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P- XYLYLENE AND A MULTI VI NYL SI LI CONV OXYGEN COVONOVER Fi el d of the Invention
This inventi onwnlﬁmmﬂmmummw nmet hod for formng a thin polymer |ayer on a
substrate. y, this invention relates to a neth$@ ApR zfm
depositing a | ayer «.@fise POl ymeric or polynerizable material having a | ow
dielectric constant on or between netal |ayers during fabrication of
integrated circuits. In the constructiop of integrated circuits, device
geonetries are constantly shrinking, resulting in an increase in parasitic
capaci t ance belmvaICAICVAPOR DEROSITION OFah SORGLYMERRORICK YIATFNE

i nterconnects on t heNPARIUITIMINYLSILICONOXYGEN OOMONOMERcan result in
crosstal k between the netal lines or interconnects and in a reduction of
the response_tine of the device. Lowering the parasitic capacitance between
metal inter cBisldafdle lxenldoR ed by dielectric material can be acconplished by

ei ther increasi ngrhﬂéqﬁ\véﬁlioﬁkr@ﬁ% tha tiethod | fot Qﬁin'iﬂgca fmheﬁdlﬁherolﬁyéiym pwering
the dielectric constant o ielectric materia dctjegreaslng

t hi ckness of sqbﬁeatqauhépre@@rfﬂpel%tt@ﬁ fnypafiongel atﬁ%w hegPasIng la'V?fé’fgoaI of
reduci ng devj garﬁgﬁic gﬁ&ﬁﬁéﬁz%lg ﬁﬁf@ifaf having A 1OwWidleeHid éonsfaft dreshietvdehi©

parasitic capacltance between netal interconnects on the sanme or adjacent
| ayers) one meistlayasnnsingfahsicatignef infeeraiedeir Bt - wveen the nmetal |ines or
i nterconnects to a material having a | ower dielectric constant than that of
t he materlals currently used i.e., silicon dioxide (Si02), k x 4.0. Jeng
i ptkgreiid s 4ng MBvel |nterconnect Schenme with Enbedded
Low-Di el ectri c- anstfh@% Ja%};:yaﬁesﬁ irltQrat QY RirQUAT BAceMpsoniriedPRt | oadtingyS " |
publ i shed in the Jour na11 Vacuum and Technol ogy .I'n June 1995 descrl bes
the use of ashrimkingi wsuwing in@ndnerease in PaANIYmEPIGitansgbshvesn devgesy Pé‘éas’é‘ﬁr yl ene,
as a substit gl f,aLe I?ét\k/éeﬁ%etﬂ' Rt’éi'cgﬁnéﬁ' dAdhe Bl iRt hi)‘e)% ARBE Gickuit
conductive |liIries or other strategical nport ant areas of an_ integrated
circuit struecsnpesut menowvéhbetwae ﬁ@lﬁab ﬁé‘ann{“f?ésraﬁﬁb‘?& gdpetiog of §ﬁers and
copol ymers bgg g&llsmm& S %@ﬁc@nﬂo@a&?t ink USaBakitR- Xapadit858 bORReABAdal has
been shown to possess suitab Sica chemcal, electrical, and thernal
properties fmtermeqtmcbmtsg badw@cwmsmaé canfhesgeqmplisheddy eitherinereasinger s by

vapori zati Onthectﬂﬁ%)éss of thk&idEdRie Mdkerial or by lowering the dielectric constant of the

dielectric material. Increasing the thickness of the dielectric materials is, however,

contrary to the goal of reducing device and structure geometries.

As a result, to reduce the parasitic capacitance between metal interconnects on
the same or adjacent layers, one must change the material used between the metal lines
or interconnects to a material having a lower dielectric constant than that of the
materials currently used, i.e., silicon dioxide (Si0,), k = 4.0.

Jeng et al. in “A Planarized Multilevel Interconnect Scheme with Embedded
Low-Dielectric-Constant Polymers for Sub-Quarter-Micron Applications”, published in
the Journal of Vacuum and Technology in June 1995, describes the use of a low
dielectric constant polymeric material, such as parylene, as a substitute for silicon
dioxide (SiO,) between tightly spaced conductive lines or other strategically important
areas of an integrated circuit structure. Parylene, a generic name for thermoplastic
polymers and copolymers based on p-xylylene and substituted p-xylylene monomers,
has been shown to possess suitable physical, chemical, electrical, and thermal

properties for use in integrated circuits. Deposition of such polymers by vaporization
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2 and deconposition of a stable diner, foll owed by deposition and
polynerlzatlon of the resulting reactlve nmononer, is discussed by Ashok K
Sharma in "Paryl ene-C at Subanbi ent Tenperatures") published in the Journal
of Polymer Science: Part A: Polymer Chenistry, Vol. 26, at pagg ﬁﬁé%ﬁl
(1988). Parylene polyners are typically identified as Paryl ene-

Paryl ene-C, and Paryl ene-F corresponding to non-substituted p-xylyl ene,

chl orinated p-xylylene, and fluorinated p-xylylene, respectively.
Properties of such polymeric materialsy including their |ow djelectric
constants, are further discussed by R dson in "Xylylene Polymers”, _
publ i shed in the Encycl opedi a of Polyner Science and Engi neering, Volune :
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invention relating to the adhesi on of vapor deposi &] é{)
sol i d s@B%ttVPaﬂ@émmﬁfol?glﬁ“stchisedséyof‘s@kh%p epharme| 0 yR3Nenest §ulparefaﬁnt

CONMPOUNTismbERNtuRS”, qstubhsmatm %ewwm @F PoRRleP SeifAce rpafﬁomvmm @h@ﬁ.@tw Vob
di scl osed. Patent_ US 3 di_scl osed an i nvention rel at t he use of

hal ogen?% Lﬂisﬁﬁgﬁat@éf”&&? éx@}?%)e RaVENeneelyMeg rﬁ’ﬁe*dp'ﬁ?'{yh'dsw'f'ﬁdrﬁ& Paw@anesw | anes
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di el ect filns t I t t
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vapor ouR0etl24(h28B.xyl yl ene) precursors onto a substrate is al so discl osed.
Paryl ene-N i s deposited from non-substituted p-xylylene at tenperatures

bel ow about 70-90 C. However, the parylene-N filnms typi caIIy do not adhere
wel | to silidenPagntddS #hB0216hean inuentionn trlafingrto sthe fadbesion wiir vamer raspesitedhe
paryl enﬁdl)?pkalkllgﬁe)h?d’esoﬁ@gﬁbsrtrjaf‘ers”ﬁ‘lro@hamé Iy & elHlARGR! Uﬂﬁs%t@aeaes@wégﬂut
400 C typically are not used in integrated circuits
subsequ‘émp%ﬂ@y%é@glf‘@lgattlé?ﬁiepﬁ% lydrolysable andcere gonglgnsable pReUPhigl diselassd i ty and
adhesi on of parylene filnms is inproved by fluorinating or chlorinating the
di mer of p-xyl Iene to mpke parylene-F fil g | ene-C fil nms. However,
the substi tut ERtENNT PPEAORDYy; dreciesey, @'EE‘H%’Pt!ﬁ’Ht |’3|%F'9‘3/ﬁ%r theayssonefi 219998 t he

gon-Tﬁ ubﬁibgﬁm;eedpdfawewdlmersrreamnxddf\hutrcbilfundtlena]r §ikA&S .and vapbB d%BE’su&QO [
a e subst|

uted dinerg are typically cracked eratures whic
ogr ade b SUBERP Bt et It B PaERTe PLOSSR OB Ret B AR oo navcs afproved
par yl enadHerdnickeesistericebte elegtasnigmatiomt aride theemnalt wtabdiitysubst antial |y | ower t han
30C. The problenms of conventional parylene filnms have resulted in research
regardi ng copol yners of p-xylylene nononers and ot her nononers that
condense at dbofatenhelUS417620% mpelyanedic eparakylylénec roatiegsp-and| filbre possessigs

conden Sﬁgmﬁgﬂﬂy A A Pes]%'t%%leyﬁﬁﬂﬁbg‘@? RjdvaRY! t&lﬁgé@%‘l‘%\e’%{a gﬁa%&? vi nyl

conpoun one pendent car bon-car e bo tion

of non- b@!’%ﬁ fog their \Aregaratignovhesein gertaie apfdﬂxmets arplyaPqsiged aed codegosited with

car bon- ¢aReR pd waré%w%dﬁprb&n&a% oaa:ra/émﬁat@ iPQLY dRERséPNt ribute to the
limted thernmnal stabl I'tivinyl nononers typically polymerize through

only one vinyl group because remai ni ng vinyl groups are not readily

accessed by PhfF/IehaRe iPdepositaieri idd-suBsitnred ipoalylane 4titemperalitds Bol6® labbutt ed p
16 APR %9—8(:53 °8. However, the parylene-N films typically do not adhere well to silicon oxide and other
semiconductor surfaces. Furthermore, the parylene-N films have poor thermal stability at
temperatures above about 400 °C, and the films typically are not used in integrated circuits
when subsequent processing temperatures will exceed 400 °C. Thermal stability and adhesion
of parylene films is improved by fluorinating or chlorinating the dimer of p-xylylene to make
parylene-F films or parylene-C films. However, the substituted p-xylylene dimers are

substantially more expensive than the non-substituted dimer and are more difficult to process.



xylylene is essentially a divinyl nonomer, but substantially polynerizes

t hrough vinyl groups at each end of the nonomer |eaving carbon-carbon
doubl e bonds in the center ring portion of the polynerized nmonomer. Some of
the p-xylylene mononmer polynerizes through only one vinyl gropg ﬁ%l ng
in nore remaining vinyl groups than expected. At tenperatures ab out
400C, the remaining vinyl groups may formreactive groups that break down

t he copol yner structure by a variety of mechani sns. Copol yneri zati on of
p-xylylene is difficult to achieve sipgce both nononers nust condense on the
substrate and have simlar reactivity. Copol ynerization of pxylylene and
monovi nyl conpounds has not resulted in a suitable copolyner filmfor

|d nt egr aThéd s.u|n>s»|:mmmac2I Gmlle% afe tlyﬁﬁallytcradkbehﬁte’nﬂféﬁatgﬁs&vmﬁﬁgﬁhﬂe the RUISQASH p-OT g
eposi t| ow dielectrig¢ co subst e suc an int grate
circuit Xﬂ?ﬁﬁe BRI FHEY aﬁ'gvﬁ}? ngiq\}'”ie rl:aftr‘;{g‘lsl Mt %?d 42’ 8
adhesi otemperaiurqsesubstamtldllplomr;ﬂaeme e\ fi I ns, the copol ynmer process haV| ng
control |l abl e process conditions that are suited for integrated circuit
processes in conparison to parylene-C and parylene-N filns. Sunmary of the
| nventi on TheThE psblems of enoventional qarderse filnme hhwved resutied fip aesetarch fegarding
deposi t| C Y. i S
or of or aBreP S b b A ErE hohdmaR Bk dHier Abndhal R Bhlenet I FRHCINTRe,;
bet \Aeenterm%atwe\swé mbiahribe p-ylygee monnmarssrmmdcmed Gopaymeridation af p-xylylene has
par ti cubaiarig f&?jseﬁ’@n'rﬁo PISV/I' ithduRds gpeooo'ﬂ] \didert &ﬂ%ﬂléé n &gub%' BoHay teene

and a nmultivin 'l con €n conon V|ng
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oxy5|lane i sil’'oxane, an cl osi | oxane conpounds 1 ncl'udin
not |i nmogampg; t%@@l}yagglymrggyg;opgh@n y one vinyl group because remaining vinyl groups

tetravi ap ndt i bbodssatbythe same iok AZigMSoring polymerization sites. Non-substituted p-
tris(vinyldinmethyl siloxy)nethyl-silane,

1,1, 3,3-tetravinyl di met hyl di sil oxane, 1, 3-divinyltetranethyl disil oxane,
1,3-diviny|-1,3-dinethyldiphenyldisionane) vinyltriisopropenoxysilane and
1, 3-divinyl-5~triethoxysilyl-benzene. The copol yners of the present

i nventi on have an unexpectedly | ow anount of remaining vinyl groups
resulting in inproved thermal stability. The copol yners al so have i nproved
adhesi on 1 8 APR 2003 a and reduced dielectric constants in conparison to
known p-xylylene filns. Brief Description of the Drawings So that the
manner in which the above recited features, advantages and objects of the

present invention are attained and can be understood in detail, a nore
particul ar description of the invention, briefly sumari zed above) nay be
had by reference to the enbodi nents thereof which are illustrated in the

appended drawings. It is to be noted, however, that the appended draw ngs
illustrate only typical enbodinents of this invention and are therefore not
to be considered |imting of its scope, for the invention may admt to

ot her equally effective enbodi nents.



Figure 1 is a schematic diagramof a copolymer deposition apparatus of the
present invention; Figure 2 is a partially sectioned view of a portion of
t he apparatus of Figure 1, showi ng a vaporizer, a deconposition chanber,

and a manifold for feeding reactive vapors into the depositiq?p_cm;
Figure 3 is a horizontal cross-sectional view of the deconposlti ranber

shown in Figures 1 and 2, showi ng the hollow tubes placed within the
deconposi tion chanber to increase the surface area in contact with the
vapors and gases passing through the chgnber; Figure 4 is a vertical
cross-sectional view of an alternate structure for the deconposition
chanber of Figures 1 and 2, using a series of discs with non-aligned holes
t her ei n;xylylepaisedsentally a divinylincomonfer,anue sobstartiallypsigaerizas Wroidh Vihg @Fdupd at
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bt ocess SreurrtcBllify In rved! v ARG TG ofo)fs TR SHPTTBT At temPecatites SO b gr am
used f orM0prGdbe gemainingolinyl graspsjmayciorro meadtive groups dhatripéalr govaVbepcopolyser ng

chanber ' arfe oA, L top view of the wafer support nmechani sm of
Fi gure gﬁhgﬁgﬁyeéﬁ%@@ﬁ%??l?@g'l cross-sectional view of a portion of the
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Copolymerization of p-xylylene is difficult to achieve since both monomers must
condense on the substrate and have similar reactivity. Copolymerization of pxylylene and
monovinyl compounds has not resulted in a suitable copolymer film for integrated circuits.

As a result, there remains a need for a process for depositing a low dielectric copolymer
on a substrate such as an integrated circuit, the copolymer having increased thermal stability
and improved adhesion in comparison to parylene-N films, the copolymer process having
controllable process conditions that are suited for integrated circuit processes in comparison to
parylene-C and parylene-N films.

Summary of the Invention

The present invention provides a method and apparatus for depositing a low k dielectric
copolymer on a substrate. The copolymer is preferably deposited between metal lines in an
interconnect layer and/or between metal interconnect layers in a semiconductor substrate. In
particular, a method is provided for depositing a copolymer of p-xylylene and a multivinyl
silicon/oxygen comonomer having at least one silicon-oxygen bond and at least two pendent
carbon-carbon double bonds. Suitable comonomers which are commercially available include
sioxane, oxysilane, siloxy, disiloxane, and cyclosiloxane compounds including, but not limited
to, tetraallyloxysilane, tetravinyltetramethylcyclotetrasiloxane,
tris(vinyldimethylsiloxy)methyl-silane, 1,1,3,3-tetravinyldimethyldisiloxane,
1,3-divinyltetramethyldisiloxane, 1,3-divinyl-1,3-dimethyldiphenyldisiloxane,
vinyltriisopropenoxysilane and 1,3-divinyl-5~triethoxysilyl-benzene. The copolymers of the
present invention have an unexpectedly low amount of remaining vinyl groups resulting in
improved thermal stability. The copolymers also have improved adhesion



5 generally shown in Figure 1, showi ng the processing of gases/vapors
exiting fromthe processing chanber; Figure 11 is a flow sheet illustrating
a' process according to one enbodi ment of the present invention; and Figure
12 is a schematic view of a carrier gas delivery systemfor tqemgpﬁrwg a
pol yneri zabl e material froma vaporizer to a deconposition chanber.
Detail ed Description of the,vention The present invention generally
conprises a nethod and apparatus for fgrmng thin copolynmers having a | ow
dielectric constant on the surface of a work piece. A processing chanber
provi des vapad redegddidiécaic @hstamdinronparissn pdmewa phxylydenedihas.r at e and
formation of a copolyner film The copol ymer is produced from p-xylyl ene
and a multivinyl silicon/oxygen nononer having at |east one silicon-oxygen
et Plesdrilionf By Iraddiggon- car bon doubl e bonds. Suitabl e

bond and at gy :

mul tivinyl silicgn/oxygen conpoynds, provide. copol ymer avin n

unexpect edl y | owSa ‘B?““Frnﬁé'flf\‘ﬁq‘rfﬂg%t?"t‘fﬁ Fecaf‘g%&‘yeénﬁﬁ’@ﬂfﬁfs &%hé@?c&ﬁ to
substrate srhiRGResentIHdnabh Breatthihéd/dnd)thn B¢ hidefstdodiy dewil,noepaticilant ar e
commerci al ly avail abl e i ncl ude sil oxane, qxysilane i ] .ox di si | oxane, and
cycl osi | oxarfescEiptippefithe nvertiondbricdy synmatizsd abevs; may;bg @a,d qyé%f‘é?&?‘l WI®&ysi | ane,
tet cavi nyl t eifraamdens! thet&df Whithlaresillhsoara n the appended drawings. :
tris(vinyldinethylsiloxy)nmethyl-silane, L )

1,1, 3, 3-t et r avi n}t Witebeptedi Boweysta that the apgended rawdngs iusmaln ol APisehne,

1, 3-di vi nyl -gnp3aflichRt sithidiieanion sdSirk ehefsTsre ot BY bé EorsRieqd ApaRRX¥Si ane, and
1, 3-divinyl-5-triethoxysilyl-benzene. Experinental results establish that
two or nore seenssfosthednyention may st Qothst edugiineffective embodipetinoner s of the

present inventi o @lﬁylﬁsskﬁéﬁz{tiél'd'i@grdﬂpbyﬁbbflﬂﬂeraé@bﬁﬁ@ib RSl mae

results in substantial polynerization of at |east three of the four pendent
car bon-car baesgeiupyeatiolinds, and al so provides a copol ymer having a
significant and yRexpee £ehrifRUestioRd view®F 8lpBfiohiof tHeppiratt of Fidgreny| esent
invention further provides a nethod for formng a (;ng yner, between net al

i nt er connectshowing dwarpeizen, ¢ dgeompositiomehamber, 3pd a8 spanifold; for feedinedEddive ate. |1 n

particul ar, &ggﬁgmgh@t&g?s%qcﬂgﬁ&gp is provided for the deposition of

pol ymeric or ynerizable material preferably having a dielectric constant
| ower than that dliguse 3jisanhaetizentrljerossssectianpl view <af; the deeompegitipn ghambefani cal |
el ect ri cal afiglyh BefiMles AT AR bioWind @E R ubdOpifRR vABAD heQeBiingonitge’ at ed
circuits in accordarce with the present invention. In one embodi nent, the
net hod and aghembert tosingioessi the urfdcy apgacini egatact with dimvanerroend gases pASSIBE| on of
p- xyl yl ene, O:%Mﬂe\é'hm{ orSi |1 con/oxygen nononer, and a carrier gas into a
processi ng chanber, such.” as a CVD or plasma etch chanmber, operated at a
total pressure friigaratdoista Yentigal ccavss-seationdl oview @F npaltemates strughge dntiénsat i on

of both Mo OBEb A &laﬁlgg'séfrlgﬁtg%st mexd)ﬁ,”ﬁsﬁ)gpﬁgéﬂeﬁ’ RE dEEPRtN 'ﬁ%ﬁ-aﬁ%ﬁﬁeon

having a thi rom about m cron t out 150 m crons.
appar at us ushdaesttberdisposit t he copol ymer specifically includes a deposition

chanber for deposbiidg f 4 DpViGPRe bHERE iR iGks MoRRlif Hiadd adaRbidRR Del ow
The copol yner process is preferably 1ncorporated into a conputer controlled
mul ti - chanbemisaligrepnbofstie ppeoing shereiy wisth theopening of anqinderlyingtis; a1 or
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used according to one embodiment of the present invention;

Figure 7 is a diagram of the system monitor of the exemplary CVD processing
chamber of Fig. 6;

Figure 8 is a flowchart of a computer program used for process control in
conjunction with the exemplary CVD processing chamber of Fig. 6;

Figure 9 is a top view of the wafer support mechanism of Figure 6;

Figure 10 is a vertical cross-sectional view of a portion of the apparatus



As used herein, the term"parylene" is the generic nane for thernoplastic
pol yners based on p-xylylene (CH2CsHACH2) or derivatives of p-xylylene. The
pxyl yl ene pol yners have the formula: -(CHz-C6H4-CHZ-)~ wherein n is the
average nunber of nonomer units in a nol ecule. Al though not d‘)ﬁﬁﬁm
measured, n has been estimated to average about 5,000 in aty

parylene-N film which gives the parylene-N filman esti mated nunber

aver age nol ecul ar wei ght of about 500, 900. Act ual nol ecul ar weights are
expected to have a broad distribution and the actual nol ecul ar weights are
consi der ed géheg.‘ﬁ WASTRARUSARE €; shbWngChO Blo¥éBing OF Ri\Es/PaporiskitingFron® fhe MONONET S
on both endS o é p-xylyl éne 1nitiator and tﬁe copol yner nol ecul es have end
groups whi chrogesgingehanbgsi |y identified. It is believed that the end groups
have no infl uenc & [ ; : Al > tPoRenba8imeBEsT

chl orinated or fﬁﬁ%rgilgéétjgg%gﬁr}sﬂ[g thhgagtof%%ﬁéeoﬁgﬁ%é%ngrs produced by

hal ogenat i nehetpresentinventiansamsk t he pol yners. Deposition Svstem The copol yrmers
of the present i t,d i verts

ol i d or i qui o TEEE Rk EhEnARRASY Lafkati MOMRIL S MURLE altoniel

cont ai ni ng golymeszablenmteriah ffom)alvaperizer tolaaslecampositiom ghagbses from t he chamber.
18 APR 2003 Refering to Figure 1, in one enbodinent, a vaporizer 10 is
provi ded to heat and vaporize or subline a nmononer such as di-p-xylylene or
a di - p- xyl y Detatled Pescyiption of tha Invemtion pressure gauge (not shown}, such as

B A RO & LA d
one avail able fr ; . I . i ] @m;g?ni tor the
pressure of the @lggp‘gr |e§{<31519{}l80?géhﬁ?azlytcﬁg’?ﬁ%g3%@%&3&?8%%%§%{ffpar iculate
solid or |i daih@omhilymsers having @ovd ditlectrict doestamd porthe surface of Trworkpiess ude gauge
is preferably heate t hat [ il j e and
render the Jgﬁﬁsémigr?g%@?eét?? %’Fdﬁgﬁé&%gg ?smféc? f%?%r%’?o?%g?gﬁmggn Pesﬁlg%é yl ene, or
optional m »hd feemationvefaopelguieriile The nepolyneea is preducgd Spm: raylyloasanda f r om

vaporizer 10 thr.ough.a gate v A ' ) P4 Lon
chanber 50 TR ey EBiars SPntfhsg Bl & R B SiRoPboiRh WREIM ET,
reactive nonesetwo perclentasarionxaatbonedumblel bongh oSilidble emultivimyh siticeh/exyasn when t he
starting polynerizable.materjal is a npnoner ly ] not
require vap&%i“?%‘f"?%ﬁrqy?‘{ggcéoc%mgsl ﬁa}v(snrg t'o "pr e 3%:(“ éé‘?%ggo'ﬁl? {/Eﬁgcgfeam s, then

t he vapori zafinydngmops dmdogpedi 4dhesior htanisebstraten sutfaces. e iBitehle omultiyjpsksed.

Referring now, to Fiqures 1 and 2, the vaporizer, 10 i aheating the
starting nats\éyf"f’%(f”‘)fgg“ PRREPES gxaagesca.meﬁcéﬁgf ﬁanqu}ed:gglP 3%%&?@%%%‘%%‘% zabl e
mat eri al  befslegy, i disitorsheciand éycldsiddxand empewdspinsiudingn buhanh dimigd tor

blending it with the, conononer. Vaporizer /10 may _conpf i cyl i nder
conpri si ng §F‘£ﬁaﬁ¥18’§7§‘l%”t°eel or al unmi num hé%}l‘ﬁf&‘yﬁ%‘{“é?%ﬁl‘i}%bﬁ’g“ﬁg?a ahd 12b
t her eon. Metgh(vinyidiigghylsioxpartiyl-simer 14,3, estravinyldimethyldisilgxansi d&d- with a

gas inlet port, 16 to rm.t the fl ow of non-reactiye jy VL e
vapori zer 1G{‘V‘ﬁ§1§H©‘B°tE§S)S‘IW%h conpri sb@' d{vwl-éél—cﬁm %'Vl[dﬂ’g’? n}{l e&\’/‘é{{plbri zer
10, is bol t egnyigiisdpiopémoysiignd, | mdge,3 Hiviny5-tgethexysity Menahenh Esperswsptat at es t he
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of the solid p-xyfnglmeRndinveitionnfirtkéit pravideseatmadiiod for Piming a/ agmiwnern t he

carrier gas flow .
J between metal interconnects and between layers of metal interconnects on a substrate.

In particular, an apparatus and method is provided for the deposition of polymeric or
polymerizable material preferably having a dielectric constant lower than that of silicon

dioxide as well as suitable physical, chemical, electrical and thermal properties for use



16 APR 2009 s The pressure in vaporizer 10 may be maintai ned at atnospheric
pressure. However, the entire apparatus (vaporization, deconposition, and
deposition chanbers) is preferably maintained at a pressure fromO0. 67
pascal s to about 670 pascals. For non-substituted di-pxylyleneg 2003
pressure will preferably range from about 13 pascals to about 670 pascals.
The higher total pressures increase the deposition rate of the polyners and
all ow better control of the amobunt of nonomer or polymer that is provided
to the deposition chanber. Total pressygre can be increased by adding
carrier gases wthout increasing the anmount of the nononers. The carrier
gas can be any inert gas, preferably helium argon, or nitrogen, preferably
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gate va.lheyfbnagato a deconposition chanber 30. However, it should be

recogni zed that the process may be carried out using only the vaporized
nononers, e.dg., p-xylylene diner) w thout the use of a carrier gas. An

al ternative enbodi me{@HLOMHIC-)-aporizer 10 is shown in Figure 12 wherein a
thernostatic oven 306 heats the vaporizer 10 which contains, for exanple,
non 18 APR 2003 9 vaporized di-p-xylylene and vapori zed di-p-xylyl ene.
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chanber 30.



Fl anged netal conduit 26, is preferably heated by an external heater such
as heating tape (not shown) w apped around conduit 26 to nmaintain the
reactive nononer at a. tenperature sufficiently high so that |t wi || t
begin to polyneri ze. Typ| cally, this will be a tenperature of1 8A Hﬂeﬁg
about 120C. When deconposition of the vaporized pol ynerizable starting
material is necessary to forma reactive nononer, such as when using

di - p-xylyl ene, the vapors fromthe vaporizati on chanber 10 are preferably
sent to a deconposition chanber 30. Whi Te the deconposition chanber 10 may
be constructed in many ways, it is preferred that the chanber have a | arge
surface area to heat the vaporized material rapidly and evenly. In one
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ensure a high | evel of econp05|¥|on of the stable dinmer vapors, it is
preferred th¥essel 18 may be further provided with a number of openings (not shown) in the upper

half of the vessel to facilitate flow of heated gases into and out of containment vessel
18 to assist in the vaporization of the solid p-xylylene dimer and entrainment of the

dimer vapors in the catrier gas flow.



the dinier vapor be sufficiently heated in the deconposition chanber 30.
This can be acconplished either by increasing the surface area of cylinder
32 in deconposition chanber 30 in contact with the vaporized diner, or by
extending the residence tinme of the vaporized dinmer in deconggpé .qﬂﬁe
chanber 30, or by a conbination of both. Typically, the resi t of
the vaporized diner in the deconposition chanber is 1-5 m nutes. These
operations also can all be controlled by control neans 340. To enhance
deconposition of the diner to reactiye nononer, a plasm may be established
in the deposition chanber 60 by conventional nethods to provide sufficient.
heat to deconpose any stable precursor material into reactive material.
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al so be controlled by the |ength of deconposition chanber 30, i.e.
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wherein the reactive nononmer gases may be optionally blended with other
copol yneri zable materials, i.e., nononers or diners with which the reactive
paryl ene nononmers will react and polynerize in the deposition chanber, as
wi |l be described below. A second flange 32b on the opposite end of
cylinder 32 is connected to a first flange 42a of tee 44 to provide the
connecti on between deconposition chanber 30 and tee 44. A second flange 42b
of tee 44 is secured to a first flange 40a on second gate val ve 40, which
is operated by valve controller 41 and conputer control neans 340 to
control the flow of vapors into deposition chanber 60, as will be descri bed
below. Third flange 42c of tee 44 is either secured to a flange (not shown)
of conduit 46 (shown in Figure 1 ) leading to a vaporized source of a

copol ymer to be mixed in tee 44, with the vaporized paryl ene mononer or, as
shomn in Flgure 2 a cap or cover 47 may be secured to flange 420 mhen no
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1 8 APR 200 13 such as heating tape w apped around tee 44 to maintain the
reactive nononer at a tenperature sufficiently high so that it wll not
begin to polynerize. Usually this will conprise a tenperature of at | east
about 150C. When a copol yneri zabl e source is used, a second Y4PAPRZAI ON
chanber) simlar to the previously described vaporization chanber 10, can
be used to vaporize the copol ynerizable material. |If necessary, further
apparatus form ng a deconposition chanbgr simlar to previously described
deconposition chanber 30 nay al so be used. In either case, the apparatus
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copol ymer de%ﬁkﬂﬁt Whtol 16t gak) valvie\2®, Whidk isiuéed tw cOftrdl g i ofthe yapbindoftthe
structure of the silicon/oxygen nononer. . The typical starting materi al
for making parylene polyners is a stable cyclic diner, di-p-xylylene, or
hal ogenat ed derivative, which is available in solid form The diner is
typically vaporized or sublined at a tenperature between about 100 and
about 200 C, and then deconposed to the reactive nononer at a tenperature
bet ween about 600 and about 1000 C for the polynerization to proceed. The
dimer is cormmercially avail able from conpani es such as Specialty Coating
Systens, Inc. Usually the solid dimer is available in particulate form
e.g., in powder form for ease of handl i ng. However |t is contenpl ated by
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18 APR 2003 is nononer and carrier gas may range from about 5% by w. to
about 25% by wt. of the total m xture of nononers) but preferably wll
range from about 5% by w. to about 15% by w., with the typical anount of
copol yneri zabl e nonomer added usual |y conprising at | east 193%2& wt. of the
nmononmer m xture total. Referring again to Figures 1 and 2, ° 2009
connected to second gate val ve 40, through flanges 42b and 40a,
respectively, and second gate valve 40,{s connected to a further heated
conduit 48 through flange 40b on gate valve 40 and flange 48a on conduit

48. As descrdtxt?ﬁ@néh ?nedewntbotnﬁsrpaﬁtnbtapsmonmhter%@rf@e@fhean éylindgoaadui t 48
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preferably con or use on an integrated platformfor processing

i ntegrated circuPumoundinghmetpl ¢ylindayr 32 isga pylindrisahreramigelimarey 4, havingaydan et
al., US P t e P MetalGeY Por at ed
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are mai nt ai shewmmay aptiopadly suueundbamic furrace 34 WBZWWQM&Wtiel of the
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temper ot ur o Aty GRE Biigr, it the 80 B R W et atlpertlitine M BT OO
occur, i. ea;rbatweantlwnmlahlaldend)eﬂrmcmmne3%500 Typi cal |y, the t enperature
of the chanber 6 t glne a200C and
about 300C. One g.lt}%uh?b‘%ﬁ%goarogé%sgﬁr%&?hﬁn%eiré%% eHQﬁ‘e nmet thnod of the
present i nvqxoWeosupphrr(nbteslnwn) andoa temperiatire pentwollem3 lFtogna:@anwmtemenasxre
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t hrough perforated holes in the man ure 1) that
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automati cal 'y or® manua the fl'ow of process gas intg_the

chanber, and (ii)it Fﬁapsfqﬂeévvh'éo‘hﬁ rdsroreposition | chamhert 30; JerAMPOSH at SUFiCI®r e t he
fl ow of gas e [ g in the
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support nembeat poBferize and enayotherefoire, cansg lnmpein the copting ag it depesits on the

| 0adi ng/ | of 0Bk, NeuROivd Al S@Hftga%num%ﬁw%? 4 et thd QBpdition Whi Ch | S

cl osely adj ac o nani ferring to Fidure 6, when support menber
180 is in t hehambpreandclogeahe icold tpapsmeclumsm% ilecated daymnsterartiefl dpgosHiopaf | e

pl ate 160 haéﬂa%e?ﬁﬂh%?&f &)éh&% erg, 138! es 162 which exhaust into an
annul ar vacuum mani f o 6 I'n ocessi ng, gas inlet to gas

di stribution nanil shodldsize no@eduhatﬂhnw;pf@rsstgpfmetve 0 apdi pespnd gate Yi¥a4Q he
surface of a, waf 1 &L OR/stitioENDET
180 as i ndi cb(\t/@(??%e'g&? cg‘\ﬁg‘ﬁiﬁé’g?slgeg ??Sﬁygm ?’EQ’ zg‘n%ﬁé}? sy stgcrr%ttohen
exhaust s thectgnaﬁ:em/3(htopizvrls<£latid320mrﬂpppsttim chpmbr £0 W)&'Gdhﬁﬁ“hﬁfﬁt‘f siremad by a
vacuum punp g I pport
menber 180 |§XE| tgﬁh%@%}"ﬂ} %ﬂmﬁ%rva e&stﬂg%@gts Qgﬁg%ggrr{opgiﬂﬁﬁéﬁﬂaﬁge to be
heat ed or comoeemeht rof ragsublsteats inde dles depbeition reiember toHe epatedner subpf thse
substrate during..t t S t ed at a
t enperature Aee. g\'}tf’ e‘é“")‘t g‘i?tghzft# il F’Q‘ LIfg‘rga %r?e o&t{’#ﬁ% %ﬁteﬂ?'id&hﬁiﬂé

p- xyl yl ene t iR Ixuids powdresosreprpbl, Bllﬁﬂvsbmmiodemdﬂ ékBdedl hbdlt 14410@6at€|rhe
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chiller controller 181. The chiller 184 flows a coolant, such as a 1:1

m xture by wei ght of ethylene glycol and dei oni zed mater, t hrough passages
270 (see Figure 6) in the substrate support 180. \Wen the gaseous m xture
contacts the cooled surface of; for exanple, sem conductor substrate 200,
pol yneri zation of the reactive p-xylylene nononers comences, as well as
copol ynmeri zation with other reactive polynerizable materials (if present)
resulting in the formation of the desired dielectric filmof parylene or
parylene copolyner on the surface of the substrate e.g., on the surface of
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To prevent deposition of parylene filns on the chanber walls, the heater 70
preferably provides a heat exchange fluid, such as a 1:1 m xture by wei ght
of ethylene glycol and deionized water, through passages 260 in the chanber
sidewal | s. The substrate nay be retai ned on the substrate suppBrAPR. 9oy
any conventi onal 18 APR 2003 17 substrate retention neans such as a

bi pol ar or nonopol ar el ectrostatic chuck 210, portions of which are shown
in Figure 9. A backside gas such as heliumis preferably flown through
channel s provided in the upper surfage of the electrostatic chuck to
facilitate heat transfer between the Substrate support nenber 180 and a
substrate | ocated thereon for processing and to prevent deposition of the

reactlvc%nﬁatrﬁédrglgogﬁg\gn;m Gdge and backside of the substrate. The
deposition process perfor rre% I n chanber 60 can be either a thermal process

or plasma enh@fbwde aHighigvelnf deserposition-of theastakle girnerewsporsait doprefetedeahiat
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at e vari ous ot her reactor
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by reference. m X1 ng power sup ' ed
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generators that are con he contro exSCULEE
syst emaEB%F’r ¥ thap pachatube §f5d$ échPde@PﬁFé%? of thgovalhgficylinder 32. Thecpreserfeerafed

enbodi neseis, 36 \ﬁltrﬁh bﬁahdeﬂb@iﬁe?&%r\éesenmqw q’r@Jt@ﬁﬁdré‘&ettﬁe S étfeearéa Vﬁf\fﬂ%ﬁllﬁ T 50

m xture,of v ses and o tlon carrier gases ow | nt ,

a paryl i Q!'@%g grzedmpRAnee T@Jsd@ﬁdép?fé’&dGrme%C%aﬂnﬁlﬁééhr@ﬂgthrdBt rate

200 by betwedansbés 36 andwaoqhe/mporz:@w mmepfustJIﬁofrﬁaﬁq{éa’eea & W YbSRHSIBAEr S

?Eg tsnr?rﬁyeégtg%@ % maxnm?zcl)nng tﬂé%gn%r&ntc 8fnRe dlmer decggpos%%ntgqﬁé ?ea%tcl)veyrr'rr\%gérﬁgr on
Preferably, each hollow tube 36 is made of quartz, or at least has quartz surfaces thereon.
Preferably, when the inner diameter (ID) of cylinder 32 ranges from about 3.8 \to about 5.1
centimeters, small tubes 36 will each have an outer diameter (OD) of from about 0.76 to about
1.3 centimeters, and a wall thickness of about 0.13 centimeters, resulting in an ID of from about
0.51 to about 1 centimeters.

The residence time of the dimer in the decomposition chamber may be controlled
regulating the flow rate of vaporized dimer into decomposition chamber 30, such as by
regulating the flow of carrier gas into vaporization chamber 10; by throttling gate valves 20 and
40; or by a combination of such valve throttling and carrier gas flow rate control, under the
control of controller 340. The residence time



substrate at different rates depending on the relative concentrations and
rel ative polynerization reaction rates of the nononers. The 1 8 APR 2003
~s renmi nder of the optional carrier gases, and any renai ning unreacted
nononmer vapors, then pass out of chamber 60 through an exit 2 éﬁ%see
Figure 10) and then through a throttle valve 80 to a cold tr! @r B

purpose of throttle valve 80 is to maintain the desired pressure within
chanber 60. The deposition/polymnerization reaction is usually carried out
while maintaining a pressure within der%si tion chanber 60 of from about 5
mlliTorr (o : chanber
60 devi ates cf'"lj)rglﬁig %%‘Léoq‘ggpgp{?ye@glr %f\r@??t&l ng(\)/xg Hab fbwg gﬁﬁﬂgxh&h %uter
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pol ymeri zabl e nateriAa chanber ort must be
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i s capable of maintai.

punp 150 (see Figure whi c
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Nor cal col d jyf@ie. Which is connected to the downstream side of throttle
valve 80 to trap and rempve any_ nononer r pol rs f om he gas. stream
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to maintain the desired | ow pressure. As shown Figures 1 and, 10, cold

trap 90 is apeiiondiynblerdedwith pthay H°ij)t"&'~"‘3%hl‘?/é‘am{;t be-a TORPIBES (REHIMS8 0 and

then throughyff whit@ i retitive p&rﬁleﬁfﬁox&% Wil etk ¥id éxﬁerx@u@fhmﬁwm punp
150. When chanber 60 is used a deposition cha ‘such as f t he
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punp directly to cold trap 90. However, if the sane &hanb% I.S t be used

as a pl asma betwrencdespmposition hamberdp MidHES 4 oAcsees °ﬁé°° ¥ vacuum
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di scussed) gate valve may be shut off_and bot h. gate valve 11Q and
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stream bet weggogiblctiahiber 6 sl BeQuaiib¥RsasHn punp 150. To clean the chanber
foll owi ng deposition of reactive nmononer, ozone is flown into the chanber

at a rate of 1000Thirkfange 42 of tse 4 iscither seaired foa flange (nQfshowR) RS cPRANY 5 Wi t h
the paryl e”%&gshB@md Fxg&m)feﬁmg%'a&fpoﬁiée s&ﬁéé/df%r&ﬁ&srﬂea fohR nekantiese. | n
addition to oz oxygen can be introduced into the chanber at a rate of
100- 1000° scc i awith te vAporizedparpiene7mononyy Or, i6 shoyv i Figwe 2; § Y Oy rf{?

menber to effe | BaSourch bf bopolyar s inbaindde
oxygen reacts &n E&%ﬁé& tG%Qlﬁ}%zQthEHﬁog er ‘slrlcm aipopﬁﬂtheﬁ?seactl on of
ozone with pa&nt}althmeactlvhmonmtftomthedmompf’ﬂ@n@mb@‘ontroI s all of the
activities of ther E@g;;. ?i@ﬁsr Cre @B ARLOE BY abxtbhif Hemart r ol | er
340 includes a har%/dl S Ié%ﬁ’:@ﬁl nmil ﬁ © trIp’ve aniyaa J::ard rack. The
card rack contains a single board corrputer (SBC) anal og and digital

i nput/out put boards, interface boards and stepper notor controller boards.
The systemcontroller confornms to the Versa Mdul ar Europeans (VM)
standard whi ch defines board) card cage, and connector dinensions and
types. The VME standard al so defines the bus structure having a 16-bit data
bus and 24-bit address bus.




The controller 340 operates under the control of a conputer program stored
on the hard disk drive 380. The conputer programdictates the tim ng,

m xture of gases, RF power |evels, substrate support nenber, and ot her
parameters of a particular process. The interface between a upBrARR@ohe
systemcontroller is a via a CRT nonitor 342 and |ight pen 344 which is
depicted in Fig. 7. In the preferred enbodinent two nonitors 342 are used)
one mounted in the clean roomwall for he operators and the other behind
the wall for the service technicians. éoth nonitors 342 simnul taneously
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signals for contro l.ing process 18 APR 2003 21 are output on the
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process changghgder it édnBbPofhaBleSconi@blle? Bl emueﬁ ApARfes IR prasiRah chafskr Pr ocess
chanber nunbers, or a user can enter nultl | e process set nunbers, and

process chantfmndtepepsses rougha celddie r?@é@%!ﬁ? due chilley K. olheramaining o

schedul e the% & tR&d s fFY gﬁa?mvhweﬁmcmle&éym%mﬁsueﬁwtsam g the-
sequences subrouti ne 430 Incl'udes a programcode to performthe steps of

(1) noni t ori pgor BY. ol israaticipgiedthatthechamberwallsanayhsdeated by syt thgrihgatingf ¢ he
chanmbers ar em@%jo”igclh'c'ﬁﬁ Elihe Lid afa%%rgeﬁurﬂgd Wiigh HRIAEREGReIAr © being carried
out in the ch ers being used, and (iii) executing the desired process
based on availability of a process chanber and type of process to be
carried out. Conventional methods of nonitoring the process chanbers can be
used, such a polling. Wien scheduling which process is to be executed, the
sequences subroutine 430 can be designed to take into consideration the
present condition of the process chanber being used in conparison wth the
desired process conditions for a selected process, or the "age" of each
particul ar user entered request) or any other relevant factor a system
progranmer de5|res to |nclude for deternlnlng schedullng prlorltles Chce

o o o o . N T o o o o




18 APR 2003 22 are desired. In operation, the chanber manager subroutine
440 sel ectively schedules or calls the process conponents subroutines in
accordance with the particular process set being executed. The chanber
manager subroutine 440 schedul es the process conmponent subr &8 APRS20m
simlarly to how the process sequencer 430 schedul es whi ch process

equi pnent and process set is to be executed next. Typically, the chanber
manager subroutine 440 includes steps qg nonitoring the various chanber
conponents, determ ning which conponents needs to be operated based on the

process paranet efs ohOEmbdméet MWRASinI8EurkL1 Bfd 6XRE dpReatusAns) baprovided
execution of a chanber conponent subroutine resgon3|ve to the monitoring

and det er ni rwithyansRE generatgred | yyhighels souplag te ghambsr 64 thipughian R nebwork 83 tr ogr am
code for co l| bid I  Lh oce
q}seﬁxgirt ﬁ@agg%?aamswﬁmmﬁg%% Bifech! AWIERSIBRs, ;ENE gRs ocess

gas control _ controls t en/ cl ose ‘position of the safety
shut - of f valdistgbutionplasd Edandampbstrate biddar 18R The plasmp sy demseddpleabatice o obt ai n
the desired itié & : RO ARG QEbIE S

i nvoked by ttgga%c&lé‘%étﬁﬁngﬁggg?rsgﬁggu i%@éﬁ%%g‘g%hare all ceﬁa_mﬂer conponent
subr out i nes, dimetiintoctbe reactivefspesinst Abe plasmb may plsp arpyvidesufiicisnt hegtingefdbess

paranet ers rczm{:ing&d\{le?s wj,gffq%’?) g{rog?negﬂ idhl fm{e[)f?taﬁg/or YRR hé’ﬁtiné Rt (& ocess

gas control routi ne es by opening the gas supply”lines, and
repeat edl y (prpcesegadestg ptaventpelymeszatipn imthe géd nhasec dnadditiong the RE(gengratobnpar i ng

t he readings ST Lved. fr nager
subrouti ne 4%’8@%&%‘%% %k)o?glgﬁ h@ﬁbﬁggfﬁ’é ? %e@fggs%& '? ﬁ"éﬁg‘gs@ 2&6’5& l i nes
as necessar ycledningtolichamiree60 ¢ande perfpawd. gas control subroutine 460 incl udes
steps for nonitornj . o8, pyating
the safety shut- cﬂ {"]%\9%54&\?/'35%ahﬂﬁea&\mgngh%hggfég{:‘gngléfll&gﬁléﬁlgglgf gog%gggf%\% i nert
gas such as swugre ofsthp defositedixiopolfiienSdedifialy.t 1B fishdimiay mss0 it makingbin| i ze t he
pressure in the }g:hanbe()rilggegfore reactive process gases are introduced into
the chanber . *PBP PREEE P Ocesses, the process gas control subroutine 460 is
programmed to include steps for flowng the inert gas into the chanber 60
for an anouni of tjne.necessary to stabilize the pressure in the chanber)
and t hen theﬁw@ﬁ?‘mmd above woul d be carried out. Additionally, when
t he process gas iEhetcopdipmers ofthatpemientrintention/arp generally préparddchy condensing
di - p-xylylene_ the proces as _control subrquti 4 kten to
obtain the cgf?‘?’lin"f’e %‘gﬁ,sﬁ%’ ﬁoﬁgn%f)ro?r} 913 rsuﬁg ft ?r}gq suS’ 8‘5‘?%8?‘%5 lE)&“gThe
pressure conwhich pelyidetiné both rotdmensn{The sHicopoxy@en romasidingfmonoowrs ofothki ng t he
pressure in the chanmber 60.by.requl ati the.size of .the o i f the
throttle val PESSEhInvention fpy l%ﬂ@“@é’xﬁentn%@d%yﬁghsrfm??sf‘[‘ E\h M %OBSQWEQC Snber .
The size of tetive padumgodfilitdnaxygenobdnde v aieveopdlymnics depdnds on dbmrelaivet he
chanber pressure.to,.the desired, lLevel in | at.ion to the total process gas
flow, size of¢tyatysf &’Eé’%%‘mé’f’fé%deth’? “5‘??&“58@%? ﬁ@f%‘Z‘t"Yﬁ?ﬂ Mo %Essure for the
exhaust system Wignypiosl surtgsmaterisloiot faking phrybane i polynerisi ssstably okdid, t he
desired, or targef., ssur evel Jis received as a..paramet. r t he
chanber nan aé’é‘feg's‘{-i'lgf’g'ﬁﬁf'ﬁem B)_genlaﬁeél %P&tévﬁ’r ‘gﬁl(‘fl& it 7"81&2%‘&58[5& ?or&é‘ 4
operates to distepitdlly vaperizadiocsublimedist atlxapdratnredietvien abaut i 0amdrabowtr nor e
conventi onal _pressure noneters connected to the chanber onpar e the
measure val ué %50’138‘1 Mgf%%@i“ﬁ? g‘%iﬁcﬂ‘,’e Vs iac b =1 ﬁntpﬁﬁa%%?eﬁwg%aﬁ%?ut
integral, angogldd Moeidodre forahdSolythérdimtis® Jﬁé&é&.dﬂ% @fieklis@oiaRRtdally

J

corresponding to the target pressure, and adjust the throttle valve 80
accor di ng t oavaileblp|frony eorapasies Bichias SpegialonCotiag Hyssmpylac.t Yspally the solid

Al ternativel ﬁ{nfl_ﬁrgf Ff)i{iﬁﬁﬁlliﬁiag%ﬁ‘l%%%nﬁ,up Ot P@@dé7f9nﬁ,af3r Re Wi Hah@ihg! O OpEN

or close the e valv a particular opening size to regulate the
chanber 60 t dloweeerditisi qontgmplated by the privent inventien thabdimeppellstsinayihe ysed ingo

conpri ses progr.ams. f | @@P&E—ﬂh&éﬁ iy bd'Equehadher 60.
The heater cgﬁp%'ggg’gpgﬁ{afl%g%ﬁ%gll%éﬂ?%%_/gﬁeﬁé y the cﬁlanbyer ﬁqanager
subrouti ne 44Bsaved in ecairieefuidto fagilitate continugug debiyemitof thedimesr.at ur e par amet er .
The heat er The amount of comonomer blended with the gaseous flow of p-xylylene




control subroutine 480 neasures the tenperature by nmeasuring voltage out put
of thernocouple |ocated in the chanber 60, conpares the neasured
tenperature to the set point tenperature, and increases or decreases
current applied to the | anp nodul e 260 and ot her heati ng corrparasmaﬁ 20?
obtain the set point tenperatures. The tenperature is obtained fromthe
nmeasured vol tage by | ooking up the corresponding tenperature in a stored
conversion table) or by calculating the tenperature using a fourth order
pol ynom al. The above CVD system description is mainly for illustrative

pur poses)  anthoRbmEr an R RFIEHsRITE HandTonP SRR DY, 1o MdhIsONRY WY of Ha! | ati ons

of the above described system Such as variations In substrate support
desi gn, heat &tal qaigtugmhof meramers puioprefrrabpowidl rangmftem tabeut 5% hyl wit thewbsutar e

possi bl e. Thesd,nyelki Qi Be fbiildd ' ] j AREmLes that
descri be speci fo%fenbodtl mﬁt@langhgggtsﬁ%tb%%ﬁ%%ge Erg)ln{)ﬂgn\: %lgiteﬁe scope of
t he i nvent i opompusingAt teagt 10%cyrvetadt the wenamdr arixtpreTotak urt her illustrate the

process of the i i . i { L ry 401 ilicon 8 R 2003
D4 vt or vas mours aging ageific el | B adch BBk Biskdeif e xilo 5
t enper at ur e Hiroughdlang@sigbiand 40ayraepestivédy.znd eeasd gate valvh ddrizeconnarteditb abl e fr om

Appl i ed Mat egj , I .2 an S.Cenf i gur ed
substanti al | 5‘1 r@‘sﬂs gﬁ%%cqnggﬁgi“gﬁgggg}fﬂ% oﬁ%ﬁl"ﬁ% %@ﬁ#%@% aé‘ﬁ%g%? on
particul at e dindpit#§| Wsaleecribed abdveawitit reaspecotot doaduitpoandztee 44,oaddt 4618

vaporizer wa ed t C. T ate val ve 20 sepgrati,ng the
vapori zer 103??%% E%?etgég% ﬁ&@?{’%pﬁa@lﬁ%%gﬁgﬁmé\é@ W@ﬁo%@éﬁ@d?ﬁeﬁ#& t he

vapors of di renduitelBeisain tuwwe dotrgctel onia flangeudfib @ enrascef paptn50 ©O procedsingr i nt o
t he decorrpos'h%ain%g{g@anber 30 which was preheated to a tenperature of about

850C. The exi ate'valve 40 of the deconposition chanber 30 was then
opened and the vapher depesitioreclmmiberc6( isxyrkfetablyecdnfigured! fornust loa atlciargraadi t i on

chanmber 30 t . {tion.cha r, t.hrough t.he, heat ed
conduit to tﬁg{}%%'}ogo\gﬁﬁ%%& HQ%@?@E@J@? 'sééwirl at é“%%ﬁfﬂ%g’?)lﬁ oy SeSeRPedrife | i d of
t he depositi deydineatblrU.60Patent 4,881,6015the disclature of whipie isdiereby inobrpaiacedtby 150C,
and the wall he. chanber. 60.wer e, mai nt ai ne t .about 100C.. .

Tetraal |yl ox?%%%’gztﬁ'e%\?\b%a q?'be\/&?p PSHQD- Pgeanal ﬁ‘g?ﬁ%sr&é@’ °r.60,ate Fpintgined . .y,
About 50 sccor af temperange nbevedtha bpulymézatiar tentperdndie kafi the resdtive rpavydére | own
into the depgsition,ch er 6Q¥du in% {,?e deI{)ef?siti on and tr@ﬁ ve 80 was
set to mai nt IPAYE it 31 ER5FR Eaﬁ)‘g@ QP & PRt Hefow 2 tepperaturg ot ' The
re?cti \égop-xyécph@aﬁtimmmfeamgdmaﬁaom f ht M&ﬁpi&,g@g&:ﬁ}ﬁ#ﬁebﬁew?bbﬁtlcon f
waf er an pal vneri zed thereon, After. about 2-3 .mnutes,. the ow 0
reactive rmngﬂgﬁ' yﬁ%‘gﬁb’ @ﬁgm@?ﬁf‘%f’fmﬁﬁﬁﬂqﬁggg‘é’ﬂweﬁﬂﬁt"{“ﬁ wiihing rguge, o 20
bet ween t he uffpan iaban 2000Cand abiche3@éconposi ti on chanber 30, and then, after
punpi ng out the deco j t] chamber 30 .to.renpye all noimer vapors from
that chanber) shu@'ﬁ ﬁ@‘%ﬁkfé‘?ﬁ&’&%f%“&/a?weaa‘ B@{‘%et@ﬁ “Wg’% cORPESFRY on
chanber and idventibhars bé éapredduisishown ihfFig. \8alvitich Hver@al, cfedsdcaomy eidwl rom t he
](c: Ih ?%bs\éSnggg a %é@ﬂh&ﬁg%ﬂggkﬁtﬁ@(ﬁﬁcﬁ \gar}])o{ gépgsiggn Igrggesgx?é }la?nrt])(gr gOO a?lirér ner

a vacuum chamber 62. Chamber 60 contains a gas distribution manifold 52 for

dispersing process gases through perforated holes in the manifold to a wafer 200 (see
Figure 1) that rests on a substrate support member 180. The process and carrier gases
(if any) are input through the gas lines 168 into a mixing system 170 where they are
combined and then sent to the gas distribution manifold 52. Generally, the process
gases supply lines for each of the process gases include (i) safety shut-off valves (not
shown) that can be used to automatically or manually shut-off the flow of process gas
into the chamber, and (ii) mass flow controllers (also not shown) that measure the flow

of gas through the gas supply lines. When toxic gases are used in the process, the



mnute. The filmis estimated to contain about 95 w % of pol yneri zed

p- xyl yl ene and about 5 wt % of polynerized tetraallyl oxysilane. The
dielectric constant of the filmwas tested and found to be about 2.19.
Thermal stability was substantially inproved in conparison to Qﬁréhf e
honopol ynmer as neasured by thernogravinetric analysis (TGA) a? 6
copolynmer filmexhibiting less than 1 % weight | oss in conparison to a
typi cal weight loss of greater than 1 % for paryl ene-N honopol yner fil ns.
25 Presence of silicon/oxygen bonds in the polymer was confirmed by FI-IR
Anal ysi s of renai ning carbon-carbon qguble bonds al so establishes that at
| east 3 of the 4 vinyl groups in the 'Conononer are polynerized. Exanple 2
(Tetravinyl tetranethyl cyclotetrasiloxane) To further illustrate the process

f th ti Q | | t conwa was nmounted on a
19 i xedesg efél}a%ag&gu%&%?& }r‘rn%lY‘?‘?lt %Ferlg{?sgP"éBat°§nﬁ@?rhtgt?FesW yah%t'ﬁo‘@"ildﬁ“ gl p or
DxZ deposifigumatiomshanber as configured and described in Exanple 1. About 30
gramsegf partslcé& o & gg 9 ad into the vm;orl zer 10 and
the vaporizer Was % 3&6%{)5{%@%{0 gﬂ%g%%g‘ %Xereﬁﬁﬁné'v@eﬂ &S S %‘;P'étai ng
the vappedestal 530sof thetrsuppertdeerobgrotda (amd thé aveferrsupPortaasort hmumursadaceamfd t he
! e decapgRtt TR fofica P ¥E ohfoiabith i idledh SRR loafllofbidhd Bogtdl O,
850C. TRRd @ URPey REasesaing/rosition &, Wh@htﬁe@@eﬁm@eoﬁomﬁﬂdﬁﬁo was then

opened and t kRftARPlol A Geﬁﬁ%d é’Lng(B;rtWér%e?%o ﬂ%@txglp@r %ljagegﬁﬁﬂz{ygﬁﬁﬁ Yl

chanber 30 then flowed fromt onposition c eat'ed

condui t tiS%suroEndrehbs? Palfia Pl ABR having aplusalitaefsparedshrier 1%wbue@ gxhapseintoi d of
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and the anber were mai ntal ned at about
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deposi t systens kbovirein. Figune 1r eacti ve p-xyl yl ene m)norrer and conononer vapors

tacted th f th Af t b 2-3
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then r em%YIEQrJté QU'BHORGI 8BRAGHE Eo@c@%g@&@%‘r@qﬁegnﬁ‘stg@ 'pBanq_If]s?; gfeﬂ'IbI)I he

paryl ene cog I'mwas ab nanonet er s
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3 to 10 wndeiodontl o aHille? BEhtEMELTEIT he chiér PBLARS S ESolsRSUcRYs £4:1 mixture
by weight of ethylene glycol and deionized water, through passages 270 (see Figure 6) in the
substrate support 180. When the gaseous mixture contacts the cooled surface of; for
example, semiconductor substrate 200, polymerization of the reactive p-xylylene monomers
commences, as well as copolymerization with other reactive polymerizable materials (if
present) resulting in the formation of the desired dielectric film of parylene or parylene
copolymer on the surface of the substrate, e.g., on the surface of semiconductor wafer 200.

To prevent deposition of parylene films on the chamber walls, the heater 70 preferably
provides a heat exchange fluid, such as a 1:1 mixture by weight of ethylene glycol and
deionized water, through passages 260 in the chamber sidewalls.

The substrate may be retained on the substrate support 180 by any conventional



'18 APR 2003 26 the filmwas tested and found to be about 2.39. Thernal
stability was substantially inproved 'in conparison to paryl ene honopol yner
as neasured by TGA at 400 C) the copolynmer filmexhibiting less than 1 %
wei ght | oss in conparison to a typical weight |oss of greater?8hAPR Do f or
paryl ene- N homopol yner film Presence of siliconloxygen bonds in the
pol ymer was confirnmed by FlI-IR Analysis of renmaining carbon-carbon double
bonds al so establishes that at |east 3 of the 4 vinyl groups in the
conononer are polynerized. 16 APR 2003 27 CLAIMS 1. A process of formng a
thin polymer filmon the surface of an object, conprising positioning an
object in a deposition chanber; flow ng pJZnyIene nononmer and a conononer
into the chanber, and depositing a thin copolyner filmonto the object

at | east one si en bond_ and

chr 2ct Sl Ao SR AEET i S e e o B S8 S o
wher ei nwhich senshuamein Figurieed. rAabdcyémqg@slsmale as%elllﬁlgflsppr@@ﬁgy ﬂﬁgﬁ'tﬁb%}hl
A T o g I Sty
I oss dubetvgaen e saigtratei support membat 180 anded seﬂsﬁ&at@ Ioc’;'atethhereDh mmeeiln@br&i ms 2
0 3 "B BB Sa Efesl e B oo R P el 2 2
car bon- car bonThe depesitisnriecess ®ee‘mdaintdhamb§r D Eambe keitlat.a thermal process or

plasma enhanced thermal process. In a plasma process, a controlled plasma is formed adjacent

to the wafer by RF energy applied to gas distribution manifold 52 from RF power supply 61 (with

substrate support member 180 grounded). RF power supply 61 can supply either single or

mixed frequency RF power to manifold 52 to enhance the decomposition of reactive species

introduced into chamber 60. A mixed frequency RF power supply typically supplies power at a

high BY frequency (RF1), e.g., 13.56 MHz, and at a low RF frequency (RF2), e.g., 360 kHz.

Typically, any or all of the chamber lining, gas inlet manifold faceplate, and various
other reactor hardware is made out of material such as aluminum or anodized aluminum. An
example of such a CVD apparatus is described in U.S. Patent No. 5,000,113, entitled “Thermal
CVD/PECVD Reactor and Use for Thermal Chemical Vapor Deposition of Silicon Dioxide and
In-situ Multi-step Planarized Process,” issued to Wang et al, and assigned to Applied materials,

Inc., the assignee of the present invention. The disclosure of the ‘113 patent is incorporated by
reference.

Gas mixing system 170 and RF power supply 61 are controlled by the computer control
means 340 over control lines 360. The chamber includes analog assemblies such as mass flow
controllers (MFCs) and RF generators that are controlled by the control means 340 which
executes system control software stored in a memory 380, which, in. the preferred embodiment,
is a hard disk drive.

Now referring to Figure 1, after the mixture of vaporized gases and optional carrier
gases flow into chamber 60, a parylene copolymer, for example, is deposited on the surface of
substrate 200 by condensation and polymerization of the reactive p-xylylene monomers and the
multivinyl silicon/oxygen comonomers. The monomers polymerize on the surface of the
substrate at different rates depending on the relative concentrations and relative polymerization
reaction rates of the monomers. The



7. The process of clains 2 or 3, wherein at |east three pendent

car bon-carbon doubl e bonds are substantially copol yrnerized. 8. A substrate
coated with a thin copolyner film as obtainable by a process according to
any one of clains 1-7. 18 APR 2003 28 9. An apparatus for dEPQAPg i
copolynmer film conprising a cooled substrate hol der positioned within a
heat ed deposition chanber; a source of p-xylylene nononer; a source of a
conononer having at | east one silicon-oxygen bond and at | east two pendent
car bon-carbon doubl e bonds; and a process controller programmed to produce

a copol ymer Fehﬁiﬁﬁ%f@hééﬁ?%ﬁil %Bt?iexpéh%ést brﬁf‘ﬁg r&ﬂaxhi‘ﬂ? unteBRdd rﬂ%r?on&? k’%ﬁ’%ﬁ ene

characterized by a process having the steps | om ng t
nononer and &%P%éﬁﬁmfﬁb#m‘?ehﬁ%thfmhéhaﬁhmﬂ 66 fsee Higpusd) mdqhtal thiough g opol yrer

filmonto t MerkbRifeb o sy IS0 PARTAS: O withdl L a0 BhifbllBe

conononer is tetraallyl oxysi appar at us of ¢
conononer |sde§m¢m$sn5¢|wx&m MPM%W&FMﬂ@MPDb’KEnWmQRacﬂ'ms apply at us of

claims 10 O catrled d’t\{@%ﬁé Hxafnlfhgrr %?@e%mz lgﬁ%ﬁép%ghgngr am@lnmlof from lg)hi{)l 0SS

during thernogravinetric an e apparatus ainms 10
or 11, wher enfliTdore (mogolry e abgut [SnTérasWhenlithsl pressniecincdepesitiont chassber 6han 2. 2.

e o oopb SRS i ety HOEESAS REMEL LA LTI, o
opens to cause the pressure to drop, or closes to cause the pressure to rise.

Now referring to Figure 10, throttle valve 80 may be modified, if desired, to
permit a non-reactive gas, e.g., argon, helium, or nitrogen, to be added to the gaseous

~ stream flowing from chamber 60 through throttle valve 80 to cold trap 90. Typically,
this additional gas flow into cold trap 90 will comprise a flow of about 50 standard
cubic centimeters per minute (sccm), depending on the chamber volume under the
control of controller 340. The purpose of the added non-reactive gases is to control and
the flow of the gaseous stream of carrier gas and reactive monomer through deposition
chamber 60, i.e., to increase the residence time, to permit more complete extraction of
the heat from the gaseous stream flowing through chamber 60 and to provide for more
complete reaction of the polymerization, i.e., to further minimize the amount of
unreacted polymerizable material leaving chamber 60 via exit port 66 which must be
extracted in cold trap 90.

The vapors and gases passing through throttle valve 80 then enter cold trap 90
which, in turn, is connected to a vacuum pump 150 (see Figure 1) which is capable of
lmaintaining chamber 60 at subatmospheric pressure. It is important, however, that
unreacted monomer and other copolymerizable materials not enter vacuum pump 150,
but rather be removed from the gas stream in cold trap 90. Cold trap 90 may comprise
any conventional commercial cold trap, such as, for example, a standard Norcal cold
trap, which is connected to the downstream side of throttle valve 80 to trap and remove
any monomers or polymers from the gas stream.

Connected to the downstream side of cold trap 90 is gate valve 120 through
which the remaining gases in the gas stream pass to rough vacuum pump 150 to
maintain the desired low pressure. As shown in Figures 1 and 10, cold trap 90 is also

connected through gate valve 110 to a turbo pump 130 and then through an isolation
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$FS10%4& ( }n_to the chamber at a rate of 1000 sccm. It is believed that the reactive ozone reacts
with the parylene to facilitate removal of the parylene from the chamber. In addition to
ozone, oxygen can be introduced into the chamber at a rate of 100-1000 sccm and an
RF bias of 750-1200 watts applied to the support member to effectuate cleaning of the
chamber. It is believed that the oxygen reacts with the parylene in a manner similar to
the reaction of ozone with parylene.

The computer controller 340 controls all of the activities of the CVD chamber
and a preferred embodiment of the controller 340 includes a hard disk drive, a floppy
disk drive, and a card rack. The card rack contains a single board computer (SBC),
analog and digital input/output boards, interface boards and stepper motor controller
boards. The system controller conforms to the Versa Modular Europeans: (VME)
standard which defines board, card cage, and connector dimensions and types. The
VME standard also defines the bus structure having a 16-bit data bus and 24-bit address
bus.

The controller 340 operates under the control of a computer program stored on
the hard disk drive 380. The computer program dictates the timing, mixture of gases,
RF power levels, substrate support member, and other parameters of a particular
process. The interface between a user and the system controller is a via a CRT monitor
342 and light pen 344 which is depicted in Fig. 7. In the preferred embodiment two
monitors 342 are used, one mounted in the clean room wall for the operators and the
other behind the wall for the service technicians. Both monitors 342 simultaneously

display the same information, but only one light pen 344 is enabled. The lightpen 344
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a particular screen or function, the operator touches a designated area of the display
screen and pushes the button on the pen 344. The touched area changes its highlighted
color, or a new menu or screen is displayed, confirming communication between the
light pen and the display screen. '

The process can be implemented using a computer program product 400 that
runs on, for example, the computer controller 340. The computer program code can be
written in any conventional computer readable programming language such as for
example 68000 assembly language, C, C ++, or Pascal. Suitable program code is
entered into a single file, or multiple files, using a conventional text editor, and stored
or embodied in a computer usable medium, such as a memory system of the computer.
If the entered code text is in a high level language, the code is compiled, and the
resultant compiler code is then linked with an object code of precompiled windows
library routines. To execute the linked compiled object code, the system user invokes
the object code, causing the computer system to load the code in memory, from which
the CPU reads and executes the code to perform the tasks identified in the program.,

Fig. 8 shows an illustrative block diagram of the hierarchical control structure
of the computer program 400. A user enters a process set number and process chamber
number into a process selector subroutine 420 in response to menus or screens
displayed on the CRT monitor by using the lightpen interface. The process sets are
predetermined sets of process parameters necessary to carry out specified processes,
and are identified by predefined set numbers. The process selector subroutine 420
identifies (I) the desired process chamber, and (ii) the desired set of process parameters
needed to operate the process chamber for performing the desired process. The process
parameters for performing a specific process relate to process conditions such as, for
example, process gas composition and flow rates, temperature, pressure, plasma
conditions such as RF bias power levels and magnetic field power levels, cooling gas
pressure, and chamber wall temperature and are provided to the user in the form of a
recipe. The parameters specified by he recipe are entered utilizing the lightpen/CRT
monitor interface.

The signals for monitoring the process are provided by the analog input and

digital input boards of the control means 340 and the signals for controlling the process
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are output on the analog output and digital output boards of the control means 340.

A process sequencer subroutine 430 comprises program code for accepting the
identified process chamber and set of process parameters from the process selector
subroutine 420, and for controlling operation of the various process chambers.
Multiple users can enter process set numbers and process chamber numbers, or a user
can enter multiple process set numbers and process chamber numbers, so the sequencer
subroutine 430 operates to schedule the selected processes in the desired sequence.
Preferably the sequencer subroutine 430 includes a program code to perform the steps
of (I) monitoring the operation of the process chambers to determine if the chambers
are being used, (ii) determining what processes are being carried out in the chambers
being used, and (iii) executing the desired process based on availability of a process
chamber and type of process to be carried out. Conventional methods of monitoring
the process chambers can be used, such a polling. When scheduling which process is
to be executed, the sequencer subroutine 430 can be designed to take into consideration
the present condition of the process chamber being used in comparison with the desired
process conditions for a selected process, or the “age” of each particular user entered
request, or any other relevant factor a system programmer desires to include for
determining scheduling priorities.

Once the sequencer subroutine 430 determines which process chamber and
process set combination is going to be executed next, the sequencer subroutine 430
causes execution of the process set by passing the particular process set parameters to
‘one of several chamber manager subroutines 440 which controls multiple processing
tasks in a process chamber 60 according to the process set determined by the sequencer
subroutine 430. The chamber manager subroutine 440 controls execution of various
chamber component subroutines which control operation of the chamber components
necessary to carry out the selected process set including the vaporizer 10
decomposition chamber 30, and cold trap 90. Examples of chamber component
subroutines are vaporizer control subroutine 450, process gas control subroutine 460,
pressure control subroutine 470, heater control subroutine 480, and decomposition
control subroutine 490. Those having ordinary skill in the art would readily recognize

that other chamber control subroutines can be included depending on what processes
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component subroutines similarly to how the process sequencer 430 schedules which

process equipment and process set is to be executed next. Typically, the chamber

manager subroutine 440 includes steps of monitoring the various chamber components,

determining which components needs to be operated based on the process parameters

for the process set to be executed, and causing execution of a chamber component

subroutine responsive to the monitoring and determining steps.

The process gas control subroutine 460 has program code for controlling

process gas composition and flow rates. The process gas control subroutine 460
controls the open/close position of the safety shut-off valves, and also ramps up/down
the mass flow controllers to obtain the desired gas flow rate. The process gas control
subroutine 460 is invoked by the chamber manager subroutine 440, as are all chamber
component subroutines, and receives from the chamber manager subroutine process
parameters related to the desired gas flow rates. Typically, the process gas control
subroutine 460 operates by opening the gas supply lines, and repeatedly (I) reading the
necessary mass flow controllers, (if) comparing the readings to the desired flow rates
received from the chamber manager subroutine 440, and (iii) adjusting the flow rates of
the gas supply lines as necessary. Furthermore, the process gas control subroutine 460
includes steps for monitoring the gas flow rates for unsafe rates, and activating the
safety shut-off valves when an unsafe condition .is detected.
. An inert gas such as argon is preferably flowed into the chamber 60 to stabilize
the pressure in the chamber before reactive process gases are introduced into the
chamber. For these processes, the process gas control subroutine 460 is programmed to
include steps for flowing the inert gas into the chamber 60 for an amount of time
necessary to stabilize the pressure in the chamber, and then the steps described above
would be carried out. Additionally, when the process gas is to be generated in the
vaporizer 10, for example di-p-xylylene, the process gas control subroutine 460 can be
written to obtain the carrier flow from the vaporizer control subroutine 450.

The pressure control subroutine 470 comprises program code for controlling the
pressure in the chamber 60 by regulating the size of the opening of the throttle valve 80
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in the exhaust system of the chamber. The size of the opening of the throttle valve 80 is set to
control the chamber pressure to the desired level in relation to the total process gas flow, size of
the process chamber, and pumping set point pressure for the exhaust system. When the
pressure control subroutine 470 is invoked, the desired, or target, pressure level is received as
a parameter from the chamber manager subroutine 440. The pressure control subroutine 470
operates to measure the pressure in the chamber 60 by reading one or more conventional
pressure manometers connected to the chamber, compare the measure value(s) to the target
pressure, obtain PID (proportional, integral, and differential) values from the stored pressure
table corresponding to the target pressure, and adjust the throttle valve 80 according to the PID
values obtained from the pressure table. Alternatively, the pressure control subroutine 470 can
be written to open or close the throttle valve 80 to a particular opening size to regulate the
chamber 60 to the desired pressure.

The heater control subroutine 480 comprjses program code for controlling the
temperature of the chamber 60. The heater control subroutine 480 is invoked by the chamber
manager subroutine 440 and receives a target, or set point, temperature parameter. The heater
control subroutine 480 measures the temperature by measuring voltage output of thermocouple
located in the chamber 60, compares the measured temperature to the set point temperature,
and increases or decreases current applied to the lamp module 260 and other heating
components to obtain the set point temperatures. The temperature is obtained from the
measured voltage by looking up the corresponding temperature in a stored conversion table, or
by calculating the temperature using a fourth order polynomial.

The above CVD system description is mainly for illustrative purposes, and other CVD
equipment may be employed. Additionally, variations of the above described system such as
variations in substrate support design, heater design, location of RF power connections and
others are possible.

The invention is further described b the following examples that describe specific
embodiments and are not intended to limit the scope of the invention.

Example 1 (Tetraallyloxysilane)
To further illustrate the process of the invention, a 200 millimeter diameter silicon
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wafer was mounted on a fixed substrate support maintained at a temperature of about 25°C in a
MxP or DxZ deposition chamber, available from Applied Materials, Inc., of Santa Clara,
California., is configured substantially as shown in Figures 1 through 12.

About 30 grams of particulate di-p-xylylene were loaded into the vaporizer 10 and the
vaporizer was then heated to about 200°C. The gate valve 20 separating the vaporizer 10 from
the decomposition chamber 30 was then opened, and the vapors of dimer were allowed to flow
through a mass flow, controller into the decomposition chamber 30 which was preheated to a
temperature of about 850°C. The exit gate valve 40 of the decomposition chamber 30 was then
opened and the vaporized reactive p-xylylene formed in the decomposition chamber 30 then
flowed from the decomposition chamber through the heated conduit to the deposition chamber
60 at a rate of about 10 sccm. The lid of the deposition chamber 60 was maintained at a
temperature of about 150°C, and the walis of the chamber 60 were maintained at about 100°C.

Tetraallyloxysilane was flown into the chamber 60 at a rate of 10 sccm. About 50 sccm
of nitrogen and about 25 sccm of backside helium were flown into the deposition chamber 60
during the deposition and the valve 80 was set to maintain a pressure of 12 pascals in the
deposition chamber. The reactive p-xylylene monomer and comonomer vapors contacted the
silicon wafer 200 and copolymerized thereon. After about 2-3 minutes, the flow of reactive
monomer vapors was shut off by first shutting the gate valve 20 between the vaporizer 10 and
the decomposition chamber 30, and then, after pumping out the decomposition chamber 30 to
remove all monomer vapors from that chamber, shutting off the gate valve 40 between the
decomposition chamber and the deposition chamber. The wafer 200 was then removed from
the chamber 60 and examined.

The deposition rate of the parylene copolyrner film was about 500 nanometers per
minute. The film is estimated to contain about 95 wt% of polymerized p-xylylene and about 5
wt% of polymerized tetraallyloxysilane. The dielectric constant of the film was tested and found
to be about 2.19. Thermal stability was substantially improved in comparison to parylene
homopolymer as measured by thermogravimetric analysis (TGA) at 400°C, the copolymer film
exhibiting less than 1% weight loss in comparison to a typical weight loss of greater than 1% for
parylene-N homopolymer films.
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Presence of silicon/oxygen bonds in the polymer was confirmed by FI-IR Analysis of remaining
carbon-carbon double bonds also establishes that at least 3 of the 4 viny! groups in the
comonomer are polymerized.

Example 2 (Tetravinyltetramethylcyclotetrasiloxane)

To further illustrate the process of the invention, a 200 millimeter diameter silicon wafer
was mounted on a fixed substrate support maintained at a temperature of about 0°C in a MxP or
DxZ deposition chamber as configured and described in Example 1. About 30 grams of
particulate di-p-xylylene were loaded into the vaporizer 10 and the vaporizer was then heated to
about 200°C. The gate valve 20 separating the vaporizer 10 from the decomposition chamber
30 was then opened, and the vapors of dimer were allowed to flow through a mass flow
controller into the decomposition chamber 30 which was preheated to a temperature of about
850°C. The exit gate valve 40 of the decomposition chamber 30 was then opened and the
vaporized reactive p-xylylene formed in the decomposition chamber 30 then flowed from the
decomposition chamber through the heated conduit to the deposition chamber 60 at a rate of
about 10 sccm. The lid of the deposition chamber 60 was maintained at a temperature of about
150°C, and the walls of the chamber 60 were maintained at about 100°C.

Tetravinyltetramethylcyclotetrasiloxane was flown into the chamber 60 at a rate of
about 30 sccm. About 50 sccm of nitrogen and about 25 scem of backside helium was flown into
the chamber 60 during the deposition and the valve 80 was set to maintain a pressure of about
21 pascals in the deposition chamber. The reactive p-xylylene monomer and comonomer
vapors contacted the silicon wafer 200 and copolymerized thereon. After about 2-3 minutes, the
flow of reactive monomer vapors was shut off by first shutting the gate valve 20 between the
vaporizer 10 and the decomposition chamber 30, and then, after pumping out the
decomposition chamber 30 to remove all monomer vapors from that chamber, shutting off the
gate valve 40 between the decomposition chamber and the deposition chamber. The wafer 200
was then removed from the chamber 60 and examined.

The deposition rate of the parylene copolymer film was about 250 nanometers per
minute. The film is estimated to contain about 90 to 97 wt% of polymerized p-xylylene and about
3 to 10 wt% of polymerized comonomer. The dielectric constant of
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the film was tested and found to be about 2.39. Thermal stability was substantially
improved in comparison to parylene homopolymer as measured by TGA at 400 °C, the
copblymer film exhibiting less than 1% weight loss in comparison to a typical weight
loss of greater than 1% for parylene-N homopolymer film. Presence of silicon/oxygen
bonds in the polymer was confirmed by FI-IR. Analysis of remaining carbon-carbon
double bonds also establishes that at least 3 of the 4 vinyl groups in the comonomer are

polymerized.
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CLAIMS

1.A process of forming a thin polymer film on the surface of an object, comprising positioning
an object in a deposition chamber; flowing p-xylylene monomer and a comonomer into the
chamber, and depositing a thin copolymer film onto the object

characterized by the comonomer having at least one silicon-oxygen bond and at least two
pendent carbon-carbon double bonds.

2. The process of claim 1, wherein the comonomer is tetraallyloxysilane.

3. The process of claim 1, wherein the comonomer is tetravinyltetramethylcyclotetra-
siloxane

4, The process of claims 2 or 3, wherein the copolymer incurs less than 1% weight loss

during thermogravimetric analysis at 400 °C.

5. The process of claims 2 or 3, wherein the copolymer film has a dielectric constant less
than 2.2.
6. The process of claims 2 or 3, wherein the two or more pendent carbon-carbon double

bonds are substantially polymerized.

7. The process of claims 2 or 3, wherein at least three pendent carbon-carbon double
bonds are substantially copolyrmerized.

8. A substrate coated with a thin copolymer film, as obtainable by a process according to
any one of claims 1-7.



, 1 109B& () -, #T1098B& () - " FaBbC

10! #10% 0&' () --10% o0& ()--10% o0& ()-! #10%0& ()- @10% o0& ()- @ 10% o0& ()-9Q
?OGM\dE:/ 10'o0

10" o, 2#10% o0& () - T-#10% o0& () - S) #10% o0& () - T&ML0% o0& () - F%#10% @ ApR) 20bd* 1 0%
o0& () - SABNQouV7/

10" #10%4&' () --10%4&' () -!  #109H& () - #10%4&' () -1 @O%H& () - &SFS109H& () -

10' 06*dE7/

10" #,, 109%4& () - & #10%4& () -' 10%K () - &y&HA#L10%HE () - #MLOYH&E' () - &3" z#10%&' () -
Nor mal " " Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font, 'O08BKU.is}k,# "3$&*,.02468:*oNvl")!# (*@36:=E

N} OX] bj mv16Zx1A66Ti mes New RomanAri al Couri er New'h Root EntryWrdDocunent |
" #$UR' ()*+,-./0123456789: ;

<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

9. An apparatus for depositing a copolymer film, comprising a cooled substrate holder
positioned within a heated deposition chamber; a source of p-xylylene monomer; a source of a
comonomer having at least one silicon-oxygen bond and at least two pendent carbon-carbon
double bonds; and a process controller programmed to produce a copolymer film on a
substrate positioned on the substrate holder

characterized by a process having the steps of: flowing the p-xylylene monomer and
the comonomer into the chamber; and depositing a thin copolymer film onto the substrate.

10. The apparatus of claim 9, wherein the comonomer is tetraallyloxysilane.

11. The apparatus of claim 9, wherein the comonomer is tetravinyltetramethylcyclotetra-
siloxane.

12. The apparatus of claims 10 or 11, wherein the copolymer incurs less than 1 % weight

loss during thermogravimetric analysis at 400 °C.

13. The apparatus of claims 10 or 11, wherein the copolymer film has a dielectric constant
less than 2.2,

14.  The apparatus of claims 10 or 11, wherein the pendent carbon-carbon double bonds are
substantially polymerized.



