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EUV PELLI CLE W TH | NCREASED EUV LI GHT TRANSM TTANCE 1.
TECHNI CAL FI ELD The present invention is generally in
WO RUBLH6046Y  of fabrication of semi conductor devpgg@%zmnmzaus
the invention is in the field of

suv B O b Fi S Ep ¥ b BYGRE R Subtboichoat er s 5

BACKGROUND ART Duri ng sem conductor wafer fabrication,
ex . | t jolet (EUV) light can be utilized in a
! |i?§§§§%§%¥§@%¢ocess to enable transfer of very snal
patﬁh@
?Q&nt ﬁi%hon% é@% m ﬁl\%\/af%lg?df q‘ztbp?aé%jsgqqépﬁgr(dgmr dev:ceg More

o the sem ogr aphy,
amaﬁ’atr] e Invetc
Par ra%sf B B B B p g e ey
2. | i @gackoRbuab grartions of a reflective surface from
whi ch an absorbing filmhas been sel ectively renoved.
A metihd edrcofdatto @affl AB@ekidn et ln@fiolét NBUNR St tegh be utilized in a
prevent unwanted particles fromreaching the mask
lithographfcpomesa pcknatidtenddy pf veay natl ipaigrt, Rech pabahetater-fdalk pREmefrom a mask
t he mask. However, since EUV |ight is highly absorbed
to theysemigpiduddoronafer. nin tE&IVi lthiography| amitery foamedeh i dithegraphic inagkivhn igftransferred
the mask can significantly reduce EUV |ight
to aﬁ?ﬂﬁ%ﬁ*ﬁcm Hpfereby siigcting B ligh @& <if rPafE}P'V of @defleetive Iﬁ\*f@&ﬁgﬁmtwhlch an
EUV I|th0ﬁﬁapq¥ exposure tool. In one ap froa
abso ‘“ﬁ. t"ﬁ @*r%fﬁfh FeEcgR e %Ve?(eﬁtp"'l"ﬁle &hbsxPlcEd) rnnfgonao they magkp prevent
ct the mask

unwantgéd Pzg?ﬁﬁeﬁg om rﬁEPCE‘,ﬂ& ?hg‘ rmaikhsgrfzrce ta?] &grg& E]&erl%éﬁ p:ﬁtgg\ fB‘é’é?] on the mask.

raphy ex ogure. t
How JI&Z glg%qﬂﬂ) P%npls th@ﬁlﬁ %b%)dpl; \pn 1%{ er1a Caﬁllrjl %c F‘r’gl tIront ?f the mask
can &Qﬁic%lﬁqwgeemt}@%%hd tHﬁstrmtgﬁ(feo Cvﬁcﬂ"l?dngl&fiy r@(ﬁl‘ée tﬁuglﬁ‘)[lt of an EUV

use e Hd on the box can be qui osed to

litho @5} 8@bsufei®1 mask. However, in this approach, t he
[ithographic mask can be cont am nat ed by particles
t had or@fagpr@et) @ fitkbgephid Snask ik R&thinta bof haliag £hid MheSs dId4bdb PGtect the mask
when the lid is opened or closed. SUMVARY An EUWV

frompmiticle comamindtibn. | Adterethes dithogrhpiicl mghthast beam $isdrted andC éhe EUV lithography
substantially as shown in and/or described in

expogugrripd.ahe ligron ietbpx ean b¢ epgred irptheevapfumtchambgi of the @posusegtod @ist before using
forth nore conpletely in the clains. BRI EF DESCRI PTI ON

the magk. Fyfjer ‘WR}QW‘RES“‘F?"Q @?@e BUipkly glesed tg protsctahedpagiy Hre\§f. ingthis approach,

o T e o PR b s e frayor s v

“me“hﬁQ9&§%%hH%kF%§k in accordance with one enbodi nent of
the pr@ ?

SUMMARY
An EUV pellicle with increased EUV light transmittance, substantially as shown in and/or described

in connection with at least one of the figures, as set forth more completely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a diagram of an exemplary EUV lithographic system including an exemplary
EUV pellicle attached to an exemplary lithographic mask in accordance with one embodiment of the present
invention.

Figure 2 shows a flowchart illustrating the steps taken to implement an embodiment of the present

invention.
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i nvention. Figure 2 shows a flowchart illustrating the
ste t aken to inplement an enbodi nent of the gresent
W?ﬁ?f@ﬁ’?‘i"‘éﬁ Figure 3 illustrates a di agram of aRCT/US2007/023645
exenmplary el ectronic systen1|nclud|ng an exenpl ary
chiffguesr3 itsEatgstshapremoben a5gmpiary ¢lgcspmigsygiem Eeiydipgeinlekegiplary chip or die
for protecting a |ithographic mask in accordance wth
fabrigpted by HEBE Hb‘ﬂg’ piflicteriy Pﬁi’n‘eé%ﬁt‘“hpm@ﬁt"laé‘n" aqoprgangq Eth one embodiment
DESCRI. PTI ON OF THE | NVENTI ON The present invention is
of hyPregU W PH an EWV pellicle with increased EW |ight
transm ttance. The follow ng description contains
specific information pertaining to the inplenmentation

of ﬂ]:‘l:[gn&r I@BHT%IN%@@ [led in the art wll
reC6gﬁT?éﬁgﬁg?g?%%‘ﬁré§éﬁr—rﬁVEﬁ ion may be

i nﬁ'h@?ﬁﬁhﬂﬁ’veht[&n & dHRAHLRS aﬁjElfJ‘t’ %Elﬁ&; W1M19magéa%v light transmittance. The

specifically discussed in the present application.

folloWRE @@WSkion ®REMs PhcifichForiR@ipbhatnifd@d Aé npleREntdtidf of the present invention.
i nvention are not discussed in order not to obscure

Onet sRifled i \(i@dti v recddnize Ehatid Hresentiimvedtor mpy BS@iplemaddal ih € }ahreNdifferent
and their acconpanying detail ed description are

frompthat epecifichlly disenssed inythe preseyul applicatenb Mbraoeant ®mobf théiepecific details of the
invention. To maintain brevity, other enbodi nents of

inventiqgarp pas disqussed inprlprtrionn obsrue thoinvestiraci f i cal |y descri bed
in the present application and are not specifically
i | e fipwingsdn B prescat agplisation enddheigessgpanying deyiled desasiptignaregdirected to
di agram of an exenplary EUV (extrene ultraviolet)

merqu Txﬁrbl@?réﬁ’ﬁli"’ém?% f)% i"ﬁﬂ"%l ’H(gmgﬁtalé*m a}hv Wlmems of the present

exe r it raph
e s SR SR B 5 CuIction AtETOi iy R by e
magf&ghggnce wi th one enbodi nent of the present
I nven In Figure 1, EUV |ithographic system 102

' nqﬂlé{dQQ%h&d/s ahl@a Jaﬂl%hﬁrpexmfhy ﬂ:@é’ ex dﬂﬁbll)feg lhﬁ%og:l':gyﬁm SM including

source 1 and optits 110 and 1s In

an eWnIphryS@LW’ @)Qﬁ@é»'ﬁ:t_taél{ed W@ﬁrﬁ&_eﬂaﬂlay 1Mo} QJFuc' &k tERration with an exemplary
sem conductor die 114. Lit ograp ic mask 104, which is

semiedadictdy wafef Ine@tdrdt@ceBigkone i eBbdikBAS ofS thd ptekeat Bivehliéh. In Figure 1, EUV
reflective film 118, and absorbent film 120 and EUV

lithogreghhiici sgdtegn 1DQ Grcludes lihogaphia @raskg €4, BUVI pailidi2 206aRWV figha sercd 208, and optics
EUV lithographic system 102 can be utilized to

110 pnddnig pearatign yitht semvicenduntor [Wafeh bigr eyihiiesludesskmid@ductopdie 114. Lithographic
sem conductor wafer 112 in a |ithographic process in

mask; 104 owhieh) i f"f'ﬁ‘}é\{’ gﬂﬁyveeg{aﬁbéqﬂuéests%qratedgﬁ rﬁ%ecv\ﬁff@p 118, and absorbent film

re 1, reflective film 118

fahb
120 g Hal %i{ic%ﬁowgrdeg e B 24 1 T 1 P B fpeetic e 102 can be
- fl r
utlllznylpltrél&s I V%attf:rn Pmltg gwasgg%??egécogduﬁ %B%ef f#n a ﬁtﬁoggg?)Lxc process in

an EUV lithography exposure tool during wafer fabrication.

As shown in Figure 1, reflective film 118 is situated over substrate 116 and can comprise a
multilayer film for reflecting EUV light. For example, reflective film 118 can comprise a number of
alternating layers of molybdenum and silicon. Substrate 116 can comprise fused silica or other suitable
material having a low thermal expansion co-efficient and can have a thickness equal to approximately 1/4
inch, for example. Also shown in Figure 1, absorbent film 120 is situated over reflective film 118 and
includes pattern 126. Absorbent film 120 can comprise a suitable EUV absorbing material as known in the

art. Pattern 126, which can be lithographically transferred to semiconductor wafer 112 by reflective EUV

-
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alternating |ayers of nolybdenum and silicon.
Substrate 116 can conprise fused silica or oth
WQ 20846485 nat eri al having a | ow t her mal expanspgﬁnmzmwmzyms
co-efficient and can have a thickness equal to
'lgh‘afﬁbreofﬁ "ﬁﬁ?@e&?ﬂwmwmﬁw Portigns of RAPFRIPE fImARE 19 c3mpesamFsponding portions

b Il m 120 t uat ed
o B T B SR T o o v

strlkél%)%p%g Q%Qﬁlons ok r%hecg? ri]l(SCIS gﬁecteﬁ ?dﬁdlrecl'(led to se Eductor ‘T%é 112 by optics

bsor b erh
llamhlch can be I|thograph|cally transferred to
sem conductor wafer 112 by reflective EUM ight, can be

f oreg®d: B¥ws Bl st IV &hoe 128 rEDaYthc‘ﬂgj B AhbdrnR Rk 1@@%&1@3)‘1 Ehprise metal
film 120 to expose corresponding portions of

or oth&@kdi@B1E m¥ierial. | Frithel b haslhibinerg 128, WRGOHaR B bebweRt 05 ES8hAG ((91‘) and 1.0
sem conductor wafer 112, only EUV |ight that strikes

cm, fexgosed Hoet 1200 bohttatied loaithopriicfmaskn od B glu for efanpietoe dther suitable
and directed to sem conductor wafer 112 by optics 110.

type lifasterer. dlowhwwnrin Figgelrl eaefogelf fil@an@2 is2dounted ai fraadh £2d dnd situated over
lithographic mask 104 and can conprise nmetal or other

lithograghicaipsie | Q4p e pddigibn tofmaanting dddgehfilm 128 frion éBiscads2Baerogh ifibin 122 to be
can be between 0.5 centinmeter (cnm) and 1.0 cm for

situaigq atgfligancepfpgween s ¢mppdped g abqrenratiers 626, Whipfoig ferped en the surface of

k 104 by glue, for exanple, or other suitable type
lmm%W%F I%Wg Also shown in Figure 1, aerogel filn1122

d lith
s ﬁg%ug ﬁm Ilgp gra d‘ Ip(r)o%ec 10n tﬁDuﬁ)IFrEi S:t rgglg géf y Prle%eﬂr\? 2;12 1hles such as
pamgg @ﬂfe fr&%%or?a%ﬁ%elﬁhoggglgcgglisk lbi A 1§rgrgl;y Lrlﬁ%gsbrsbly zlii?ekrt)eg? peaﬂem QZ6 on the

stance o cnran
surfade?§ ’themkkc t)\eroéel fﬁm @Qan%otéchﬁho%ﬁfﬂtl@ﬁ?sk 964 fl'olrnt J&RQ]%@J%H]' dfameters larger
mask 104. Aerogel m 122 provides protection t

than 0.6 QSRR fo€ eXaRBK A@é’gelkmm PIENG REepOYBrRRE, bilck hSnticl ll'@(h at@3ufficient
particle 130, fromcontacting |ithographic nmask

distasua romtplefrel2y fo pidrele Stepaditiss fdntbing pightddah katiddndulr ﬁﬂlertl IEduring the
surface of the mask. Aerogel film 122 can protect ‘

lithograpthkepejnting Infocesnipysdasutifithdt the parpeestafecde at adidtdncecthan isedrger than the depth-
| arger than 10.0 nanoneters, for exanple. Aerogel film

of-fogp of gedpagingeqptcspldf-t iAetogss filng 32hhagig verathigh HUY HegBOtrangrhittance and can
sufficient distance frompattern 126 to prevent the

compyisg 4n;“parege!” f"r“Bﬁﬁ ey e a6il@non semi conduct or waf er

eneQFTig. RacoeTs PaF s Hs”s&lédp%at%{af? e camrrise beveen
90.0 t‘?«h?&i 9b§ ‘A %r gﬁ ha\;ehda nsrtrtf:shrea?ﬁ%%g)t tr\}vogn 1.1 mliﬁursam(s)fﬁmé Egéﬁ ?ﬁnﬁrﬁ?ter (cm’)

er oge asav

and ltSf)@mnt tI@Q&lgalapgat&'@[\uagQMJSI%nsﬁ?wlreﬁﬁrre %E 1al is u?z(nrgergé %rm In an

mat eri al Such as silicon Aerogel s" are a c

aero@PRN, & FaleR hXBHRRL EOYSraSRHiskith, T8 Wd: UT aBsGl%tlontlbﬁs) | that |a111yyother form
conpri se between 90.0 % and 99.8 %air and have

of thil@fagtiill &6a aAd3@ile P @rsfelivaea RerdgeflstriduirhliyGésaniBies G REbhgddd is composed of a
cubic centineter (cnB) and 150.0 ng/cnB. In general, a

netwpri tof firitadonieated hdnspaktiolae s An dabgl, tdye whie) piedeace o tRayleigH scatfering, has a
in an aerogel form In an

transmission loss mechanism that a smooth solid film does not have. Rayleigh scattering is an optical

phenomenon that takes place when white light scatters off of particles smaller than the wavelengths of light.
Transmission loss due to Rayleigh scattering in an aerogel film can be minimized by reducing the size of the
aerogel’s nanopores. Porous silicon is particularly advantageous from this standpoint because of the ease

with which it is possible to electrochemically tune the pore diameter in this material.

3.
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aerogel form a material has a higher EUV
transm ssion, i.e., |ower EUV absorption |oss, than
WARMSHOHES form of that material. At a nanoscaP@l/US2007/023645
perspective, an aerogel structurally resenbl es a
spdRGEIIRA Vi "’é"o‘i’?b%&é‘&o@l' filj 122 coMATRes grmaferit! dit ¥gisTedt fasm. Also, to
nanopartll thlmsh presence of

d h
scnGR T argH SR Peard nE* ERYchay fintiesoPo MrBTar muBkA ol EUV
|l md
absortspn(ﬁ} I%r §'an;9£ aer% ell hﬁi]} T22 cim coﬁlgnse a 51Ihc0n aFrﬁ%eg B@gh %ngpélrseg pgrous silicon.

terln nonenon

Sllchfen)gWHast £ véri' ?Jkl}ndeﬁﬁtgtotr ?prq fﬂ‘L[{:]yOLPr g%&#‘ c%h?a?eds e s?gauﬁcantly higher

t han "t he wave sm SsS

densﬁPoMl SénBorsed Lifdoh. nglll'(:(nl @Fbgé%ﬁlpgee%omﬁe'dlbmeféan)clgﬁucal dissolution of
m ni m zed by reducing the size of the aerogel

silicdhai @ AR &Sn ARBROWS)-Sdskd Rkon, for BAMmble.C W Abthdt ea%eﬁﬁbﬁua%&'éﬁﬁlm 122
fromthis standpoint because of the ease with which It

can doSipri»e 8 Siatbilia® suklDas@te@Cinlafd) SR BN feranl &.3/, alrhbfu@fohrh @er¢d@l @he metal foam aerogel
dianmeter in this material.To achieve a very |ow

can igdforgied Yy inpeegoged a hydtogel W2R acdngenicereanigg inmtof k is@dable Rob&Ior transition

aerogel form Also, to achieve an aerogel film having
metahyjsgl aENhenjugiht The rigpregrated hydeagel cainghewrht @refliated wish s@inmctapdto cause

for low EUV absorption. For exanple, aerogel film 122
precipugtior, %ffﬂﬂ?%*clas 8f ﬂp st atéﬁr%?eg dormingi mefal fgappr iAs Betalplesms gamprising

silicon. LIC n aer has a very | ow density_of
rutheawwﬂw. ey Pigh ey fﬁ%*fagﬁsw%ﬁﬁﬁ%?f%ﬂaf Yo aRiaseatsdpien EUK At ige

dens 0 for salid silico
Sj Eero&nl @er fo%é? Ih éﬁneﬁs e1 3 OV dcaBye zftgf('ﬁ] ra%%rmt{]% |1 .0 micrometer and
appr%xﬂ? e bfé({)g()'enq a'org%ters?’ Ifclr ek leI h e QM@)d%Ft aeﬁo'ﬁéi %erll ?2% can have a thickness of

sol ut1 on, or exa

appr@(tfmd@k‘i&J eroﬁ\@t&@g% tﬂlékﬁgsij?f%%)&%ﬁm d rﬁﬁroﬁlet@&ta@l;o%e@lﬁlm 122 can

such ‘as netal in an aerogel form €

transA& hidE8han 970 dTeicibnt ﬁ@&mgﬁeﬁm&eahvaﬁﬁéboﬁﬁl rbsQisTE CerPittle throughput loss
i mpregnating a hydrogel with a solution containing

in ani EXNS litdgraphys expbsae |t@]. NDiitkesO 11 32t dam BSbptimay sBRdiedl to achiéGdlan@Srogel film
rut henium The inpregnated hydrogel can then be

haviigrar athneet betiver {tfoctgralnrengrha ystideostappins gover,ed BUVatan@itissiofi. Thus, the
nanoparticles of the metal, thereby formng a netal

inverftigi frferogel fibih 440 Harsamthickneys that s tidckrepquile e peaidh aufficient/eength to allow the

h oxi dation resistance, which is particularly

aemgﬁh%a‘ﬁ? BigtiERd Wilout & HPRUNNE RS ng [uirap Agtigigsetuct Fipietdl 50 gle beng

s R
SR L N SR A A L

sourJer E{S'V%gﬁ 6 tra PR ﬁam Pﬂs%n sQrfag%gfg%&?%&qcsmasé?&O?%egwnductor

' m 122 can tran t nore t I nci den

wafe} lthAlsoV\Jﬂb\ﬁhmaﬁéﬁ@nlt FIROM By lﬁ%@ Hatem EUV GEnY S(lukctetlbﬂa asses through
t hroughput loss in an EUV |ithography exposure t F

aerogENfilMKIDE SEEUMEEIIR RN 08)8hd Qipikds MR shyacS &l frafhicinsiamii ?P{e%oﬁﬁn of EUV
aerogel film having a bal ance between structura

light 484 dagtrikes ap@rtion of eflgtieppmnd pawetsor caverdd IMsorbing film 120 is reflected
transm ssion. Thus, the invention's aerogel film can

back agugh gerege] Blni s refldted BUV hight k36e whidlg éantpass phrangh dptics 110 and strike
sufficient strength to allow the aerogel filmto be

semigppduetor wafer \\f 3 Hipepntrast, g pseantof ingjdenpY bight1 3¢ dhat strikps absorbent film 120 is

ha ticle such as particle 130, while being
absorbe and therefore, not reflected back through aerogel film 122. Thus, pattern 126 is transferred to, i.e.

printed on, semiconductor wafer 112 by reflected EUV light 136, which is the portion of incident EUV light

134 that is reflected off of the patterned surface of lithographic mask 104.
4-
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thin enough to provide sufficiently high EW Iight
transm ttance. Further shown in Figure 1, EW
WQ3AMBRE44DS8 i s situated under EWV pellicle 106P§F@B2m”m2“”5
provi des a source of EUV light for transferrin _
patFPrthShf% "’oﬁg‘t’ﬁé» Ptigs L@ ds watﬂ betiesgt EPRiPelliied§ and gemiepnductor

d hown Fi g
wate] F G Rt et eﬂdl%f&“ff? ﬁ‘fsd(é%?}’ f% o &'W‘cc@atidofgmwondwor wafe
112 9a§§1§1§$ EW glﬂaogrggh% rmter m an IIIRO agﬂc Blp nﬁ]ﬁ% Rmﬁfzés4 uﬁ&heé shown in

kes"t urface of

Flgungq r {elnﬁgndggtor%évl llt sgsg&ateﬁ %ﬁ sMc%Bdu%tBJ \lvel?gﬁ l?ar@ ol fglgl%ﬂedgconcurrently with

reflective f not covered

semlzdnlidfnonl %Qex‘ Bar %tzrh@&{dﬁ‘c%r QQCIK4 tc!fhr RUP mlcﬁbﬁ{og’&%l' dxfeI ﬂomx%rgé a§{owever
| ected EWV |ight 136, which can pass through I CcS

semx&ﬂ;@xc@ﬂﬂie $14r dak ﬂsos@mbﬁs@ @dﬁéﬁlb@rarrﬁafr%fher]{;&s ofl ifte AR dirdHE known in the
the portion of incident EUV |ight 134 that strikes

art. absiag baft fibritaifonl Patterrs 126808 afadb@dreand sechib@i RO R, 1180k well as other
reflected back through aerogel film 122. Thus, pattern

semidoa@icios diey singédeon ethidooductbr. @aferplr 2,nbledh @ not SBIWNCiO bt 0fo preserve
wafer 112 by reflected EUV |ight 136, which is the

brevityp rSemigpndodtori dirci 1d eart beEeprated ditom seBidondimadr wafsr | 1@fih @ dicimg process after
off of the patterned surface of Iithographic mask

fabrigagjon qf samiqeaductehvafys | 1 2haregisomplsted.opt i cs 110 i s situat ed
bet ween EWV pellicle 106 and seni conductor wafer 112
and™®s bXﬂ"l"F‘f‘% BT R % 2R dflfideto et & dithagrepigymask. the present

t ed duct f
mventlfng Ftrfef lVﬁ d pé?{ecguf;f ft}x? &F gﬁﬂﬁs 65% ?11?“21{1 U$ pitn)r{ﬂcle\gﬁhag%w un(?fesu%ly alter a
patte%fl o%hl?egrﬁa%ppg Fradd! IAE%I lp%iﬁé a%ség'rb%eﬁ’llr ! gr%érmsng %Vsi\[lllcc;nr!iaru%e? ltlor example,

sem COﬂ uct or em con

the itVRftBA achitdes RNEUV ﬁellﬁc@ehﬁh%asqg%gic&ﬁyﬁ EJs&irﬁd\b’th J‘a?sz[mttance compared to a

sem conduct or waf er em conductor die 1 be
convéhntiblaf EORpRIRAS SRS a (s, te GhveMATRS SohieWE YOV, pellicle that advantageously
seni conductor di e 114 can al SO conprise a menory array
providés itea@d thioypst odin HUM IQBHzAbIStx Sisir€dbItcEmpartd\a dofivehtldgal pellicle.
art. During wafer fabrication, pattern 126 is
t r Fipske&rshed a Hovsknt ibonding tuoexesiplery hktod sccovding toas ecatbbdiment of the
sem conduct or dies situated on sem conductor wafer
presept] pventgni (Jertzin detaily andsfaasyes iave Wien) ieftevut] oftflywphar 264 that are apparent to a
brevity. Sem conductor die 114 can be separated from
persa@ of Pratify sl Brtheypalf &Pr exampls, A step HIYCGOR! PfroBe &/gBorgfubsigps or may involve
faﬁélcatlon of semi conductor wafer 112 has been

specialyy V@?@ﬂ“oﬂﬂﬁ?msB&“ﬁ??wpfﬁﬁg an aerogel filmin an
Eu\ée@ PL Incg:vxll & s{ 204 (%tf% & 26(1 in &gre%p@{n&:coxﬁZor wa¥er ?12 is fabricated by

present "I nven on ef I ve rote

usmé ltl}\h Eeﬁﬂcf%pli% 90nf5ﬂ§i}§g :Iero e Y\ﬁrﬂl %‘gurﬁ‘? tc} n%r&tkq? ﬁth!)%&%nic 911%5( 104 during an

undesi r abl ter  a pattern ont

EUVAItl%Qrﬂplﬁ‘ypréHedsl Dgﬂlﬁghe%\aﬁﬁﬁgﬁllnc {)r’oée@ FaERN ﬁ§6rﬂgho%raphlc mask 104 can
silrcon aerogel, for exanple he 1 nvention achi eves

be traidfetrdd\o E@islﬁoﬁk&ﬁseﬂ&&ﬁdﬂ@or&ﬁa&ﬂ|l fZ BaRink ¥n EUCN@RSEeshicE:Mer, which uses
l'ight transm ttance conpared to a conventional EUV

EUVQightl iAglogel fikxs12a ciira®thpriise a bilié@n iagtvgen tvhioinefabtae packhs BY@SapRit mask 104
EUV pellicle that advantageously provides increased

fromuhrvanigd) panticies erfd penvidgslgignifipanthoigereapdd U N sl ansenittanme )
conpared to a conventional pellicle.

At step 204 of flowchart 200, semiconductor die 114 can be separated from semiconductor die 112
in a dicing process after wafer fabrication has been completed. Semiconductor die 114, which is fabricated'

by using the invention’s EUV pellicle for protecting a lithographic mask in an EUV lithographic process, can

be a microprocessor die, for example.
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Figure 2 shows a flowhart illustrating an exenplary
nmet hod according to an enbodi nent of the present

WO 20806946%. Certain details and features have BEENSPWFP23645
out_of flowchart 200 that are apparent to a person of
or digisr3yillusKates |2 djagram eranaq"%mplwecew?t@n ingjudingean expaplary chip or die
consi st of one or. nore substegs or i nvol ve

fabﬂga&é&’v atr'i%al T Upepiste e Pestecting e P%Tcpé}c lﬂagk IRHFEURRnFCifh g@e embodiment
t 02 .

of g 5ok RO AR LD PP gP@am%@Pé 1 aip 305,

discr%lﬁ,lcgrgpoﬁ%}ét o%l Jnh %llf r%‘ocf5 ?ghfr)qugxcrl Ilqér{:]o%ne%g?(?r%%u&h élrcurp bé)aré §14 In one

ot'ecCt ogra

emb(ﬁ%én! lelEJ?.‘BQE %Qt% %O(pf:n §<1 nBﬁer thznlg)n%I HFCU]EWLA ISZRI r36?p% %ompnse a

process, pattern 12 ographic mas

semiton@RRF & KR af @micEbcdr dﬁq 84 8 HigHe M A qs%ﬁin@zﬁed%tlﬁr{g a;]r ll%bodlment of
by using an EUV |ithographic prlnter whi ch Uses

the ihvie@ioh’s EBR paIGAY, sich hi MU gelizRN 06 RIS € 1@cH) 308GRMdes circuit 316, which
aerogel, which effective protects |ithographic mask

can bkQ@4nidreponnesstn\torekagblepar t i cl es and provi des significantly
increased EUV light transmttance. At step 204 of
f | dvustivan in 20 3, medvies 3020208t aod 30$iaee niolidteccamrvirdyd bsaepHirabdxeln each be,
fromsem conductor die 112 in a dicing process after

for exppindss afceityiel Rregessvg upib CRbRengrembiep centrelitr, aStigifak dgndlurreagssor (DSP), an
die 114, which is fabricated by using the invention's

appligatin speqifiq iptpasatgd sircuis (ATICY ¢ videp Paoq‘fﬁsw lepHi adiprpregessing mggule, an RF

e R !S5 il L B Gl R s

controﬁmmle orélﬁeld ea! rltanlccr)lgll e e%%sa'r:rg n(H)(IL}'E)Z 1L>Jr rw)p (ghe? 5 ’jggfzifllf’ 8%{Iged in modern
electIoQirc cbdu nEB%FJSI EchﬁPéa'rcf]ﬂQQ:Ine}Pc'ﬂldE a mlér of ﬂlte%%%%t Qrgcrég @otvgingwl?l in Figure

one e resent 1 nvent

3) fo%t%lc@rﬂiko% %médﬂﬁl 18e®4, %?fc%ﬁ@' e ORSHhES 3RPid 3 ?zofnd I@HS‘p 308.
6, IC chip 308, discrete conponents 310 and

r ES\llddlsllﬂ)gm i FigReB, I0dhe 09 RARGH@Gn LivuR BG R 1k ifdlehd 009191%5 Qor example,
314. In one enbodi nent, electronic system 300 nay
any semicondai@or d@riet is fidrica@n @y ciilizidg bl entbodiméeht ofl the iGVehtbn3 @BIVGRIMicle. In one
conprise a sem conductor die, such as sem conduct or
embagjngent] Kz chim30Bingy ne bg mowiidoin cirauitfoadsd B Elatrgdnalppe ingraogneeted with other
enbodi ment of the invention's EUV pellicle, such as
modigg\pnyiffareng Figcuit eardsn Hopthpn skown, in FuigH, gisge8 compronanied0 and 312 are
circuit 316, which can be a m croprocessor, for
mom&%@&?ﬂ%ﬂt boed YA gtk far ??C‘F'?eg@f gargple. ggifiieditcy gurh asp inclygjpg a BAW or
unted on rCU|t board 314_and can each he,

A s 3 i e o e %mpsfg%%"ﬂgmwhﬁff Y B device such a 3
transg{oﬁ&q d?%)ﬁe (g:r% 1[(60 Ian a%[e{u}a eleglelg an mduc (0)¢ % cz&pam I‘ g{: aer?s's&%'r ( DSP)

IC&tIOﬂSEC Integra

VI %@tr(ﬂl’c%?s@eﬁﬁﬁ(ﬂgam%lll@ed nal?or%wa{jrlp% PCvQ&Pc%ﬁ&nﬂxQeaﬂBQ lﬁL\ﬁCe a wireless

an RF receiver, an RF transm tter, an I mage senso

comMTtetioRs deRic® QWA pHoNh E\QlCth@@Wic@ a réter & 1§%ehtt0a BIRE) @'ﬂmael WLAN, a
notor control nodule, or a field progrannable gate

Blue@bth @yablelfF ldExAe, a OipitahGymen B@Igitkiaddlo Playerastr ecbildér] b ARkl ivideo player
noder n

and/or recorder, a computer, a monitor, a television set, a satellite set top box, a cable modem, a digital

automotive control system, a digitally-controlled home appliance, a printer, a copier, a digital audio or video

receiver, an RF transceiver, a personal digital assistant (PDA), a digital game playing device, a digital testing

and/or measuring device, a digital avionics device, a medical device, or a digitally-controlled medical

equipment, or in any other kind of system, device, component or module utilized in modern electronics

-6-
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electronic circuit boards. G rcuit board 314 can
i ncl ude a nunber of interconnect traces (not shown in
Wei2008/080485 f or i nt erconnecting nmodul es 302, 30BCTA{07/023645
306, discrete conponents 310 and 312, and I C chip 308.
appliggtigds- shown in Figure 3, IC chip 308 is nDunted on

circuit bogard 314 and can, conprise, for exanp
Eﬁ&sowo%@%a"aff&ge{ &tww'sw&ﬁw e&agtpkeda gfomerqgfl 7P ﬁng%%Pe"lde the

inverﬁi n;b 8r8vi na{l EQ,{VCpeE\ le tpaé 6@ ctrjrvae )y ;ﬁ%fcts a Ptﬁ%[mlel% a1as6(nfrr108] ?névalilt?d particles

whlklO %ggwgaéé)qlé}% prgﬂ? P%ﬁ%ﬂl%?nﬂ# P%:ﬁelast%&) EO o %ﬁqra mlt[] Iﬁg anreasmgnEUV light
transE)hlgH:E ethg’ ! m\gﬁt%ﬁ’g ey nglm@ Q@\Hﬂu?geghl'lg 19&'&56? %@ﬁn@lﬁ%ﬁﬂ? t&lgjosure tool

on circuit board 314 and can eac or exa
thrm@h;ﬁ:ﬁc[uﬁﬁ@htﬁdg}ablﬁ(f proc%ﬁ%GlE‘ ofSserRiBéhdbctte Whteh Ng a BAW or SAW
ilter or the Iitke, a power anplifier or an
Op&‘foﬁﬂ: he Bdle @3PIptidnl Flihe iMeRBATIGONEHIES Bat Bk GRhnidatiCan BSused for
a transistor or a diode or the like, an antenna
implenhe@ting e, cosxapts BICkLC présent idvertiap sithouOdeparGig fRn' i@Stdpt.OMoreover, while the
El ectronic system 300 can be utilized in, for exanple,
invergiomhas bekn despnihad ivittaspe afivgeference ®aertain ambpdiinggssa person of ordinary skill in the
conmuni cati ons device, a cell phone, a swtching
art weld jpppeeciatg thap charges can be @p@atl &rm agd detsdl evithoup ddpaxhne fapm/@Amlrnt and the
a Bluetooth enabl ed device, a digital canera,
SCOP?JPfg‘Pf-'t igyentignqTRus 1“%19“@?“"%%1‘7*’6?’“’?%%"6? &9@? Coné’d‘?ﬁdg‘i’ ?'éFeSR?Ftﬂ gsgllustrative

ayer .and/ or C e noni t or,,
and B‘gl it on ! sﬂ‘?“l‘?éggg’f’&"ﬁ“{“’é’gg& t'{eo‘ﬂvaﬂ%? s aPOEH‘BI“'é' to the particular

embodhme.ntts éileﬁcrllgedqxe%eﬁllolf Ut 9 ng)?rglegfe mgnlc)? Inr'éarrrgn em%%"s n’hl{‘l%l}}ons,aand substitutions

-con anc
wnh&,%l!pﬁ{mgﬂ%m%egslc&p@bftﬁé%me iyl Vvideo fece' Vef an RF
transceiver, a persona igital assistant (PDA), a

di efingsadn mm(‘jpau@k Wt ReteHRMIBLlighBraflinftah@lhasies ded2fibeand/ or
measuri ng device, a digital avionics device, a nedica

device, or a digitally-controlled nedical equipnent,

or in any other kind of system device, conmponent or
nodul e utilized in nodern el ectroni csapplications.
Thus, by utilizing an aerogel filmconprising, for
exanple, a silicon aerogel, in an EUV pellicle, the

i nvention provides an EUV pellicle that effectively
protects a |ithographic nmask from unwanted particles
whi | e advant ageously providing significantly increased
EWV light transmttance. By increasing EUV |ight
transmttance, the invention's EUV pellicle

advant ageousl y i ncreases EUV |ithography exposure too
t hroughput during |ithographic processing of a

sem conductor wafer. Fromthe above description of the
invention it is mani fest that various techni ques can
be used for inplenmenting the concepts of the present

i nvention wi thout departing fromits scope. Mreover,
while the invention has been described with specific
reference to certain enbodi nents, a person of ordinary
skill in the art woul d appreciate that changes can be
made in formand detail wthout departing fromthe
spirit and the
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scope of the invention. Thus, the described

enbodi nents are to be con3|dered in all respects as
WORPEIEP44% i ve and not restrictive. It shoul d aPSHUsN07/023645

understood that the invention is not |limted to the

pardid®8 ar enbodi ments described herein but i s capable

of many rearrangements, nodifications,

sulst i t dtedfrae HEJWE%;?&W'F H&%@fﬂ%@ aé‘&‘@%féphtﬁfmaf“h@‘d pellicle
ComrElentlon Thus, an EUV pellicle with increased EUV

PPkt transnittance has been described. CLAIMS 1. An

extren %JHI Q§¥IO|et (EWV) pellicle (106) for

protec 't hographi c mask, said pellicle

CONMLkS {198 Toruft %&Qﬁ%'erfo%l LM L4232 iimggr{p[n@ﬁag k(124) for

nount 1 ng sali m over sal graphlc

B Sihere VOGS RHogel Fiftkh gau@?!aﬂ%@llhclé io%ﬁ@e%l‘éﬁ@E@@hQﬁ Qﬁlkrlnhﬁkee

to have increased EUV light transmttance. 2.

sem conductor die ( 1 14) fabricated by the EUV
pellicle of claiml1l. 3. The sem conductor die of claim
2, wher ex @aic6hds@dridizQndfabrihitedly@hel BRI Vapelicle b C.eSSOr

die. 4. The EUV pellicle of claim1l, wherein said
aerogel filmconprises a material in an aerogel form
wherein said material is selected for | ow EUW

abSor pt iThpsemBondactereticlpd efaifn@y wiezgspid seatijopdyctar die is a microprocessor die.
sem conductor die ( 1 14), said nethod conprising
steps of: fabricating (202) a wafer ( 1 12) using an

3:( ::41r Ie;n: éﬂgkﬁg&‘?‘é? ‘éf Eamé)wh}srlslfnlg;gg (@Igllt }lrﬁ Scrmléprrlltseesra n}agggl in an aerogel

litho hi c.nma elllcle conpri sing an
ﬁ”mHMFgle 98m?w¥m§a?m8} %b ﬁg said aerogel film

over said lithographic mask, mhereln said aerogel film

causes said pellicle to have i ncreased EUV |ight

transm t4 Ak for %bﬁéaﬂ& a(sglgéand%r gle Y\ﬁﬁ e{aldtn%lh%@% steps of:

sald sem conduct or dies he net ho alm
5, mwaedkisd 205 aiwafeA @129 gilg afl b)ltlmné: @mdlé EUVD 1B ik @Jmtér Ehat utilizes a
an aerogel form wherein said material is selected f
pellitlOWOB U paddl g lid@araphic makk e10metdnogdilioe corhpaising £, actdbed g, @ frame for
said material conprises silicon. 8. The nethod of
mougting pai BrogeMfiar @ersad dithdgraphicenabkawhadmypidiagrege! Bimredseslsaid Bellicle to have
The nethod of claim8, wherein said netal conprises
increpsgd KU M lightirampmittanieie net hod of claim 5, wherein said

sem conductor die is a mcroprocessor die.
dicing (204) said wafer to separate said semiconductor dies (114).

6. The method of claim 5, wherein said aerogel film comprises a material in an aerogel form,

wherein said material is selected for low EUV absorption.

7. The method of claim 6, wherein said material comprises silicon.

8. The method of claim 6, wherein said material comprises a metal.

9. The method of claim 8, wherein said metal comprises ruthenium.

10. The method of claim 5, wherein said semiconductor die is a microprocessor die.



