBIX JTUH3 yOupaer

Ckan o 1 m/c

1
4 acpepuueckux;

MHO2OCNOUHBIX |
3epkana .
ymenvuenue x4

v Jlazep
K'oudeu:copua}l
W Y, onmpxa

Anacmung
Step-and-Scan 1

1
|
1
|
1
|
25 cm/c :
1
|

Pa6ouas kamepa Kamepa HcTOYHHKA

paccesHHbIE Jy4Yd M HaIpaBiIseT
EUV-notok B koummmaTop.
o B nurorpaduueckoit kamepe
KOJUTUMATOp (POKyCHUPYeT 3TOT
IOTOK  HAa  Macke,  IIOCIe
OTpakeHHsI OT KOTOPOil 0OBEKTUB
n3 4 JIMH3 CO3JaeT YMEHBUICHHOE
B 4 pa3a nu300pakeHue TOMOJIOTHH
Ha JABUXKYILEHCS TUIACTUHE.
2. TpeGoBaHus K cucreme:
o [Tonnoe YCTpaHECHUE
BUOpaIMii OT MOTOPOB CKaHEPa;

o TeMIiepatypHas
CTaOMIILHOCTD;

. @ TOYHOCTbD B3aMHOI'O

MOJIOKEHUS BCeX 3epKaji 60 MKM.

2016, ASML continues to ship its TWINSCAN NXT: 1980Di immersion lithography
systems, which are capable of processing 275 wafers per hour

The 1980Di can be utilized in a combination of lithography techniques, including single
exposure, lithography-etch-lithography-etch, sidewall spacers, and self-aligned double
patterning, Lercel said. It offers the kind of variability control needed for self-aligned

quadruple patterning.

Uctounuku EUV

B npunmune, cuaxporpon u UV Jiazep («3Be31HBIC BOMHBIY.

JlazepHbie

1.JIazepnas abmsius ¢ momortbio ummnynbcHoro YAG-nazepa (1,06 mxwm, 0,1-1 TBT, 100

Laser-Produced Plasma Source L
dser

Technology:

» Pulsed IR laser focused on Xe gas, liguid or solid
target creates plasma

» Good plasma-wall separation: helps thermal erosion

» Relatively inefficient EUV generation (multiple steps) I

+ Collected EUV power = Input electrical power 4+ mm

[collector efficiency)(laser to EUV)(wall to lasear)
* 5n being considered as alternate for Xe target

Commercial status:

» Leading system: CEO/TRW
4.5 KW LPP laser developed, 3 chains tested,
22 W EUV in 2r with filament jet, 9.4 W, 0.87% off., | 488
at intermediate focus with 2.4 KW laser

= Active development for & systems by Japanese,
European, and US companies

* Sn considered as an alternate target

Production Needs: CEOQ 4.5 KW System
» Higher power
= Improved conversion/collection efficiencies __ i

He, 100 T, mpoHuKaeT Ha
IMKM)

2. OCHOBHBIE TApAMETPHI

e CE conversion efficiency
DP debris production

3. Mumienu:

o mapuku AU,CE<1%, DB
OYeHb  OOJBIIOW,  3epKaia
MEHSITh 4acTo;

® 3aMOpOXKEHHbIE Karau Xe,
DP< Ha 5 mopsakoB. TOJIBKO
sposus  comma, 3a  10%
UMITYJIbCOB OTPaXCHHUE Ta/laeT
Ha 10%. Pa3 B monroma Hamo
MEHSTh 3epKaa;.



*12 _ cunbree uznyuaror +CO; nasep (0,96 MM,

e KaIlUIM 0JI0Ba, B pa3pse Honbl Sn*’ u Sn
MBT, 10-xu MKc, 6 kI'11, riryouHa 20 MKM.

4. ITpoaABMKEHUE K 2 HM, IPO0OJIeMBbI:

® Mamepuansl IS 3epKajl M MacOK, YK€ eCTh TPOTOTHIT 6,67 MKM;

® HOBble pe3ucmul, SHEPTUS BTOPUYHBIX JIEKTPOHOB ~1/A\%;
HckpoBsie
V]

ceramic /
high voltage insulator grounding
Cl‘“myd“ \ clcc’\rmle

) EUV
% T~ radiation

|

pre-ionizatior

surface
discharge

Figure 1. Schematic of a DPP source with enlarged electrode
surfaces.

ASML, 2016, company has been able to operate a power source for its EUV systems at
200 watts “for one hour, with full dose control. company has been able to operate a power
source for its EUV systems at 200 watts “for one hour, with full dose control.

That’s approaching its high-volume manufacturing target of 250W, according to Lercel.
ASML continues to predict its EUV scanners will move into volume production
applications in the 2018-19 timeframe, he said.

Intel and Samsung Electronics this week reported running their EUV power sources at 80W
over extended periods.

ASML has “multiple EUV systems at multiple customers,” Lercel said. In addition to Intel
and Samsung, the company’s EUV scanners are also being used at GlobalFoundries, SK
Hynix, and Taiwan Semiconductor Manufacturing, among others not yet identified by the
equipment vendor.

ASML this week reported reaching a deal with Nippon Control System on integrating
optical proximity correction to mask data preparation on a common platform.
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Extreme Ultraviolet and Optical Lithography

Similarities
=)
* Resolution and Depth of focus scale
with NA and wavelength £ "[\:\‘
* Uses reduction optics (4x)
* Builds on optical lithography experience base

* Supports optical extension tricks -
off axis illumination, phase shift masks, OPC
+ Employs step and scan printing

Differences — Disruptive Technologies
* Uses very short 13.4 nm light

* 13.4 nm radiation absorbed by all materials

* Requires reflective optics coated with
guarter-wave Bragg reflectors

» Uses reflective reticles with patterned absorbers

» Vacuum operation

* Unigue source for EUV light

Requires New Development Approach !




