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aspect® afi momiﬂmntdaqnler:cdmmm t [t uie wenther hnsttin.’ys of the
industry are microelectronic devices commonly referred to as
chips. Improvements in design and materials in recent years
have increased the performance of chips from containing a
few thousand transistors to millions of transistors in
approximately the same chip size.. Microelectronic devices
in the near future are expected to contain billions of
transistors in this same chip size.

| Miniaturization to promote greater functionality
per unit area of chip has placed tremendous demands on
design, as well as the materials and chemistries utilized in

manufacture of the chip. An important aspect of the

manufacture of these devices entails application of
photqactive films i.e., photoresists to the substrate.
o Photoresists are applied at all masking levels in

-mandfécture of microelectronic devices.” For example, 20-25

masking-levels may be employed during the manufacture-of -
commercial devices. :

Photore51sts have been employed in the fabrication
of microelectronic devices throughout the history of the
manufacture of these devices. Early device manufacture
employed photolithographic techniques in which a photoresist
film was placed or coated onto a substrate such as silicon,

 imaged with light, and developed into a desired pattern with

chemical developers. The resulting pattern was used as a
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manuf acture of these deVicesf'EarIy_device manuf act ure enpl oyed

phot ol i t hographi ¢ techni ques in which a photoresi st filmwas placed
or coatwedognkssia substrate such as silicon, 35 | nagegCmusas/4sgnt , and .
devel oped into a desired pattern with . . chem cal devel opers. The
resulting pattern was used as a -2 - . SUBSTI TUTE
SHEET ( RULE 26) - WO 96/15861' _ '

PCT/ US95/ 14860 ' - 2- sel ective

?ﬁZKULSe?|€?§%9§9%s?@§%ﬁtiﬁ”?sﬁggaugﬁt 8Bererigne 8RB REaE%0ar  ous ot hor
st eps duriimphanting; upstterning of thesundevlyéng s@bstrate, metal Early

phOtores'?ﬁl%%?%ﬁcaésoﬂegﬁtQ9d§a?%8§§n59ﬂer steps, 899?h§a ?hﬂ Qth poor

coating o bt or esi ont 0SS due to

| oss of po@fubhssefdeneces phot oresi sts by ehem cal devel opers, as

weld as "und t ' ) ' ( ' opers.
108 % Undercutt | notacty BGEoPbel St BORLILRELSL RUrAOGH BResdatelor

m grates dPEPRlERE inséudaas B@?ﬁeéﬁaﬁlﬁﬁlaf EHQSPhQF@rQEESt onto thee
phot or esi sgubgr FAHES ﬁQEtB?ﬁt96§§'§ﬁet€o|lBEsOBE geﬁtlons of eaastrate
The above Sroblens wer e X eli i

hexanet hy| RPEPresifEs( st%ew Ga 9881'?0 5Fewﬁéét as i.e. .

prine th@n@éfbﬁﬁﬂlﬁﬁbsbfathé phbebréﬁlﬁﬁpbycaheﬁﬂcal develebetbe
e. su strgtes W t to prormte

Sﬁeﬁhi‘ﬁwﬁ%ﬁ?ﬁ@%& §rRu2S bhbRoat aMuttEs S2°organis AERELEPEE Bt 111 us
on t-he submigeaees akdngethenhntesfafe betweenthopelérlsnbs&satelhnds to (

reduce und@ﬁ&“ﬁﬁoggrgggstltg cause the photores1st to 1lift off the
substrate..
The-abbve-problems'were largely eliminated when .
15 . hexamethyl-disilazane ("HMDS") was employed to pretreat,
i.e., "prime", the silicdn substrates prior to application
of the photoresist. Pfiming'the_substrates with HMﬁS'was
found to promote better photoresist coatings,'prqvide_more
uniform photoresist films on the substrates, reduce pinholes
20 in those films,'as-Well'as'tomreduce'undercutting and lift-
off of the photoresist £ilm during development. These
improvements were believed due to chemical reaction of HMDS
with hydrogen-bonded water molecules on the ‘substrate’s
surface. 2s a result, yield of devices has been greatly
25 "improved by HMDS, thereby'promoting adoption of HMDS as a
standard pretreatment by manufacturers.

.T - During priming of silicon substrates with HMDS,
1nit1al chemical reaction of the HMDS w1th the hydrogen-
bonded water molecules produces ammonia, trlmethylsllanol

30 . and hexamethyldisiloxane. Subsequent reaction of HMDS with
hydroxyl and oxide groups on the surface of the substrate
 produces a trimethylsiloxy substituted, i.e., silylated |
surface. The silylated surface is believed to reduce the
number of surface polar groups, reduce the surface energy

35 . and provide ah'essentially mcnémolecular*organic coating on

the substrate which is compatible with organic phbtoresists.
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o?f of the photoresist filmduring devel opnent. These | nprovenent s
were believed due to chem cal reaction of -HVDS wi t h hydr ogen- bonded

wat er nol e t he substrate's surface. As a resy&msgg,ﬁm of
devi ces ha?ﬂégéﬁﬁgﬁeatly 25 - i nproved by HVDS,- thereby pronoting

adoption of HVDS as a ~ standard pretBeat nent by manufacturers.
During primng of silicon substrates with HVDS, ' “initial chem cal
reaction of the HVDS with the hydrogen- bonded wat er nol ecul es
produces ammoni a, trlnethyIS|IanoI 30 and hexanet hyl di si | oxane.

Subsequent reé%t|%hn%¥aVRIEEQLLQLJiJEELﬁmsiasﬁgL ¥@l. oRi dPPgr 888s14/,t he
surface of the(fﬁ@éfraaéscrlbes tﬂégdﬁﬁéslﬁtéfééfigﬁlﬁé£9é¥BeFﬁétbg@%ﬁﬂc

i.e., silylated surface, e sil ted surface Is | eve
reduce the photom%ét endsgh¢a2§1@e¢aﬁula$%§§e senfaeet he pyPPabdy of

energy 35 ﬂoﬁh@ﬁiéenéﬂu?éseﬁhéah&dr@?ﬂ@ﬁ?éeﬁHiﬂétH?ﬂéﬂi?lcgéth& S
t he substrate s conpatibl e mntf ani ¢ phot oresj sts. ' VWO
96/ 15862 su strate also repe ar gpeups8urhiagoare present in

- 3- wktefaaﬁaaaQue6Eé|Qed616p6r§utéa§2§veﬂe|un&er@ﬁttiﬁé'éﬁ5the
(1984), descr|b3$ é # ﬁ tnteractlon begmeen t he organic

phot or esi st anT PRE*PFEFRACEEFEELEE e REPFER8®r s probably of

hydr ophobi ¢ nature. The Agdispkabwn inlﬁhéh;fs;Ipfoguoumenoof a silylated:
substrate al so_r

aqueous develoﬁﬁfggfs §F§é§% ﬁ%ﬁesgﬁ??FﬁbarGS$§é38n cbfipound in YBLE' and.

subst r&@ e- phot sikylatingt agéntereacts w1th a proticAspesiésoon thet sarfiaice

production of 8esthi! 8i8Hrrare to SHOACE QOGTPBHCAORRLEAA! YRGS 60k ne

compound in the 1 atrng agen reac I c specl es
the surface prothospeneeaubQSruebltQSpaonn@boaated»coqncbnpdgddbanded

to the PE@LEE , SPPRECTeg ?éf“ﬁf'séfféc rQi?g?%@gon”QEhQQOQGddﬁ%lng
product. The degree of surface-si ati1on ac i eve urin
priming with materla 8 such as HMDS can be gauged by
15 measuring "surface contact angle". As is known, the higher
‘the contact angle, the greater is the extent of silylation.
As is also known, surface contact angle can be measured by
focusing a commercially available contact angle goniometer
on a drop of water pladed'on the silylated substrate. A
20 high contact angle indicates that greater numbers of
silylating groups such as trimethylsilyl grbups are bonded
to the substrate surface. Prior observations by J. L.
Nistler, "A Simple Technique to Analyse Conditions That
Affect Submicron Photoresist Adhesion", KTI Microelectronics

25 Seminar - Interface 88, pp. 233-247, (1988), ("NISTLER")
and-by W. Moreau, Semiconductor Litho : Principles
Practices, and Materials, Plenum Press, New York, (1988),

("MOREAU") on substrates such as silicon, silicon dioxide
and silicon nitride indicate that a contact angle of 65-85
30 degrees is desirable since dewetting of the photoresist can |
occur above and below these contact anglés. ’
Improvements to using HMDS to "prime" a substrate
involve applying liquid HMDS neat, HMDS diluted with one or
more solvents, and vapor priming wherein vapors of HMDS are
35 applied to the surface of a substrate. As known in the art,
vapor priming can be performed by treating batches of wafers
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primng with materials such as HVDS can be ‘gauged by 15 neaéuring

"surface contact angle". As is known, the higher t he cont act

angl e, woveassster is the extent of silylation. RETIUS95114860 known,
surface contact angle can be neasured by focusing a commercially
avai | abl e contact angl e goni oneter "4 -on a.drop of, water placed on the
silylated substrate. A 20 - hi gh contact angle indicates that greater
nunber s of sinIating groups such as trimethylsilyl groups are
bonded e subst urface . or .observations

N st er, »RosPRpPreRach BYe ErBakine) daatyidia (eEarE W an inlidne,

Subn1cron EheckrsystEmAdhBsthnmetﬁﬁaswbmmseﬂeémmmmng;ﬁhe wafexseander -

nterface \28..p. wRdFeRdtes HBR) vabc) TE-Gekotuced ortl! s Wadhipa

Seni conduct or "Bt ho
Pl enum Press, New YoGBpe@3988) prlmlng e@aM@RBABQFemtahl&ﬁphnﬁnrsﬁxStem

sil gkcon, s Negi B¥hde - i | a
con?act ang %ﬁgf 258§EQ§ organlgeg?%g§ ng s?f%%kp%gkﬂ ce dewe??ﬁ%g of the
phot or esi sPrémad substrasecin subseausBtheteps:.hedd seveptableyl es.

| nprove Nﬁgﬁotereahaa Hyﬁﬁ 4@ apEbﬁﬁznﬁo%%bshhiE%rm film tHAOldEeLRAY 1 NG

liquid H neat luted with_qgne - mpre solvents, and vapor

prim ng V\hé?‘EF-Plt‘aBEyPE°&PSHNBQQ'&r gug,g.back PeFGi8g ot ligEering.cd ifit a
substrate ofﬁsoknﬂPﬂpl"ndthngr texposure, anapabe@f moth@xedbike perfor rred by
ting batchei E %% %ﬂ

8U895/1§é€61 icant 1ft1ng or undercutting during chemical in an
oveﬂ orhbgeVeeapmegﬁlndvapdwabrWQ?ngs1@ngapnefénn@a method figrack system (
Bot h net hods_genta eat e _wafers under after
FNDS vapor PRECPREFSRHC BHPBRES oo MiaF bR, Renufacture of HIGH Aty | ©
primng enmhbrse&ectpbnhbedphdbeses|st, : filnms or other. organic-based

film tobe applied hnkhes the moBt BERIMISHAR #rs WssilUg opt eps.  An

accept abl e
15 wafers. Other agents which have been used to prime

substrates include tr1methy1sllyldlethylamlne (TMSDEA) and
-tr1methyls1lyldlmethylamlne (TMSDMA) . Priming with HMDS,
TMSDEA, and TMSDMA, however, can generate_basic by-products
of ammonia, diéthYlamine and dimethylamine which can

20 negatively affect high resolution photoresists.

~High resolution photoresists are typically

pos1t1ve or negatlve agueous developable compositions which
have been chemlcally amplified. These_photoreslsts, upon
exposure to radlatlon such as photons, electrons or ions at

25 wavelengths of from a few nanometers (X- ~ray) to about 450
nm, generate minute amounts of acids from compounds such as
'dlazenapthaqulnones, onium salts, diazoacetoacetates and
diazoketones whlch may be present in the photoresist
composition. These aczds are useful to perform reactive

30 functions during subsequent steps in the manufacture of the
chip. These reactlve functions include, for example,
hydrolysis of protetting_groups, molecular weight
modification, and/or cross-linking to increase molecular
weight and_density of the'photoresist, These .reactive

35 functions typioally'oocur_after exposure of the photoresist
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photoresist filmis a continuous, uniformfilmthat does not exhi bit
pi nhol es, edge | back, beading, blistering, lift off or

during expW® QUFégﬂﬂnd does not exhibit 10 si gni ficant |i fRGH “ﬁ0
undercutting during chenlcal B devel opnent. .. Vapor prinmng is a
preferred nethod for " pretreating substrates I n the manuf acture of
hi gh density m cr oel-ectroni c devices. HVDS is the
nost popul ar agent for primng of 15 wafers. O her agents which have
been used to poiradiation imuksposteexposurde bakime Btep Iptibretty! am ne

&ngPEA) and d?KEEgB}5 ngﬁ?wéhéﬁ5¥ld thylan1ne (TMSDWVW) . Priming with

can generate basic by-products
of amoni a, diethyl am nﬁea:adtdweu.ltylwam msddvtdreahrbyzcs. MacDyeid edty

affect high resolu p regi,sts. i.gh e 'o .
photoresi sts g? %‘E@ﬁ 1h¥%s3 pdsi tlve(logrglr%égﬁ Fve 5%&%%’%3810%[% I%jbaltﬂe
conposbti ons M 18d2e EéeBZCHé.m&EéI landaivpl |Hmrabef§1@:e al. in

photore5|sts,PM Np XP r q %ﬁ el oct rons
or ions at 25“Eg‘m§§8F%%U§ﬁ Q&% P%h1a e&#%%ﬁb terégIS -ray CQ about 450

nm generate fLAARE,akbakt $hef agdides genemat@dhdimdhes Rirtpresist can

di azonapt haq“!rEQEESw:LQR' ¢Paddl houtita @FC SlRARIAL %?nﬁ'[@k, ammonia or
di azoket ones whi ch be present in the photore5|st canposi fi on.

These acids aPERESCRIFTOSERCERBtALIdAG Py PROGUCES ganezated By RFiming
subseguent S gR8 Whithe réRAIEAGH R ubitrate surfide ankhese deact i ve

ol ecurar we, BRRGtacturRg Rerogphsre AMpRGs S A A e chbs
nol ecul ar by- pmauatsan&aﬁewatexel&fam@e ﬁéiﬁiﬁ]ﬁfﬂétthe Helds rgaméra/@ecBS
Goi Topen” |VPbY et BB AS SV ERIE Wksr cre quaifly
- 5- offo thad phbitoreisistk .post - exposure baking step prior to
15 High resolution photoresists typically employed in
- the manufacture of high density microelectronic devices are
deep ultraviolet, chemically amplified resists ("DUV-CARS").
Ammonia and amine-containing by-products generated during
priming can be especially deleterious to DUV-CARS. It has

20 been reported by MacDonald et al., Broc. SPIE, 1466: 2-7
(1991), that a fifteen minute exposure of DUV-CAR

- photoresists to 15 ppb amines causes scumming or capping.
The presence of basic by-products and volatile clean room
contaminants which are ammonia or amines or amine by-

25 - products- have been reported by A. Muller et al. in Solid
_§;a&g;1gghgg_ggx Pp. 61-72, September, 1994, to neutrallze
aczd»groups at the resist surface causing a skin on the |
resist surface ("scumming"), degraded line width control

, and, therefore, decreased critical dimension ("CD") control,

30 decreased device yield and decreased process reliability.

Various methods have been introduced to address
the undesirable effects caused by amine and ammonia
compounds and by-products. Topcoats which provide a barrier
coating over the photoresist to prevent contact of the acids

35 generated in the photoresist with residual ammonia and amine
by-products produced during priming with compounds such as
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devel opi ng t he photoresist. Recently, it was discovered
by S. MacDonal d et al., Proc. SPIE, 1466;, 2-7 (1991), by W

Hi nsberwoo&/15861i n 5 Proc. SPIE, 1672, 24-32 (1992) REWUSISMBésherg et ,
cal. in PMSE Preprints, ACS Naqupaj Meeti ng, San Franci sco, CA
(1992), that the acids generated in the photoresist can react with
trace anmounts of residual am nes, ammonia or ot her

ni trogen-containing by-products generated by prining 10 and whi ch

remain on jipegsypat &aesmﬁuhaaaebs)fnées@sehﬁanufactugaeuf SHCH 230 Sphere
surroundi ng_the_substrate. The by-products, can,undesira

neutrallzégF e ﬁBFBSEBEHeF&QeESR in thﬁ}rtHEPBHSFSF8§FSﬁléﬁﬁaﬁﬁéﬁbby

adversel y Véi&ﬁiléhﬁmﬂﬁéblbf ammonlaohaﬁéebééﬁtQh@ﬁhsby ﬁérro et al.
Hi gh resolutl photore |sts/hé ica he nanufacture of

enpl
hi gh densit% Erge ect (HAVe |cé§9§?en2 '8¢ KHEEBeGﬁtF$vFJIeﬂ
chesni cal | yMbopbcbhedminatiba, (pDUY7CAEﬁné 1993), toAﬁﬁva&ryeﬁalllne-

am ne- cont products. gen rat ed ng. l. M n

copeci o 1y TuBpoiniyahESTES Be RAReE FirRaked] InspaliBRuBh: Beq gy dic
MacDonal d EOnaflltérscorSEbEubhiﬁg of-dir with a¢i@fe) solhatioasf it ede

m nut e eXpﬂéﬂﬁEaBEuE&¥§C¥§h11+ﬁ1es'pQ?EOESQpigZe&Ba%EcPBQ F-N9% ¢ g p &S
scunm ng or capprln resence UCtS and vol ati

cl ean roonsystem haeoaian1hagnsemplonear50anaduca emmannaes or am ne by- 25
proglucts h rte I I tate
Tégﬁnologyéggégﬁggaégeﬁ ﬁeﬂévél ?g égingﬁgu?wgPP§g b9'act1vate gr oups
‘at the resfa¥ @9ri&é§ré§a§nn§a§ akpn beenhattempted.: cThesesmetiiods, {
(" scunm nohewe¢gd, 2deE. bksenshdéhaﬁanhaeé met: w1thaﬂQrgEHS&eEﬂE%es%e&h?as d

critical di mension ("CD") "contral, 30 decreased device yield and
decr eased PPBEESE FE#lEBWPV?} of ammonia/amine copgamdnangsthods have been

Introduced to afldheed8 thereforkheotHbdftesabbe mbteckelseansedahy anm ne and
pcoati ﬁgICh provide a barrier

d )
e ertiniSRR RePERas, ConYaRhot  Eh anaBReart, Hasi, B s

gener at ed ammbhtaphmineesype wvohbaminatieal ganevatedaddringnmanufacture

by- pr oduct 3¢ pf9UHEET e UL LRICPEEYLAGs Y LN cOMPOUNDS such as

_ ) _Inventio:

20 _ - According to the invention, it“has been'
discovered-that selected organosilane compounds can be
.employed to. silylate a substrate to impart a molecular
coating substantially equivalent to that obtained with HMDS,
but without generating undesirable basic by-products such as

25 ) ammonla, or amine-type compounds. Substrates which can be
silylated include but are not limited to single crystal
siligon, polys111con, silicon dioxide, silicon nitride,
aluminum, aluminum oxide, copper, copper oxide, titanium,
titanium nitride, titanium tungsten, boron phosphorus

30 silicon glass, spin-on-glass, and silicides. Applicatibn of
the selected organosilane compounds.doeé'not-interfere with
effective functioning of acids generated in photoresists,
including chemically amplified resists. Application of

_ these selected-orgaﬁosilane.compounds also promotes uniform

35 coating and bonding of photoresists to the substrate.
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WO 96/ 15861 - PCT/ US95/ 14860 -

-6- - HVDS are recommended by resist manufacturers such as | BM
QOCG, Shin-™o096/18861 JSR in their applications literature. PCT/USOS4860i | e
aim nes or ammoni a have been shown by Berro et_al. . . inJ.1.ES.,
(Nov./Dec. 1993), and D. Kinkhead et al. in 5 "M crocont am nation, p.
37 (June 1993), to formcrystalline- like am ne salts on wafer
surfaces. Installation of acidic ion filters or scrubbing of air
with acidic solutions i ; @@3 ' IAd e s 3 P

suppl y/ exhaust ,recircul g’thibgginventj.lon Sy t%gsél}%s%éﬁéggdﬁlo%%est oto
reduce ammoni 8iiylate thg,suxfagesoef swbstrates sugh@shs LDy

acti vat ed promota’ REFelit!iveaappl i3t idns @ e bHitYBY it 1a @S onto

net hods, r, are expensive gnd have net. with rrarég,l nal success

howev
in coRPBPEE FNILASER ol THe ARVSRtHOR S Ve LaRgrEHanding problems
A needst her ef ghe thentartuassbeiatede with Yemraitdolb of ammSdiLiaid aRiheds

to reduce the _anmpunt ,of basic anmoni I ne-type contani nates
generated dur PROCAAMIRG. Ay-products gefibratedt MlAGd WS o 3 |
Summary of Theubsteatiesn 20The invention also Aubmtdntidldy heompletélyn, it
has been . di er hat t [l co ds can be
enpl oyed to sﬁﬁﬁf“ghg%% sﬁ%%#ﬁ%‘@? %Sﬁnﬁ’%ﬁ@lﬂgﬁ:o diabie coating
substanti al | yceq_uimé.llahlet,p riepaodeictidi lee priintimgHURS presently la_naiz\lalhbelt
gener aki ng un Is hC r.o .

am ne;ipype co%%gékg‘%&l%_gé%g rllz}%%t? em%%ﬁqg{réa%ﬁ %a?ts.l.c.:n aslﬁl%[%}gmf%% u%léme-
but are not | Perieds: wishdmproves materials eganamires pol ysilicon, silicon

di oxi de, silicon nitridgp accordafﬁ*!é“ﬁ'}lﬂnt UHvEHRISH dey ﬂ@@p&g , §&PPper
oxide, titaniu titaniumnitride, thlﬂt aﬁ um -tlun jsten, boron - '

phosphor us 305TbSta§itliiaéd-tY Gldydnadiing senpapiqatdan 9Ff g hekated

Application ogubstrates REtILHRAEIRI By GRERIdtH & o GHRAY dismpstesiPed Bonding
interfere w ef fegtive functioning of acids generated in

th , f
phot of@si st s, ©f polymeriq Hilmp SWGR @8 | 5385 %R % 1aubstFRt @ at i on

of surface is provided. The method comprises reacting at least
one organosilane compound, especially trialkylsilane
compounds and dialkylsilane compounds, with a substrate to
silylate the substrate. The organosilane compound includes
20 hydrolyzable leaving groups which are capable of generating
by-products which have a pH less than seven.
~ Various photoresists can be applied to the
silylated surfaces produced by the selected organosilanes
employed in the.invention. These photoresists include, for
25 example;tthose compositions which contain compounds such as
polgyinylphenol, polyhydroxystyrene, poly(thutyl-carboxy)
stYrene, polyfumerates, poly(t-butoxystyrene),
polyisoprenes, formaldehyde novolacs, and polyacrylic
esters, as well as blends and copolymers'thereof with cross-
30 linking materials such as cyanurates, and a photoinitiator,
such as onium salts, diaionaphenates; and azides.
Especially useful organosilanes for use as
silylating agents in the invention are trialkylsilanes of
the formula: -
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t hese sel ected organosil ane conpounds al so pronotes uniform 35 éoatind
and bondi ng of photoresists to the substrate.

SUBSTI I;agﬁﬁT (RULE 26) WD 96/ 15861 PCT/US95/14860

PCT/ US95/ 14860 _ -7-

The invention enpl oys sel ected organostl&rmes to silylate the

surfaces of substrates such as silicon to pronote effective

application of a photoresist |ayer onto .those surfaces. The

i nvention sol ves | ong-standing problens ~in the art associated with

generation of amoni a and am ne- cﬁan |n|ng by- products gener at ed

during primng of substratesH hleg bgRi on al so substantially
letely el i m nat es overpr| and underprimng to enable

comroll abl e, reproducible primng by ﬁa%sently avail abl e 10 equi pnent

with littlgherepg nodification and in shorter tine periods wth

| nproved nmaterials econon1cs In accordance with the

i nvention, a method fot8 O or NRsubstantlally el i mi nati ng contanination of

silylated : suhsigaoes ;hchnslcnbg,pcnﬂuatsung yield inproved

bondi ng 15 of po ynerlc fi as. ho Or esl StsS ubstrate
surface is provided. Tﬁ% ABYn8 nﬁXﬁﬁPﬁ? éa 8i A9 %faFﬁgs?lﬁ P one
orgmn05|Iaaspeon@bhydcleepesaamtated|alkyls|C;ng saturateﬂnnyn&&h and

di al kyl si | t e Si te the
Ssubstrate. éﬂﬁ%f pggﬁggi? T% @6 s%ﬁﬁ #%éluggllﬁoalkyl'hé §$yzab|e | eavi ng
gr oups mh|wmsat@rctgdbabkpl.geapeanah@y Cz Cq bysatuvated abkyh; have a pH

| ess t han shsS_ka to
(he 1M SMRurateq oyt relis MRS PR LS RO o
_cycllc alkyl; Cy-Cqq luorlnate hydrocarbon alkyl,
15 especially C,-C; fluorinated hydrocarbon alkyl; fluorinated

alkyl, especially C;-C, fluorinated alkyl; C5-Cg fluorinated
cyclic alkyl, especially C5-Cg fluorinated cyclic alkyl Cy-
C; trialkylsiloxy, especially Me3SiO tr1a1kylszlyl
especially Me,;8i; C;-C;, alkoxy, especially C;-C, alkoxy;

20 phenyl, phenethyl, acetyl, 1-propanol, 2-propanol, alkyl
ketones such as C,-Cg 1- and 2-alkyl- ketonés, especially
acetyl 2-propanonyl; C3-C6 alpha acetyl esters, espec1ally

methylacetyl )
and R is any of*hydrbgen,”methyl, trifluoromethyl,
25 - trifluoromethylethyl, or trimethylsilyl.

Particularly useful tr1a1ky1511anes include those
of the: formula- ‘ '
L CH, -
_ [ 2
30 | E  HyC-Si-OR
ey
‘where R® is any of saturated alkyl such as C1 Cg alkyl
especially’ methyl ethyl unsaturated alkyl such as C,-Cg
35 unsaturated alkyl espec1ally v1nyl allyl; cycllc alkyl
such as C3-C8 CYCllC alkyl, espec1a11y cyclopentyl,
cyclohexyl; unsaturated cyclic alkenes such as C4-Cqg
unsaturated cyclic alkenes, especially cyclopentenyl,
cyclohexenyl; fluoroalkyl such as C,-Cg fluorocalkyl alkyl,
40 especially trifluoroethyl; phenyl, fluorinated phenyl such
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enpl oyed in the invention. These photoresists include, for 25

exanpl e, those conpositions which contain conpounds such as :

pol yvi nyl piwvayssiissgao!l yhydr oxystyrene, pol y(t-butyl-carboxy) PCTI/USIS/14860r ene,
pol yf uner at es, pol y(t- but oxystyrene), pol.yi soprenes, fornal dehyde
novol acs, and polyacrylic esters, ~ad Wel | as bl ends and copol yners
t her eof mnth cross- 30 | i nki ng naterlals such as cyanurates, and a
phot oi ni ti ator, - such as .oniumsalts, diazonaphenates, and azides.

Especi al |y useful osil anes, f.pr S, in in the
i nvention are3 |f§1q{<°%aj§r}ll$ea%§s£§fyf pﬂéﬁyft%df%}miﬁhgﬁﬁ gsﬁgg{/'é}?l

96/ 15861 pentafluorophenyl -alkyl ethers sudiCTH4)SHHWYSHS glycol

X8| s Oor NR &y yl Vg}ﬁ{ %lrbpylene glycﬁpl ald{yb—ﬁthﬁi?er%ﬁslw ethylene
NR[err]; " glycol methyl mtlsezanyalkyhylmmeﬁ Dk r§s Cp Y uﬁr]:glaj ket

10 5 especi er |

al kyl, espeC| aﬁ%ﬂéﬁt% saét4 P%iéﬁﬁ%ﬁﬁf‘%ﬁ éét?trl{éltééé ?Sélffﬁége&y&ikfl
unsat urated al erses?)é‘éha#$ erlg X&ylallesf espakaliat ed
C4- C8 CyC"C FRVE LuSARESE 11 dxfFé €k ieﬂéerﬁﬁséﬁﬁ@ﬁﬁéﬁiﬁihorlnatedCHEkYE

al kyl; C2-(err quorlnated rbon I ci al
fluorinated h tﬁﬁF Bag1- P?Ggf yYo1 gf’kmw‘?hgﬁi%%?auy

C|[Er|r] C2 fl ueﬁ kyltrﬁméioﬁgniﬂ :lf.lelﬂlidnﬂpéﬂﬁiylene otheti c
a especi a of inat e c
trlngylsPloxf' }%ﬂ%@g f?ht?¥313%#§#? a#fy uél@h% ﬁ%c?%?ly Nb3S|

Cerr]-derr] iaventyiorshecladé ythdserdf CZhal ﬁmuyula
| CH, ©
| H3C-lSi-O-"S-R3
15 | | I
| CH; O
wherein R is any of saturated alkyl such as straight or
branched chain alkyl, especially methyl; and saturated
fluoroalkyl such as trifluorocalkyl, especially
20 trifluoromethyl. _

Particularly useful trialkylsilanes for use as
silylating agents in the invention include
O-trimethylsilyl-acetate (OTMSA), O- |
trlmethyls11y1propr10nate (OTMSP), O-trimethylsilylbutyrate,

25 trimethylsilyltrifluoroacetate (TMTFA), tri-
methylmethoxysilane (TMMS), N-methyl-N- trlmethyl-
:ilyltrlfluoroacetamlde (MSTFA), O-

. trimethyls11ylacetylacetone (OTMAR) ,
isopropenoxytrimethylsilane (IPTMS),

30 b1s(trlmethylsllyl)trlfluoroacetamlde (BSa) ,

' methyltrzmethyl811y1d1methylketone acetate (MTDA)
trimethylethoxysilane (TMES).

Dialkylsilanes wherein the silicon atom is '
attached to two reactive hydrolyzable groups, which on

35 reaction with the substrate provide an organosllane compound
on the substrate while generating substantlally only acidic
or neutral by-p:oducts, also may be employed as silylating
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20 phenyl, phenethyl, acetyl, |-propanol, 2-propanol, alkyl

ket ones such as C2-C6 1- and 2-al kyl - ketones, especially ' acetyl
2- pr opawonslisser3- C6 al pha acetyl esters, especially PCT/USHAugkgcet vyl ;
and Rerr] is any of hydrogen, methyl, &rlfluoronethyl, 25
trifluoronethylethyl, or trlnethyI5|IyI - Particularly
useful trialkylsilanes include those of the formula: [err]
where R err] is any of saturated al kyl such as Cl-C6 al kyl,

. i k

noat ur at LATSRRY) dnchHé 1nWBRBLERC Palh KLIBKED, BRemd ATk disane

C3-C8 cyclLBC&udgldlmsphyldlmgthpxyspéaneland dlmethyﬂdﬂabetpkysdﬂsaﬁurated
cyclic alkenes such ?ﬁe%@b&hogfﬁahes ewgloxefinifll Phat gﬂy%}ﬁ 1'o%h?da§/e%%s

especially cycl opente % uoroa
Clerr]- ([ eRPPliedokeat 9|subﬁyrateo Y anYerecbﬁbvprrbfﬂaqpadtmpr

phegyl . Tl4gii8abfd eBABHinEHE the organosY@aﬁ@/aésﬁemperatures £rom
PCT/U895/148

fluori nat e@ aPEyFmBhEﬁ§ItﬁnGbPPEogéﬁﬁEn§Fd é§pB€F§$P§es from about

pent af | UOFaﬁﬁégPherilbkpreQbhﬁéstéuEéséstﬁahyaﬁaﬁtgh.YEékr ‘The al kyl and
propyl ene et’her especi,al col et hyl

| |
et her; alkgréﬂEPﬁﬁi§¥§u€ﬁna§i§2 éﬁﬁﬁﬁ engg a PhSFR€ﬁég e &ECitRE v
rret hacr oyl migetiveagpglibdotbnehedsabkytate to peoPede SUARiIEBrM3fE8m

| uor oal ky|l pxy _a especially trlfluoronethyloxyethylene
iéturatea f#ﬁﬁrﬁﬁgFgﬁaﬁﬁkyl o ~ethers such as -
1 per fl uoroal kyl -1 - alhoagothey| aspect -of the invention, a s1lylated
substrate which has adherence for polymeric coatings, such

i,

as photoresists, that is at least equal to the adherence
achieved by HMDS silylating agents is provided.
15 | : o
Dgtailgg Degcrigt;og og the Embodiment
_ Generally, the selected organ051lanes employed in
the invention have in their molecular structure at least one
reactive, hydrolyzable leaving group bonded to a silicon
20 atom. These organosilanes_are alkylsilicon-substituted
monomers which contain at least one hydrolyzable leaving
group bound to a silicon'atom. The. leaving group is a
chemical moiety such as acetate, carboxylate, enol,
alkoxide, sulfate or amigde. | Upon reaction of the
25 organosilane with the substrate during priming, the-
organosilane can produce ac1d1c or neutral -by-products of
reaction depending on. the speclflc hydrolyzable leaving
group. These by- products may be described by the Bronsted-
Lowry system as the conjugate acids of the organosilane
30 molecule. Classical Arhenius deflnltlon ‘applied to the by-
products would be molecules with pH ln aqueous solutions of
less than or approx1mately equal to seven. _
 The selected organosllanes employed in the
1nventlon can be applled neat as llqulds, or as solutions in
35 organic solvents such as xylene or PGMEA. The selected
' organosllanes also can be employed as mixtures w1th each
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éépecially 1-trifluoronethyl-1-ethoxyethylene. Oher 10

trial kyl silanes which are particularly useful in the I nvention
i ncl ude thoweveissshe fornula: [err] wherei n R3 i s PEEISAS/14860
saturated al kyl such as strajght or - géagched chain al kyl, especially
met hyl ; and saturated ~fluoroal kyl su as trifluoroal kyl, especially
20 trifluoronethyl. Particul arly useful '

~trial kylsilanes for use as _ silylating agents in the invention
i ncl ude I me i z a j : :

oo onat o MR 0 PEPRPHTnply pige, SaB. by, appiied

trinethylsilylprogrlonate i / ]
trimethyl silyl BeR¥| 88r ¥BPE¥H1 cOF TRAFFERPOY S| in admixtpreh Wit G@sesiusne

(TMVB), N-net h i | ; bl Walst & b0 t aficae e
trimet hyl silyl %%ﬁ%%%ﬁ%g?*i‘ﬁ’é a8, Rikroglh ind! AnbrHOGARRS BGEE o laktn,

(1 PTVB), 30 ~ Dupizg(@pp Fﬁé{i—@my het peleabedapEoancsd lapes) are injected
met hyl tgi net hyagsi Lygdidgespyvipbeneneechalow( pEBSsure silylation area
trimethyl ethox ﬁl|anﬁ gTNESi . oDial kylsil aneg wherein the
silicon atom | ShTOUdh an pFiEien. 6T R FRXEViDE KD BFIRmORI I IR ch
on 3E breachéanew: abebhwheybsthet gesumuﬁ.ﬂlg &apa:rgaao;ghmmﬁww

on the substrate i e _generatin ubst ant i nly aeidic or

neut r al by-proﬁﬂ%%g,93F28rn§§033ﬂeﬁﬁlgéﬁds s&%ﬁgFaﬁpn&e treated.

SUBSTI TUTE SHEET (RULE 2B)lthough not wishing to be bound by theory, it is

10 believed that hydrogen ion transfer occurs during priming of
a substrate as in reaction (I): '

R ' R
15 R-%i-x + HO-Z ---> R-.%i-O-Z + XH : (I)

R R

" where R = methyl
' Z = substrate composition

X = leaving group -

20 - ' As shown in (I), during priming of a substrate

‘such as silicon, the organosilanes employed in the invention
are believed to react with the substrate to form a surface
layer of alkylsilyl groups, especially trimethylsilyl
groups, of approximately one molecule thick on the substrate

25 surface. Although not wishing to be bound by theory, it is
believed that the leaving group of the organosilane, during
reaction with hydrogen-bonded surface water, hydroxyl groups
or similar reactive species on the substrate surface accept
a pfoton to produce, for example, a trimethylsilyl group

30 ‘bound to the substrate. The reaction also is believed to
produce by-products such as acids, alcohols, ketones and
amides which have neutral or acidic properties depending on
the hydrolyzable leaving group in the organosilane. These
by-products can be represented by (II):.

35 | ) Y |

| H-X-Z2-R o (1)

where X is O, NR' or CH,;
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- 10- agents in the invention. Particularly useful dialkylsilanes
i ncl ude wp9gidagl di met hoxysi | ane .and di met hyl di acet oxysi | apernuses/14860

The organosil anes enployed in the invention nmay be - applied to the
substrate by any one of vapor, liquid, 2 5 . solutions containing the
organosil ane at tenperatures from about anbient to about 250[err]F
and at pressures fron1about : -atnospheric pressure to | ess than about
1 torr. The nlane can al so be adnmi xed with a photoresi st
and the : Fi ?uﬁe éd to the substrate to provide a uniformfilm
10 on the suzsisaCeor S=0, and = 1 n anot her aspect of the

invention, a silylate e h Ras.ad or polynmeric
coatings, such X1 L ﬁ aglpﬁétsgg ?égg& ?ﬁg#i E&tc$é€§%§€ﬁﬁ%$ %o t he
adher ence alkyl, Cacﬁgeundabyrames eytyiatahbyhgephenyi,ngvcged 15

Detgi | ed qgiﬁﬁfﬁ&%ﬁ”f?ﬁo&BﬁlEQQOdETGBElne ceptaining p enN Rolh lay the
sel ect ed organosi [ anes on have I n their

mol ecul ar- ‘euﬁbugremat:hyéﬁbenvﬂe phenethyleaalkyd, kmponel push GSI eavi ng
group bondséeéﬂﬁeewmcOerzglkylslabﬁm suzheag eEgaae ?{ﬁ&%

al kyl silicon-substit oier s cont al 243t one
hydrolyzab?%k?ﬁﬁ%ﬁﬁﬁylether syFBuBsbéuﬁﬁlféu8r°§PFPU3n1atonl The | eaving

group is ametho etﬁ?iéh&a|tE&h&k&l&ﬂQ?la§uéﬁeh§tEr;ﬁé&h?l%hi&& enol ,
aIkOX|de su fﬁhe or,

f th | th
PSS e reeta Ry A TokyRgo RRoa kel s0Cy, pandetF imetEydedlouyrsoRs: o ¢

or neutrallbgnplodﬂate oﬁs alkoxy, r&éti on depending.on the specific- (
hydr ol yzabl e |'eavi ng group. These by-products. may be described by

t he Bronsted- Lowy system as the conjugate acidg of the
organosi | ane 30 Rr! isohpcalig, CELAS$CRA) i hemdisCHgdHMZ. on applied to t he
byxs products woul d be nol ecul es mnth pH i n aqueous sol utions of

| ess than or approxi Theebilylatedt organesilanes employed in thee.sel ected

organos! | geRERLAY e Be! Ugsea npsk HETLUGIIA%H: *GapRE). BcRERTY

PGVEA. Theaperecteda substrate. - The organ081lanes can also be
employed as solutions in solvents such as hydrocarbons and

20 ether esters and the solutions can be applied as liquids or

. vapors to the substrate. Useful hydrocarbon solvents
include alkanes such as hexane, octane, and the like as well
as aromatic solvents such as xylene, toluene and the like.
Useful ether esters include ethylene glycol methyl ether

25 acetate, propylene glycol methyl ether acetate and the like.

| - ' Organosilanes suitable for use in the 1nvent10n
1nc1ude—o -trimethylsilyl-acetate (OTMSA), 0-
trimethylsilylproprlonate (OTMSP), O- trimethylszlylbutyrate,
trlmeéhylsilyltrifluoroacetate (TMTFA), tri- '

30 methylmethoxysilane (TMMS), 'N-methyl-N- trlmethyl-

' silyltrifluoroacetamide (MSTFA), methyl-3-

- {trimethylsiloxy) crotonate, bls(trlmethylsllyl)acetamlde,
bis(trimethylsilyl)adipate, bis(tri- -
methylsilyl)trifluoroacetamide, 3- trlmethylsil?l-z-

35 oxazoladinone, trimethylsilylformate, O-
trimethylsilylacetylacetone (OTMAA),
isopropenoxytrimethylsilane (IPTMS),

bis(trimethylsilyl) trifluoroacetamide (BSA),

SUBSTITUTE SHEET (RULE 26)



or ganosi | anes al so can be enployed as m xtures with each WO

96/ 15861 -PCT/ US95/ 14860

- 11 - wo 9615861 her . These sel ected organosi |l anes al so caciyessspasdocd
neat as vapors, or as vapors in adm xture wth gaseous carriers such
as nitrogen and inert gases such as argon. 13 - During application, the
sel ected organosil anes are injected 5 as liquid or vapor into a | ow
pressure silylation area through an orifice, or by spraying the

organosi | ane int ) eated .area re the resulti or is
transported bvétﬁﬁtrlmﬁéw%&@iﬂlwsem% ?@%ﬁﬁeat be treated.
Al t hough not wprshetlylethoxpedildney (TMES)Y, Othex bY¥ganodidlarmaseditiieh may

hvd : : _
eact i on k??;BEaQ%L oy2&” {he1tde B¢ Eh%k%%l%&1y1q53§§§ﬁ§f§¥éfﬂﬁg as in

where R = net bylimethylsiloxypent -2Zenesdbanegt &-conposi tion
X = legving g

rouy . i Gl ) ' i 0 f
substrate (grggégﬁyétflwgSKCIﬁg%?’\gggnogﬁlar?efsqteﬂrép oyéeyé‘{égﬁﬂﬁée) a_:.ae
:nventlﬁn N fommemcihduweayaiﬂabﬂeact wWith the substrate to forma surface
ayer of alkylsilyl gro g [ ' |54 | ?gg)

approxi mately one nol ecu elttﬁ'?’g’l% o?ﬁtﬁsﬁﬁ%@ Z%Qn be sel}}g‘%_e. Saﬁt %?Jgh
not wishing teeBectedn@idanesedny the inyention ipgludssrammareirllvaving -

group of the Q&%?g%ﬁﬂﬁﬂﬁile éﬂ%xytrimeﬂH?%%ﬂIHhéMéﬂHhydrOQEH'bonded

surface water, roxy _ or simlar, reactive species on the
subst 8t e Sur Pxgangsddplsulfonates of the formula:

| CH; O
R |
HyC-84-0-5-R

. il

15 . CHy O

where R is C,-C, alkyl or C;-C, fluoroalkyl. Especially
suitable organosilylsulfonates include trimethyl-
silylmethanesulfonate and trimethyl-
silyltrifluoromethylsulfonate} -

20 As mentioned, solutions of the selected
‘'organosilanes in organic solvents can be employed as
silylating agents. Suitable organic solvents for use with
these organosilanes include aliphatic hydrocarbons such as

o n-octane, hexane and the like; aromatic hydrocarbons such as

25 toluene, xylene and the like;, éliphatic ethers such as
methoxy ethylether, diglyme and the like; and ether esters
such as propylene glycol methyletheracetate (PGMEA) ,
ethyiene glycol methy1 ether acetate and the like.

~©  Solutions of the selected organosilanes employed
30 in the invention may include one or more of the
| aforementioned selected organqsiianes with one or more
organic solvents in a mixture of from about 1:99 to 99:1. A
desirable solution includes OTMSA and PGMEA in a ratio of
from about 1:99 to 99:1 OTMSA to PGMEA, preferably about
35 20:80 OTMSA to PGMEA. |
 The selected organosilanes employed in the
invention can be applied to éilyléte a substrate prior to
'applying a photoresist to the substrate in a wide range of
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a proton to produce, for exanple, a trinmethylsilyl group 30 bound to

the substrate. The reaction also is believed to produce by-products
such aswasdefigsrd! cohol s, ketones and am des whi ch pegnssosresgiss 2l or .

- acidic properties dependi ng on _ t he hydrol yzabl e | eaving group in the
organosi | ane. These by- products &4n “be represented by (I1): [err]
where X is 0, NR or CH2; SUBSTI TUTE SHEET (RULE 26)
WD 96/ 15861 - PCT/ US95/ 14860

2 C O d
Ris H o SPPPOBFEPEicDs, A Bi%ieg) Tacsoes dspendsnn ap T suskpiare
Fﬁ Cb6 uriacompbedtapgblpﬁabbss tehpeyhatufes,r hnds equipmentsat SpEeific

uor oa .
trif1 vor onSPRSEETERS 263 Rk o bR b BT cRisr pap be determined by
acetylnethyhosarsklR}B@ nuxyhsuamtas trlnethyIS|boxy,
s?ﬁﬁﬁbxyen r{ﬁ‘]‘kyl

?Ikgnylalkylether S“@ﬁb@%ret%s' FEPO 8h5E rre

rial kyl sil such as trimet rra

such as 2- F%ﬁrréflﬁ?%ipﬁxy-ﬁﬁépder but are. s 1&“@-"—@%@%- and

Y wafersRanis ski1ieb3. wﬁfars(ﬁﬂaiﬁﬁ chéﬁEcGEigH%rzthermally -

The silyl ated organosil anes enployed int :
generated oxide surfaces thereon. As used herein, prime
silicon wafers are understood to mean unused silicon wafers

10 which are taken directly from the manufacturer’s shipment.
Other substrates which can be treated in accordance with the (
invention include chemical glasses such as borophosphorus
silicate glass (BPSG), metal layers such as aluminum,
titanium, tungsten) copper, and chrome, silicon dioxide,

1s silicon monoxide, chrome oxide; silicon_nitride, aluminum
oxide, titanium oxide, copper oxide, as well.as various
metal silicides such as aluminum silicide deposited on
silicon nitride and titanium nitride.

Silylating of a substrate by direct vapor

20 appiication of one or more of the selected organosilanes
employed in the invention can be performed with commercially .
_avallable vapor prlmlng equlpment Exemples of useful
'prlmlng equlpment lnclude Genes;s Mlcrostar 200 Genesis

. 2020 vapor prime unit, Genesis 2010 vapor prime unit,

25 Genesis 2002 vapor prime oven, Yield Engineering Systems,
Inc. priming equipment, in-line vapor track systems such as
those:manufactured-by Silicon Valley Group, and liquid
dispenser track systems. |

Silylating by dlrect vapor appllcatlon, as is

30 known in the art, is performed by transporting a mlxture of
vapors of one or more of the selected organosilanes in gases
such as nitrogen or argon within vapor priming equipment, or
by dlfferentlal pressure flow of vapors of the organosilanes
in vapor priming equlpment to the substrate to be silylated.

35 The speczflc amounts of the selected organosilane compound
employed in the vapor mlxture can vary from about 10 to
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i‘nvention can be applied neat as |iquid or vapor, preferably vapor,

to a substrate. The organosil anes can al so be enpl oyed as

sol uti ons iWi09#1586ht s such as hydrocarbons and 20 et her PEEUSPHI4B6MN t he
sol utions can be applied as di.quids or - 15 -vapors to the substrate.
Usef ul hydrocarbon solvents -~ I ncl ude al kanes- such as hexane, octane,
and the |ike as well as aromatic solvents such as xyl ene, toluene
and the liKke. Useful ether esters include ethylene glycol nethyl

et her 25 2661606 ppin aabeﬁazﬁ%;ysm B! Bybei)e 186! Spodiite il ha
e Tor inc “

Organosi | anes: sui t abl use 1n The invention
'C}trlnethyIS|IV¢°%E%t%TB 4 A) trimethylsilylproprionate

E?TWNEB tOt rinethyl sil ysb yatari]en by ld:Lrch applivatiloy Of fvlawzo?@ettaiee

, ri OoXYSI | ane rine

T E0 11 uor SURBLTALE ERBTER) POREoRpRasat ' LerperRuites o AHAUR IR eC to

groEonaSe,hb:sa?thnzpbyts;Ipféﬂerghhydabout 50°C to about 150°C.
Is(trinet S at e Il - ' _ s .

et i syl St e HYRENEE! S, 862k aRpeR Mishs by ipvention engbles mmiferm

trimethylsil ylénganie films to be depostihedsonyicatdeysidgtlated Ghiviace of

t |
by oCt s oty EHE SUbSEaEE  ElMlibles pf films which cap be fispopited

pCT/U395/148600ver the silylated surface include phptoresists, silicon

met hyl i met hy g@ ¥h§ NE%#KE%E”EhBEQt G]ane?roduced gy Amoco q?emlcal

tri met hyl et hoxysitTane her or ganosi
enpl oyed i ncl uge- 02R{; Fﬁ?l§1|§pﬁebh§§PFFéﬁé Y2ALTISIL 115, 129, 1000 and

trimet hyl sil oxypes! - §o§9§cﬂy98€eslsuéh as a Fyr o lhdsd mMRRtioHd P MR and

Al of these cp Mer ci.a a
Addi tional co nEﬁHalﬂﬂlEﬂlzﬁﬁtBXIQHﬁFGFEK!é§e¥R9 %Hmlées such as those

_ commercial products produced by Amoco Chemical Co., Dupont
15 'Electronics, National Starch and Chemical Co., to name but a
few, novolac-based films such as those products produced by
Micro SI Inc., OCG Microelectronic Materials, Inc., Shipley
Co., Inc., and planarizing layers such as those produced by
Fiimtronics, Futurrex, OCG Microelectronic Materials, Inc.,
20 " and Dow Chemical Co.

Photoresists can be applied to the silylated
surfaces produced by the selected organosilanes employed in
the invention by methods known in the art. These _
photoresists are typically high resolution positive or

25 negative tone, chemically amplified compositions which
cgg@gin acyanurate and a photoinitiator. Useful
phdébresists include organic solutions of photoactivated
polymers which contain photoinitiators. Useful

. photoinitiators include onium salts or mixtures such as

30 ~ diaryliodonium, arylalkyliodonium, triarylsulfonium,
arylakylsulfonium, trialkylsulfonium hexafluorophosphates,
hexafluoroarsenates, hexafluorocantimonates and tosylates,
especially 4-thiophenoxyphenyl diphenyl sulfonium
hexafluoroantimonate, di(4-tert-butylpheny1)iodonium

35 ~ hexafluorophosphate and dilauryl-4-t-butylphenylsulfonium

. hexafluoroantimonate; diazonapthenates,such as '
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sel ected silanes in the invention include comercially avai |l abl e

| sopropenoxytrinethyl silane and 10 organosi |l yl sul fonates of the

f or nul awo 96/15861 - where Ris (err]-C4 alkyl or C errgerafsokfiatgsoal Kyl .
Especial ly sui t abl e organosilyl sul fonates include trinethyl-
S|Iylnethanesulfonate and trinethyl- = 16 - silyltrifluoromethylsulfonate.
20 As mentioned, solutions of the selected

organosi | anes in organic sol vents can be enpl oyed as silylating

agents. Suistabl e oﬁganlc o yent s .f.or an03|lanes

hes
i ncl ude .al RpREPTIRORESLALETAS aGins, gr glazoqu&negegﬁgg i&ﬁb &he
like; aronespectipdigcardiazossch- ddh?ﬁro -4- okoLuehapthhhen%udE6nhhe l'ike;,

d the |ike;
And ot her B5tdy ¢ aid” datleg, gyoy af? %5%? TegisBhe “epRstallY: acetate
(PGVEA), 2 bls(4e14ﬁydeaelgbphenyheﬂh9 -ethyleaebt-&t—meahyltvelbn-ke

Sol gti ons HExEH%n@ele%%%@e°?ﬁ6@8§hhﬂ@§§o?§pagee?eggtéve £o }Eg%tlnventlon

may i nclude one or nore one
or ganosi-l aReSW@eRhthgewavedsngths of 436rgante 39Pvem:s Examp&eﬁtaﬁe of -

b b | d
oL pybastar, conpontesiadtiRcIob sap o e S0

pr ef er abl yE@oEhPsgsavailabdegfrom\Bhirdepcies, Inc., Hoechst Celaniese

sel ected ocaagosI(hzneaoespkaaaétsnnibﬁsmn), -rok%e%kancﬁaaleala%' ied to
d23

siJylate a str rior ap I ng_a photoresist tot
u%étrate ﬁag g&emlcal Co., Etﬁgs1@§§6M1croelectron1c

PCT/U895/1M866r1als, Japan Synthetic Rubber Co., Ltdl4 IBM, Hitachi
Ltd., and BASF Ltd. Specific photofesists include Shipley's
SNR200, SAL601, SAL603, XP-3115, XP8844; IBM's 'Apex and AST;
_ OCG’s Camp 6, BASF ST2; and Hoechst's AZPN114 Ray -PN and
15 JSR’'S PFR 1X750. T ' :

In an alternative-embodiment, the photoresist can
be applied in admixture with the organosilanes employed in
the invention. A mixture of photoresist material and at
least one of the selected organosilanes employed in the

20 invention may be applied to the substrate. Typically, the
mixture may be applied by mixing a selected organosilane of
this invention with the photoresist material in an amount of
0.1 to 1.0% of the weight of the photoresist solution and
applying the solution to spinning substrates as per the

25 photoresist manufacturers’ 1nstructzons

The photoresists can be: applied to a substrate
sxlyiated with the organosilanes employed in the invention
1n a predefined pattern and thereafter developed by known'
methods Typically, these methods entail exposing the

30 photoresist to photons (including X-rays), ions or electrons
of various wavelengths to form a film. The film then is
chemically reacted with agueocus or organic developers.

- The: present invention wherein the selected
.organosilane compounds are employed as~sily1ating agents

35 provides significant advantages over the art. The selected

organosilanes do not generate undesirable basic by-prodhcts
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doncentrations and nixture ratios dependent on the substrate
conposition, process tenperatures, and equi pnent. Specific
condi ti onswigedegd! Yi ng t he photoresi st can be determ ned byPCI/US9S/1486f hose

skilled in the art. 5 Substrates whi.ch can be treated in
accordance with the' |nvent|on i ncl 0de, but are not limted to,
prinme silicon wafers and silicon wafers having chemcally or
thermal |y generated oxi de surfaces thereon. As used herein, prine

silicon waf ergggpeagngﬁfn h38doloqiRafyy Hiﬁgﬁs' | bﬁgnlﬂ%ﬁaohotﬁ.erewnay

are taken dir rom e manu er S7S

substrat es Wnpn:hvcdﬂ beghee‘atthdoughpucorgamg&ew £€P cpatrol, elimjpatiosh

i ncl ude chem a r ¢is| keAl-cHerSS th
(BPSQ) et al gﬁayg%sﬁéggh% Qggi%b%a&'e&aaaq Birrlgrrl'l coat! ngs?q-n J)pere
and chrone, sphp§9ﬂfe§|l-§%udé'edllsed 511§’|1Iaté6§ K3RESi:d8s (‘!’ﬁ mé 8o Qﬂ’@e

silicog nitri &%eu@' ¢imed Mo reduceOkhee 1okl 9&b@€ﬁ0k§hdaa:0m&qrf1@atsi&m as
wel | as vari ous netal silicides such al um numlil | CI de 05| t ed
on si BYSE8MSi-t r fI'@@ dmyentdon atse enaRdes controllable sur
Silylating of g3159R%4H0A %fby:a@err%ctatvawa@és%upenoa-pmb wajtoraafofmmsa it
nore of the seleCted oreg!anom | anes a ?’ |tnvent|on can be
performed w t WiEGRWE grpting un %aP&ﬁl é‘\é Yo PERING & F St |

Exanpl es of uggivdnia. prim ng equi prent include GeneS| s Mcrostar 200,

Genes| 2020 vaggr pLITR Al O63SAUY APV UdTedtUd 25

Genesnlg 2002 vapor pri ngineering
prining equi pmrga,ncsrﬂlanafs \empdoyedadin Shet e:wesmc-lwnas-n both 11t<mi§b “and

manuf act ur ed [ . [ . track
systens. %p%lj t%% \{aé ﬁwﬁg ki Ta%ﬂ%é rlg(l?tr&vaIpIor raep | cat | o “as is 30
known in the Mdlhmqaél' f:drlrmnatmm gznr@nam SEXAMD Ly - vapors
of one or trfge FF RALRL Y AANAS IdARRY Iy dR¥uring the %&Sﬂh@é‘t

ni trogen or ar gon hi'n vapor primng eqw prent,, or b

diffeddntial Bnelas (—’!Hfﬂl’bvafbfAKFd'W HofT %WQ%é"allﬁ’le i FFMpor
prining equi prﬁf&q&p H herruisd '@ & Jeilf Hd Wrihurd reporﬂéhsa fPUISTLER

?nng'tj 3§Z g;nt\r)%rs ffrg'ﬁ(g"&%{}? aqnlq(;'fng:ar{]ee Ca%rg)ve " Contact anrgp.l.e measltyrénrl]eent\:/ apg’
given by A.W. Adamson, Physical Chemistry Qf Surfaces, 4th
ed., Wiley Interscience, NY, 1982. Higher contact angles

20 denote greater degrees of silylation, i.e, priming
| effectiireness. Contact angles greater than 85°, however,
indicate overpriming'which can lead to loss of photoresist
adhesion and blistering during exposure to chemical
developers. None of the selected organosilanes employed in
25 the invention generates contact angles greater than 85°

under the conditions employed.
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WD 96/ 15861 PCT/ US95/ 14860

- 15 - 100, 000 ppm depending on the system flow, exposure tine
and WO 96/1¥§gUuUm enpl oyed. Si |yl at i opclyssdsidass .
application of vapor to the substrate can be perforned at

t enperatures of about 10[err]Cto 5 -~ 18about 200[err]C , preferably about
50[err] C to about 150[err]C Silylation in accordance with the
~invention enables uni form organic films to be deposited onto the
silyl ated

deposi ted

10 pq

Co. and M q 2 3 . )0_3

pol yacryl any of those nentloned above and

pol ynet hyl mgé‘ mi Jde STRFTRAEE t|hosE€ONTACT

produced "t , Dupont 15 3yo‘|c33YhﬂBPBﬁ§

and Cheni dgl_Co to nane but a f el NI Ac- phsed S

t hose prodlcts pjoduced b¥ . AAcro Sif 1nc._..0OCG

Material s, lnct {sShipl¥ Siligon and ﬁ?anar sudh as

t hose proﬂFced b Filntronjcs, FEutyrrex, (gxahqcroelect[ ni c "
Mat eri al s, : 20 TMTEA \AJ (éﬂ;rﬁm [y 7 8
Phot oresi gt s can

b LI td th i ]yl at ¢d
t he sel ect oSt Eé&gen;ngigfi}a'a'e L B2%;

S
known in tlhe t} These, . ' phet tl]s ar ypically hi F esol tion
positive 2?1 gﬁFFve.toneq?:ﬁ%%$ alil y angélfled conpo g 4 ons ic?
contain ac : e S et —————]
i ncl ude orjgani ol uti of photo oAt e odpolyners ch cortain
phot oi ni ti tor%. LBeEH EE;I) ph§${ |t|ators<%ﬁclude oni um ts or
th Ures bh Ao i Ul QIYFTIUUUIII urty y:ouka—erUduwu‘ll; -
triaryl sulff onigl _ HMDSaryIakyIsgﬁédhlunn trigakyl syl foni ugjge
hexaf | uor ; tes; ———— '
7 OTMSA  8i0,> ~ 70° Acid -
8 ptMs | sio,? 630  Neutral
" 9 DEATS sio,> | 8 |  Base
10 MSTFA 8io,® | . 74° Neutral |
1. Contact agﬁles run on Arthur H. Thomas goniometer “
2. Fast HMDS" , available from Silicon Resources,
Inc., contains a mixture of DEATS and. HMDS
3. Silicon dioxide (thermal)
4. Contact angle estimated since contact angles below
) 15° are difficult to measure

Each of the substrates in Table I is primed under
the following identical conditions on 100 mm diameter prime
wafers, three wafers per run:

Priming is performed by treating a stationary

5 wafer to a ten sec. flood of the liquid silylating agent.
The wafer then is ramped to 2000 rpm for thirty seconds. ,

In the runs shown in Table II, vapor priming with
organosilanes in accordance with the inwvention is performed
in a Genesis 2020 vapor prime unit fitted with Hot Block ™"

10 adaptor of Genesis Co. using the time periods and
temperatures given in Table II.
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hexaf | uor oar senat es, hexafl uoroanti nonates and tosyl at es,
especi ally 4-thi ophenoxyphenyl di phenyl sulfonium

hexafluoroaﬁ;' te, di(4-tert-butyl phenyl)iodonium 35 PCT/US95/14860
hexaf | uor ophosphate and dil auryl - 4-t-butyl phenyl sul.foni um

hexaf | uor oanti nonat e; di azonapt henat es, sucit%s E WO 96/ 15861
PCT/ US9/ 14860 - 16-

dlazqu|n0nesquon|c aci ds or di azoqui nonecarboxylic acids,
especially 6-
azi dessuch as y

di azi dophenyl §2, 2[ err] - et hyl ene) - 4- met hy T&p&E I 5 hexanone. These
photoinitiatofls are reactlve to I|d%hP°R PRIMIHQ&RE&HLTﬁe wavel engt hs of
436 nmto 190jTr=tExqrpres o ' .

| nc. Hoechst

Chka Chem cal . ‘ ad _—
M cr oel ectroniic gpteria S, 1 Syn hetl bher .| Ltd LBM
Hi t achi -Lt:lti.J,I an L td, S cificlphotoresigdts 1’mclude Sﬁlolev S

SNR200, SAL60F, SAL6G3, XP-3115|] XP88443 |BM[s Apex and AST;
Canp 6, BASF $T2: %and HO®ERSt' b AZPNEL4, Ra}-PN &% 13 50 JBR S fbﬁf?e
1X750. “ 'n_an al ternat,ve e odi nment, [the phof oresi st caw

be applied injadnixtyre WIMSA hp or ga®dsi | angs emﬂfbyec in50 bag
i nvention. Ajmxtourg-of—photorgstst—Tat Td—at +Fast—ome—of
t he sel ected gr il anggagieol pyed |glﬂhe 2 60 nventi g npy begappl i fpd
to the substr . e FH-H-e—RRy—R e—app--p
o celected orfanos | e Smen | o (" el on g (1 fone ool or e
st rates ac tprms | 2P0 thg solyijoniio spinping o ll
HMDS sit 30 50 as0
OoTMSA | s 30 50 500
OTMSA sio,” 30 | 100| see
DEATS 510,2 30 100 |  s3e
None sin® - - <1003
omMsa | sin* 30 | so 56°
MSTFA sin® 30 50 720
HMDS sin® 30 50 540
DEATS sin® 30 50 820
HMDS | . Poly" 60 100 700 |
OTMSA Poly® 80 100 720 “
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25 phot oresi st manufacturers' instructions. ~ The

phot oresi sts can be applied to a substrate silylated with the :
or ganosiguissgnpl oyed in the invention in a predefmesnagst ern and,
thereafter devel oped by known nmet hods. . Typically, these nethods
entail exposing the 30 phot oresi st2@ 0~ phot ons (i n¢l udi ng X-rays), ions
or electrons of various wavelengths to forma film The filmthen
S chemcally reacted with aqueous or organi c devel opers.

The present invention mherelE t he selected - organosi | ane conpounds

are enpl oyed asksil mm- Wax®%1 des si gni fi cant adyant ages
over the art. 2I"ne lde &R Yaﬁ@"’%&%&(’%e‘ﬁ'@rﬁ%elcon
undesi rabl e basi c by¥ &

= UsS95/ 14860 ntact angle _J.S est:.mate&abecauqe contact anglggch as

amibni a or dialkyla tﬁ% % easure. o o de hj gher

t hr oughput, gr eiz;’t er r%% % ' :1'% ‘?? rﬁ"ﬁ%ﬁ? )tﬁs"faneb%g =t o apply
addi ti onal barrder 1@ tect t he. ' photoreSIst, reduced .
silylating ti asg ;) i tinmes to reduce the | oad
pl aced on alrngﬁrlflca on” s §£%1$%chii 3 hvention al so enabl es

cdf rol | abl e surfaceThe contact angale oneasuranents ain rEakekes ubpeandr ITo that
of HVDS b FE&E é{E&?I products such
anmoni a. Ll%how that t‘.’hé Ia%/if% n fée%ﬁ venessyc #})(? he sel ected

or ganosi | ARIANIHHARIS |¢f“9lfé¥¢¢1v3é’ht¢1!m JJWQRR*PM whethew as llquldapor
formis gld&e'\raﬁbﬂ_abiéseduﬂ'%é'or rﬁé@@éf Viah that achi¥éved!

illustrations are given ] nExa Primng effec |vene55|i

gauged by neasuring THe HBYRBEY qé’xas sP%ﬁPé}Jes-‘%Jt#Flérﬁ% t'F\%FFuf-PCWB‘Pras

gais onet erofa i dxie kedt¥dhic and séiﬁiébﬁdtdztﬂlmﬁs usrie the procedure

reported-i.n NI nti oned above. nt act angl e
megsur are %:1on, oyer? in any process Crﬂ'x 9

however can 'be 'em
requlres adhering of a polymerlc film such as a photoresist
to a substrate surface. Examples of these processes include

_ preparation of photomasks on any of glass or quartz

20 substrates, circuit boards, thln £ilm heads, sensors, TF
Transistors and active matrix llqu1d crystal'dlsplays The
invention, moreover,. can promote silylation of a variety of
substrates suitable for photoresist coating in existing
equipment with little or no modification.

25 ~ The invention'will'hOW be described in more detail
with reference to the followzng specific, non-limiting

-_examples-
| ‘Examples 1-3°
A set of five commercial 100 mm prime silicon
30 wafers from SEH Co. is treated with liquid semiconductor

grade HMDS on a SVG Lithography Systems, Inc. ("SVG") Model
‘No. 8600 coater system under the following conditions:
A stationary wafer is given a 10 sec. flood of
undiluted liquid HMDS available from Silicon Resources, Inc.
s _under product cede'AP010} 'The wafer then is spun to 500 rpm
" for 2 see., and then ramped tb'zooo rpm-for 30 sec. A
baking step is not employed. S !
A set of flve commercial 100 mm prime wafers from
the same manufacturing lot is treated with undiluted liquid
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given by A W Adanson, Physical Chem stry of Surfaces, 4th ed.,

Wl ey Interscience NY, 1982. H gher contact angles 20 denot e
gr eat er silylation, i.e, primng ef fecti Vf&?lﬁ@ﬂlﬁw act
angl es gr ea er%%%n 85[err].. however i ndi.cat e overprimng ch
can lead to | oss of photore5|st adh2%ien and blistering during

- exposure to chem cal devel opers. None of the sel ected organosil anes
enpl oyed in 25 the invention generates contact angles greater than
85[err] under the conditions enpl oyed. WO 96/ 15861
PCT/ US95/ 1486(;)TMSA (98% purity) under these same_cgpditions. For
TABLE | comparison, a set of fi%élﬁﬁhfgﬁé@&miﬁgshk ime giliconRUN
PRI M NG SUB RATE, - ACT COVPOUND
ANGLE[ err] 2 ERGR§Valuated.
(AV.)[err] 1Gonlome$§§Fﬁead1n éﬂﬁsﬁﬂg an’ Arthake’.] Thomas co.
hbutra% k P 71f err] Acid
3 DEATS 9'°m'°%?'|"?’€o?{"e ta eqﬁ%reﬁlch wafer uging the procedurg
FAST Si |deseribed ab&é¢ errthe contact Batgles are measured aHHDS[err]
?Cbntrolyone averageécxefhl results are gléen in TablehﬁfI

TABLE III

_EXAMPLE NO. SILYLATING AGENT CONTACT ANGLE

"HMDS

OTMSA

3 _ . None 34°
_ Examples 4-6 _
A set of five commercial 100 mm prime silicon
10 wafers from SEH Co.is treated with a solution of 20% (w/w)

HMDS in PGMEA in the SVG track system employed in Examples
1-3. A second set of five 100 mm prime wafers is treated
with a solution of 20% (w/w) solution of OTMSA in PGMEZ in
the track system. Each wafer is treated under the following
15 conditions:
Each wafer is given a ten sec. flood of solution
followed by a two sec. spin at 500 rpm and then ramping to
2000 rpm for ten seconds. This is followed by a 15 sec.
baké*at 100°C. S |
20 . - . Results of goniometer contact angle measurements
using the procedure described above are given in Table IV:
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6 HVDS Sigerr] 63 -Base 7

OTMSA Siqerr] 70[ err] Aci d

3 _ | PTMS Sigerr] 63[err] PO9YiiS084 4860

3 W096115§61 ' DEATS Siger ri 80[err] Base

10 MBSTFA Sigerr] - 22 - Neutral 1.

Cont act apples run on Arthur H Thonmas goni oneter 2. Fast HWDS
, available from Silicon Resources, Inc., contains a m xture
of DEATS and HVDS . 3. S|I|con dlgflde (thernal) 4. '

| is prinmd urfeys . AF : )
di anet er inne waflers, three wafers per run i ' S
Priming i § perforned by treaZQ%lg(w/VQta&QIdMquS wafer to a ten séc.
fl ood of fhe liaquid silvlatlng gen@n PGMEA The mafer then 38 ranpe
2000 rpm flor- thirty-secords. hg runs shown in Tgb
11, vapor fprim ng %n | G%arﬂléwp aﬁ@@SAnlaccondance wi4?P t he

i nventionfis oerforned in a GREMEA 2020 vapdr prinme unit fit
' adaptor of GeneS|s Co. S|ng the4t|me peli

PCT/ USO5/ 14860 '”=VLI9.
The larger contact - ‘angle observed. for OTMSA
‘solution compared to HMDS solutlon 1nd1cates more efficient
silylating with OTMSA. o {
- Exa mmpleg 7-8 |
5 : A set of three prlme 100 mm s;l;con wafers is
' ' treated with MSTFA (N-methyltrlmethyls1lyltr1—
fluoroacetamide - chromatography grade, 98%) in the SVG
track system employed in Example 1 by subjecting the wafers
to a ten sec. flood of vapor followed by a two sec. spin at
10 500 rpm and then ramping to 2000 rpm for 30 sec. Each wafer
" is post baked for 30 sec. at 100°C. An identical number of
wafers is treated with HMDS vapor from HMDS available from
‘Silicon Resources, Inc. under product code AP010 under
identical conditions.
15 _ Contact angle measurements taken with a goniometer
as described above are shown in Table V: '

Moistened alkacid indicating strips placed in the
exhaust of the spin cup of the SVG track system showed that
exhaust vapors due to use of HMDS had a pH 10-11 for HMDS

20 and a pH 7 for MSTFA.
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TABLE | |
PRI M NG
(SEC.)
N A

60

50

50

70[ err]
51[err]
45[ err]
50[ err]
58[ err]
83[err]
<10[ errg
56[ err]

72[err] -

54[ err]
82[ err]
70[ err]
72[err]

10

15

RUN

VAPOR PRI M NG RESULTS
SUBSTRATE TI VE TEMP CONTACT NO AGENT
(v d6l1S861 ANGLE 1 None PCT/USIS/14860
N A 30[err]: . 2 HVDS Si[err]
50 47[err] 3 - &fveA Si 60
54[ err] 4 DEATS : Si[err] 60
84[ err] 5 MSTFA Si 60 50
6 | PTNVS i 60 50
7 HVDS Exfmples 9-11 50 50

-ga&ge T@ﬁk&%@ydratlopoké#

AMeet of three Prime silicon ®afers is GReated

w1§% HMDSSE%E@r from pg§éfﬁhﬁ? Lva11ab1§03111con %gsources,

Ingj undexppsoduct code ABPAO. The vapor treatment

o . 20
proé@durehé§¥§TVes plac1ng§kﬁ%rr;fers 1§88 a Genes%g 2020

vaper primeppit fitted wiER[ ar H TBLOCKYpadaptor agpa

préésure EEAZB0 torr as méth?éa]by a céﬁvection-tgge vacuum

grpycle of the unit is ppt
Silylating of the wafers for a 60 sec. period

begins when temperature equilibrium of 50°C is achieved
within the chamber of the vapor unit.

employed.

A second set of three prime silicon wafers is
treated with OTMSA (reagent grade, 98% purity) vapor under
identical conditions and a third set is treated with vapor
from TMSDEA available from Silicon Resources, Inc. under
product code AP001 under identical conditions.

A goniometer is used as described above to measure
the contact angles of the treated wafers after 60 seconds of
exposure to the vapor. The results are shown in Table VI:

_TABLE VI

SILYLATING AGENT

CONTACT ANGLE

Exam -14

OTMSA vapof derived from reagent grade OTMSA, 98% -
purity is utilized to treat silicon wafers having a silicon
nitride surface thereon. The nitrided wafers are cbtained
from Silica Squrce_Technologles Corp., Tempe, AZ. Contact
angles of thé.nitrided wafers are measured. Contact angles
of wafers after treatment with the OTMSA vapor at 50°C for
10 seconds, and of wafers after treatment with the OTMSA
vapor at 50°C for 30 seconds also are measured. The contact
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18 HVDS BPSG 15 150 57[err] .

19 OTMSA BPSJ err ] 15 150 67[ err]

WO 96/ WwEoér1sse1 _ PCT/ USOB¢T0895014860

- 20 - R 1. Prinme silicon 100 nmm wafer. _ 2.
Silicon dioxide thermally grown on 100 4 silicon waf er .
3. Contact angle is estimated because contact angles 5

| ess than 15[err] are difficult to neasure. 4. Silicon
nitride cl Jd.er f.or

51" poty s, dke RS IR S dniometer an Le9EUREY) BBEve 1o

The cont acthearxganktsm e rshown iin TRables VIknd. | | show t hat the
extent of silylation achieved by the . organosi | anes enpl oyed in the
i nvention, whether as I|qU|d - (¥A_f;chI|s equal to or greater t'han
that achi eved lysiid = i m =P =TS : adal, Utility
for manufactur g qes ~ The
i nvention, howq dui res
adheri ng of a [ bstrate

surface. Examfll es of -ese processes ude 1 . pr Lati onjof
phot omasks on" & ofeg s 5“8ﬁé cnhg fg?rpu.f joards,
thin fil mheadg [ [

crystal displa
of a variety of

L3coat|Jg I n

exi sting Gkt S Rkt bcablon 20 o
The invention w l l nlow beCon%Sa%rtl t%S'xdgllen es q:eda since angles less (
o _ than about 15° are difficult to measure.
5 2. Treatment at 50°C for 10 seconds.
: 3. Treatment at 50°C for 30 seconds
al s' -.7

‘A silicon wafer having a silicon dioxide surface

-thereon obtained from Silica Source Technbiogies Corp., and.

10 having a measured contact angle of less than 15° as |
determined with a goniometer as described abOve,-is treated
with isopropen-oxytrimethylsilane (IPTMS) vapor from reagent
grade IPTMS, 98% purity at a temperature of 100°C for 30
seconds in the Genesis 2020 vapor primihg'unit employed in

5 'Exampie 9. Identical treatment conditions also were used to
treat an identical wafer with HMDS vapor. The contact
angles measured with a goniometer as described above are
'gzven in Table VIII:

TABLE VIII _

SILYLATING AGENT.

1. Contact.ahgie estimated since angles less than
20 ' about 15° are difficult to measure.
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vith reference to the follow ng specific, non-limting 'exanples:

Exanpl es 1-3 A set of five commercial 100 nm prine
silicon 30.wo9énsssiers from SEH Co. is treat ed with |iquid secrwsssiissor
grade HVDS on a SVG Lithography Systens, 3$ ("SVG') Model : No.
8600 coater systemunder the follow ng con %IOHS L A
stationary wafer is given a 10 sec. flood of undi luted |iquid HVDS
avai l able from Silicon Resources, Inc. 35 under product code APOI 0.
The wafer then is spun to 500 rpm for 2 sec., and then ranped to
2000 rpmfor 30 sec. A baki ng step is not enpl oyed.
A set of five commercial 100 nm pri ne Exainple fifeho the sane

f | ot t | d : .90/.15861
g%?fuggéfihggo ot is tregfffe iiiysodi GiEEds! EQYh SEH,Go., pordbi 8861 OTNGA

(98% purity) L#RE#tQ¢m¥%F%dﬁﬂM%%ﬁﬂﬁE¢bnére¥§@nt grade, cB8papurdhy) ainen of

five untreat ecbér%lsmnﬁzdmvépéi-cpﬁme unit f@i‘:@é& ﬁtﬁVGEHQBEQ HOTBLOCK™
Gbnloneter reiﬁéﬁgf using an Arthur H Tho Co, goni oneter are

taken oh each o kPt §heSPFDHcefarE00°C ¢"and §€§B¢|B¥d99369@et¢ﬁe
contact angl emedfurement efk adéscribed asaeéagedhaxTéeareéﬂtaét%ﬁgmbven in

Table I11: v o s ak Shl le EXAMPLE
NO. S| LARA3EIERg° . axe W%ﬂd‘!ﬁt pley Co. SNR7200, and
HVDS - soft-baked4dteri135°C for 60 secs. td produce a film thOtMhéss
S0[err] of 1.0 micron. The photoresist film is visually observed to

10 exhlblt no edge pull back. The film is expOsed at 248 nm on

a 0.50 na, GCA XLS-2950 stepper (40MJ/cm ) with a 60 sec.,
130°C post-exposure through a mask having a target line
width of 0.50 um. The resist is developed with Shipley Co.
MF® CD-14. Measurement of the resulting pattern indicated
15 line/space pairs of 0.48um for both HMDS and the OTMSA
' primed wafers. Results are given in Table IX:

TABLE IX

RADIATION

4()mJ/cm'2

40mJ/cm

The results indicate that OTMSA 1s equal or better
1n‘pﬁrformance to HMDS and does not change or interfere with
' resist performance, and that OTMSA can be used -
20 1nterchangeab1y with HMDS without adverse effects.

SUBSTITUTE SHEET (RULE 26) |



3 None 34[ err]

Exanpl es 4-6 A set of five commercial 100 nm prine
silicong mafers fromSEH Co.is treated with a solwbunmmﬂaﬁ096(m/mb,
HVDS |n |n the SVG track system enpl oyed i n Exanpl es 1-3. A
second set of five 100 nmprime wafers i¢$ treated with a solution
of 20% (ww) solution of OTMSA in PGVEA in the track system Each
wafer is treated under the follow ng 15 - condi tions:

Each wafer is given a ten sec. flQod of. SO|%tI foll owed by a two
sec. spin at 500 rpm and then rangﬁﬁgmgéL—————%- 2000 rpm for ten seconds.
ThIS|IS f?IIomed by a setsef. two 100 mha&dlabohO@bﬁh&chda%ed Wﬁfh a
Results o ontact ure ts Si t he
procedur.e ae§ Eggﬁﬁ yglgp@ 3 g?% silica ¥ u5\%996/15861
PCT/USQS/lmeﬁhnologles Corp., Te e, AZ is treated wi2h HMDS available
TABLE |V YLA P NGLE
TABLE IV erom i el AMBbRrtOs, Sk ALMEABEEc/AR0e SIACL:
38[err]. 100°C for 30 sebs. in 20@ehHesiE GPRBAViapor prlme unytnﬁ;tqed
PGVEA with a HOTBLOBK ¥ o f8entical conditions, 34lerr]
The | arger contact angl e observgg fo gﬁk&
set of two of the same wafers is treated with OTMSA vapor
. derived from liquid OTMSA (98%, Wright Chémical CO.), and a
10 set of two of the same wafers is treated with IPTMS vapor |
obtained from liquid (97% purity) IPTMS.: Results of ‘
_goniometer contact angle measurements using the above-
described procedure are given in Table X:

15

Example 23
20 A 100 mm prime silicon wafer having a goniometer
contact angle of 32° as determined using the procedure above
1s treated with TMTFA vapor derived from liquid TMTFA (97%
p'“f?y) in the Genesls 2020 vapor przme unit employed in
Example 20 for 15 secs. at SO?C,_ Contact angle as measured
25 by a goniometer as described above indicated a contact angle
of 71°. -

It will be appreciated by those skilled in the art
that changes could be made to the embodiments described
above without departing from the broad inventive concept

30 thereof. It is understood, therefore, that this invention
is not limited to the particular embodiments disclosed, but
it is intended to cover modifications within the spirié and
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sol ution conpared to HVDS sol ution indicates nore efficient

silylating with OTMSA Exanples 7-8 5

A set of tiweessssne 100 mm silicon wafers is t r eat eBICRUSIS/IBSO-A
(N-nethyltrinmethylsilyltri- fl uoroaget ami de - chromat ography grade,
98% in the SVG trapk¢systen1ean03%g in Exanple 1 by subjecting
the wafers to a ten sec. flood of vapor followed by a two sec. spin
at 10 ~ 500 rpmand then ranping to 2000 rpm for 30 sec. Each wafer

i s post baked r i i € f

wafers is tr eagtég(f %m%%%?ﬁ%%%‘?f%%‘%ﬁg% a%%ﬁ%‘ﬁf%e(?% tng appegldfaldcon
Resour ces, |n&laiier product code AP010 under i denti cal

conditions. 15 Cont act angl e neasurenents taken with a

goni onet er : as -descri bed above are shown in Table V:

TABLE V EXAMPLE NO . SILYLATI NG AGENT CONTACT ANGLE

7 MSTFA ~b64[err] 8

HVDS ' 47 err] Moi st ened al kaci d indicating
strips placed in the : exhaust of the spin cup of the SVG track
syst em showed t hat exhaust vapors due to use of HVDS had a pH 10-11
for HVDS 20 and a pH 7 for MSTFA. WD 96/ 15861

PCT/ US95/ 14860 ' . - 23 -
Exanpl es 9-11 C

SUBSTITUTE SHEET (RULE 26)



A set of three prime silicon wafers is treated wi th HVDS vapor from

pure HMDS avail able Silicon Resources, . I nc. under product code
AP010. r treatnent 5 procedure invol ves pIq&hﬁ%#E? <paf er s
into a nesi’'s 2020 vapor prinme unit fitted with a [err]
‘adaptor at a - pressure of 200 t-0r28 as neasured by a convection-type
vacuum gauge. The dehydration bake cycle of the unit is not

enpl oyed. Silylating of the wafers for a 60 sec. period 10 begi ns when
tenperature equilibrium of 50[err] Cis achieved = . wthin the chanber
of the vapor unit. . LLAIMBd set of three prime silicon
wafers is trgat edp\ HBVER L RRAAH

under |dent|gal co |t|ons and "a thl%tréﬁ; reat e(ft&vet vapor 15

f r om TVSDERXEHE AFPEFovedmagheresnseRrts Radamenice mmals comprigingict
code APOO1 under i depdgiaedlingORd Uieddt one organ051lane copRUHE HwWing S

used as described above conta t. an Ies of the
treated wafér eé'lsFePnGOaé'&Xgl%d’jyaf moiety t l‘?g"‘?%ﬁﬁﬁte The
resul ts ar endeeweonditden® ¥ufficient to sn.lylate said substrate, TABLE VI

EXNSgPLE'NQ Sl LYL%I I¥%yls:.lﬂrl moiety P@v:.ng a%"‘ieast on&ST\BA 9
54[ err] hydrolyzable leh¥ing group bound BdSEEAicon, : 84[ err]

égl’l ved from r eagent 8 Sé'mo?ﬁémﬁ%ﬁ% ﬁl J'|s caipal | ze(f g/sf\r \ég{oo.r -

sili con" wateasthiag wjta slallndc@mbstrate tal gemasnﬁ ﬁa«r@m@og@w whililgh
nitrided Sgd | our ce Technol ogi es Corp.,
R0 168, 468 W8in or equdy 90 Sas 0. (

Tenpe, fers are neasured.
Cont act angl es 2. of T\h&f Mm @rf {Hedmrdnwhenedn fheopwbstrai® at
g?_'[vga\r] C {95 selectedl@rofCeResS g Qfoﬂﬁ%.fsftrﬁxgafdferatt ’l%%tsrt‘_e'35(n<-:"\4c1f.*1 t he

apor O[err]C for conds ~al are neasu The
cont act 51ngiepcrysta Qillcon, %ygi icon, si %con leXl e,

silicon nitride, aluminum, aluminum oxide, copper, copper
oxide, titanium, titanium nitride, titanium tungsten, boron
phosphorus silicon glass, spin-on-glass, and silicides.

3. The method of Claim 1 wherein said polymeric
material is a photoresist which comprises a polymer selected
from the group consisting of polyvinylphenol, '
polyhydroxystyrene, poly(t-butyl-carboxy) styrene,
polyfumerates, poly(t-butoxystyrene), polyisoprenes,
formaldehyde novolacs, and polyacrylic esters.

4. The method of Claim 3 wherein the photoresist
material includes a cyanurate and a photoinitiator selected
from the group consisting of onium salts, diazonaphenates,
and azides.

5. The method of Clalm 1 whereln the
organosilane is a tr1a1ky1s1lane
' 6. The method according to Claim 5, wherein the
trialkylsilane compound has the formula: | '

CHy Y | .
R S—

TR i

wherein X is O or N_Rl,-
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WD 96/ 15861 ' PCT/ US95/ 14860

- 24 - angl es are neasured using a.gonioneter as descri bed
above. €8y results are shown in Table VII: -

] WO 96/1 /O

TABLE VI I ’ ] EXAMPLE NO. SI LYLATI Kl%r ??éﬂ?%&
ANGLE _ - .

NONE 15[ err] 13 _ OTVBA
50[err] OTMBA 65[ err]

1. Cont act angl e estipat,ed . S|n angl es S t han
about 15[err] are difficuld® ¥ ré’% &gﬁi §H°$h CRR' or NRzand Treat ment at
50[err]C for 10 secondsR is hydrogen, saturhted Wplgdreilkydl, HYmurdted or
30 seconds. 5-17

I
050000, GuRiy LA U SSRGS St s, Mmasieared fus
from Silica S@¢rcycléchadkydi,eflmninated A3 C,, alkayli, nglmammamazﬂc -Cq

contact angle S ¢ er
as descri bed gg{)ve% %Slt]&aé q&qlﬂyféllmh t%%‘%{)en{%‘t rlhe%kﬂll siTane
(1 PTMB) vapor phe@mlr.eédemrophenyl ettt ByIING, 029884 1Ty iadbkwl kaetcmq:&a:r.at ure

of 100[err]C tary 30 seconds in the CGenesis 2020 vapor ‘primng unit
enployed in 1 Exangle 9. Identical treatment conditions also were
used to treat aR’i dentiysogest.cmethyl HBS Slaprrometitykont act

trifluoromethylethyl, or trimethylsilyl.

7. The method of Claim é wherein the
trialkylsiloxy is (CH;3)3SiO, the trialkylsilyl is (Mej)3Si,
and the fluorophenyl is CgH,F.

8. The method according to Clalm 1 wherein the
organos1lane compound has the formula:

CHjy
Lo 2
H4C-S1-OR
&, -
where R? is saturated C,-Cg alkyl, saturated C3-Cg cyclic
alkyl, unsaturated C,-Cg. alkyl, unsaturated C,-Cy cyclic
alkyl, fluorinated C;-Cg alkyl, fluorinated C;-Cg cyclic
alkyl, phenyl, fluorinated phenyl, C3-Cg alkyl ketones, C,-
Cy alkyl ether, C;-C¢ unsaturated alkyl ketone, fluorinated
alkyl ether. '
| - 9. The method of Claim 7 wherein said
fluorinated phenyl is CgH,F and said fluorinated alkyl ether
is. C3-Cg fluoroalkyloxy ether.
: 10. The method of claim 9 wherein the saturated
alkyl is saturated fluoroalkyl.
| 11. A method according to Claim 10 wherein the
saturated fluoroalkyl is trifluoromethyl.

12. The method according to Claim 1 wherein the

organosilane compound has the formula: |

I

eet Has Been Reiac;d :
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angl es measured with a goni oneter as descri bed above are given in

Table VIII: : TABLE VI |
EXAMPL By Y96/ SI LYLATI NG AGENT CONTACT . ANGLE peruses/i4860 15
b WOSkisser 15[ err] 16 | PTVE
68[err] 17 - HVO® - ‘ 51[err]

Cont act angle estimated since angles |ess thakn 20
about Ifficult to neasure.
SU STITUTE S gﬁ{ BuhE 26) MD 96/15861
PCT/ ' ; 25 -

| fers from SEH Co.

preV| reat ed-w th Grl\g'gc\/%%oqa% agent grade, 98%purity) in

GEHESIS 2020 vapor prine unluxi tuyd With Genesis HOTBLOCK| err]

neasureﬁgg&%e{)%;%??b%ecmégo %’g an tfoundrﬁte&gm Ogeaﬂiyéragl ng
72[err], are spin-copded Thé mé&thed eyf @lafifR Mdferein the soft baked
ool e o o PR Byt B @%ta%@ 5 LA w0 conatetlnd 8
acetates, carboxylates, enols alkoxldes, sulfates and
amides. ' S

14. The method of Claim 5 whérein the
trialkylsilane compound is O- trlmethylsllylacetate

15. The method of Claim 5 wherein said (
trialkylsilane compound is 1sopropenoxytr1methyls1lane.

16. The method of Claim 5 wherein sa1d
trialkylsilane compound is N- B
methyltrimethylsllyltrlfluoroacetamide;

17. The method of Claim 5 wherein the
trialkylsilane compound is trimethylmethoxysilane.

18. The method of Claim 5 wherein the
trialkylsilane compound is triméthylethbxysilane.

19. The method of Claim 1 wherein the
organosilane compound is reacted as a vapor with said
substrate at temperatures from about ambient to about 250°F
and at pressures from about atmospheric pressure to less
than about 1 torr.

' 20.. The method of claim 1 wherein said
organos;lane is a dialkylsilane having two reactlve
hydrolyzable groups bound to silicon. '

21. The method of. claim 20 wherein sald
dialkylsilane is selected from the group consisting of
dlmethyldzmethoxys1lane and dlmethyldlacetoxysllane.

22. A method for providing a unlform photore51st
film on a substrate compr1s1ng, |

| providing a composition comprising an organosilane
compound having at least one alkylsilyl moiety and a |
photoresist material, said alkylsilyl moiety having at least
one hydrolyzable group bound to silicon, and

- - ‘::IS SHEET HAS BEEN
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10 exhi bit no edge pull back. _Ing_filn1ié exposed at 248 nm on

a 0.50 na, GCA XLS-2950 stepper (40MJ/cm)-with a 60 sec.,
130[err] C Rgéga@ﬁngUﬂﬁbShkﬂu@BaﬁRm&&&ihaVing a target line pcrpsesndebelt h

of 0.50 pm The resist | i th Shipley Co. MF[err] CD- 14.
Measurenent of the resu I ndi eaB2d-15. | i ne/ space pairs of
0.48pm for both HVDS an _ primed:wafers. Results are given
in Table I X - : TABLE | X

EXAMPLE SI LYLATI NG RADI ATI ON RESULT NO.
AGENT DOSEapplying said composition to a sgbggxate to

40mJ/ cm 2 : 3 i 1m - ;

5 Qlﬁigte'sald sub?trﬁkf)sanc:i to produgg . grnﬁlm of sa&d48p

The resul ts i nBhehoreshst wakeripd eguapiedr spbstepte, i n performnce
to HVDS and does not chapggergini Bh2H BY8xr¥liBable grbubelisSlcapRIHI¥ B¥ICE,
and that OTMSA can be used. 20 | nt erchangeably with HVDS w t hout

adverse ef f ect §eacting withypaid, syhgtrate td generate by-products which

PCT/ USO5/ 14860have a pH less than or equal to about 26 -
Exanpl es 20-22

: A set .of _t 100 I |.icon wafers.cqated
with a 1.0p thi3E'alEhpnﬂﬁiﬁﬁgepfoggéFﬂeagF% § &2 lﬁHR§£r££e .
;_elqhnol ogRi es Cospseléecrpd, fAdm ther gebeg wohbibbifigavdi lsingle Txystalrom -
i licon Resource

30 secs. in a E%ﬁé&?gséB?ggggééggggf%élgﬁgﬁ éﬁg%gg%E Siliqaﬂég¥€¥¥ééf:for
HOTBLOCK[ err] addmphom, alsmigumdextideal coppeirt,i coppex oxide, tsidtarufumwo
of the same WaEﬁEﬁn&ﬁmtﬁﬁﬁEgﬁe%‘Eﬂtgmyﬁﬁ %ﬁﬂgﬁten, boron phosphorus

~ silicon glass, spin-on-glass, and silicides.

'24. The method of Claim 24 wherein the
organosilane compound is a dialkylsilane having two reactive
hydrolyzable groups bound to silicon.

' 25. The method according to Claim 24 wherein the
dialkylsilane compound is selected from the group consisting
of_dimethyldimethoxysilane and dimethyldiacetoxysilane.

26. A method for providing a silylated substrate
having improved adherence for polymeric materials
comprising, '

readting at least one organosilane compound
selected from the group consisting of O-trimethylsilyl-
acetate (OTMSA), O-trimethylsilylproprionate (OTMSP), O-
trigethylsilylbutyrate, trimethylsilyltrifluoroacetate
(TM@EA), trimethylmethoxysilane (TMMS), N-methyl-N-
triﬁethylsilyltrifluoroacetamide (MSTFA), O-
trimethylsilylacetylacetone (OTMAA),
isopropenoxytrimethylsilane (IPTMS),
bis(trimethylsilyl)trifluoroacetamide (BSA),
methyltrimethylsilyldimethylketone acetate (MTDA) and-
trimethylethoxysilane (TMES) with a substrate under
conditions sufficient to silylate said substrate,

_ said organosilane having at least one hydrolyzable
group bound to silicon, said hydrolyzable group being

THIS SHEET HAS BEEN
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derived fromliquid OTMSA (98% Wight Chemical CO ), and a 10 set of

two of the sane wafers—+s—t+reated—w-th | PTM5S vapor obt ai ned from
liquid (97% purity). | PTNS. R%§ults of ~goni onet er__cont.act. angl e .
measur e INh6AS8A] g "ISRASE enReplaced - qegceriped procedur PEVESOFMBH | n '
Tabl e X l l n - 33 - TABLE X 15 EXAMPLE NO.
SI LYLATI NG AGENT- - NGLE VAPOR

20 HVDS ' 35[err] 21

OTVBA 35[err] 22 : | PTVB
38[err] ' capable of reacting with said subst¥2FR! o23eRBrate by- A
100 mm prinme silicon wafer having _a_goni oneter 3 ._contact.XngIe of 32

as det er ni WRE S gvRieh phave drabege than or equalchPedb@REn7TMIFA vapor

derived fromliquid FMFArk@7fethod of ®UaikY2si ahébei@etgagg%a%gr&eaor
ec err .

gghggcgngﬁﬁggﬁggéﬁgﬂéEf%ﬁm2§he 5¥3€B|%Pég%égiﬁégégagiﬁgierF gtadove
I ndi cat ed siirdrectpelpstlicon, sibicdi[@iockxide, silicon nitridelt W Il be
appreci ated b .tho;e ikilled-éQiéQ? grt_ p . that caangﬁstcould be nmade
to the e M8 fsePHEEl WRTE! WRBTT BEPETL i hytPREH™ he broad
!nvent!vetnhnnehmnamitride;hgiemﬁiumltumgsueuerBOnoﬂ,phhgphbﬂus,.that.this :
Ve i scon $5p0RE bTLSL Aeable RO Bl taeTORHATR T Eplnglooco
WO 96/ 15861 28. A silylated substrate produc&dTbySebéinéthod
- 27 - of claim 26. R o
29.  The substrate of dlaim-23*fﬁrther'comprising o
a polymeric coating théreon. ' '
30. The substrate of claim 29 wherein said
polymeric coating is a photoresist. o o
' 31. A method for producing a coated, silylated
substrate comprising, ' o :
_ reacting at least one organosilane compound having
at least one alkylsilyl moiety therein with a substrate |
under -conditions sufficient to silylate said substrate,
said alkylsilyl moiety having at least one
hydrolyzable group bound to silicon, -
' wherein said hydrolyzable group is capable of
reacting with said substrate to generate by-products which
have a pH less than or equal to about 7, and
applying a polymeric material to said substrate
treated with said silylating agent to provide a coatéd '
substrate. - B o
32. The method of Claim 31 wherein the substrate
is selected from the group consisting of single crystal
silicon, polysilicon, silicen dioxide, silicon nitride,
aluminum, aluminum oxide, copper, copper oxide, titanium,
titanium nitride, titanium tungsten, boron phosphorus
silicon glass, spin-on glass, and silicides.
33. The method of Claim 32 wherein said polymeric
material is a photoresist material'éompriSing a compound
selected from the group consisting of poleinylphenol,

—
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scope of the present invention as defined by the appended cl ai ns.

CLAI V5 1. A method for inproving the adherence of a polyneric
mat eri al t gygiérisBr gani ¢ substrate conpri si ng, PCT/US9SM48§0 sai d
substrate with at | east one organosilane conpound having at |east one.

al kyl silyl noiety and at |east one hydroly3adble |eaving group bound to
silicon; reacting said at | east one organosilane conpound
during primng with said substrate under conditions sufficient to silylate

said substrate ﬁn h a surface | ayer _conprising the alkylsilyl noiety, _
wher ei n sai d R§4¥Y8Y fSWEtVEQPngPQQUdﬁ Pél&é’t]@cﬁifpﬁxé’él §t¥¥B®erate to form

by- product s hp&l?ﬁuﬁel&dtb%SpthtObuﬁabt?bt&Qeﬁéwt pblyd@éprenes,

provi di ng salgﬁ ?{rgei’%(ﬁ mateg} E@r i yl ated substrate. 2.
The met hod of EONHEr BPY ﬁ@ssuﬁ BPSYRETY F'SCF?&eFlsomthe group
.consisting of at |east @ae ofhe mgthod pt glaim Beowhepeliysithec @ubstirateon
di oxi de, sili Ltri al um num oxi cappe ORReY. OXI de,
titanium ti tggp %‘ Fﬁfﬁeﬁsmﬁ lf n}}ﬁetg 595ﬁ515g: 3’5‘15 §'Sh(# g

gl ass, spin- grmegktaas, adhérenlclecgéeerated by HMDS. fofheheelplhmtomfesﬁjsa:u m 1
wherein said

This Sheet Has Been Replaced
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car boxy) styrene, polyfunerates, poly(t-butoxystyrene), 28 DEC 1996
f or mal dehyde novol acs, and pol yacrylic esters. net hod of

Claim 3 wherein the photoresist material further conprises a cyanurate and

a -29-,,photoiniti am mm ] the
group consisting of oniumsalts, di azon%%ht henat es, zﬂﬂl"l ﬂ l II ”“[n 5.
The nethod of Caim1l wherein the orggﬁgi&éane conpouhnd ‘i sta ¥rial kyl sil ane
conpound. 6. The nethod ac to Caimb5, wherein the

trial kyl sil ane conpoundl. hasAtmethodnfiba: improving the adherence of aCH3 Y

wher ej [.$.0 iy . |s. O 2 R, CHOR, CRR, or NR
ba | T POpiekie ndtelTal o ap inedabfi e hRETAEE copEF hefaSea- co
cyclic alkyl, unsaturated Cpeiming] said smbgtratesweithatedl&dsECoongclic

alkyl, 11 uordnglsds f2atd cebhpBbhid! nablig 402 eds 01 6hL] a Ry £YEL L 21 Y1
Y mgiety and at least one hydrolyzable leaving group bound

to silicon;

p%lyneric material is a photoresist which conprises a pogaigr' e d
t he group consisting of polyvinyl phenol, polyhydroxystyr ' (tgétfyl%é[
"
e

reacting said at least one organosilane
compound during priming with said substrate under
conditions sufficient to silylate said substrate with a
surface layer comprising the alkylsilyl moiety, wherein °
said hydrolyzable leaving group reacts with said
sﬁbstrate to form by-products having a pH less than or
equal to about 7; and .

providing said polymeric material to said
silylated substrate.

2. The method of Claim 1 wherein the
substrate is selected from the group consisting of at
least one of single crystal silicon, polysilicon,
silicon dioxide, silicon nitride, aluminum, aluminum
oxide, copper, copper oxide, titanium, titanium nitride,
titanium tungsten, boron phosphorus silicon glass, spin-
on-glass, and silicides. '

' 3. The method of Claim 1 wherein said
polymeric material is a photoresist which comprises a
polymer selected from the group consisting of
polyvinylphenol, polyhydroxystyrene, poly(t-butyl-
carboxy) styrene, polyfumerates, poly(t-butoxystyrene),
polyisoprenes, formaldehyde novolacs, and polyacrylic
esters. '

4, The method of Claim 3 wherein the

photoresist material further comprises a cyanurate and a
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tFialkylsilyl, C[err]__q’__]__gl koxy, phenyl, f|uoropheny|W§h V%J
C3-C6 al kyl“m’ . The rret hod according t g ﬁ86(

t th f I
e AR ) caturated cHREYS 23 DEE1396

unsat ur at ed unsaturated C4-C8 cycllc al kyl, fluorinated
Cerr]-C8 al kyl, quorlnated C5-C8 cyclic al kyl, phenyl, fluorinated
phenyl, C3-C6 aIkyI ket ones, C2-C[err]'§PkyI et her, C3-C6 unsaturated al kyl
ket one, or flgorlnated aIkyI et her. REPLACEMENT SHEET

- 30- photognitiptor selsetss ErgmnthenaEPEPNCRPBAFE ingsofel ect ed

fromthe groynioANsaItisddibzedbnthiantas! cdnahanyhednd said f1uorinat ed

al kyl ether. A iret hod accord g to Claim8 wherein R err]
is trifluoronethyl. -5. The meghogheEnEiRen c¥BearAg £52C ai m 1 wherein
t he organosi bgganesginaued cbapouha fier BUk@ialkylsilané compound.
' 6. The method according to Claim 5, wherein
the trialkylsilane compound has the formula:
CHy Y

1o
H,C-Si-X-C-R
|
CH,

wherein X is O or NR;

Y is O, CH,, CHR, CHOR, CRR, or NR and

R is hydrogen, saturated C;-Cg alkyl,
saturated C,-Cg cyclic alkyl, unsaturated C,-Cg alkyl,
unsaturated C4-Cg cyclic alkyl, fluorinated C3-Cpy
alkyl, fluorinated Cg-Cg cyclic alkyl, trialkylsiloxy,
trialkylsilyl, C,-C;, alkoxy, phenyl, fluorophenyl,
'phenethyl, or C3-Cg alkyl ketones.

7. The method according to Claim 1 wherein
the organosilane compound has the formula:

| CH;

L 2
H3C-Si-OR

cu
where R? is saturated C1-Ce alkyl, saturated C3-Cg
cyclic alkyl, unsaturated C,-Cg alkyl, unsaturated C,-Cg
cyclic alkyl, fluorinated C;-Cg alkyl, fluorinated Cg-Cg
cyclic alkyl, phenyl, fluorinated phenyl, C;-Cg alkyl

ketones, C,-Cg alkyl ether, C3-Cg unsaturated alkyl

ketone, or fluorinated alkyl ether. REPLACEMENT SHEET

29 MAY 1997
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3 . [err] wherein Ris straight or branch d060
aIkyI —311—Fherethoed—of Claiml wherein the 4 ?%

i% selected fromthe grou conS|st|ng of acet ates, carbo* 1996
al koxi des, sul fﬂmulﬂli E‘"HEMH 12. The method of O aim 5

wherein the tri und is selected fromthe group consisting

of C>tr|nethyIS|IyIace%ate |sopropen00ytr|nethyIS|Iane
N-nethyltrinmethylsilyltri- f 1 our oacet ami%de, trimetyl net hyoxysil ane and

trimet hyl et hyoxysi |l an 13. The nethod of Gl aim 1l wherein the
or ganosi | ane corrpound%l s r dhe é‘t?ti’@dao\faﬁé-lal\m Th whereiguBst igt e at

tenper at ur egeh bAFLRAD FHon? Tilet ?rl ‘?:Q:ﬁ\ S%E.Q%?rorf] Ea‘}ﬁd AlLRESR LS from

about at nospheric pressure
REPLACEMENTPBRRFI and said fluorinated alkyl ether. 29 MAY 1997

9. A method according to Claim 8 wherein R2

is trifluoromethyl.
10. The method according to Claim 1 wherein
the organosilane compound has the formula:
CH; ©O

Lo
H3C-Si-0-S-R

| I

CH; O
wherein R3 is straight or branched chain saturated
alkyl.

11. The method of Claim 1 wherein the
hydrolyzable group is selected from the group consisting
of acetates, carboxylates, enols, alkoxides, sulfates
and amides.

12. The method of Claim 5 wherein the
trialkylsilane compound is selected from the group
consisting of O-trimethylsilylacetate,
isopropenoxytrimethylsilane, N-methyltrimethylsilyltri-
flourocacetamide, trlmetylmethyoxy51lane and
trlmethylethyoxy51lane

13. The method of Claim 1 wherein the
organosilane compound is reacted as a vapor with said
substrate at temperatures from about ambient to about
250°F and at pressures from about atmospheric“pressure

to less than about 1 torr.
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< 31-  1ZThe—method of claim1 wherein said Igﬂﬁ [9h 240
di al kyl sil ane hawi reactive hydrol yzabl e groups ¢ o Si /gaﬁ Q6 0
15. The et hOd,nﬂwﬂIMﬁﬂm ein said dialkylsilane |§ t ﬂh 1896

group consi sting t hoxysi | ane and di net hyl di acet oxysi | ane.

16. A nethod for inproving'th& adherence of a polyneric material to an

I norgani ¢ substrate conpri sing, -31- primng said substrate with
at | east one organosil ane conpound havi'’hg at | east one hydrol yzabl e | eavi ng

group bound to silican and,sel ed. fromthe graq consi sting of
Otrinetylsilylacet a?lg*,' Od”? rnl?e%}f%%/!%fli/#ap]r%%r i%ﬁ%’f%’;n said

O tri net hylovidatidyitldrid &s té'dﬁflﬁﬁéﬂﬂdﬂé'ﬁd\kﬂ{ A atdactive
trimet hyl met hoxysilane, N-nethyl-N-trinmethylsilyltrifluoroacetanm de, O

tri met hyl shydredatzaakdeetgrmips dopmsbdrmxgiaXigmt hyl - si | ane,
bis(trinmethylsilyl)trifluqroacetanm de, thyl trimethyl silyldjnmethyl ket one
acetate and trinet hyl® @t hoxyRs | °‘§i ot 'clatn 14 n"ﬁ? n Téléiil d at |east
one or ganoy;lAns, 1GAMRMEN 4 Wd Ng-did r@'fanvvlﬁ@ ! {6, r

condi ti ons sﬁ?f :‘k?ci ent to .séljl y% ate sai d subst ra@ﬁk\her ellnagslg}é]d%dr ol yzabl e
| eavi ng gr cimetdndids me tHoxges idl sne stridhtd et Hydrd doye oo icsndnavi ng a pH

| ess than or equal to about 7; and . , provi di ng said polyneric
material to said sil)fatdy QG for improving they adhprepgaRf & claim

16 wher ei N33 the3HRS WAl i S it Ghd A UR AL S AP O Wi 16,88,
' _ priming said substrate with at least one

organosilane compound having at least one hydrolyzable
leaving group bound to silicon and selected from the
group consisting of O-trimetylsilylacetate, O-
trimethylsilylproprionate, O-trimethylsilylbutyrate,
trimethylsilyltrifluoroacetate, trimethylméthoxysilane,
N-methyl-N-trimethylsilyltrifluoroacetamide, 0-
trimethylsilylacetylacetone, isopropenoxytrimethyl-
silane, bis(trimethylsilyl)trifluoroacetamide,
methyltrimethylsilyldimethylketone acetate and
trimethYlethoxysilané

reacting said at least one organosilane
compound during priming with said substrate under
conditions. sufficient to silylate said substrate,
wherein said hydrolyzab1e~leaving group reacts with said
substrate to form by-products having a pH-less than or
equal to about 7; and

providing said polymeric material to said
silylated substréte.

17. The method of claim 16 wherein said

substrate is selected from the group consisting of

REPLACEMENT S+ *
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*-32-. :Si n\zj —pol ysilicon, silicon di ox) |951
‘ni-tride, alum num alum num oxi de, copper, copper oxidTg ZWQJB
nitride, ti tn“mulmﬂmﬁmmn)oron phosphorus silicon gl

net al oxi des 18. A silylated substrate produced
by the met hod*of ¢ cl%ai M 16. . 19. Theé substrate of claim 18 further
conprising a polyneric coatlng thereqys,. 20. The substrate of
claim19 wherein said polyneric coating is a photoresist. 21. The
met hod accgy 1Ml ifdd: s g Jor Slbstrate with
sai d organosﬂ ane ¢ rrpt?uln |1nl a ? C%rp F1{BAH cgiad’q"he ‘met hod

accordi ng ted laloormnh.t Fiide h@rluhﬁtmrm sulgmpzrmxm dxigdes Al cbppepnosi | ane
conpound in a solvent solution and primng said substrate with said

sol ution i FORRSH Poda, titanium, Btwmm%@&hﬁw% claim1,
[ureher oM Pl R AP AR SRR A R ST
metal oxides, and silicides.

18. A silylated substrate produced by the
method of claim 16.

19. The substrate of claim 18 further
comprising a polymeric coating thereon.

20. The substrate of claim 19 wherein said
polymeric coating is a photoresist. .

21. The method according to claim 1, further
comprising priming said substrate with said organosilane
compound in a liquid'form.

22. The method according to claim 1, further
comprising providing said organosilane compound in a
solvent solution and priming said substrate with said
solution in vapor form.

23. .The method according to claim 1, further
comprising providing said organosilane cmopound in a
solvent solution and priming said substrate with said

gsolution in liquid form.

REPLAGEMENT SHEET

29 MAY 1997

AMENDED SHEET



ANENDED SHEET
PCT/ US95/ 14860

pol y(t-butyl - cP@?y) st yr ewerLp
0

pol yi

WD 96/ 15861

sopr enes,

mmlagfmmtoﬁm OROAEAAIbN DUt OXY S
r mal dehyde novol atE™tmp B yacrylic esters.

- 33

34. The INFERNATIOINATI APPRICATIUN-PUBLISHED UNDDER THE PATENT COOPERATION TREATW(PCTe

phot {
t he

(71) Applicant: SILICON RESOURCES, INC. [US/US}; P.O. Box
50386, Phoenix, AZ 85076-0386 (US).

(72) Inventors: PETERSON, William, R.; 11808 South Tuzigoot
Court, Phoenix, AZ 85044 (US). STAUFFER, Craig, M.;
1202 Sargent Drive, Sunnyvale, CA 94087 (US).

(74) Agents: CALDERONE, Lynda, L. et al.; Panitch Schwarze
Jacobs & Nadel, P.C., 36th floor, 1601 Market Street,
Philadelphia, PA 19103 (US). '

)F]sﬁfihé:tmdmil Plleck Clalficalier ™ 25
DNO 865?)8 .
B32B 15/04, 17/06.
HO1L i?ni?f’mu ’ ? (43) International Publication Date: 30 May 1996 (30.05.96)
(21) International Application Number: PCT/US95/14860 | (81) Designated States: AL, AM, AT, AU, BB, BG, BR, BY, CA,
CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP, KE,
(22) International Filing Date: 14 November 1995 (14.11.95) - KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MK,
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, § SI,
SK, TJ, T™M, TT, UA, UG, UZ, VN, European pal AT,
(30) Priority Data: BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL,
343,163 22 November 1994 (22.11.94) US PT, SE), OAPI patent (BF, BJ, CF, CG, CIL, CM, GA, GN,

ML, MR, NE, SN,
SD, SZ, UG).

Published :
Wish international search report.

(57) Abstract

(54) Title: NON-AMINIC PHOTORESIST ADHESION PROMOTERS FOR MICROELECTRONIC APPLICATIONS

A method for providing a substrate having improved adherence for polymeric films is disclosed. The method entails reacting at least
one organosilane compound having at.least one alkylsilyl moiety therein and at least one hydrolyzable group capable of reacting with the
substrate to silylate the substrate. Hydrolyzable by-products from the reaction, if any, have a pH less than or equal to about 7.




