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Wednesday, July: 15, 2009

-"Keyn-ote Presentations

.'.
o

R&D Status and Key Technical'and Implementatlon Challenqes for

, VM Application of EUVL (KEY-1) -Sam Sivakumar, [ntel Corporatlon K

— Moore’s Law at.Intel = selection of Lithography technology is-key

<= EUV.being considered for 15.nMm node 26-30 nm HP (2013) and- 11"ﬁ

Am (18520 nm HP) — need tools at least one year<in.advance <

— Por EUV implementation need stable hardware photoreS|St that
\_meet reguirements.and,Reticles :

226 A HP, 725 nm LWP for 17:8 mJ resist (NikonEUV1L statrc data);' 8 4

‘—.“Sn LPP.source, from Cymer with _15-20 W capablllty has been
. shipped :

, —~Gaps;

."-
-

Resistsitypically ‘about 2X\from _goal for senS|t|V|ty/ 5x for LWR

Source power-about 10X fram geal \
~Overall ta6l run rate requires’ — 20X lmprovement to 100 WPH goal

Reticle 'defectivity is a.major copcern. (gap to pllot 25 Xto HVIVI ,100 x

development P

)

"Need actinic mask'defect |nspectron tools an,d fundlng to- support thls
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- 'We-dnesdéy July 15, 2009

*Session ‘2 EUV. Source Technology

quh Brightness Next:Generation EUV Lithography quht Source s

(SOURCE=1, Invited) Sergey ‘Zakharov, Nano UV and EPPRA

= _Discussed limits_of high power DPP.and LPP sources and optlmum S

soureé characteristics for maximum emitted power

—_Higher_ ionization stages-of Xe'\are used to achieve hlgher Conver5|on

_effieiency mathe source

—--"'Very Small'etendue.of < 10E-4 mm?2.sr of |nd|V|duaI source

with multiplexd source etendue of 10E-2

=\ Now twelve multiplexed sources are operatlonal

Angtlar Distribution-of the leh Emission from a Tin-based Laser

\~Produced Plasma Extreme Ultraviolet Source (SOURCE 2) Padralg
-\ Dunne University Cellege Dublin | 2N
o Y 4E11 \W/cm2 power'density (Nd:YAG) "« [

=
|

“Insband energy represent 620 of total’energy between 10 18 nm :

range

)="Developed Ilqwd m|rror patented for LPP apﬁllcatlon L

!
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~“Wednesday, July 15, 2009
*Session'2:-EUV.Sourece Technology.

Y@
'

Fiber)kasers for EUV Lithography (SOURCE -6, InV|ted) Almantas
Galvanauskas,,University of Michigan SN
~ Re€quireddaser.power for LPP sources. is 25 KW at.296 CE~ e N
< \ High.wall plug-t6 laserilight.conversion efficiency-of 25-30% as compatred £0<
=<10% forxCO2 lasers, excellent COO as compared to YAGand Co2 fasers - =

2 50, KW CW fiber lasers available today with- M2= 33 2 % CE demonstrated
Afor Sn droplet souree D

N M Uper ptilse enerdy limitedto 4.mJ-10 mJ, althotgh. frequency can be
<\ ‘_ increased-~ : % NN SN
- Power from single.fiber-cannot increase 1 kW W|th practlcal |Imlt of 200—50_0
LW Power achleved via.multiplexing of 200+ 500 W € 8 100 K Hz 2 6 ﬁS)'-.
»modules : i | N OSSO
, & x?"_— Multiplexing-6an he athievedvia dlffraoitlon gratlngs however rssue
B ~of thermal load _therefore” sharp edge pectral filters.are: proposed

— obtalned M2=1.82,-52 W and 4 mJ p se . System Can be ready |n
4 5 years 3 Jr 'ﬁ A A




“Wednesday, July: 15, 2009

_~Session '2-EUV.Souree Technology.

LPP EYV Source Development at ETHZ (SOURCE-4) Ndaona
Chokani, ETH Zurich

~ FEocus of work'on.debris mitigation and thermal management of
< collector

— -Space resolved. diagnastics of'debris

-, Modeling of Time and space resolved dlstnbutlon of radlatlon and
< debris (neutral-and iens) S, Ko P e s i W e

: Y ._nghly nen-uniform distribution for Sn+3 and Sn+4 |onlc
\ < . debris, : NN
- .Debrls KE goes'up withrionization stage e :
EUV Source Technology Status (SOURCE 5) V|vek Bakshn EUV
tho Inc. %

e\ ~ S DRP 2 10'W today (100% duty qycle) —fuIIy lntegrated
Proof of principal'for 50 W source pcly

- ' Sn LPP_=15-20:W system (x% du}y 9@3) shlpped for o
T integratian. 75 W prototype’(y % duty cycle) available |n Iafb

F \ i L ks e
_1. py .. -__ -_- 1 L -r- .II .
% -.__.l'" ! L _a % y B Y ’ -L- E l'l,:- . " s ey l!| 'r_‘ 3 d % i 1.. ‘I




Wednesday, July 15, 2009
*Session'3-EUV. Optics

<< Multilayer. Optics.for:Next-generation EUVL Systems (OP-1;
_ \lavited) Regina, Soufli, Lawrence Livermore Natlonal Laboratory

~ Review of latest\deposition process technology

— .OptICS Performance Review e ;
— _[Detalled-models.of optics performance developed and vali_c_late't_i__ s

':-1-_ Use of Erée Form Optical Surfaces for EUVL Prolectlon (OP 2
| Ihvn:ed) RusS Hudyma, Hypetrion Development LLC. ' s

<2 \Goalkis to achieve a “slot” or “rectangular fleld geometry that can_ S

' .-S|mp||fy the EUVL illuminator 5 %S PN 25 ’_ N

“L Extefid the,“field curves” to.“Field surfaces” DB, T B 2 9@,

| ! R “Coneeptual 0.53 NA 8-mirror system drives resolutlon '_ NSO H
<\~ Obsturation.enables,wider node of zero aberratlon I e EH ~-.:"‘:~.'.

\ .;-"'O 65 NA 8 mirror system proposed to tflrn rrng fleld to a sIotf— usnng
LB\ ““Zernike -Surface” " R

BT e Can be applled to obscured and unPbsc d systerns SANGR _

‘.H
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Wednesday July 15, 2009
“Session 4:-EUV. Metrology

o quh Aecuracy*EUV. Reflectometry and Scattering at the ALS (MET-8
InV|ted) Eric M."Gullikson, kawrence Berkeley National Laboratory
— Need precise reflectometry faor-figure tolerance of-0. 1 nm :

= To suppart Mask reflectometry, ‘need Wavelength Precision 0f-0.09 % and
wavelength-accuracy 0.09%; reflectance precision 0.36% /

= ;Scatterlng measurements of EUV.Optics :
\ —'-_Reduced scattered light to improve reflectance accuracy
¥ Web’based data base SO,
Measurlng optical properties of photoreS|sts

\ o At—wavelenqth EUV Metrology at NIST (MET-4)Charles Tarno NIST

mmmmmm

Ner "Absolute Cryogenic Radiometer (ACR) -based Diode Callbratlons fbr thh
intenisties —2better than 1% . N RO -.“;__{'

N ?"Reflect|V|ty uricertainty'0.35%, can-handle 40 cm an-40 Kg samp[es
v _ReS|St Sensitivity Measurements better-that 15% accuracy 5

2 Attenuated EUV.image-plates A I B N

— _aScmtlIIators for high resolution |mag|ng 'ﬁ e

rl-.- o a™ R .If L ! B l.-- .\'r




Wednesday, July 15, 2009
*Session'4:-EUV. Metrology

EUV Reflectometry. for:Determining the Optical Properties of
Photoresists and Underlayer Materials upon lrradiation-at 3.5 nm
(MET-7) Fu-H.-Kang, ‘Nationahuniversity of Kaohsmng JTaitwan .
.~ Empirieal and simulation methods for estimation. of reflectlwty and-.

absorbance Y

S ﬁl\/lelasu'rement precision in‘a six month period +/--9%+
_ —'._Stability of thin-film samples-upon EUV radiation”
<% Meastired EUV ablation rate for resists N s < 2
- ZnO Scmtlllator for.Single-shot EUV.Laser Focal Spot Imaqmq Wlth sub- <
b 100 Picosecond-Response Time (MET-1, InV|ted) Nobuhlko Sarukura

mmmmm

L)
L

Osaka Unlver5|ty B R KRR e a

<" = Hyefothermat method-grown ZnO crystal: YA T e e T Ve v v f

i "‘.__.— High resolutionimaging’is under gomg B G e
Aei® X ZnO |mproved response timme was demo-nstrated usmg XFEL x‘
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Wednesday, July 15, 2009
*Session'4:-EUV. Metrology

Development of X-ray ‘Tool.for Critical- Dirension Metroloqv (MET—Z)

Boris Yakhin, Jordan Valley-Semiconductors Ltd.

Small AngleX-ray Seattering (CD-SAXS)

2 hours measurement time per-wafer. XCDof 22 6cm ~ verlfled
with SEM. Repeatablllty of.0.5%0

Measurement of trench.-height — measured 316 nm (verlfled by SEM 310

\ nm) : :
,."'-Development of Ultra-fine Structure Metrology Svstem usmq Coherent

EUV Source (MET-5); Hiroa Kinoshita Un|verS|ty of Hyogo %

-‘-'equlvalent to the.wavelength used

-Target of actinic.inspection is'< 25 nm
“Actinic |nspect|on using EUV microscepe has been used

Coherent Scatterlng EWV Micraoscope (CSM) —uses HHG Iaser wrth resolutlon‘

Plan to produce 50.micro W.dsing HHG | ;' .' - -k ‘~

-"'Have measuredlS pattern of 100 nm I—F S KK S

.............



>“Wednesday, duly 15, 2009
--'Session 5 Contamination

A An Investhatlon of.Debris Rroduction by Various EUV Solrées (CONT—l
Jnvited):Pavid Ruzic, University offlllinois<at Urbana- Champaign:_

= _Maodified LADPP + opt|m|2|ng source for .debris mltlgatlon study

L \MeasUrement of.debris at 1F= energetic (100 eV) neutral atoms
make to 1k

<% ‘_Modlflcatlon of Ru Surfaces during Simultaneous Irradlatlon of o
% < Thermalized ‘and Energetic Sn Particles at Grazing Incidence (CONT—Z-
=) Inwted) Valéntino Rigato, INFN. Laberatori Nazionali di Legnam Italy

£ — 'Mechanism-of RU, sputtering-and Sn Deposmon (functlon of fluence :

"\ \<"and incidence,angle) : o % Ve
A | Fldénce in-excess of 1E17 is needed at Iow energy for eqU|I|b|r|um -t";--rj"
“steady-state'for'Ru erosion B : . e,

b
e

* .

v "reduce.the erosion rate but will notJn gen?ral en

j, S\ Lowerithe grazing angle, the higher the deposmon rate per unlt done (Iower
_ "--"Ilfetlme) > - S A 2

\ 2 Conversmn of fast'ions to thermalized. partl res -.t Egebns mltlgatlon WIH D®
t nce the collector: _

i Ve A performance

k L4 ! 1 e
. Y F 1 ks | - .
* % ."r. " - e L AR . .I . 1 \
A LW ' ! ' el b LY e 2 ; "N
B . e \ - U ; L e N SR | Lt ] N




Wednesday, dJuly: 15, 2009
*Session ‘5 Contamination

< Predicting Opties Damage Potential from- Resist Qutgassing
Cofmponents (CONT-3) Charles Tarfio, NIST e K
- Ranklng ofieontamination potentialiof resists
=, Combhine outigassing testing with. lifetime testlng

— RundamentalStudy of mechanism of surface coverage by HC |n _. :
- presence qf EUV photons '

—\Néed toknow contamination rates below: 10e- 10 Torr and estabhsh-:'i:.f_
- scaling laws for intensity - . S &

Absolute Total len Yieldrand the:-Relative Extent of Ionlc Outqassmq of- :
PhotoreS|sts and\Underlayer-Materials upon Irradlatron at 13 5 nm %

(CONT—4) Yu-H<Shih National University of Kaohsmng Talwan

© \_—"NOVOLAC resist is'stable upon radiation by 4.3 B iy e0s
DTN Absolute total.ion yield is dependant on the absorbance value and |s
_ »inthe erder of #0e-3 and additional resi Its B e 7
\ =N outgassing is lmportant for F+-con ;&compounds |n SN
\ add|t|on to hydrocarbons ions fr,om reflst underlayer materlals

o ; : \ . .
= R \ _ s | .
! L e ._ e - % AR '-I ' =
I." . - \ L . e _-g- B i ] i ___ L ¥ P - 1= el [S1s
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#._,.Thursday, July 16,2009

o "8 00 AM. _Introduction /Announcements (Intro 2)
e — V|vek Bakshi; EUV_thho Inc.

8 05 AM Poster, Session-Awards (Presented by Sessmn
Chalr for Roster Session: Kenh Goldberg LBNL) N

e

= F|rst Place was\a tie! Award given to two groups and
'accepted by following on the'behalf of thelr groups

2TV Grace HO (NUK) for'Poster titled “’A 'comp'act 'ahd" '_ X .:".'-ﬁ R
AT uItrah|gh vacuum refleCtometer for EUV appl|cat|ons N
i \__‘-.---"and b ) Kk 1
\ . 2% LA Wook Cho (Hanyang Unlver3|t oster tltled "‘Llne :

" width roughnéss investigation th ofﬁe&st molecular

" IOEN Structure in extreme ultra- vrolet llthography” (Resist- 3) "il.:.




Thursday July 16,2009
*Session'7-EUVL R&D Status

> Moderator David Attwood, (LBNL)
. \Panelisis:

- Greq Denbeaux = USA (U Albany) (R&D <1)

«“Overview, of Current Research Activity.at: intel; U Albany, SEMATECH
LBNL,. College of Nano-scale Science and Englneenng AMD : -

' x Hiroo Kingshita —Japan. (University of Hyogo) (R&D-: —2)- ey
-  'Programs,Since 19997and presented plans untll 2010~ ! NN
: -7 EWV Resist'Programs, at University of Hyogo; Selete Osaka Unlverslty
N\ & mask Pregrams at Selete, University of Hyogo W|th collaboratlon Wlth 84
e S Samsung s :
X Padralq Dunne — Europe (University Colleqe Dublln) (R&D 3)
« ' University pregrams: lreland, SW|tzerIand Italy, France; Germany, The

N\ T \ _Netherlands, Belgium, Russid, Swedenf'PoIand Czech Rep, _UK x
. 1_ % SuIOIOIIers ASML, Philips Extremes Med Larlo Xtreme e A
o o --*Many Government supported program e “




b
”

\ How to-address LER.< as that may be the Ilmiter for _
| optlcal I|thography - need a specr,al seSS|on on thls toplc

* Request to, |nV|te SRC to _the Worlishqp KK KKK

Thursday July 16,2009
*Session'7-EUVL R&D:Status

Grace Ho — Faiwan.(National Unlver5|tv of Kaohsiung) (R&D 4)

< \National ‘Scieneé Council-(NSC) funds university research

— _ASML}, TSMC and PSC are intérested in this. project and lesan Chemlcal
. Industry Ltd,. collaborates with\the resist subproject

= Addressmg critical{issues and benchmarking. with others

Jlnho Ahn —\Korea (Hanyang uUniversity) (R&D 5)
National .Center-for Nanomaterials Technology

= Programs in Mask Fabrication-and. cleaning, EUV reS|st and out gassmg
o '_ Infrastructure development

__IFeedbaCk '
“Exchahge of Students to.promote |nteract|on




'ThurSday,"JuI'y 16,2009
*Session'8-EUVL Mask

o Optlmlzmq the-Mask Structure for Extrenie Ultraviolet L|thoqrath
(MASK 6, Invited),-Jinho Alnh, Hanyang YUniversity -

— R&D focused on. ML Interface Engineering, AdheS|on Force Study, Cleanlng
EfflClency (LSC)..and absorber stack : :

ol Effect of absorber thickness'on mask shadowing
= Phase shift'masks for 0.32 NA systém

Comment need\ito laok at the diffracted pattern 1q] order to optlmlze
" mask- design : : :

- Wavelendth Specific ‘Reflections: A.Decade of EUV Mask |nSDeCtIOH
R‘esearch (MASK=4,\Invited) -Kenneth A. Goldberg, LBNE, X ‘- _
13 5 nm can penetrate all ML layers and look at phase defeots at the 2
\ substrate- something you cannot do at other Wavelengths N _,«f_k_j.-
' N —="Recommend paper’on MIRAT design.by Tezuka, JIAP.45(6B); 2006 K

\~7\= Cohérent EUV Scattering Microscope (CSNI),. F’EEM Mlcroscope and Zone X
‘----'plate mieroscope- _ I J Ve A a A
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-Thursdéy,-";]uly 16,2009
\Session 91 Panelibiscussion : Actinic Defect
Inspectlon Technology for EUVL I\/Iasks

4%\ ModertatorVivek Bakshi (EUV Litho, In¢.) :
“= Intreduction_of Panel Biscussion Topic (Mask Panel -1)

N\ Panellsts

— Mask Panel-2, Takéo Watahabe (University of Hyogo)

. To'reach.throughput of 3 _Hrs per mask need >86.5 W (O 03 x N
0.03.mMm2 ared) with.etendue of 3.2 E-2 or brlghtness of ~3E3
WZmm2.sr. 1t may be 'difficult to achieve! ) SESESCSEKE

=, With obseryvation time ‘of 0.4 ms. Less power for smaller throughput

\ ’:".. . For CMS - current'source power —1.2 pW need >O 7. nW

mmmmmmm

\— Mask Paneél-3, Debbie,Gustafson (Energetiq)”. I I K

o, Large variation inumetrology-supplier requlrements L ', BB, “~

| ¥ « Difficult for industry to-meet\brightness requlrements for patterned > H_'
A BT mask inspection, with LPP.sources e B < %, “*-’- j.-:_".-;

. )<+ Current brightness 8\W/mmz2sk wit .plans to. scale up to 18 S8

. 20 W/mm2st (0.3mim FWHM) — WI|| ge %_ced by 60% dUQ._t_Q K
W\ £ current debrls mltlgatlon J s ¥ '

1 s i b ..'.

. | - 1 L £ . ] y | -
. ._-"'- _1 -~ L o % E . K "‘r-._. I g II 4 B
ol ,"' e i L ey | . - _ P o 1 :

< \ . : AL RN =k » g '*u,, g
B . \ - U ; ey g Lt ] s Tk ™. -
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'},H e Brlghtness of 10kW /mm2 Sr (P;ejecte valﬁ

Thursday; July:16, 2009
\S€ssion'9: Panel Discussion : Actinic Defect
| Inspection'TechnoIogy for EUVL Masks

— Mask Panéel-4, Sergey Zakharov.(Nanho UV)

« _Source, as-bright as:Synchrotron Light:seurces or-even brighter are
. needed today.to achieve required performance 7

K Etendue.is’much smaller forthese sources 10-E2 to 10~ E4 mm2 sr. :

“ s 0.1.W/cm2)at 3,3 khz | SN NHIS
\ }0.32 degree emission angle (9E=5 sr) with etendue of 9 7E—5 mm2 sr
<\« Brightness-6f 50-60"W/mm2.sr. with 200 W/mm2 O U '

_~demonstrated | NSRS
N <7 «\With plasmalens etendue can bé reduced to <10- E4mm2 sr Fos
oo 'For 12-multiplexed sources etendue of 10E-2 mm2:sr_ - 25
<\ _\Mask Panél-5, Exic Szarmes (Univefsity of Hawau) ::{f

e Compact brlghtness source.with CW S- bfand Superoonductmg LINAC a:nd
©\ 10kW;2.86 G.Hz, Phase Locked C02 la r < N

Half angle’of 10 mrad - o
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Thursday, July 16, 2009
“Session, 1.0: EUV. Resist

o Development Status and Future Prospect of Extreme Ultraviolet Resists:
(RESIST— Invited) Takahiro Kozawa, Osaka University. L

— Hoew to increase. resist absorption and quantum yleld N 3
= LER,is-still away-from target while-sensitivity-is gettrng close to requlrements

— _kncreaserof pattern formation.efficiency:is requlred to decrease LER .
. without increasing exposure dose e %

—'-_Methods of enhancement.of chemical gradlent were proposed

a I\/Iolecular Resist Matérials for EUVL thhoqraphv What Mldht Be
*“Possible"and How Do We Get There? (RESIST—ll Invrted) Clrfford L ‘‘‘‘‘
Henderson Georgla Tech 5 ; e A e _- t

~. Molécular resists~ need single.molecule resrsts that contaln PAF funptlonajlty
and acid labile protection function O N 5 X o N e

\ B\ Negatlve Tené MRs —outstandlng results for ."'LER senS|t|V|ty and resolutloh
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Thursday July 16,2009
*Session 117 LER

How Wil Wafer-Plane Line-edge Roughness Regquirements tmpact Mask:
Soecmcatlons’? (RESIST~7, Anvited) Patrick P: Naulleau: LBNL

— Correlated LER= 3.4.nm= Full-LER* Sqrt (correlatlon) _
+ Current LER requirements indicate-replicated roughness I|m|ts near. 50 pm

— Proposed-mask reughness'specs -No specs I ITRS for mask
 roughness o

YW ¥ 22 NN HP- total LWR allowed 1.7 (8% of CD) nm- Mask can have only
“ . 10% impaet-on\LER'(.mask can-have LWR of 0:7-nm) :

v " 16\nm HP- total LWR allowed 1.3 nm (8% of CD) mask contrlbutlon O 5 A<
© \nm(10% impact) N N NN

Sub 22 oM L|ne and Space patterning using ReSISt Reﬂow Process for

~ Extreme Ultra-Violet Lithography (RESIST—2) In Wook Cho Hanyang
Unlversrty - : ;—; B N

= Slmulatlon results via Monte<Carlo and Res;t Reflow Process




Thank you

-. Thanks forrmaking 2009 EUVL Workshop a
i success! Special thanksto« P

N St_eerlng Committee
" _\session-Chairs

.,"'_ Presenters SIS

><Z Sheraton:Waikiki Staff SRS
|- Darlyne Harlan, Mat Harlan, I\/Iarlo Gonzales #
__~Nina Perales; Dan -McGowan < <« < <«
2% . See you again-in Jurie 2010 |n
I\/IaU| HawallII ; 'J SCS
\ . Tentatlve plans for the \’Neek of June 20th
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