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COPOLYMER Ojllmummmmum&ND A MUILTI VI NYL SI LI CON OXYGEN COMONOMVER Thi s

i nvention r thod for formng a thin polymer IHfBEG
substrate. Mores«adwixi cularly, this invention relates to a nethod for
depositing a layer of a polyneric or polynerizable material having a | ow
dielectric constant on or between netal |ayers during fabrication of
integrated circuits. In the construction of integrated circuits, device
goonetri es ar CHEMICAL VAROR DEPOSITION QF A/COPOLYMEROFRBXYLYBLENEsi ti c
capaci t ance bet ween ANDiAMULPIYESYL SILIEONOXMGEN ICOMONOMER

I nterconnects on the sane or adjacent layers in the circuit can rresult in

crosstal k be] ﬁin thﬁ metSI | ines or interconnects and in a reduction of
the response ice. Lowtring the parasitic capacitance between
netal interconnecfijsSEReatiine feli¥s b ﬁﬁIHoHCfoF%ﬁﬁitha fRn &€ et bahgd by

either increasing the thickness of the dielectric teri or byl owerl ng
t he di el ect r fubstratgs Mere pafticulaslyqthis invention relatee to aumethod fordeposiging ladayer of

t hi ckneaa of thf: di el ectrli rials 4 .hovaer., c&ntrar to th oal of
reduci ng devP @8N °s‘frl‘iaﬂﬁﬁ'q%3?g°n@?+’f‘§g% 3, low. digleft %Q?“P%-Bhe‘w ﬁga'ecn
psi asitic capmtdl lfemcduping\faisricatioh of intéprfted Sirgidst S on the sane or adj aceat

| ayers) one nust change the material used between the netal |ines or

i nterconnects to a material having a | ower dielectric constant than that of
the materi al I ) silicon dioxide (SiO-, k ~ 4.0. Jeng et
al. in"A Planartze rreve nt erconnect Schene w th Enbedded

Low Di el ect ri c- Coilrs tthen tconsttugtion <off imtegiated Qirouitse rdetrice rgeomepriesi arat constatitly
publ i shed in _the.Journal of Vacuum and Technol o i n.June 1945, scrihes the
Use of o | owsRRBNAE FFIMNng {4t IEFCIhe U parpait chparianet bEQYERn Jevigks., Fameiie g s
substitute fQapadithicebetwiée<indfl (ntercdnresis\URcthe sarfié bt Xdjabedt SalerP e Icireit

| ines or other strategical]l %Fi mportant areas of an integrated circuit

strucdu~e. P&asreseltin grogstalk betvesn the metal ings onintersennieets 984 jone redugtion of the
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properties f dnterconnects sepiratpddiyadielectric material Capbesadcomplistied byadithepingreasiag by

vapori zation tlLeTh?ék%ésns of ithfdiBEegm%orggte%al or by lowering the dielectric constant of the
dielectric material. Increasing the thickne.ss. 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 (SiO,), 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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and deconposition of a stable diner, followed by deposition and

pol ynmeri zation of the resulting reactive nononer, | s di scussed by Ashok K
Sharma in "Paryl ene-C at Subanbi ent Tenperatures") publi sge{‘d @i@g Jour nal
of Polymer Science: Part A Polyner Chemstry, VoI 26, a bQE 53-2971
( 1988). Parylene polynmers are typically identified as Paryl ene-N,

Paryl ene-C, and Paryl ene-F correspondi ng 0 nonsubstituted p-xylylene,

chl orinated p-xylylene) and fluorinated p-xylylene, respectively.
Properties ofang dedonbsitioRlof @ stbdledintet,Sollowed u;dqu:sitmlamdlpa iriZaB6r 6f the
constants, are further discussed by S yl ene mer s"

publ i shed i n FeSHHINg, FaAEtivs, BpngmMSF, Po?l‘??ﬂiﬁedsgye’hg@ ﬁd Séﬂm“hé%rl anlengcl ate
17, Second E ﬁ,,gz_,go ) from
non- substltutgegiumshien 35% at ter é%ﬁée‘égéglfgvﬁ out ﬁ%%&ﬂﬁ%a@\ygﬁk t he
paryl ene-N flﬂoimnaryﬁhmiswy, ¥ol.n26, atipages 2R33-297d §1988}: oParylene epaiymderst drer
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are nore dif lufBolymer Sumeaad Enjgineeridg; tVdlume d 7(Becond BEditiod, \apipagdsl 990c1024ked

at terrperaturg; \slni ch degrade the substituted p-xylylene nononers) and the
paryl ene-C arf §? rylare-F filns nust be deposited at tenperatures

substantially | ow@&em?@@iepomsd BoRPhSHIBubR LA YR Pye Rl 3 teRipeddnes bibw ™

have resulted in research ragaCdi pg copolyners of xnyIene nononers and
ot her nonomnerabosth#-9Q t.ddowevesn; the parylenetN ﬁslmmymeallwdoanm radheratwelhiocdilicone

P;))éﬁlsggngnm)mﬁrs C(igdense gggolglg%f ﬁ'léllngn of pthe\é Iengg&@@ﬁq‘al marily

bond) to avoi teﬁ?ér&ﬁ"ei’ lo
Non- pol yrer i z‘g car boﬂﬁ]’ear bon doubl ?ﬁoﬁ%urﬁo?(hgggﬁy enﬁll’\'?t %f&%ww
contri but e t cuseddn integrated cﬁhmtamhemswbseqmypmhssingnememmgmnsxcquiWI |y

ot reat Iy okt ?Eg&%mﬁ“e b beca“@”“ﬁér??gﬁ»%ueﬁ”“ or

Non- substi t ut | R pﬁ?ﬁ’én
nononer, but ﬂ%stanél al |3 %¥| %eg\sé tt%hroug I ny g‘rlggugg a eac end of
t he nonomer | Bowéven tbasmsnmed paulﬁmmemmgubmmaymmmm than theon

Chr ough ont y EralgRd dBls, SRR ok S ol SPSsmel R R ROHE iRt ot

expected. At typialdy crackedsat dinperataies wWhidld Qégraddhe rswmwwwlmﬂe RoaoNers, ey
formreactive groups that break down the copol yner, structure by a variety
of nmechani snean IRFRenc, Gt et PATYIsns) ﬁc@ﬂe“!‘% t cher rdepogited; at ACHPERBINS nce

bot h nononers e substrate and have simlar reactivity.

Copol yrmer i zatw g\gyl ene and nonovi nyt conpounds has not resulted in a

sui t abl e copol ynerTHe lprobilems i oft eoriveintionali parylens . films have resuited in research
regarding copolymers of p-xylylene monomers and other monomers that condense at
about the same temperatures at which the p-xylyene monomers condense.
Copolymerization of p-xylylene has primarily focused on monovinyl compounds (i.e.,
one pendent carbon-carbon double bond) to avoid addition of non-polymerized vinyl
groups to the polymer. Non-polymerized carbon-carbon double bonds in the parylene-
N polymers contribute to the limited thermal stability. Multivinyl monomers typically
polymerize through only one vinyl group because remaining vinyl groups are not
readily accessed by the same or neighboring polymerization sites. Non-substituted p-



As a result, there remains a need for a process for depositing a | ow
dielectric copolyner on a substrate such as an integrated circuit, the
copol yner having increased thermal stability and inproved adQQ§hgequ
conparison to paryleae-N filnms, the copol ymer process having controllable
process conditions that are suited for igtegrated circuit processes in
conpari son to paryl ene-C and parylene-N filns. ~uimar~ ua ne iu~auaauu The
present i nvepkyldae iPeeniidly Sdiviayhadnamer, dapsibstadtiallyPpolgReRsds thidtgR virglv K
di el ectric copol ymer on a substrate. The copol ynmer 1s Breferably depdsi ted
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cyel 0! | oxaggnp GERANE Gl i Bidak bt e cbpbiyfilr ftuch® b2 | Y/ B! ane.

tetravinyl tetramethylc ot et rasi | oxane,
tris(vinyl dmeshanisms.| oxy) net hyl - si | ane)

1,1, 3,3-tetravi ny di pet hyl di si toxa 1, 3di.vi t et.,r.anmet.hyl di si | oxane

1, 3-divinyl -1, 3- °Rgfe NI Fdﬁygyﬁmgn&d{?ﬂqﬁkﬂ P‘F‘Pf"s’oﬂ?épg?fgﬁg??'ﬂﬁé) and
1, 3-di vi nyl nfust comdehse vaithey kubidtacdedid havieesimila readEvity, CogoliRndtizA66M of p-

I nvention have an unexpectedly | ow anount of renaini ngbw nyl gro
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resul ting i Xylvignesnd menavinyd compayndsihay notrrsulteshin 3 swi lﬂa‘FQP@lMeﬁpmoved
adhesi on ited Qﬁ(&‘% 4 and reduced dielectric constants in conparison
to known p-xyf??ene I'Ths. So that the manner in which the above recited
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deposition apparatus of the

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 siloxane, 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



present-invention; Figure 2 is a partially sectioned view of a portion of
the apparatus of Figure 1) showi ng a vaporizer, a deconposition chanber,
and a manifold for feeding reactive vapors into the deposi tion chanber
Figure 3 is a horizontal cross-sectional view of the decorrposfl REC
shown in Figures i and 2, shoaring the holrow tubes placed within the
deconposition chanber to increase the surf#ace area in contact with the
vapors and gases passi ng through the chanber, Figure 4 is a verti cal
cross- sect i oard reduced di¢leetric sbestantinecogtparison fodnbwn pexpdylene flmmosi t i on
chanber of Figures 1 and 2) using a series of discs with non-aligned hol es
therein; Figure 5 is a top view of oue of the discs shown in Figure 4)
showi ng t he BiiafDs i raewgy Ng therein with the opening of as
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I nvem on, ﬁpglb ?t ﬁ‘xv&'ﬁtﬁﬂ{ ﬁ’@k&im&&‘?@é’ﬁ %ar tmggtinl, & nicte Phriichir

processing c Figure a’conputer program
used for pr odescspumnof thb mvenuomj birie€lyi summarized abavecmaype hag b véferenceceshe ng

Flaure o Gapedinsnldbiertotvhiin ire BRutuslindbe EndH Eavil s portion of ¢ he
appar at us It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.
Figure 1 is a schematic diagram of a copolymer deposition apparatus of the
present invention;

Figure 2 is a partially sectioned view of a portion of the apparatus of Figure 1,
showing a vaporizer, a decomposition chamber, and a manifold for feeding reactive
vapors into the deposition chamber;

Figure 3 is a horizontal cross-sectional view of the decomposition chamber
shown in Figures 1 and 2, showing the hollow tubes placed within the decomposition
chamber to increase the surface area in contact with the vapors and gases passing
through the chamber;

Figure 4 is a vertical cross-sectional view of an alternate structure for the
decomposition chamber of Figures 1 and 2, using a series of discs with non-aligned
holes therein;

Figure § is a top view of one of the discs shown in Figure 4, showing the
misalignment of the opening therein with the opening of an underlying disc;

Figure 6 is a cross-sectional diagram of an exemplary CVD processing chamber
used according to on¢ 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



~ ~ DEC-~ s generally shown in Figure 1, show ng the processing of

gasesl vapors exiting fromthe processing chanber, Figure 11 is a flow sheet
illustrating a process according to one enbodi nent of the pr fﬁgﬁ

i nvention; and Figure 12 is a schematic view of a carrier gas EQ/@W
system for transporting a polynerizable material froma vaporizer to a
deconposi tion chanber. The present invention generally conprises a nethod
and apparatus for form ng thin copolynmers having a | ow diel ectric constant
on the surf geaenaily ahm in Piguee), shopring tegprocessihg oh gasewvapars] exiting fiom the
deposition of coern apors onto a substrate and formation of a

copol ymer f i AFRYCSEA ’yrrer is produced from p-xylylene and a multivinyl

si licon/oxygtn rrmgnferuhawﬂwv ghicet ﬂmﬁﬁa@%ﬁx Srotdss accopding 0 o Eiibcilientiof| east
two pendent carbon-c¢arbagn double bonds itable nultivinyl silicon/oxygen
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oxysi | ane, golymerizatileghaterialfegm avdparyzer osa devompesitiompleamsitbs. | ncl udi ng) but
not limted to) tetraallyloxysilsne)

tetravinyl tetramethyl cyclotetrasil oxane,
tris(vinyl dipaailed B R IKe 15V entd
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1, 3-divinyl -1, 3- mealwmmmns« mmethodcmdppmqutsfoaam and
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i nvention further “provi des a net ho rmng a copo et ween rret aI
i nt erconnectmmobmcmmn dcmb& bomdsersumbieanulmvmyh sﬂwb&{oxygea I n

Bglr;/lnglrjl 2rér%&ﬁ%§ﬁg s&owgqeagﬁ [iﬁ d] IS Frow ded gohe de | on .of <t ant

| ower than t¥iayl Giroaps idtdn giiodxmdhm el |su3ﬁnw| hurhices. pfm&mal mdtdnyical ,

el ectrical and thermal properties for use .. .1 C DEC 2002 6 on integrated
circuits in HUCANORYBER MANOMETSiaatfre scommersiglly, available)inclyde siloxsaciiorysilane, he

net hod and agRatalds oyl u qﬂuﬁgd of
p-xylyl ene, a gi'ﬂtlw ny | quc%gélﬁg%é}e‘én o o%ds ae'cgrirl er gas into a
processi ng cthtaﬁbﬂlt)xysm as a CVD or pI asnma ctrahnyitmﬂmtbylmlnmdome,a

bot h. nbnoner EaMDAaRhlatyrEkBl-slshe bl ety iRIRton Wi ng

a thi cl r nessdi¢ingitetednnethyldisiloxdiiec r on to abggidivifyl- l&l-@i:ﬁétﬁ yldfshenylaiziloxane, used

to deposit the copolyner spe0|f|call |ncludes a osition chanber for
deposi ti ng a"‘FYMMmmﬂ'Bﬁt 8ndnl 3idivinyl-Sxtricthoxysilyhbenzeaeo Equ@mental

ot ’chanbel i 857 choi ik o) o OHS HAUAE affol ARG it B uRe

Centura' "~ peomenomensjofthe presentinvention are substantibilp ipolyshevized. Teatasllyloxysilaneof

Santa Cara, rgﬁu i %&fm polymerization of at least three of the four pendent carbon-carbon
double bonds, and also provides a copolymer having a significant and unexpected
reduction in dielectric constant.

The present invention further provides a method for forming a copolymer

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
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As used-hereia) the terra "parylene' is the geaeric nane for thernoplastic
pol yners based on p-xylyiene (CH=C6li~CH- or derivatives of p-xylylene. The
p xylylene polynmers have the formula: -(~~-C~.-~~-): wherein n is the
average nunber of monomer units in a nolecule. Al though nqts ggrembd v
measured, n has been cstimtod to average about 5,000 in a typical
parylene-N film which gives the parylene:N filman esti mated nunber

aver age nol ecul ar wei ght of about 500, 000. Actual nolecul ar weights are

expected to i ' LR %Hﬁé n[rqh Eaiﬁﬁj are
consi dered t?ﬁ‘%‘%g@%ﬁgﬁﬁ §d°%b€g’b‘§{i§kn’é‘?§‘é‘?om %/ a &ﬁ?%‘g‘n 0 er%g%%rrers
on bot h endsmethod apd apparates specifically pravides fort doatinuqus lintroeduction efp+kyplyleneye end
groups which_are.nqgt.easjly ideatified. ,It i.s behaved that. the end grqups
have no I nf | DRIEAO SiECRoxYgen mOnomer, i g earmer gpsinjaca pracsssing hamber, Such
chlorinat ed g aOvidot phkd efchrdhamBeér, oférated>aY atbRN Brelstird’ HBAS att O s &Y

hal ogenating the nononers or tine polyners. The copol yners of the present

i nvent i on ar abowg §okary, eadippndspsation ofhathmosomees onte A substeate 9URrmIa parylaned
e e B e T L e

substr at e, aust's mal ni ng gases | DEC
21>gQ Ref e(r]I ring tAnI-‘aipgmmsE;}sedm demsi!rtbadéputymhir ﬂ)egvﬁwl ¥y li’ttelludbﬂ al deppsition ded
to heat and vaparize or suyblinme, a nononer such as_ di p-xy, ne or a

di - poxyl yi en or idspostting, A shiny copabirucr, anig e, Sbierh,as Jesanbed belpsk The one

aval | abl e r epdiiné!graebss e bl fiirporated inldra YoHRAIrBhirbfled Rilitt HantRP

pressure of the Vvaporizer to insure that a continuous feed of particulate
sol i d or |i girtegrated grogessing systeie duchv as ithe Engura™ or Céatura™ oprocessing ispstemsige

is preferably h sq tha terial wll n depasit .on the gauge and

render the géwggieﬁﬁgﬁfaﬂﬁé%%%ﬂq%“ ﬁ}é‘?’:e&feﬂ“%{s di - p-xylyl ene, or

optional mxture af yRROKdréirdtHe feprn afylenc® 5 'the gedio nhMe foP AhdRfopldsaen

vaporizer 10 through a gate valve 20 to 2-?"? rolysis or deconposition
sri/crwau

chanber 30 whpelymersbasedpan pxylylenien¢GH,CH o ivas0f] p-xy ofheipto a
reactive non - . It should be recognized that when the
3{lons D Indig it iy ;

starting poly 'S a nononer or oligoner that does not
require vaporization or deconposition to produce a reactive species, then

t he vaporization and d I $j.00 chanbers nay be renoved or bypassed
Referring now to Fi gurzéﬁ;r&m,f?fhe vaporizer 10 is shown for heating the

starting material to vaporize or subline a liquid or solid polynerizable
mat erial before introducing it into the deconposition chanber 30 or

bl endi ng it wherein hds the averagenumbexof monomer Unitscin asnolpaile Although aot disactlyider
conprising stainless eel_or..al yni nu havin L flanges 1 b
Chercon "Nt Sapired . B Roen letihaldd 13 iVerndf tbD £50 in 4 S papvieheN et
gas inlet pordhidibgives e paryiendN fillivanoéstimated nimber avefagdamoiedtlar Weeght of
vapori zer 10. Flange 12b, which conprjses the exit port of the vapor i(égr

t he

10, is bol t e@bew 590,000 Actyal molecular weightsrare,exnected to bavers byoad distabytion:
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such as di - p-byyddditioneof Gunemenseon bothsends of 33 ptylyleneninjtiaters andothe. edpelymerer
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cont ai nment  \@&§R'hatSndinihueficd oif 18§, 0Thé! feim WipafyléheN ulsbdficlodes chivrinaged

(not shown) in the upper half of the vessel to faciljtate flow of heated
gases into ard fugringted Sorms eficthe Rrxylylene polymerss praduced, byh halpgeaating,theon

of the solid p- | nd eat~i nnent of the diner vapors in the

carrier gas f 02 s

Deposition System
The copolymers of the present invention are deposited by system hardware that

converts solid or liquid monomers to gases, introduces the gases to a chamber
containing a substrate, and exhausts the remaining gases from the chamber.



The pressure in vaporizer L O nmay be maintained at atnospheric pressure.
However, the entire apparatus (vaporization) deconposition, and deposition
chanbers) is preferably maintained at a pressure from5 mlliTorr to about
5 Torr. For nonsubstituted di-p-xylylene, the pressure wll éﬁ
range from about 100 mlliTorr to about 5 Torr. The hrgher‘tgt c ssures
I ncrease the deposition rate of the polynmers and all ow better control of

t he amount of nonomer or polyner that is provided to the deposition
chanber. Total pressure can be increased by adding carrier gases w thout

I ncreasi ng the angunt .of t noponers. The,.carrier gas can be any inert

gas, preferably h efermins &0 !ﬂ‘r‘“ In grie, cabaqiment. 8 ya H8115 previgadator hedy ¢ o
Figures 1 angn@%ﬁo?ﬁe\&?ﬁ\fﬁlﬁﬁm&ﬁbﬂﬁ%u&?aﬂwaﬁ&ﬂ tas ﬁdeﬁg&Zgﬁﬁn‘éWw

such as, for exanple, a heating coil 15 which e W a around the
vaporizer 104 beatedprassire gange (b shonea), isnch emrone amlabl:r from Bamu'nn,eeaxebet 0

an extensal rjc u
sufficient h (l"'(?&%'oi vg%o?% cﬁ’ %&t&#&e‘“@kﬁ%\-{ % f’ﬁé“&é 4‘%
t enperat ure obntirwoup ftednafr parddulate solidor tiguidrdimet ts p:liwtdebeb Qe Gapogizépe0.at ure

at which the_material w U deco &e into the react] ve nonomer.. An external
heat control TBf pressure;gauge 1§ metgrial wilhpotdepesit omihe gangesed

i n connectio g@? 1| to maintain the desired tenperature.
The terrperadg‘rl%\wgpﬂflagg er 1 vvhm operated within the previously

descri bed pressur &heaspersjedvditmer, suchabs di-pexylyléneoor aptional mnmmenf)eapnnzcd

bel ow whi ch t,he nat r|aI wi | | ot vapotize, at. t ressure requir f or
deposi ti on) dpmers M @PBW’[’E@ 8P ﬁf‘bﬁ t he

vapori zed rratpwwxs ot aécoﬁ@eﬁﬁa@a&mm 30%@@ﬁreatapuﬁmaiew at 1648t bértiallg
operating tenperature of the vaporizer wll ﬁ accordin to the materi al

to be vapori Wﬁ%@f%%@&?ﬁﬂ@"?@%rséﬂe%m@' R

100C and abo ﬁﬁﬁeﬂﬁu Ny
i nt roduced |E{3gqﬁ vapo?r(@e‘“%l?ﬁr oug ggga?l?ﬂe %gorgrrta@ |ntd(‘:%ver ﬁﬁt and
are then heatqiuﬂcyvhpnnm&mrorzdecohﬁ:oa@np&smﬂﬂcbraugdacﬁ\hesgwis, vihéwetheO to

a da~onposition chanber ver should be cogni zod, t hat the
process may aPQUZaR P%?%g‘fwm\#é%m%m&a H% WBM e.g.,
p-xyl yl ene di mer) RefériagnoW ' Fighre®Tl #hd" 2! theSapoger W iscshb®h 1of ! h¥ﬁmg the

enbodi ment for the vaporizer 107is shown In Figure 12 wherein

t her nost at i ¢ starting mewriakbt waporize or-sublime & liquid onsalid palymerizable m;mdmm

The carrier dMeaing i YR the deEfimbadon e So BF Bickagt €l b cliasidnlerT T
g:mB >C<)£/t f/ll gﬁ |nntiﬁlem\3mg(rto : The conb | a:wgﬁf:l* a\l/‘z;m:)“r"lrn;ed
di - p- xyl yl en ﬁg&.ﬁ&bﬁié{lgﬁb&m M]eﬁ\ggég t‘g' a&@?ﬁn‘ﬁ‘o

chanmber 30 a%éﬁ‘ }é%edj%msdéab%ﬂeﬁﬁﬁﬁ}?ﬂo FoWeSH hiH-

exhausted by a rou punmp 1 A mas’s ow neter (not shovvn) can beﬁgﬁaced

anywher e bet mMmex/agormme 125, which: comprises the: exit) pott of ithe sur e

hen Bteal;ar : #@%M&%@@%‘?ﬁéﬁ&@?ﬂ%%@%&hﬁw {665 ="

vapori zer 10 detGiipodidornétambes 30at eri al | eaving the vaporizer 10. Refer r| ng
to Figures 1 and 2 the frrst yal ve 20 followi ng the vgporiP 10 nay

manual | y oper at ed, thervapamzer {0118 Ae § vesse

e T e, S, oAt ok

vapori zat i on mijardston tiie inaer meﬂm vaporizerdd; issmade ofia abn-réastive material,

pol yneri zabl e er| al WI | | . vaporjze.s that ases fl ovvr from
vapori zation ‘?4‘@' ﬂ%ament

pol ymeri zabl eeggl ‘18':1?4 b@ﬁrﬂi&‘ﬂmﬂ&ed bﬁhwmwagmm@a(ﬁbu shewajin the upgés es

fl owi ng through vapori zat I on chamber 10. A secon fIange) 22b, connects

first val ve Jwifof thevessel tor fagilitate flow of heated gasesi intoyand-oug gomwessr: nge

gﬁgngterl gg O%ﬁ’bgesgi rre“?a %&wgp&r Jﬁ%ﬁy%%%&y as external

heat er such adimeresponyin thecarfiegasslosxn) w apped around conduit 26 to

mai ntain the reactive nononer at a tenperature sui~ciently high so that it
will not begin to polynerize. Typically, this will be a tearperature of at
| east about 120C. Whoa deconposition of the vaporized pol ynerizable
starting material is necessary to forma reactive nononer, such as when

usi ng di-p-xylylene, the vapors fromthe vaporization chanber 10 are
preferably seat to a doconposition chanber 30. Wile the deconposition
chanber IO _may be consavct ed |n many ways) |t |s preferred that the chanber

- v o, e



di ner entering the deconposition chanber 30. The inner surface of netal
cylinder 32 may be optionally lined with quartz, as shown at 33, to avoid
contam nation of the reactive p-xylylene vapors at the tenperature used to
deconpose the diner. Surrounding netal cylinder 32 is a cyllndrlcal ceramc
furnace 34, having heater wires 202 therein to heat the cyllﬁHBEcaﬂn An
outer layer of perforated nmetal (not showB) may optionally surround ceramc
furnace 34 to serve both as a shield to avoid contact by the operator, with
the hot ceramc furnace) as well as to permt the flow of air between the

nmetal shield and n ter. w.res 202 of, t.he mc
furnace 34 are coﬁﬁe@?%gmfegﬁan e??érr rltéi-lqﬁa o%r%%@ %tng@og%&}?)prgﬁgga

t enper at ur e Howbverl therenﬂie apparams{vaporization, geecomposition) @hddepositivalshahBérs) and
about 1000C, pré abovg 700C. A t}rrt&le F’éﬁ‘tabove 400C and preferably
above about erg y faing(, At 3, pressure (T OFfeto £t Torp  dror tnga-

tabl e di
Shoul 4 ot 6 e PGS il beRrif rile T aoSIOD T

shoul d not excood about t he nonomer forned
in the deconfsoabout 8ot Ihe dighentotalipressunes dncrepse r&xmpnauogmtqeﬂthntpatymdma

used 1t i s BrARRY bk Bl or R aeBERt Moot on aiviy et S the 0
fsuffICIent agepesitionfchaimber]i Total Pressure can He MsTERSE by dding tarierigaskrwithdui 0
ormthe reactive, m)norrer to éevent t he deFoleon of unwantod particles

on the sub-aifSrea§ingate amoynt.of the,mongmess. of Fa3eCane Be ANYe MEHORAS; ng.

Diner that h fiiimd Gﬁnﬁ'?ﬁﬁ! rize, and may, therefore,
cause | unps ?‘%%ﬁ&eycoatl ngﬁas It egsh'éts onypéugd%ubstrat e) cause unwanted
particles on tireReferfiagto Figurepdandi2hthenmpotizer lOepqsbdhuwdcﬁyamya:bdvmimg t he
cold trap nechani sm, 90 I cat ed do eam Qf I ti on chanbe ad of
rough vacuunf}58i} sy hSﬁs WQE‘ q lnsdt’ﬁ’t‘ﬁb 3’ mf‘im'ﬁa Sal ve
20 and secongaghzer wlwaemhebahb mfmabuoﬁmﬁeﬁs Eétiietted k6 dn entekials

both the vaporizer 10 and deconpositijon chanber 30, to be isolatod from
deposi tion chriessical poverironecet e whighsisradjustable tooprovide suffivient theatctopsponizenn

c cubst rat o PR 10 % Y e YRR el of 84 Bl fpgaaRl ©

depOSIn; i on fmd btﬁuﬁmmmmmmnﬁbmwmmnmmmwrmmw
syste I ncluding t eat er. _power sgurce “11, . valve control]ers 21

41) 81, 111, m%%ﬁn rtemal Heat panpofier, Hg‘%'é‘n';ge liery 1
181, is pref donheAidnWith 8 h ﬁ,ntgﬁgggﬁrea péritiie! O
means 340 shm in Fi g‘fjre 6. 'Iqo gﬁsure a Iev ecorrp03|t|on of the
st abl e di ner vapoﬂbpwmmd‘wtlﬁawhmmm&uq@epwmhﬂdm@ndl y

e casi ng. + RESep g, Al Gy K Sronl 3 il o RRCHHNES, bAHE, wichfe,

contact Wit h nidberial a¥illrnot adpetizecat ther préssure tequited fort deposition,dgwea maximeh t he

vapori zed diner in dec 05|t|on chanber ,30) or by conbi nati on of both.
Typi cal |y, t e QW the, femperatyre &ﬂ’b‘%%‘ﬁ é“hm'tq ton

Control moani JRHRSpreldRes RIS Be Spining efgituily of e idbliot
control neans 3 nhance decorrpos tron I ner tO reactlve

nmonomer) a placcordingety the materidl| toshe: aparized,cthd sempematupe) is: preférably ooaiptained
conventlonal net hod ent heat to deconpose any stable
pr ecur sor ‘Sﬂ‘t?}&@e&‘éjg@“ﬁm Referring now to Figure 3) a
cr oss-sectlonal f@s& drafly inthinead intd the fzet:
shows that netal I(-:?ﬂ |°Q%.er has been Ioadedeg‘? pagked Wwth a ser{lﬁgg of
hol | ow t ubes 19ahrough Igas inletrpprt 1€ imeover J4; and ale then heated- by, ther vaparizerd0 andt o

0 bo-in i nooHEeR ANgh et FilyF 4R R Hessmbiniion shafly S0, HowelfS il 1°

the tenperat e thdt the priocess imaydlss catded dhrusinigoonty the wipotizsdemoidiness,t hi n
cylinder 32 therefore serve to. greedy increase the surface area within
cylinder 32 i%8-coRylylene \ﬁm‘ﬂvm"%% Thus, the vaporized

di ner is channele ENEE t%ﬁﬁ & wik&ein
diner is unlform?/“}tea to t ecorrgg;s?l on terrperaturg? l!ﬁ S maxi m zi ng

t he anount ofa tthan&tatmrovhmwﬁaheaw the viperizeratQ iwhichroontains,. foPreamplebnon-
each hollow tube 36 is nade of quartz, or at |east has quartz surfaces

t 6eroon. Pc~eferably) when the inner dianeter (I1D) of cylinder 32 ranges
fromabout 1.5 to about 2 inches, small tubes 36 wll each have an outer
dianeter (OD) of fromabout 0.3 to about 0.5 inches) and a wall thiclaiess
of about 0.050 inches, resulting in an ID of fromabout 0.2 to about 0.4
inches. The residence tine of the diner in the deconposition chamber may be
control I ed by regul at| ng the flow rate of vapor| zed d| ner [ nto

o " Y e o



1 G DEC 2002 12 can also be controlled by the | ength of deconposition
chanber 30, i.e., by lengthening netal cylinder 32, and/or by increasing
the mean path length within cylinder 32 by the placenent of1ﬁ§§§
redirecting elenments within cylinder 32) as will be described Foﬂﬁﬂ
Referring now to Figures 4 and 5, aaother enbodi nent of a deconposition
chanber is shown conprised of a series ofcircular discs 38a-4 placed in

spaced apart rel.atjanship . in cylinder 32, wth t | ane of, each, disc
D end: al cyepprsd AR lene 2R alried A paglviops. The BrRar ut is BoSebFFREH vi t h
an openi ng tfewebntiblierBoL 3eck a4 inllerifig Pl RPh hédle HIVEind s BlbbIEd tht QA

However) as best seen in Figure 4, openings in adjacent discs are

del i ber at el ythfinonivaperized: di-rxylylenctin dhe yaparizen 0.t Theombfinedhearrjersgasuand

m xture thr . ) | ' ' 3 Ln..Figure
315 axi al 1y o AESY1yicne, 20 e SRR 108 Wihn siolfea 8 3o Whdchiond
di sc 38b. Thelmmbeb3@and thenahé¢ deposition chamber 60owiere residuabgased frererbaudRddy ti e
(by i ncreasi n%utgge | engt h of the_path of fls&qo%band also to increase the

contact area® iPH“IPygq'Idé‘rmS? ¥ apeterdpet ean broplaghd: apymherechetwesns
m xture, Singg vk :z%grnbaa%a thé dERsshion! chamBer60tto Mbashfe m't&?ﬁgmgst Igﬁﬂﬁ%ﬁﬁ”‘e

tenperatiwe as cylinder 32, wll also be in contact wth aseo
m xture. As vapotinerrlOs iBwnflow riftepf di-p-xylylent can thérebeycaledated byisnbpracting the

deconposition ch er. 30 pass .into.a netal .tee wherein the reactive
Tononer gaseBai FISH 8 Ret 10 Y aRedier: 0P 108 A OF GRS JETATE the
materials, ivdporizéfagoners or diners with which the reactive paryl ene
nmonormers will react_and polynerize in the deposition chanber, as wll be

descri bed bel ow. Refemming torkigyrse 1:and 2 the first vlyr,20 followrieg the vaporizendp moay | s

cooooct od tob@m&ﬁ' H?@’Mﬁ : J‘g'e"”&%ﬁw& | t ween
deconposi tion cha lgrdc a gﬂfgrg%ﬁﬁi\lgggtgﬁtg&{aﬁgn e 0 eeﬁhﬁ'ﬁ&l@%
exact ed to avidlve contrdlierg2l Adhicl rmenitors) dhe) d¢mperatirec aud pressurehini sapmpizationed by
val ve control,ler 41 and, conput er ntrol ~nmeans 340 tq cgntral. the flqw of
vapors into B@Mt]lpowdcﬂ%%e‘ﬁ&%a@iw pRPoRZRRon; &é@%ﬁéll \AP”_TWf‘I ange
42c of tee Agmiperafire i wiich Witdpdigmerizdbié fterial wilk Rapdhzeo hat'gated fidirgS hown
in Figure 1 ) leading to a vaporized source of a copolyner to_be mxed in

tee 44, withirome vaperzationd chambered@ thraugherthe firstisvalye 20 | confaiinuyaporizeds cap
or cover 47 .10 1l t u f .

copol yner va@@%‘f&% P% ‘?‘E‘gﬁ? ﬁ%towg&n&%gingﬁpgoﬁ e cglr?génsq tion
chanber. Teethigughl vaporizdtionochambet 30. Fdosetond fiafige, i22b,0conhests ficst viabet20ctolay an
ext er nal heaheﬁrtgh ldpe DEC 2002 13 kn h as heating,tape apped arqund }ee
24 o i nt abf dHEEs AR P @ FRAHCES davibe,  spund: TAne Y AL RS APPGR B oo
that it wll cdfpectedtd & fire? flAAge IR dfZdRcorpositidn/chathber 39, | conprise a

tenperature of at Least aboul 150C. Wienh a cogol yneri zabl e source is used)

a second vapori zaFlanged metad copduit 26/ isrpreferably heated, by @o| externelcheates guch as
vapori zation,ch r S i . { I | I
material. | fh%é@g@ré,& ﬁ%%ﬁ%ﬁ’%ﬁg %%%%%ﬁggﬁlg%er
simlar to pwﬁmgd:mdwm&dmﬁm@miwﬁm&mpo%m. Typicallys this ed.
In either case, the apparatu sed to prQui de such a copol ynerizabl e
material in ga&hwmmfsqt about i €cted to flange 42c of tee 44 to
thereby permt thQygen vgeﬁgﬁg{& r ' Vﬁpﬁﬂﬂ&i lefi2hbieN tﬁﬂﬂ C end
together in tee 44 prior t |ntrno§§§¥1|éon I nto éeg S|t|ol§%: angeﬁﬁtgg@T e
gas/ vapor f| oecessany $0 fonma réastine mionomer,xspch as whenwaipgadi-p-xydylepe,sbe yapars  of
deconposi tion _chanmber 30 ..t0 tee A4 havi f s A2a- e A

bl endod wi ¢ h HOBHBR JARgeizatind g CoeF Bl RO B e Biosi, Shaet 30 o,
1 ). The mul tWhilethe déédmpaitionchamber FTRAY bé TonstRibted in hizhy Mvlys )it Dprefetradie

are readily vaporized using a vaporizing injection systemaval|able from

Preci si on Li dwt the arem to beat the vaporized material mpidly 88d oner

V&sH : 1Y)
then flow thr h C I i 400a1 0t
conduit 48 wh°|9c 'cglnn M@%%ﬁ%&nﬁ%ﬁﬁ?&%?o a tgglggwate
processi ng challi3? tefiflinating cattone end)in frst flagedatthroogh pdiighnit iis zennected,via
obj ect therein), such ags a sem conductor, subsjirate I qh i r ef er ab
t enper at ur e 56%‘\“&4:&1 gé‘es‘ﬂg‘fi% “h’é"rpa‘ér‘"ﬁ%'@ ?ﬂ%?‘vgﬁg ﬁeﬁ'rﬂ?égf &P‘%"@“
chiller 184. Condensation of the nmonomers on the substrate typically occurs
at a tenperature between 30 and -30 C. It is preferred that the walls of
deposition chanber 60 be maintained at a sufficiently high tenperature to
prevent deposition and pol ynerization of the vaporized pol ymai zsbl e
matd~ial. I n one enbodi nent, the chanber waU tenperature is maintained by a
heater TO, under the control of heater controller 71. 'The remaining
gasJvapor m xture thin passes fromthe deposition chanber 60 through a

. . - ~ N



~ ~ DEC.2002 14 In one enbodi ment shown in Figures 1 and 6, the apparatus
may be provided with an RF generator 61 which is coupled to chanber 60

t hrough an RF network 63 to pernit generation of a plasma w.thin chanber 60
between parallel plates, i.e. a gas distribution plate 52 and BEEwpptrate
hol der 180. The plasma may be used to enhance the deconposition of stable
precursors by generating enough heat to cggnvert the stable diner into the
reactive species. The plasma may al so pnvi de sufficient heating of the

chanber wal | giché entcRin@ithe dedoriposition chafibdr30! eXHe innet siffase éf metaBEylindeaia N9
of the process gases to_ _prevent polynerization in the gas phase. In
addi tion, thearreyeptignallydined ritheguariz; agshawmat 33, whavoic somamination efithe

ith t chi N ' ' 60 b
per formad. || {ouctve BAGIIRYadts & B opctidit Gk AN MGmBop AR PO PP O
to control the stSumbundingmetilecylindersB2 as a oylindrivel cer@mix ifinacy B4, havikg
field I St i ' h I . Th th
br osent - nvoRERErMPLR LR e to Poph e e 2 A Buirs gy Rt Bemhipoh
sui t abl e CONGRAND mAY optichally shiddifhd Verainis HimhéASE 1d ¢ bR Y al SRS o'WV fid

pol yneri ze both nmononers. The silioonl oxygen containing nononers of the
present i nvenentast hyrtheioperatdr] with thechof geramie firace, as weH asio petmit theoflow of

copol ymer. The.r [ Il 1 €0of- n bonds in the copol ynmer
depends on t W@%@’i@‘g“‘?{e@lﬁ%l %éw%@r%%gﬁers and the structure of the
sil'i con/ oxygen noMThetheater wdres \202 axfithe cerainic) furnidec34 ade donhedtedk to18n RRfeyatne

polynmers is a stable cycli¢c diner) di-p-xylylene, or halogenated
derivative) RAWELSYEPly{nat shown) %mm%‘f‘rﬁm?ﬁg“d}h@r mRINAIY 3 tempeTature

vapori zed O paihleh iguplipéec SHPSESM [ROPE! BREENHHov R0t AeibeARE O

and then deconpose reactlve nononke a‘tenperature b n about

600 and abouabdw0d0@®C ahd tpreferablyy absviezstiouo TOOUC,PisOfieskary! e agéuié 'sufficient
comercially available fiom conpani es, such as Specialty Costing Systens,

| n&j US]cha| | y despmpesition of ther stable dimen inte dhe fragtiye mancmes Whilerthes maximyr,
P esent | | nveleibsrEREstibyd A bl abbl ENROC o avdid EOMBRIMGH SEe nddbiner

packed bod offornied! iri the dedonmposition tharbern30.c11t ahouldYaghina beé Gecdighizéd Ghat the
dissolved in a carri,ner fluid to facilitate continyous delivery of the

di ner. The asseAmpesitioniempenaire WHbyar: gecqording to,the dimermaterialheing usedxy | y| ene
"1l ~ DEC 2002 15 ol f 59 to
about 2504 by i O I preteRB il thé ecSiipodiich Lhfifiber 3¢ HeBiiibee y*sifficitat
range from alamount%f ithe limet duririgoits phsgsge\through cylindert 32 to \form athe areactive of
copol yneri zabl e nononer a d,usual | y.compri si nqg ,at Least, 10% by.wt. of the
ot i vt ot 18 Bregtt 16 apeifom e SoRued g esds o i Supetiaid mtt o e
connect ed t o foiRedtion of Hufipy/ il the depositéd doatiap. Diieodsat Khs hofbébnidedomposed will

respectively, and second gate valve 40 is connected to,a further heated

condui t 48 t hobpglymerizsgandimay.dhergiore, canse, lumps inthe cpatingoas it deposits nythe+
48. As descrigﬁﬁ.‘?po*ﬁp Wirivin $Q§% t 7 4 gﬁQH' 48
S preferablys eat éd, Tor exa%l e gluhée%ﬁwng apé,%r;i%&avm C(t)hne?je sa{dlogn

t her ei n. Heatchambemednd tclof thes¢old rtrapu mechanism <96t kotbated addvimstream 46fh deposition
entrance port 50, 0f bpr,ocessing chanber 60,.Jhe deposition chanber 60 is
preferably CWM@%}&BH‘%‘WMP "ed platformfor processing

i ntegrated circui tigshould Be 26tell Mat BedsRbTiral gats Valve 20 ARd sedvd gate Mlvelan, et
al., US. Pateat 4,951,601, the disclosure of which is her eba/ I ncor por at ed

by r ef er ence.botibpreferablyccomputes sontrolled, allows:both|the vapagizer; 10 and decarnpasition 60
are nmai nt ai ne o ' . ~ t he
feact ve. par yibaftberad BB lsBlaia T ein Btfoduth, AmHEF 0 Slle e RS(ETE Yoo |
t enper at ur e) aﬁomﬂuhccdwoumbhehmﬂ?{amtl iherwhg(i)e $ystent ﬂ&dﬁdt(bel!hﬁt@lﬂn daringt
occur, t.e.) at a tenperature bel ow ahout 7SOC. Typically, the tenperature
of the chanbéF"Wquf & subgtrate; mg& Mﬂ?“a&‘&%g Bt Mﬁu?ﬂgﬁé@%nd
g?ggte 300C. Qugostiion Shdriiber {RePthe YBpotitih. T GRtation oFfthé Entire SydtEh Reiuaing! he
the heater power sources 11, 31, valve controllers 21, 41, 81, 111, 121, 141, heater
controller 71, and chiller controllers 101, 181, is preferably controlled by the computer




I nvention can be carried out is shown in Fig. 6, which is a vertical,
cross-sxtional view of a sinplified) parallel plate chem cal vapor

deposi tion processing chanber 60 having a vacuma chanber 62. Chanber 60
contains a gas distribution manifold 52 for dispersing procesgg qgﬁp
through perforated hoiea in the manifold to a wafer 200 (see Fig §G§ t hat
rests on a substirate support nenber 1801t The process and carrier gases (if
any) are input through the gas I|nes 168 into a mxing system 170 where
they are conefntelmeaes 340showa i ’tSB”tq’re gas distribution nanifold 52.

Ge 1y, th I
ol ude (1) saf ot 10 chawdor At Rl b deitpcelion” BF e uablaCaficd Vb ? 3 &°
aut omat i cal | yre&m’eldﬁhatahé ;hnmnuraporﬂt suﬁ'middtkyvheatedpn dme@ogpesmm chaniter 30,

chanber) and. (L] ss flo rs aI so WN e t he
flow of gas t E ”%Fr?é“gja ‘Si‘ﬁ‘gﬁr “I ﬁ’?“ﬁa& grc@{r"?féb 21 the
process, t hedecompositibh cRaABerl3) medumtatt wsmf mbyvasbﬂgdoaxtnev 30rVB)P eRbfiding the
p05|t|oned on each gas sup ly line in conventiona conflguratlons

Substrat e sufesidenrcantimec of 1the Yaporizagh dimet én rdecpmpesition rebrmbera 38, ios by unt ed

pper sur f aceorgynaon B bode PR3l WRE reckiihor Uil 5F od SR RRE B "

| ower | oadi ngémiﬁpahmadrehgnbn&is ti5aninated. Jh wmmgumasowamm

whi ch is cl osel ac nifold 52. Refe ng.to F| ure 6, when
support menben §ﬁ6 IEFp %ﬂ@?‘ gl F°i"L°°9m¢F’cﬁJnded
by a baffle ﬁh&ﬂ@%&&umﬁhaﬂlméa%m&tcwmﬁl&av&% inethos BRUSt

into an annul ar vacuum manifold 164 ring processi gas Inlet to gas

di st ri but i onpreaider sufficignt jheatuto tecomppselianyr stbhbemlama)em& riptos reagtive
surface of a a 200 (see Figure 1 ) positioned on the support nmenber 180
as i ndicat ed"%" rows 166 (see Figure 6). An exhaust systemthen exhausts

the gas via portsn&ﬁ&mmtmﬁ he Figurea3, vac gioss-sedtiohsll vid4 oPythe ‘prefemed punp
system shovvn in Figure 1. Referring _now to substrate supsort rrerrber 180 in

Figure 1, eqmmﬁenmm&feﬁwﬁamm%tmmmw

cool ed dur| ngﬁggg %%% g%gaﬁ ;&hemgyrl ng
t he process, e su rate support 8 i's maintained dt a t pera ure bel ow

t he condensabfmetﬂleylmlea&r Eubﬁlﬂmpmhdsnfﬁmxgly)hghﬂy withiy cylinder 32 ke as
subaaat e sup t 180 sh uI d not. exceod, about str.ate,sup t 180
S preferablgoi’ﬁ g‘ m %\n ?P‘éh? T“a? g@) a?

about +25C,  yiphpegattisel of lﬁé wﬂaaﬂomuaaerqmt mé pRiseride dﬂ t8besCI6 within &/lindérl32 The

chiller 184 flown a coolant, such ss a 1:1 m xture by wei ght of ethylene
gl ycol and d& pmtoesmtlmmmgﬁ the sueface-ares Within; gylinder; 32 dn ontact with

o Tor oxamaltayPei il TRaR TRAARIR el f BbGRL] ifput h Rt 20¢

reactive p- xydbpke:sﬁ isonthate il vaporized alimen ds wriformly hested ytoethez décompositiom
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to facilitate heat transter between the substrate support nenber and a

substrate | occanwdlqdﬁarmgulaﬂng thsrﬂnyew of) vepatized dpnmwtdaomsmomnhmbqrhe
t t th kside of. bst I af
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menber 180 grounded). RF power supply 61 can supply either si ngl e or m xed
fi ~equency RF power to manifold 52 to enhance the deconposition of reactive
species introduced into chanber 60. ~A m xed frequency RF power supply

typically supplies power at a high RF frequency (RF1), e.g., 13.56 MHz, and
at a low RF frequency (RF2), eg., 360 KHz.




Typically, any or all of the chanmber lining, gas inla manifold faceplate)
and various other reactor hardware is nmade out of tuaterial such as

al um num or anodi zed al um num An exanple of such a CVD a~aratus is
described in U S. Patent No. 5,000,113, entitled ''fhern-al C¥

React or and Use for Thermal Chem cal Vapor Deposition of Silicon D oxide
and In-situ Multi-step Plaaarizod Process,, issued to Wang et al) and
assigned to Applied materials, Inc., the assignee of the present invention.
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chanber 60. %fém% é‘gé‘? l?ﬁég r%?%%# %%@% %Mr}e%déﬁ In(c)lﬁgél %ﬁug%aeg I%y&iéca?wi' ejgi“Sut
W'n: : ngai nE aienibodinzenp aetasily acésv'tTd both iﬂ\,ﬁmiw resideicedime (&Oi(]xlmfeaﬁipg!nhealbﬁ%h m5)
mlliTorr (mmLorr o about rr, When the pressure in .depqsition er
bO devi at es P}éli‘ﬁ %’ﬂé %fg&%'égg 50 1o IncEspsq e contact arsa Wyﬁgd‘?!o}?pﬂ g
control | ed, @pheein CUMALE With the gafohd MiRuRS SHEEthe f&EhﬁisQ\?gﬁ-g%thfggus

e
the pressure to rise. Nowreferring to Figure 10, throttle val be
nmodi fi ed, if vdldentthe samegempematine as oylinder 32, wellpso becincontagt wish thegaseans) or
nitrogen, to _he added to the gaseous streamflow ng from chanmber 60 through
throttle val V&*8™to cold trap 90. Typically) this additional gas flowinto

cold trap 90 wil| Agofiethe shéwn i® Figliresa D Ginld 233 Ché gaded Fowifig! Trom decumpuRitivhs
per m nute (scan)) depending on the chanber volunme under the control of
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d the fl : . | d. -
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extracted in cold trap 90. The vapors ang gases passing through thrott]e
val ve 80 t herbetwyren descomposition, chambgri 3G and teet4d-n A flargectll of teevAkcisum

punp 150 (se | 1 ' i ' hN| C a‘gme{
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and ot her copohtrolieri 4blahd coatpateratontrobmeans 340 tacconteop thp flbSO of Ivapors dntoer
be renoved fromthe qas ,streami.n.cold tr 90. Cold trap 90 may conprise
any conventi sif : ﬁgﬁwﬂﬂ&ew ow. for exanpl e) a standard
Nor~cal cold trap Thifd ﬁihgeszefme&mk éither BQuFAQSH W@bﬂ%ﬁn)fo@wﬂdﬁt@

valve 80 to trap and renove any nononmers or polynmers fromthe gas stream

Connect ed t o 46-{shayawincFigurent)deadingto avapgrizedgoune ofa eppolymesitey be mixed:in tesugh
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trap 90 is alfisy bossarddad flange 426 wheh fo\sapacste ddkicé of dopalymer vapors ake thiedd

t hen through an isol atjon "I ~ DEC 2tb2 19
J with the reactive monomer from the decomposition chamber.

Tee 44, like flanged metal conduit 26, is preferably heated by an external heater




val ve 140 to rough vacuum punp 150. Wen chanber 60 is used as a deposition
chanber, such as for the previously discussed pol yneric deposition of
reactive pxylylene nononer, valves 110 and 140 are shut and vai‘geoé%%udzs
opened to connect rough vacuum punp directly to cold trap 90. However, i f
tht sane chanber is to be used as a plasma etch chanber or for any other
processing requiring high vacuum such ad3for in situ plasm cleaning of

t he chanber, as previously discussed) gate valve 120 may be shut off and
both gate vasugh aslliatiRg tapsoweappesh atound dee 46 to maintain: thepieagsive theflomen atiam

turb 130 | . . h
150, To. o cafi AR SuficleAPnigh KE i Rl ol Bgilo PEfmicdl UARRNARSRUIT
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notor contro iRtrbRIction s t
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tip of the pen. To 'select a particular screen or function) 'the operator

touches a deobigetathereinyr sighoss 3 rsemigonductor » avhichy iss preferably towperstiren
h 344, ' Labl 20l Qb
of Csoreen i 5 el i 4 pRint kel 960 dial . Bt L ChITA' : CRHacfeaRBH o T

the displ ay tie menomers @nrthe abstracatypivally wobwrsan aaemperatupe betweap 30and p3®gr am
product 400 that runs on, for exanple, the conputer controller 340. The

conput er prog°¢am code can be witten in any conventional conputer readable

: i | i )
pr ogr amm ng angu?‘gﬁpéig?arésthfapﬁhtem di %ﬁ?@%ﬁ&?%&?ﬂﬁﬁﬁ |+;| e

or Pascal. Suitab gram code 1s enter

files) usi ng safficiently hightemperatre toophevent deposition andqalymerizationloflie ivapoxized

conput er usabl e nediun) such, as.a nenor stem,of the co ter. If the

ent er ed codePPSﬂ“ﬁ_%ﬂF gh EN @%g%ecmlgﬁgm&" dhd

the resul t antmgGaied ®y SRékter 70, uh@ér the 'Vépeolof Reate? cohiréiidr nQd‘Fh@f'emainin%_ t
j oc

preconpi |l ed wi ndows | ibrary routines. To execute the |inked conpiled o
code, the sy<gawNanetmixiure then passes from the depesition chamber, 60 threughsnthaettie valyet em

to load the de 1| 8 ' | ode
o pertorm t A0 puiel S a6t of 3 Kepitgués ), Wi Ry o BNGEUE B chalek
i1 lustrative 60| asdkthén passestirbugihe coidarap 90 cormected té a chilizt 100.t The remaining
conmput er program 400. A _user, enters a ocess,.set nynber and ocess

120, opiatiedy o

chanber nunbdiasesthen pass thseugh-a gate xalve ¥F FORLO P apughns
or screens di d fr ﬁgﬁm Chanhber Waillg eafeld ' .
The process spgx?l are %Ese%dgt%‘rm ned sgts of procg.s‘?h%aﬂr amlbg?gygg{fggéayﬁ o]
carry out spxnéansdngiuding shecuse ofaplasms gedemtediwithin the chamberritsefd set nunbers.
The process sel ector subroutine 420 identifies (lI) the desired process
chanber, and (ii) the desired set of process paraneters needed to operate
t he process chanber for performng the desired process. The process
paraneters for performng a specific process relate to procxaa conditions
such as, for exanple, process gas conposition and flow rates, tenperature)
pressure, plasma conditions such as RF bias power |evels and magn~ic field
power |evels, cooling gas pressure) and chanber wall tennperature and are
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ZI are -output on the anal og output and digital output boards of the control
nmeans 340. A process sequences subroutine 430 conprises program code for
accepting the identified process chanber and set of process pgrgE s from
t he process sel ector subroutine 420, and for controlling operation or the
vari ous process chanbers. Miltiple users can enter process set nunbers and
process chanber nunbers, or a user can enfger nmultiple process set nunbers
and process chanber nunbers, so the sequences subroutine 430 operates to
schedul e the sel edt ede pmbodmmenas showrt incFigrares rlezhdsé,qhie apgaraths aiag tebprvvided

sequences subr.out i 430 in es .a pr am code t erformthe steps of
T ot or | i anRE generator n] Sihich 1 cBiRIEA BLbamben 68 Loustin RF REmeork B3 the
chanbers are 4i0 Gentir@ion OF ia)plakgiacwithinl cHamie ReERSaTal i i ed
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causes execuflBRNE E B oC 28 O By Wegassi ng the particul ar process set

parameters to onelt isfcontentpisted eat tHecshamber sy ifdliderat bleaticHids td/tofifiol the

controls nultiple processing tasks in a process chanmber 60 according to the

process set SEBEREs ofthedepedited copolymer Specificelly.ia B field mayiassistinmaking an

ananager subag*&%%%sé?&l gfrol s execution of various chanber conponent
subrouti nes [ con o?ﬁoper ation of the chanber conponents necessary to

carry out the selected process set including the vaporizer 10 deconposition
chanber 30, jgd co!d traﬂ 90. Exsnpl es of chanber conponent subroutines are
vapori zer co trme 450) process gas control subroutine 460,
pressur e cont rol - syyarcablyiers dfihe BRALAin¢itioh ake Reldl irdfardf By cBRlbnsing

[ In the

deconposition control Subroutine 490. Those having ordinary skill

art woul d r epekylylene and s suitable comenomer on ha surfase rfraosubstrate amdemeonditionsbe
i ncl uded dep ' t 3. e ' :
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calls the pr cgmﬁt mmwm%m?utn%ygm btindi;cxmi:ii:liiemsmzim/ii:tthtz1 zigiblﬁﬁéﬁ- i'I]theI ar
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t he process m&m‘@hﬁ éﬂl‘%‘@y@n‘i’?“ﬁr“? ] %eaﬁm ‘Jﬁms"é‘ they Er
430 schedul eﬁ%. &%qﬁ AR gu.@.gﬁe Yestteonfdxyl xecut ed
next. Typically, bﬁggpc anggﬁériryanage? su ro%i ne 440 |¥gﬁ1g‘gg&§£ps of

moni tori ng the varTheuypicabstedingoosterialcior snaking parylene ipolymhdrs lis 8 stablm cyalic
needs to be er at d o cess paraneters '.for.the. pfroce set
o be execut e P VAT Y PSRRI Gl il B s nymbule it SBicblontc e
responsi ve t Qimeistppically viporidddordbablimed at # Gnipefitire bétiech'aboRtS00GAd abowtt I ol

subroutine 460 has program code for controlling process gas conposition and
flow rates. 100 °6; ard thenglesornposed & the reactive monomen atcstempsrature hetwasapbedtos e

ition of t f ot terOLf wval .and_al / down_th
PP ow cont rof 16890 4Bl S0 <color ieCpofter; Al 1 Rkl Tud sl il BRI
control subr ihilable $ofh companie¥Rdh Y Spasiahy Tekehg Syftans, Insl Usially e sotid) as

are all chanber conponent Subroutines, and receives fromthe chanber

manager subr slimenis pyailablesinopartiexlateformepe gt dn pawden Jommsfor caseyof handling.

bpening +he. dievevt IF i (dtigapind By BRIk oot fyebH tAEgini? ppRE! b be Med in
fl ow control Idath cion withapetkedbed drethatcheisolid piecuisbematerial mely be diquefiedor
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fl ow rates ofdissolved in a carrier uid to facilitate continuous delivery of €he ifaer. - J

The amount of comonomer blended with the gaseous flow of p-xylylene



the gas supply lines as necessary. Furthernore, the process gas control
subroutine 460 includes steps for nonitoring the gas flow rates for unsafe
rates) and activating the safety shut-off val ves when an unsaf ﬁﬁﬁghhon
is detectai. An inert gas such as argon is preferably flowed i

chanber 60 to stabilize the prossure in the chanber before reactlve process
gases are introduced into the chamber. Fob¥ these processes, the process gas

control subroutine 460 is programred to include steps for flowi ng the inert
gas into theﬂmawsémfgeamm%nmmﬁem&% nyowwamw&#me

ressure in , mEitin
(F:)ar ried out. E(ﬁﬁdﬁ‘t | onaf mﬁﬂﬁt}?i’%ﬁ%& llgg‘@g# lsﬁlaﬁ'pa ep\ég'ntéyat e I'n tthe
vapori zer 10,15%obyew@.rrwllth the -typigsil gmelmi)otf bepotymerizable gnenammert added susbaibyut i ne

460 can be witten t thec rier flow.fro e vaporizer control
subrouti ne 45%MP ‘?ﬂ883$@§§3p2 ‘%W% |9 °§Bm%?i%a’ﬂ%‘“@orrpri ses program code
for controlling tReférifig aFa iR td Pightes 1cmrmeée 40is bynriee@d!te bdcdad ghte vaivé 300f

t he opening of the throttle valve 80 DEC 2002 23 in the exhaust

system of t héwewsghfanges b agd 40 sfmmtrwbmxﬁgseeﬁndtm Y&y 44 iscopaeaied B | S
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total process gas ow, Size of pro eSS C punpi ng set poi nt
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is invoked, th iJe r tar ess e Ievel is,receiv as

par amet er fr B ?’HEISY ?Fﬁe 8‘&&‘7 eloAygd Gﬁ?ﬁ%‘é@%@ oﬁﬁtﬁq
subroutine 4¢enRRERRESin! RrEcthHERed lm ﬂaﬁgesuw td EntrdifRe PorT5® lof God¥sing
readi ng one or nore convent i onal pressure nanoneters connected to the

chanber) corrﬁh?ﬂ'e erfd. reasure val ues) to the target pressure, obtain PID

(proportional, in t t.Qr sure

tabl e corr espondl tF\Iglgt ﬂa&?ar gegﬂﬁdzgs k&nbYﬁgUﬂ;ﬁﬁéfﬁr to‘i' 8} jﬂqeeg%@
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ternative the pre cOo 0 ne 470 .¢an |ttento
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chanber 60 t e dépdk n, inferRfl 3ufhces {rie AEairtBin
conpri ses prg%mcgoggfﬁﬂggnt roilﬁlol ngl the%t eme?gﬁjﬁmﬁﬁ}ej chanber “flso

The heater conta demperstusetabove 48© polymerizakion temperature [ofnther reactivagparylene

The heat or coRREPBIery b5k EmBe e BhoyeH0o%C, tk Buibly . ERBRAL b VR HRS '
vol tage out pdecdthpidiionofihe pdactivemohser mighl ccufAle}ak a nperstifebelsw hbout

neasured te~ fse;aau e to the set point tenperature, and increases or
r

decreases cur’®@%- Appically th f theshamber9 will be naintained Avithin,a range

conmponent s t%f?%tx@hﬁbtftb b 300cper at ures. The tenperature is
obtai ned fromthe measured voltage by |ooking up the corresponding

tanpersture in a s(bmeuitabm%ﬂhpmeMGhamberbnp which itheimethod be theepresenihu~e

using a fourth order nau, al abo e stem descri inly
for illust ratq’YFé1 Fﬁ'ggﬁ 3“8'"0'? g@@ﬁ% 5'%‘%?‘:3 Eﬁlsv'g@

Addi tional | y,oumhﬁanfpaﬁﬂlet a:lnammdem itfanSprocessitig Ghaigber §0ihatingns

I n substrate support desi gn eater design, /|location of RF powe
connecti ons @n¥aaume chamber §2< Chamber fﬂe“?%t‘l F?%é?“’df@!‘krsizb@! by
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To further i |FigarerBithattriests onacsabstraté suppert memberi 180, The pracesstand vatriettigasast er
silicon (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




1 C DEC 2002 24 wafer was nounted on a fixed substrate support naintained
at a tenperature of about 25C in a MKP or 1?xZ deposition chanber,

avdi lable from Applied Materials, Inc., of Santa Clara, California., is
configured substantially as shomn in Frgures 1 through 12. AbmgEe3 rans
of particulate di-p-xylylene were |oaded into the vaporizer 10 and

vapori zer was then heated to about 200C. The gate val ve 20 separating the
vapori zer 10 frontthe deconposition chanb® 30 was t hen opened, and the

vapors of di t he
decomposi ¢ | one ALY SRUEHT YRvE] S bAaaed ot BT B Bl RS BF spieplifhe?
850C. The exmbntjgm'mml ve 40 of the deconposi ti on chanber 30 was then
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conduit to thg 4 sorsoqmrmpporﬁﬁaeatbemwt@do&eWs uppofted on ﬂ@ﬁgﬂc&d of
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sub~aat i sl | yipformed 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 RF 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, entitied “Thermal CVD/PECVD Resctor 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 sofiware 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
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deviates from the set pressure, throttle valve 80, which is computer controlled, either
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
thebanihnnth:guanusuannfkwﬁngﬂﬁbmﬁhdmmﬂnr60am!wquoﬁdeﬁwnmne
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 vaive 80 then enter cold trap 90
which, in turn, is connected to a vacuum pump 150 (see Figure 1) which is capable of
maintaining 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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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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109B&' ()-!s! Iﬂ%mt(r)ad Ibdadeaxt(iy i 'alhigideve] 1anguage, 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
theCPUmdsandexecututhecodetoperfo;mthetasksidentiﬁedintheprogrm
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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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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are desired. In operation, the chamber manager subroutine 440 selectively schedules or

calls the process components subroutines in accordance with the particular process set
being executed. The chamber manager subroutine 440 schedules the process
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, (ii) 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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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 comprises 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 by 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, an eight inch diameter silicon
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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 vaive 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.

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 90 mTorr 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 5000 Angstroms
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 vinyl
groups in the comonomer are polymerized.
Example 2 (Tetravinyltetramethylcyclotetrasiloxane)

To further iliustrate the process of the invention, an eight inch 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 vaive 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 scem.
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 sccm of backside helium
was flown into the chamber 60 during the deposition and the valve 80 was set to
maintain a pressure of about 160 mTorr 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 2500 Angstroms
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
copolymer 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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comprising:

positioning an object in a deposition chamber;

flowing p-xylylene monomer and a comonomer into the chamber, the
comonomer having at least one silicon-oxygen bond and at least two pendent carbon-

carbon double bonds; and
depositing a thin copolymer layer onto the object.

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 claim 1, wherein the copolymer incurs less than 1% weight loss
during thermogravimetric analysis at 400 °C.

5. The process of claim 1, wherein the copolymer film has a dielectric constant
less than 2.2.

6. The process of claim 1, wherein the two or more pendent carbon-carbon double
bonds are substantially polymerized.

7. The process of claim 1, wherein at least three pendent carbon-carbon double
bonds are substantially copolymerized.

8. A copolymer film, produced by a process comprising:

positioning an object in a deposition chamber;

flowing p-xylylene monomer and a comonomer into the chamber, the
comonomer having at least one silicon-oxygen bond and at least two pendent carbon-
carbon double bonds; and
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depositing a thin copolymer layer onto the object.
9. The copolymer film claim 8, wherein the comonomer is tetraallyloxysilane.

10 The copolymer film of claim 8, wherein the comonomer is
tetravinyltetramethylcyclo-tetrasiloxane.

11.  The copolymer film of claim 8, wherein the copolymer incurs less than 1%
weight loss during thermogravimetric analysis at 400 °C.

12.  The copolymer film of claim 8, wherein the copolymer film has a dielectric
constant less than 2.2,

13.  The copolymer film of claim 8, wherein the two or more pendent carbon-carbon
double bonds are substantially polymerized.

14.  The copolymer film of claim 8, wherein at least three pendent carbon-carbon
double bonds are substantially copolymerized.

15.  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 by a process comprising the steps of:

flowing the p-xylylene monomer and the comonomer into the chamber;

and

depositing a thin copolymer layer onto the substrate.

16.  The apparatus of claim 15, wherein the comonomer is tetraallyloxysilane.
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loss during thermogravimetric analysis at 400 °C.

19.  The apparatus of claim 15, wherein the copolymer film has a dielectric constant
less than 2.2,

20.  The apparatus of claim 15, wherein the pendent carbon-carbon double bonds are
substantially polymerized.



