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P- XYLYLENE AN SI LI CONI OXYGEN COMONOVER Fi el d of the Invention
This inventi oﬁmtmmmw@lmg met hod for formng a thin polyner égj/(ﬁ)zﬁﬁg a
substrate. More pqrtlcu ly) this invention relates to a methd A
depositing a | ayer *a pol ymeric or polymerizable naterial having a | ow

di el ectric constant on or between netal |ayers during fabrication of
integrated circuits. Background of the Invention In the construction of

i nt egr at edCHEMIGCAEL VAROR-BEROSIFTONOQF & EOROLYMER PR P:XYKNYRENE esul ti ng

i n an increase | ANBRAMULTIVINMNCSIEICONOXYGEN COMONOMER asitic
capaci tance between netal interconnects on the sane or adjacent |ayers in

the cinvit ca esult in crosstal k between the netal |lines or interconnects
and in aﬂﬂdé&d%il@‘hﬂe response tinme of t he device. Lowering the

parasitic capagjd mnﬁm l}gltayggelg mﬁ‘é Wgtttﬁh W&qg"&yﬁhe' ectric

mat eri al can be acconplish ei ther 1 ncreasing ness t he
di el ect r isubsteatearMate m@aﬂnm iinwgntioreretiites to atmdthod-fon depositing a kajer of

dielectric otrlal ncr. ng,th thICk ess,. of t.he dlelectrlc materi al s
s howe eromBg PepolRsrERle Auindf paving AFR gidemic Sothan 36 it

geomet r i qhetaliayers d@rng fabnbéhdn%ﬂiﬁt@grﬁfbﬂc&@ﬁn&ﬁ tic capacitance between netal
i nterconnects on the same or adjacent |ayers) one nust change the materi al

used between the nmetal |ines or interconnects to a material having a | ower
diel ectrig, & . of the materials currently used, fit.
silicon drox . Jasg et al. in "A Planarized I\/Ultllevel

| nt er conpect Snkﬁmnmmtﬁnbeﬂaiadgrhmdﬁdirmitecdmue- geométries aF&)lcyMyf or
Sub- Qunt a- M cr o cat i ons", PRubli shed i n,the Journa Vacuum and
Technol og*?‘“f‘ﬁ‘ uﬁéﬂ ap ducrrds 4R PRRRSItG capagitance, bofyesn ’é’é"t‘F'l At ant

pol yner i %aﬁ?&iﬁﬁd:eabétw&&i? fhetil iRRFAOhRETS orf thetsafeltriadjaebm lapers $h e @Reutti OXi de
(Si O- between tightly spaced conductive |ines or other Strategically

i mpor t antcanresylf i MWM&GMMRW%W angd:in g redustion ofjtheet i ¢
TATe ! O cEHRRE e oo AEL LRI AT PRSP
physi cal )intefecdnnecs sepatatal by dalectrmdawﬁﬂrcﬂnlbe pecopplish&bby ither imcredsing
Engeg;ﬁt e CI rcw ts“ge&eéc%con of , uch pi yner alengel\églg':%réoztgttalntogf |th~ep VWAAN~
daelectnc mamenal. Increasing the t!nckneu of the dielectric materials is, however,
contrary to the goal of reducing device and structure gecometries.
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 yneri zation of the resulting reactive nononer, is discussed by Ashok K.
Sharma in "Paryl ene-C at Subanbi ent Tenperatures”, published in the Journal
of Pol ymer Science: Part A: Polymer Chenmistry, Vol. 26, at [R2geAN@S- 2971
(1988). Paryl ene polyners are typically identified as Paryl ene-N,

Paryl ene-C, and Paryl ene-F correspondi ng to non-substituted p-xylyl ene)
chl orinated p-xylylene, and fluorinated p-xylylene, respectively.
Properties of such polyneric materials,2including their |low djelectric
constants, are further discussed by R O son in Xylylene Polyners",

publ i shed in the Encycl opedi a of Pol yner Science and Engi neering, Vol une
17, Secand deddrhpasition af aWdl&@ﬁ-fdlmd{bil%B&sntidn@rﬁﬁioﬁ;ﬁienhﬁm’&&ﬂ%sﬁthg
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vapor ouP9ol0g¢ (t88ky| yI ene) precursors onto a substrate |s aI so di scl osed.

Paryl ene-N i s deposited from non-substituted p-xyl yI ene at tenperatures

bel ow about 70-90 C. However, the parylene-N fil ns pically do not adhere
well to silichh PCBW’H@%H@Q?M%G@"S‘BY‘W@%J&H'W tos ihe 8 lonEgf t"ﬁ@?ﬁrﬂ?@s' ghe

paryl en (;ﬁ-wmsndyawe sBiRPSubstigtesBihratighbinkl Live af étﬁyram&ﬂwurmmmte silioont
400 ) an thefb ta¥g gl(lg{%/g(g not use |n|m8 r?ted mrc(gcis when
subsequéRMPeHRs: Baying &, pedrolypahle @pd r o blergraupgs diselgsefi 1y and
adhesi on of parylene filns is i rrproved by fluorinati ng or chlorinating the
di mer of p-xylyl pa -E fi ryl f|| er
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must be atibpesice crpsistance rtp ealeatiomigratiarh sandntheehdly stabilityr  t han 30C. The

probl ens of conventional parylene filnms have resulted in research regarding
copol yners of p-xylylene nononers and ot her nononers that condense at about
the sanme tenpdh aPalerls UR41IAZGH palympris ypajenlylensnGratingsc endefilsts. possessing
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non- pol ﬁwﬂchseﬂfomhwmf@a&ﬂs’g W’Gfﬁt"hée"ﬁﬁﬁﬂ Jioxidants ﬁf‘?ﬁﬁ‘ﬁf’ﬁ'ﬁ?q gcteQdepitgd Wit bon
doubl e beipdfous Poly(pardXglyithe)stedlirSstt Yl Ssubetiite iDaltedisClosdte | im ted ther mal
stability. Miltivinyl nonomers typically polynerize through only one vinyl
group because renmai ning vinyl groups are not readily accessed by the sane
or nei ghbori ngalgmhymersi defposited SSorh en-shibstitsted pixylylene cat empatattirek beldlaBod
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integrated circuits. As a result, there remains a need for a process for
depositing a low dielectric copolyner on a substrate such as an integrated
circuit, the copolyner having increased thermal stability and inproved
adhesion in comparison to parylene-N filns, the copol ymer process having
control |l able process conditions that are suited for integrated circuit
processes in conparison to parylene-C and parylene-N filnms. Summary of the
| nventi on



The present invention provides a nethod and apparatus for depositing a | ow
k dielectric copolynmer on a substrate. The copolyner is preferably
deposited between netal lines in an interconnect |ayer and/or ?theﬁﬁantal
interconnect layers in a sem conductor substrate. In partlculg hod
is provided for depositing a copol ymer of p-xylylene and a nultivinyl
silicon/oxygen conononer having at |east one silicon-oxygen bond and at

| east two pendent carbon-carbon doubl e bonds. Suitable conononmers which are
commerci ally avail abl e i nclude sioxang oxysilane, siloxy, disiloxane, and
cycl osi | oxane conpounds including, but not limted to, tetraallyl oxysilane,
tetravinyl tetranet hyl cycl ot etrasil oxane,

tri sg vig)r‘i&ieckiuhseﬂitblyeﬂ i mm?mw}w Griaticatieat temgeratures which degracri]e the sublstituted p-

1,1 fetravi t sil oxane. 1 i Vi t ranet yl.di sil oxane
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1, 3-di wtamber!éttn'es mblstanyaﬂyIIMerbhmzmﬁe. 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 2 3hd Axpblians c&mbnrveutimeldpaﬁylehedﬂms dageresultedsini researpipaegardingt o
known p- e i =
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had by reference to ts t here arc trated In
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to be consi dered ql Pgﬁﬂ its cqﬁ for the invention Y

ot her ed?]&"?'&}eféﬁ\f%‘i?ﬂ Y PalvERset 'ﬁ@?@g ¥g8 r"E‘V'lngHP Hecsefamaing ‘él@f' §FH“BF a
copol ynedre thepreadilyl azbesspp by tHelisantd ot AEigHROASEPSlyrhérization sites. Romsutstititedsp-a
partially sectioned view of a portion of the apparatus of Figure 1, show ng
a vaporizer) a deconposition chanber, and a manifold for feeding reactive
vapors into the deposition chanber; Figure 3 is a horizontal cnss-sectional
vi ew of the deconposition chanmber shown in Figures 1 and 2, showi ng the

hol | ow tubes placod within the deconpositiow chanber to increase the
surface area in contact with the vapors and gases passing through the
chanber; 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-aligaod holes therein;



Figure 5is a top view of one of the discs shown in Figure 4, show ng the
m sal i gnnment of the opening therein with the opening of an underlying disc;
Figure 6 is a cross-sectional diagramof sn exenplary GVD ProQasIAN 03
chanber used agcording to one enbodi ment of the present invention; Figure 7
I's a diagram of the system nonitor of the exenplary CVD processi ng chanber
of Fig. 6; Figure 8 is a flowhart of a conputer program used for process
control in conjunction with the exenplary CVD processi ng chanber of Fig. 6;
Figure 9 is a top view of the wafer support nechanismof Figure G Figure
10 is a vertical cross-sectional view of a portion of the apparatus 2 3
JAN 20m s generally shown in Figure 1, showi ng the processing of
_gials es| vaglylene éxedsentalll raodiviny) chmomsmt sgbstéraiaihepolyrieripes ﬁhrihﬁgh' ginyl grdupe/as heet
il lustragi ocess according .,to one e inent . t r.esent.
| nvent | Gk St oEg apaens e el AU e onge ckhe EEReLAE Biion ¢ the
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copol yrer yner 1I's produced from p-xylylene and a nul tivinyl
silicon/ oxygen nmononer having at |east one silicon-oxygen bond and at | east

two pendent CgoBaRmesaoN HOMR) RO Shffictit 12 BERevB lsincd | BB rMdrddnts/Musygen
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



conpounds provide copol yners having an unexpectedly | ow anmount of remaining
Vi nyl groups and good adhesion to substiste surfaces. Suitable nultivinyl

si liconl oxygen nononers that are commercially avail abl e incl udg3dslAN2e9e,
oxysilane) siloxy) disiloxanc, and cycl osil oxane conpounds i ncl udi ng) but
not limted to, tetrsallyloxysilane,

tet cavi nyl tel ranmet hyl cycl ot etrasi | oxane,
tris(vinyldi nmethyl siloxy)nmethyl-silane, 1)

1, 3, 3- t etandveduged diedachnyd ennstants)in cempdrisddito kngwn pixybyenefilindi si | oxane)

1, 3-divinyl -1, 3-di net hyl di phenyl di si | oxane, vinylt<iiaopropeaoaysilane, and
l,3-divinyl-5-triethoxysilyl-benzeae. Experinental results establish that
two or BidefiDesdrintion af bige Desgwines doubl e bonds in the conononers of the
present inventjon are substant . Tetraal |l yl oxysi| ane
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significant a unexpected reduction in dielectric const ant .
i nvent i ordekeriptionrof theinventsona briefly) suininarizédoabove,gnay bohead yweferemeve the net al

I nt eeconaect S. an et weea.l.ayer f tal inte nnects on a substrate. In
parti cul ﬁ%@mﬂﬂﬁmyﬁ%ﬁgﬁé‘f‘ﬁ&“@g}‘m PIPE: deposition of

pol ymeric or [pliy 6 b Hokide howewdr] tHat lﬂ{ceiﬂkﬂMdﬁ%%mlﬁstﬁﬂt@bﬂ?tt&bﬁalCODSt ant
| ower than that of silicon dioxide as well as suitabl e physical, chemcal,

el ect ri cambadiments ofthis jpvanticpiand are thegefore not 1o benpensilorddlimitingafedty at ed
[ its J -\ . ' | . nbodi t, th
e LRESEREATRR b I8 BRIl GO0 o (1

met hod an us spec Yy prov I nuous 1 ntroduction of
p-xyl yl ene, a Higltei Viis1ul scherhatixodiagrayy efi ancopolymier depositiors apparatus 9fithe nt o a
pr ocessi ng chanber.. such. as a CVD or plasma etch chanber, operated at a
total pr Emf’F'bq‘ﬂ'hbout 9 pascals to about 670 pascal s) and condensati on

of both mononmeFiguRNE B Spdrikity S@tiBnéPvied! oF Lpitib bE iR dppRAhY B Figipe coN

having a thicknéss from about 0.05 mi cron to about 150 m crons.” An

appar at usshowing a ovaperizesi 8 decampositinn, chamben.cands 8 manifpld for|feeding reagéyeosi ti on

chamber for depositi . L N ol ymer onto an object as descri bed bel ow.

The copol&”?g‘rq . o%ggg&sgiokw%l y incorporated into a conputer controlled

guelti-c_rr_anber Figuros dh o . bl e f bf?&m i'mlﬂT"’ "I f
nturaT"" processing systens availa from ied Materjals, lLnc., o

Santa C a$hewnag ‘Milﬂdﬁ%&wgﬁg? éPﬁ?Wtwmﬂ"ﬁMF@ MBOMRN generi c

nanme for eﬁ?(frh fhe g—i&?%%?&;

deri vativéeﬂéﬁ{)bgpgéxy y e%.k The p%ﬁ?ﬁe%t%f)ﬁ{r‘ryeﬁhg ve the“tor a:g

- (CH2- Cs Hhraigh thechambeei N n i s the average nunber of nononer units in a

nol ecul e. Al t haugh not direct neasured n has been estiymated to . average

about 5, 000 | hﬁ&%%weaﬁ "5‘31‘91 Srpas-Recio Vi Sﬁabi‘\i‘@“?‘né”‘ffi‘i'ﬁfé’ﬁégﬁ film

an esti ndedmposition chuabeoes ul aid 2Eusihg aQderied of disbd Wit Gon-adighed|

nmol ecul ar_ wei ghts are expected to have a broad distribution and the actual
nol ecul ar holes Bemeiniar e considered to be unneasurabl e. The copol ynmer grows by

addi tion of t n : 4isby bkdven il Fig rs&gﬁfl
copol ynmer nol ec@ esghig\r}e%nﬁegrgﬁggé \(/\’Eiu(% ar eLnot lielggliﬁé ?blentl ?relge It is
bel i eved misalignmentcofdheopening therein with thefdpening of emupderlying disc;. The term
"paryl ene" al sQ. includes chlorinated or fluorinateduw-Qrns of the p-xylylene
pol yners produ@@'%é&rhmﬁ{‘?ﬁdlm %@%ﬁ%ﬁm&m
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



Deposi tion Svstem The copol yners of the present invention are deposited by
system hardware that converts solid or liquid nononers to gases, introduces
the gases to a chanber containing a substrate, and exhausts thgggﬁﬁiﬂ'ﬁng
gases fromthe «chanber. 2 3 JAN 2003 Referring to Figure 1, in e

enbodi nent, a vaporizer 10 is provided to heat and vaporize or subline a
nmononer such as di-p-xylylene or a di-@g xylylene derivative. A heated
pressure gauge (not shown)) such as one available fromBaratron, can be

| ocat ed i rgen¢rally shRyyn icFigure hohowing theorenessing ipfgases/vapors exiting from the i nsur e
that a congl of particulate solid or liquid diner is provided to
.the vapor3&%%M§@?d%ﬁggmressure gauge is preferably heated so that materi al
wi || not deposiRigura 11 liea dlasgsheanidlusteatnigra firbeesg accgading) apereadrhisodimén of

vapori zed diner, such.as di-p-xylylene) or optional mxture of vaporized

di ner and t8e prEsent gvegtioms aple , asses from vapori zer 10 thnugh a gate val ve
20 to a pyroly<Figuren2¢es scheamtit visw 61260 Akr g8 dlivery sjdiém taPedrsp&tinglaner s
at |east partial g deconposed to a_reactive nononefr,” such as p-xylylene. It
shoul d be pobmerizablsdnaterial figmen vaparizer tora dasgmpositionsehiambler.e material is a
nmononer or ol igonmer that does not require vaporization or deconposition to
produce a reactive species, then the vaporization and deconposition
chanber s retaibed Destpip he HgnReferring now to Figtaes 1 and 2, the
vaporizer 14 is_shown for heati he starring naterial to vapori ze or
sublime a tiqtiing RIpseRbinvantion M‘Zﬁmﬂm @pd@aﬁapmm?*gdﬁmg it
|nto the dgmodpeimicnd Ravifig iRl didleltricddhhd ¢h itle dicfale bPE WARHARD A
Vaporizer 10 may conprise a netal cylinder conprising stainless steel or

al umi num precessing chamberfprayidess vamRa depositichooft comanomer Vepars ohtcomsubstr@a has a

i ow of o RaroPan i iphet i, 18 soadtydBns pipdieed g 3phiegRinda
conpri ses mbltivibyl silitof/oxpden! monommPOhaving ail feasti enddSilicilokyken BORACANdNG f | ange
22a of gate valve 20 which separates the vaporizer 10 from conposition

chanber ~3d¢casytwRi pendsat n douple bondsy, Suitehle multivinyb silicgn/oxygen

pl acenent v?&b @P"Eﬁﬁ%'mﬂ{? Iyl g*qscéﬂﬁ,h loa lr%ﬂ’ﬁ}qﬁ

Cont ai nrrenét&n\fgsse 18, whlc may rest gu"nt el ng’??é.gﬂ}opggéyo t eg
vapori zer vigyl igroupsdeandf goodoadhesion i toc substeaté asurfaces.alShitable c endtivinyl

mat eri al nd preferably conprjses quartz, As, Qpt.i on).. cont ai nnent vessel
15 oy be SHepiavES) BOPYOES P 7S ctroEialy st Taoda HlcxRR QYRR 1o
upper hal fsijoky,t ARiléRafRS! ando cf@l6sildxhad Cohlpdundd§ iftludih®dbAnee linktad ag)d out

of contai nnment vessgl 18 to assist in theé vapori zation of the solid
p- xyl yl enctetpallyloxysidanent r ~i nment of the ditewavinystremethyleygloteteasiloxane,gas
1

fl ow. 2 Sifdhvisi m%}:‘-&ﬁ I N WVARQLLZEE Lot aiyngd at
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deconposi tdivinyltetrainetieyldisiloxame, chanber s) 1,3 ivinyl¢ l3-dirhethyldiphenyldisiloxane,a

pressure from Q.67 pascal.s to_abou; 670 .pascgls. . non-substitute
G oyl y1 cHENpGprpRaoE Rilng pid sy eegisibiberiattu: Heetet) s (o
about 670 RafEAksablizhctHat 9 of Ofdte tcafbonRartons dotble BLHAS St ten rate
of the polyners and allow better control of the amount of nononer or

pol yner t heamonomersef the presentinkention arsi substantishy polymerized. Fetgalbdexysilanean be

I ncreased i | ' Lagr i he
ronomer o, RBE siefital pOtdABaton i o Rl hide of BE Gk petfefi Qititn o |
or nitrogedouble bomisalahd alsal providead eopolyrgert having) ur significam chnd, udieltpectepor i zer
10 may be heat ed ,by,fim .conveni ent neans such as, for exanple, a heating
coil 15 MWWSE#%MFOUM t he vaporizer 10 to heat the sane. The
heating coil, ifud ;%rnti fvemidiE t 3t ot §6imihg 34 cgmﬁ,h“source
11, which is ad-Jnt‘Js?a e to provide s ﬁgﬁgntﬁ ngtl to vapofi zer chanber 10

to heat i tbetweerhmetahinsercontnectsiand bepreentlayess off metakingertonnects on el substeatezr i al

therein, byt bel qw a tenperature I ch .t.h erjdal . wll,deconpose into
the react i PEPHBTIHe o sRerats ap Sndhod ' dsref f¥ahe depsino o PR B0
Tenper at ur gol{metizadlé Materidbprefepalily Baving a divledtic donbtand lotwet than ead of sitlcaoi | to
mai ntain the desired tenperature. The tenperature of vaporizer, 10, when
oper at ed wiioxidg 28 peell asspitahle physieal c¢hemical, plectrical and thegrmal properti WAy vary
froma mnimumtenperature bel ow which the material will not vaporize, at
the pressure required for deposition, up to a maxi numtenperature bel ow the
tenperature at which the vaporized material will deconpose, at the
operative pressure. Wile the operating tenperature of the vaporizer wll
vary according to the material to be vaporized, the tenperature is
preferably mai ntai ned between about 100C and about 200C.




The carrier gases, such as helium arc optionally introduced into the
vapori zer 10 through gas inlet port 16 in cover 14, and are then heated by
the vaporizer 10 and passed through the gate valve 20 to a deconposition
chamber 30. However, it should be recognized that the proce238 UAN X8
carried out using only the vaporized nononers, e.g., p-xylylene diner,

w thout the use of a carrier gas. An alternative enbodi nent for the
vaporizer 10 is shown in Figure 12 wherein a thernostatic oven 306 heats
t he vaporizer 10 which contains, for exanple, non 2 3 JAN 2003 9
vapori zed di-p-xylylene and vaporized di-p-xylylene. The carrier gas is
passed through a flow controller 302 such as a netering punp or a needle
val ve amd integrbtedmireditstih mocmyiarick twithdine prepentiimedtich. 1pene émbedimentnthemsethod

vapor | »ep beale RERHAEE shlidecCToc “BRuREs PRSIEAE sfissRiihel o RRARLT, "

deposi t istinondtxygbe maGOmenecamd resrmiingasga®es paveessind ahambet, sycha asca@Vviponp

150. A f r

vapor | 2P0 SR ratited 4E o 0B Rirf SRR SRR o A ERf ptctdls

| eavi ng anfsondgrsalioreef h@h ninenferpontoza substraté tofosny [aypasylene agpolyman theyeon

cal cul a j SBRG ' sent to the vaporizer 10
fromt hteh%ﬁg ét@?mr?%?ﬁ?a °f‘£§9| n g{)fﬁfg ﬁ%ﬁﬂ@%@é Referring .t_opFi gures 1
and 2) the fifB@pRplue used fQﬂQPGW?WQ copelymepwneciieally inclydes asiepasitiemughanber
oper at edgr J&ﬁbsiﬁﬁfﬁ?ﬁiﬁbﬂoﬁﬂ‘ﬂn& o6 aﬁl’c{tﬁ;@tfag eRbdrbe@ BRI THe 2BFoIFRENRBERT §0 a

val ve control]er 21 which nmonitors erature and pressure . in

vapor i z Y8RPy HaGaRArated infp @ capRHiST Gantipied gp”!fh?’lﬁmaqef mtesv%se Prosassishs\Sit b er
10 has rsaaneteEndarPtorosual™ potasRing Restonk wuEIabeIINGApSlied Maléria, Irc., of
vapor i z; sgaé'hat gﬁ?ées flowi ng from vaporization chanber 10 through the
first vl 28%6At"MBvapori zed polyntrizable naterial, as well as the
opti onal non- Asastd \here@rthée esrnggaederfe!’ tstheggdneario ngmeviap tiermaplastic pohanmdyer

10) A second fl an hrects first valve, 20 ta a first flange 24a on
2 bondu CESHE o 2oPns CRGHECIR e bifen o prviadeo Iné B tBEE £ .2
first fltefpem@da of deconposition chanber 30. Flanged netal conduit 26, is
preferably heated by an external heater such as heating tape (not shown)

wr apped around conduit 26 to mamintain the reactive nonomer at a tenperature
s~ciently high so tha{CiH#CetiltCHmat begin to pol ynerize. Typically, this
wll be a tenperature of at |east about 120C. Whcn deconposition of the
vaporized pol ynerizable starting material is axessary to forma ra~ctive
nmonomer WheRiR mis {iife AVerage guaibep of ynafoales unitsdn \ay Hiecute: difiheugh pabeiredtit i on
chanmber éasared, Ar IRdscheiM dstivfidd foCaveralRCEBP $Id00AR FHBiRCsaryiene-MMime whidh
deconposi ti on chanmber 10 may be constNCted in many ways, it is preferred
that t heditasahe danengN dim anpestimatedapumber ayerageragipcylaaweighiorf shoyt 89809 o
rapi dly diehl @v@éduwar wdigls @re>8dicdad thavé Rebrded arseuition and eeasdiedl rddlecular
conpri ses_.g net al c%/jl iegcler wal | 32 teryinati n&., at one ea@ ig first flange
32a thr tATectonPidered to br imeagtrakle ol heseaglymengrows by addiipn gtinanemgrs gnog.
whi ch i sbatis enlist af acprylylehe Initiatdr landvthef capblymea poietuled habe end grodps whicB @883ndtO

di ner en i |t ch [ The .i . Qf

eyl ndereesd RS, 37 BERIRY i g GRTBReE Ravd 1O nrliBfee O bidPSlies T lely,
cont ami rpaiylene’odisa ineludesichloninatesl-orylugtinated foaps pkthatp-xylytene @olysess produceddy t o
deconpo i i | cylinder 32 is a cylindrical ceramc
furnace Ac?d%ﬁgt@r{lgﬁgéWgﬁ?@{e%&?@é'gcﬂgﬁ&?her ein to heat the cylinder 32. An
outer layer of perforated netal (not shown) nmay optionally surround ceramc
furnace 3hchRitRAS(SteRPth 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
netal shield dhe eaPplmas 1ofithedeesent invgatihe ate depgsited byosystsm thasdwase dhatc

funzace 34om/ehts sefiBERJURIMbRoMErs s h8EdR2 IntRAUES théIBRSas tb HOdhaRibRKBIntaiAidg 2
tenperature controller 31 to maintain a terr%erature bet ween about 400C and

about 1008€bstiste pad saustsdhe eemeijpg gasasdipneingichp®b8hove 400C and preferably
above about 700C, is necessary to assure sufficient deconposition of the
stable diner into the reactive nononer, while the maxi num tenperature
shoul d not exceed about 1000C to avoi d dxonposition of the nononer forned
in the deconposition chanmber 30. It should again be recogni zed that the
deconposition tenperature will vary according to the diner material being
used



It i.s preferred that the deconposition chanber 30 deconpose a su~ci ent
anount of the diner during its passage through cylinder 32 to formthe
‘reactive nononer to prevent the deposition of unwanted particles on the
substrate surface or the formation of lunps in the deposited ZpYIANgpyy D ner
t hat has not been deconposed wll not polynerize, and may, therefore, cause
| unps in the coating as it deposits ol the substrate, cause utnranted
particles on the surface, or pass through t6t deposition chanber and cl og
the cold trap nmechani sm 90 | ocated downstream of deposition chanmber 60

ahead of rough_ vacuum , first
gate val ve 20 %ﬁ%@%%ﬁé%eg?égmﬁg&%g%%eé@?ggrawsg %ngrrgﬁ? 2? tfeit
controll vablotge Gaublimba nvehomier Rich as di-pagylylemcoonzodiip-xylyleneiderinative0 to be
i sol ated from deposition chanber 6

while th te d th
deposi t i oA heatedppressuny, gauges(not sho OF@hsﬁe?s?'?ﬁ?gﬂugﬁfeaﬁ?'g asrgtrﬁﬁrpoc\(/?g\%ef Bﬁm nge
moverment *%ht%%%ﬂt}ﬁé [\Ab6rizer B ﬁxﬂlgtoqetﬂesdr&:sﬁ& 6 @0 Qapdrizeb & Gomtethatar out of

t he depos chanbef after t deposition. The operation of the entire

syst gnr; im{ﬁ;;dbgsgfebﬂmflpaﬁiwmqomﬁdrorsﬁ?}ré dimeryis myidvtblswwcmmq W s 21b
41, 81) 111 121, 141,, heate onit.r. . . | : s 101,
181 ) is PhePEESHSE SAUES S P&E}IF‘EB‘Y%F‘{‘H%"C%“S gl VAl e CATE BabifE > ©

nmeans 340”§d11(3 I the Einflidlifogerablky ensure a high | evel of deconposition of the
st abl e di ner ég%ﬂorggﬂd i s'&gr eferred that ,the dinier. va suf f '_‘?i ently

heated in the Tbeoaperizedidimes Suchy2s disprxylylgne, ot Aptional, oyt %5&%’“& her by
cont act. whimetama 4 SREFr 3G ufd pesies AR vapérided 1OMRNTRASE BushaRe DRy 2 3 L 1 e
ATk o o Srour i g s gt s
c%gnber |>I§CQOIEPQ‘+‘F¢16Q ewﬁm%“%&%&?%h@gyg eanﬂgﬁ?m@g&?%r? rolled by
rononer SR B duark s R e i @ o e bor - €0, 1o

60
convent i oneduiree vapatization poro deermpodition e RIOdYCSa R FICHVR: SREICR 'gﬁ? @*abl e
precursor material into reacd. | i o Figure 3, a
cross-sectWWPMSW%P%?%HQ&B%%ﬁ%ﬁ anber of Figure 2,
shows that met %fé&in'ﬁrhiﬁ‘ tB3Rigars hamh 2| tedexpotizerpH): iscshowm; for heating the of
hol | ow tubes 36, each having its axis parallel.fo.the. | 5efbfe MEL Al
cyl i nder mmmmmkwgmﬂ @MPF**#W%M Inder 32 so
as to be i-n@@t elcr- ¢ i f@@’&é&ﬁpbﬁﬁo%ﬁﬂn&?@%&(m&ﬂin@nﬁimeembnOmm 36 is
at the terfﬂ of the wall" of cylinder 32. The presenciegof t ybes 36

wi thin cyl Vasteizes 20 iy cimprise aometsl cylindercomprising staipless sjre [ Alumipum, o o
within cylinder 32 in contAct i Vv ig%e la- coVer' 34 theé?éon
vapori zed %ﬂ"iﬂﬂ“\‘?‘éﬁﬁﬁe é@@m&% [ na%le e%(l}ggsa ?6 so that the
vapori zed ghitRlis plovideaiwith &as inleeponl 16ao pemmit tecligyo of a non-reastiye 888 M, ¢ hus
maxi m zi ng the anount of the_ di ner, deconposed to.the r t JRNQYTEL -
Pr ef er abl ytheewparizas| 10uFlange 12l which-camptses the exis pogt °§@%I‘é‘§§f&%as ’q%ar tz
surfaces t n. zm?mﬁwmmﬂhmﬁkwwinMr 32
ranges froﬁ&%&ﬂt‘%ﬁiﬁé%%eut 5.T centimeters, small tubes 36 will each
have an ougedonpositiohcharhb#®)300f from about 0.76 to about 1.3 centineters,
and a wal | thickness qf about 0..13.cent E g@&gﬁ | e N@oyd l%EmHR Qf from
about 0.51 to aml%eﬁmﬁﬁ’er@. 15 | ecnchée;' |melgf g?rlh h:lg.eéhllﬂ t he
deconposi t:igﬁ%ﬁpﬁm I RStefifl buch dsodi-p-gylylent. Upntaimmérit vesse C
vaporized dirrer mtgsaecoﬁrrpositlon chan{p‘:r 501%;1&2 sﬁw‘qﬁ t he
fl ow of cammmedm\mqmdﬂmﬁﬂ y 18188 ?‘aﬁ ] g gat e 'val ves
20 and 40; or a_conhi nat o Yothprfsed Gtz Alsne opeidn Codntaitmengas
flow rate M%?WM%’%&%J @f controller 340. The resjdence tine
2 3 JAN 20G3sskP18 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 carrier gas flow.



can also be controlled by the | ength of deconposition chanber 30, i.e., by
| engt hening netal cylinder 32, and/or by increasing the nean path | ength
within cylinder 32 by the placement of flow redirecting el ements within
cylinder 32) as will be described below. Referring now to Fi28r&AN4mnd 5,
anot her enbodi ment of a deconposition chanber is shown conprised of a
series of circular discs 38a-4 placed in spaced apart relationship in
cylinder 32, with the plane of each disc perpendicular to the center axis
of cylinder 32. Each disc is provideg with an opening through which the
carrier gaslvaporized diner mxture flows. However, as best seen in Figure
4) openings in adjacent discs are deliberately msaligned to extend the

| engt h of tr gyhglorédkuieh® vaRFRAURD Mbybe FrRjritdlAdHIAt atbdpRefRE pr%zsuréfh%uevepm ng
39b in disc 38b shown in Figure 4 1s axially msalrgned to the und
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control the flow of vapors into deposition chanber , as W |l be described

bel ow. YBRPqrEatamaiegperstureef thecpalumerizallp: Malerialtherin tyt belowaa Jempergtura Abwn)
of condwhich4Re tribfianwilliebbrapés® idto)thé &%@tuwbﬁbrﬁervmemmhéa%ﬁw@f séich
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separ at engistainciee désrr@amhpmﬁturevapor S are m xed with the reactive nononer

f the d t h 44) 1ike fl t al t 2
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the pr eV'tﬂé’S‘;é(rag@S@Hr?gﬁgur}é%Pﬂ{e' @Bhi&? wAl\MHPS ?corlcﬁn &ﬁﬂe RatdtRfeth t?é)vérg%ﬁiéfd ze

t he copol necessary, apparat us ng a
deconposithe tamrenaikieds praferpbly maintaipedbetyasn abeus 489 ioo%lﬁi aboeb?6Si t i on chanber

30 may al so benaig8hhier Igas@é, tdueh a%aﬁérun‘? heee %Bﬁaraﬁy listrodB6&H irfto mﬁ@\ow&.zém@ a
copolynerrzable material In hen be connecte

790 ot T clorayBhiagR RIE! ARy 1681 S AT aBURe DEAGd Ch IR VIRDRER, (Roend passod

copol yrrerthzatghcme Eﬂurva% 200 bld%a&nb@smﬁrmrambar B®eHoWever, iitesholld betessyized i on
into depor anber | vapor flowcont ining the activ

S
oyt e RPN Ry D8-colioth it vt oty R YRR aH = &S dvens 44
havi ng fIarngaeswumzatthewbeafatarr|6rg’dsended vvrth cormnorrer) in vaporized form
from condui t 4 {é in Ei uret r) oy vrn i I-crorrr]rloﬁg ®0rein a
conmpounds such é’lar“.&%re ﬁo Q‘fé‘i a‘ra@ P’eédr I? E’Sr Pzeg ds 83
vapori zi n@ne'rmpsiatta mn§93heatsdweawdpabia 1DvdhichRioatzirs, fon ekargpledndmj ect i on
System Inc. The vaporized nononer snd conononer then flow through a sand
gate valve 40 having flanges 40a, 40b to a conduit 48 which connects val ve
40 with an entrance port 50 to a substrate processing chanber 60 where the
nononers deposit and pol ynerize on an object therein) such as a
sem conductor substrate, which is preferably tenperature controlled by a
support nenber 180 that is connected to a chiller 184. Condensation of the
nononers on the substrate typically occurs at a tenperature between 30 and
-30 C. It is preferred that the walls of deposition chanber 60 be
mai ntai ned at a sufficiently high tenperature to prevent deposition and
pol yneri zati on of the vaporized pol ynmai zable material. I n one enbodi nent)
t he chanmber wall tenperature is naintained by a heater 70, under the
control of heater controller 71. The remaining gas/vapor m xture then
passes fromthe deposr t| on chanber 60 through a throttle vaI ve 80 under

o, " o [T



It is‘contenplated that the chanber may include an electric bias to control
the structure of the deposited copolyner. Specifically) a B field may

assi st in maki ng an anor phous copol yner. The copol yners of the?é)%ﬁsﬂ]h

i nvention are generally prepared by condensi ng p-xylylene and™a i e
conononer on the surface of a substrate under conditions which polynerize
bot h nononers. The silioon/oxygen cont®ini ng nononers of the present

i nvention pravid sificon-oxigen,bonds which remain in the copol yner. The

rel ative vapotizRd Gp-3ylylens And ¥gppsized dhergyiienen dhe sarmiey sasris pessed eough t he
rel ative f Aagibitrdiver 302 slich A ACREA gﬁﬂ fohsné@e%waﬁﬁ bhtﬁecfihkdugﬁdoxygen
I % P nNers s a

nonomer. The typical starti n? mat er or naking paryl ene poly
st abl e cytbeinondiapenizedddi-prxylylepe dndhe yapdrizen §@.n diheccotbinedatarsier, gastindh i s

avai l abl e _in.sol i,d_ f T, Lner is tynpically vaparized or sublinmed at a
t enper at uYaé’OBiﬁ% =) xg{yg{ﬁe %@Ud@ﬁ amﬁgéée &c\{‘a‘?ﬁ&?h‘@n’gﬁé@fj‘%@s‘mﬂt o the
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conpani es? B¥gh pHEPShde; & massilow megerdpat shown) cancbe bevveen di ner
: ' n e o .
hanal  ng. Dpqabotiseibiai (8¢ Bepcliufh Bafiber 60\ RMRE bRl il B e |

pel | et s neapotizgertife dTheflow materoftdi-prxylylede canpthakbeicdiadated by lsabtrdcting thel i d
precursor material, may be |.iquefied,or ﬂi SOlﬁKed i n 2 carr,ice}r fluid to
Der i t at cmEsel SATEIEE et $90G P o vaparizep; crom fhe masy gh maserial dpfigrie bl ended
wth the gpeasuqof! ow of p-xylylene 2 3 JAN 2003 is nononer and carrier

gas may range from about 5% by wt. to_ about 25% by wt. of the total mxture
of nonomers, bRefering torEigurps \iand 2; thegfirst valye 20 fallowing the vaporizep 1@imayt 15% by

Ww., with [ ' II'y
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t hr oug anges and 40a, respectiyely, and, secon te valve 40 is
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40 and Ma&ﬁ%z@ﬂ’e | @bﬁﬁﬁﬁ%ﬁ i %’ze A gﬁg@ condui t
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t ape, to fromi (vaponizition athambearhdo e throughe dhe dfirsb eakve 208 dontain nvaporized
connected_wia_f.l e _48b .t o entysan o] Q of pr.ocessing chapber 60. The
opos: ¢ | oRSREHARIe Gusterat B Sl BY 56, BRbbng? hof redBHE SAN iter ABRIREL o

pl at f or m {hpsughlvaporisition dhaimber 20.e\ Sécofid'i , 306, 'confiedts) figd valveponbal f orm i s

described _in Maydan et al., U S  Patent 4,951,601, the disclosure of which
i s her ebyfirsh flsnge r24acen 3, conduit, 26, having# serond| flange R4boay its pposite; end,q)

surfaces gf nbiied fr%b' &L@M Ram erature above the
polynerizgélon t?n%gggpgﬁ&e o§ the reactive pg?{/ éne nononer, i.e., at a

t enper at i u~e aFlangedfie@l conduib 26,0iy prefecabiye hedted by an externdl lieater isach
deconposi tion of the reactive noner, m gh ccur,, L.e. . at. a tenperature
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CVD processing chanber in V\}"Ii ch the nethod of "the present men?l’on can be

carried owill bea temnasature ofag leaghabamt 0 Cs a vertical, cross-sectional view
of a aitnplifi 0l a ) | &l Is
chanbor 60, hay,1heab 8edmiyiiein’bf (6 Nepbfized BRMAERNE drkiite PhlERAR if'0

di stri but necessarytd forth & 2edctive dionpmes, sugh ps shen using di-p-xyiylene the wagors at ed
hol es in the aifold to fer 200 (seg Fiqure t hat .rests.on
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conbi ned and then sent to the gas distribution manifo General ly) the

process gshattheschamiber haveog large surfade area tchheap theceaporizedsmateriak rapidly and * saf et y
shut - o~ valv not. sho h can be.use ti [ ally
hut - of £ PR, s ciiRbiele 85 2Rom it a0 lfinesf h el ey BRGET
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16 sever arconduitad6y to firat satervalyg 20, Bses toicontzol the, flaw of the, vaporsofithe | j ne i n

conventional configurations.



Substrate support nenber 180 is highly thermally responsive and i s nounted
on a pedestal 54 so that support nenber 180 (and the wafer supported on the
upper surface of support nmenber 180) can be controllably noveg @ﬁ a

| ower | oadingl off |oeading position and an upper processing p03|t|on

which is closely adjacent to manifold 52. Referring to Figure 6, when
support nenber 180 is in the upper proggessing position 64, it is surrounded
by a baffle plate 160 having a plurality of spaced holes 162 whi ch exhaust

into an argibAént¥ing the) deBthpoRltibnlBdmber30. "Thd iMdeL Sirfad® of Hidtal ichlifder 89 9as
distribution manifold 52 is umfornty distributed radially across the

surface ofmay bgoptionadly lincdcwith guartz, s)shoyattidgte @veid contaminasionr of enber
180 as i n ( stemt hen
exhaust s %?’é,’gg’{}x’é‘ %@%rs]laggleé@g«gWannq%ar v E?n}éfr&ém old 164 by a
vacuum purrp sysSmunﬂmg/rmeml Eylindee 32. 1sF&efcglmdmgtl ruemmo furriasé r34, chasingpor t
menber 18Q in Figqu t.he novabl e.s ort nmenber eed to be
noat ed or healy BireH a0 Hisrein o Hrat e exlindss 32 Aaenies TFE OF BrihTaied mstal et
substrate sﬂH%rﬁanr tiBhifySsufround CertmRStubric® 3atteraeivb b&ﬁpag SshiBidtbavegd at a
tenperature bel ow the condensation tenperature of the nononer, e.g., for

p- xyl yl enesontast by, he: operators withshe hatseeramis futnage;taseyelbasdtogeomit the)ﬂowrofe

substrate f 0 a tenperature within a range
of from aﬁww?g“ééﬁéﬂt‘%@%%§w%er 184 under control of
chiller controlTh héabetr. wffdssezoﬁwofrtherceia%ﬁcfﬂzmase 34 Gpe cortiected U6 anoéxtémal: 1

m xture by wei ht of et e glycol and deion zed wat er, through passages
270 (see FROQYFF “B‘)yl H°'t’n'@ gﬂ%‘??éf@l’%"ﬁ ?‘m_’ﬂi W@Mﬂé‘“g%t Xt ur e

contacts t ?&?hs%té b?@‘ta W 200,
pol yneri zatton o e reac ve ylé nDn ners connences S wel'l as

copol yner iabave mmovctindopﬂeﬁurabtyzabbwebml JO0EC| 49 dlecessity ctoi fidstre( iffigiemtsent )
resulting in the formation of the desired dielectric fil mof paryl ene or
paryl ene cdsgempasition of ithe s@b’l‘f@iﬂlﬂ dmto; the reagtive rmenomer, while dhe mpaximumy 5ce of

chanber - waFRgerdrE sl nor S BLEURAE 1G04  ShRbuboR S iid et 1°
such as a formhedriin ttheé ele&)mpmmbtcminbet 39| eheshould 8gaivbé recognizedethat\itiecr

t hrough passages ,260 in the ch rrber S|devvalls The substrate may be
retai ned o¥fcPMBositien temperaturg will vary }h%mm E’%’YJAN 2003 17

hck 210, por 1 ¥ AIPEIANR, ﬁ#are%“‘“ HAnEP O YR 5 PRERM O o

heliumis ammintrofoth; mmmmmugmmmmpmmaedz. )] fdtm thepesactive f ace

of the electrost |c ch ktofaC|I|tat an bet ween t he
substrate '§ P&‘i 'ngg'tqcifé 3%‘ °5ru8‘ce55| ng

and to prwnmmwmfmwmﬂ V Diftiet tHak Basnot beén détonipésal will
backsi de of the substrate. The dep03|t|on process perforned in chanber 60

can be ej tmtrpoéymmand ¢ therefore, gause jumes, ik thecepating afd) depositeen the 5

A gast‘kﬁ‘s‘t’ PRIET shiwoh Auffies, 3, B Throuh 1 ooy

(wi t h subst¢haatber sandpclog theru:bh!r traf® nephanismec ) !omqodwnstmappby cEposmon suppl y
ei ther single.or ency RF to mani fold 52 to enhance the
deconposi t&ﬂ"ﬁf@éﬁi’%‘\f 3 PH'?'P\ggéted into chamber 60. A mi xed
frequency RF popshosiditel notéd/tRatcthb hie S/ Hidt | WO%WW%M%EGHCY
(RF1 ), e. g , 13.56 MHz, and at a | ow RF '%gency (RF2) ., 360

Typi cal | y, bethypreferably commiputerccontraliess rallown ibeth thgeaporizes:] rmd.despmew at e,

orandi 22@»&&%&%@&%@%&%@3@%&# TR Bt ey 1 T
U. S. Pat enfroficthe depéditichlchambex. | That ks, mhmlwlmamdowmme for
Thermal Chem cal Va or Depomh\c;&ﬁgl Sili co ox and l,n- si tué’gzu'i]tl step

Pl anari zedW@B&'sO a; substente d QP"E?“
naterlals ition! ch@mBers p T Bding © of
the "113 pg%‘gﬁ'tnqns |ncor¢o%?ate ylar&é'f re‘?in h&ygmrhhb%gn%tseﬁéﬁnﬁéﬂo and RF

pover suppthe ibtexrpowensoursed bt My valve mtrpllmﬂlcdllt Bbl lHRelﬁé, 340 heater

trol | 0., Th fl
cont 1 ol 1 cr EOREE 1510 iy Soteroee, L1 iaF 8RR EOR-o ) e SmlRE S, | "
means 340 whi ch executes systemcontrol software stored in a nenory 380,
which, in. the preferred enbodinent, is a hard disk drive.



Now.referring to Figure 1, after the m xture of vaporized gases and
optional carrier gases flow into chanber 60, a paryl ene copol yner, for
"exanpl e, is deposited on the surface of substrate 200 by condensatlon and
pol ynmeri zation of the reactive p-xylylene nononers and the n2Btd AN 12003
silicon/ oxygen conononers. The nononers pol ynerize on the surface of the
substrate at different rates depending on the relative concentrations and
rel ative polynerization reaction rates of the nononmers. The 2 3 JAN 2003
ig remai nder of the optional carrier qgases, and any renmaini ng unreacted
nononer vapors) then pass out of chanber 60 through an exit port 66 (sec
Figure 10) and then through a throttle valve 80 to a cold trap 90. The

pur pose cehtrdl Mieahé B&0 gﬁ)dwfemwgdr@et o maintain the desired pressure within

chanber 60. de ositi ri zat.i on ti i s usual rri
e ot i o Th sy uie 3 gl O feterieeating of (e b st viagout Erranirat et s
m | I'i Torke (diﬁﬂ'rovai@ort@e Fffidtently 'FreatedWhethet laecmﬁ@smnecriambéeml Tms)rcanhwber

60 devi ates fr ress rottl Ive ut
Sont s ol PEERBAL oM B nchSRE M surtage Biead ovindbt sistorport e e
the pr eSrsctrmadt with treeevapbidazedrdidner, or extendmgthe eesldhnce timetof the vapbrized 8bnerdy be

it rogeR PPN anop) 3Prd . a BaRBRalFE ot o Bibig T B reieRBE et i o,
t hr ot t | evaparized dBertio theadegompasitid@Ochamper sdl-5 minutés. Iheskdoreratioas algasar ralbhe | nt o

cold tr aBn 19 Ieka c)oﬁt?dﬁr%éaﬁg 3§0f+é)¥\?]h%i1c%9€%§np%gltlﬁﬁ gf'ﬁ@ oﬂ'ngrqg 'rgacﬁ\%]ﬁ'l'o

per m nute SCca n er vol une un he contro

cont r ol |@lasma)maﬂbe epmbbsi@é I@fhetde@oamemmr pe & conventiensb metheds ¢ lerewsiﬁs ol
and the dlinPhehts d%’oﬁﬁﬁﬂé’é a'ﬂ? "sﬁa%r@ BREcursdrhaREridl ﬁﬁo ?é}‘étnreerﬁsﬁehaie WDHOWBF

t hr ough dep05|t| on chanber to 1 ncrease resi deace tine) t
permit nore cRefgsing eowpr%eew.eo% efcr?%esqe&%nal fVFQWnOf me @éﬁﬁ%rfﬁ%dg?qr@%mn

flouri ng;hbmb@u&mgd}arzbeﬁov@thanﬂetaocﬁheyﬁ SEhés%eéméédeGWb&téa Wiges eeﬁyg of
t he polynerizatiaqn, i ther mnimze the apgount of aé%%ﬁ%

pol yrrer i NPlew tubes 38y Paa‘fh haé’é{\ﬂ 'ﬁga%%ﬁfﬁ'&‘ testhe\sentes axis ohAretal G¥IndRe g% 3fe
ext ract efle acn@alsdfftcreaﬂy fightly WiinvéfiRde? 328 4336 @ iR GfPiBOcominhicHtion Withtohk e

o 1 oot sE Mt et g 6k oF thet Gmpitatind of e el ot Sod vt Sighence o

subat nmospiesr 36:wlﬂ1i|ﬁ!$:§slluder 32 therefotengzdvd dreatlydnerease thelsatfacenaeaatithih a:ybnnlnrer

bo. r erovid £ ORTTE (G4 Loy PR Hohein. i, il Bp Rl Fetiasf et Bl e
any convetwéenntibes A6meo dhatl theovapotizesipdinmeuncls asiformbyr hestednpéd dhe aleearem};alod
Nor CZ' gllngerraﬂﬁg thl‘.’l@ h%erﬁlﬁnS 9—{%”5{}6&‘{1 o* ﬁmetcnr%epg%f& mg %osfhgqﬁégtlvé %%R«LP

val renove nononers or tream
Connect e%reteoahlheeagbmwwé@hﬁ @6 @en@ﬁe oblayarz, a:p agdeasi f‘gatq@avalswéacgzdh%rﬁ%ugh

uhi ch. ¢ NSelchAEN), VW (8r! darh O 889 oF LHIRAE! BA%Ended O bolfPg BT BAIPS 150

to mai ntaln ired | ow ﬁ)ressure ures and

trap 90 qegt"ézp%s coa dubies $6Will ergirhayaea outﬂrvl@wmr (9@) af ﬁwn@sowuﬁp?%@bawd
then thrpg G&tﬁ‘tﬁbtér’%oérﬂ{ 4 @8l thicknssldidbe @31 3l &entitHereds, kAEUIrY iR QHUD oV RérH WBbERU M
150. When %: 60 js used as a deposition chanber, such as for the

previ ousy-y fﬁ%@ﬂ%%&ﬁ“ﬁ&ﬁtﬁrﬁerl c deposition of reactive pxylylene nonomer,

val ves 110 andhé4fésidencestime ¢intle \dirhgreinlhe de&omlpeﬂﬁdw bl@ammrmay bemmgtronealcuum

punp dlrectl t ld t e sa to, be sed
DD i coaaing fhed Rafeld s “Rper o aio JeombarTa ABATRR A8 R 50 B¥oum
such as regulating the tflowf @amier ghento vuponiatrbhehmhaabm" by &wotting\gataugdiyes 20 and

di scusse 0

i sol ati 0%0 vogl & %%Kﬂat}&\ g% hp ace h)t{ﬂﬁé @g@%@% Elragq%% Pé?é %@Bﬂo}qlr}ﬂﬁpthe
stream b@llmeleofcooﬂrcdletB@ The residencetigie vacuum punp 1S0. To cl ean the chanber
foll owi ng deposition of reactive nononmer, ozone is flown into the chanber
at a rate of 1000 seem It is believed that the reactive ozone reacts with
the parylene to facilitate renoval of the parylene fromthe chanber. In
addition to ozone, oxygen can be introduced into the chanber at a rate of
100- 1000 scan and an RF bias of 7S0-1200 watts applied to the support
menber to effectuate cleaning of the chanber. It is believed that the
oxygen reacts with the parylene in a manner simlar to the reaction of
ozone with parylene. The conputer controller 340 oontrol s~ all of the
activities of the CVD chanber



and a preferred enbodi nent of the controller 340 includes a hard disk
drive) a floppy disk drive, and a card rack. The card rack contains a
singl e board conmputer (SBC)) anal og and digital inpudoutput bggrds,

i nterface boards and stepper notor controller boards. The sys nd AN 1200301 | er
confornms to the Versa Mddul at Europeans (VME) standard whi ch defines board)
card cage, and connector dinensions ang types. The VME stsadard al so
defines the bus structure having a 16- #t data bus and 24-bit address bus.

T6e control | 0] t [ o] ute ogr am st or ed
onCt ho harh dlso B kRBENEL 67 ek, b Ge il ion WneAe T e by HEiichty

m xture ofme;alsc;df i))dEiF:_iZ)Qn&/bl rby\mdreasimgthﬁsix';eaﬁ pa?uamhbtwimbﬁfndeﬁwbptﬂger ]
araneters of a particul ar process. .interface between a user and the
Syst em corRlpsmiea o ok resitsching slemgiya eitin elindsr 2. s ik be drscoed balown i o
depi cted in Fi Reféringndw % ﬂfiEﬁr@f Peﬁafﬁb%ﬁ@”ém%mnbf 2'dec ﬁosﬁ{o‘?\ used)

one nounted in the clean roonwal | for the operators and the other behind
the wal | fchamberissbowneompeisethpfa series diwirmulandisco38a-8 placed inispagerbapast y

di spl h i nf | | i.gh . ' | ed. Th
i gt pon Joannis B YR 55t fhe Hlent Gt Each S pepRHE A e PR i 1 1
|i ght sensgfrcylindém32.t i [Each diseeispgrovidéd wit & lopenifg thioih avhicle HIRE Carfiér

function, the operatgr touches a designated area of the display screen and
pushes t heSasiyaperized Himee mjxpre flowsTHoweytre Be best sesn dp diigre 4, penipghin ght ed

Lor . _ ) L en| o ) :

et ween  t HEVRE ARRerE UeScEAER, thialired 3 ¥5tind SR O U Eiebd

E[ Lrpl enent fxdbnm‘bn?roalgflmyﬁggcgﬂb[]d@uamm?mmb #DAist 138b showa igrfigiupm éxanpl e,
e conputer ,contr e : .conput.er .progr,am.code can . be witten in

any cogeerﬁ’ﬁ‘ﬂ a?“ségﬁ'ﬂﬁf{@rm?é’&gg&‘ﬁgﬁﬁﬂﬁ‘%ﬁﬁ? Hgdﬁsﬁr?éﬁ B éﬁcégg'f tc‘)‘}h“"exarrpl e

68000 assesHbaditheritGi¢cafifly acts t& bbth in@fea&aﬁxf@ﬁb&ideﬁ% tiftel By RhGEAsHY G léngl

entered into a single file, or nultiple files) using a conventional text

edi tor, aref the Patyob flowkpand also ite increasethe eontacs asea within cylinder 32 whichy

he i 6] 2ak. | evel
anguage, SPedh gbiiet iR ieapecus iXfint okt e Gfa8e b Kot disc gl i TV
| i nked wi twilbise stithe sime tetieperdtureraseylindéraa, wilhaleobe lin bomgot with ithe gaseousl o

execute the,linked conpil ed object code) the systemuser invokes the object
code, caus®H§"he conputer systemto load the coda in menory, from which

the CPU reads aRg fepthér t; -?Qﬂ.gt r rﬁ&&h ' bl | n the
prgi ~am Fi g. 8R§slhovvs dlgrllis??l l&?’? at| vle g,ch@ agrg‘r’n 0 tﬁ?ligdﬁ&e’?g?ﬁ il%:al
cont rol stchaotber 30pass timtoceo metalctee ddp yrherein! d@. reactiveemopamer gasss puayob®ess set

Cesponse. « PURBATL vignae gl SHEF Sophfit-SabiF iEEale 6, MopSiigr° bt 1"

|'i ght pen immmem'wemem:ﬁmewﬂr_f_ dmdemarpomﬂerm' gnﬂwdqusiﬁa;fs_ .
paraneters negessary to carry qut specjfied processes, and are ideptifie
by predefi C@ét”nﬂ%&ﬁ”‘ﬁ&%ss“ﬁ@ét SSLt%goQﬂ cOPPoSity P*‘f i es
(17 the de 'lfn@g‘ Coinéctd Re . bl gr

&ee egﬁﬁg oper at e t%eﬁtgfr](;ﬁca:g s)%iw o tSdprSde%e !%Ré‘e%ﬁén

par aneters ‘n aaaber for performng the
desired prbetween détompositionschamber30and ttod4pe X second flange 43bi dfi tee 4Adess

andl 1 ow r HOHER Bk S PAEE +GH B ofed gtve THRTCAT BHE A Sl 7BV "
pover | evetsntroiidr @1 0&S computer CompoiCmeardV 405 to ComirolNtheOfiow Nofegdpors-mto and

chanmber wal | tenperature and are provided to the user in the formof a
reci pe. Théepositigpchamber§0-as wilbhe described belowe are entered utilizing the

| i ght pen/ CRT m)ﬁ' 8 ' \ ' ' s are
provi ded by the ana|ﬂ388é| %%%?Fgﬁﬁgls& al |npu'?6 B?aipgé?%‘#ﬁtgﬁﬁgﬁ%@o nmeans
340 and t hd6 ¢showalin Figure ¢ pieading/to a yapdrized source of a cGpalyréttobeifixed iree

out put on the anal og out put and digital outpuyt bards of the control.,neans
5407 P ofthuith the vanoBeh basy e maboR of FSOB I8 FIGIT 2 GERIEX FREF 47
accepting hiag Hededired b6 m&w&@&to lynie? Vapold affaixeds from
the pr ocesisﬂ.igel ector sug}rﬁohtrjti ne 420, and for controlling operation of the
vari ous pr suithghe reactiveemonomer from the desemposition ehamber.pr ocess set nunbers and

Bnd procass chatBe P riikRAseed olfifcatidl AL ire il Befed b SEBCRAI ngl"F

schedul e the sel ected processes in the desired sequence. Preferably the
sequences subroutine 430 includes a programcode to performthe steps of
(I') nonitoring the operation of the process chanbers to determne if the
chanbers are being used, (ii) determ ning what processes are being carried
out in the chanbers being used, and (iii) executing the desired process
based on availability of a process chanber and type of process to be

o, o o Y o S -



2 3 JAN 2003 22 are desired. In operation, the chanber manager subrouti ne
440 sel ectively schedules or calls the process conponents subroutines in
accordance with the particular process set being executed. Th2§gzﬁb%3
manager subrouti-ne 440 schedul es the process conponent subroutin
simlarly to how the process sequences 430 schedul es whi ch process

equi pment and process set is to be exdduted next. Typically) the chamber

manager subroutine 440 includes steps qf nonitori t he, vari ous chanber
conponent 8Ichas; heafing tapg mpeﬁgemwgﬁeﬁgé 'R JByata, theareaetiveneRPmE A @ on t he

process panAitRinte SuffRientlyhigh 86 Bs itSelll ddd beGin Y ?g}%ﬁ&)zea%ﬂg}mmu

execution of a chanber conponent subroutine responsive to t noni toring

and det er pomprisg a temperatymecofatoleast abguisl oGt r Wher abropolymesizatdd sburse i ogr am

code for trQlll onnAsl. L OW._[ .. The process
gas contr %QS%%FJSEP %ﬁ@&%@%@gﬁ?@o &7 g‘%%@#/@?ﬁ@@ﬁgﬁcﬁbgivﬂo l20"saf ety
shut - of f  vigdnvts , 102 ean Hesusedatwpeapopize alie) copeiymerizable avaterinlt I il egéssary0 obt ai n
the desired gas flow rate. The process gas contrql subroutine 460 1Is

i nvoked b apparale forming fo n e swlaarte paevioush dessribedynponent
Lot _ ! .
subrouti ”ﬂéconﬁagtﬁiiggﬁccﬁhx‘ﬁﬁér 86 ‘?ﬁﬂlyg ggg%r m&eéﬁé,uﬂégﬁkﬁﬁfﬁfg%gozzess

paraneters re to the desi wrates. Typic
gas cont r ptovidebsuchta cnpolydierinableamaterialyinogaseousgformemayn them bgptonnkdtek sy acr d

Fchai ngs. BSR4 1STnGieRY bl B8 ey ot nikeBhe oplitiagen 0
subrouti n§01ﬂ'€&)toBltdd&dg'dﬁer&dieuﬂmimrtdﬁn'ﬁhﬁﬁohaﬁtﬁ?ggésiﬁ&ﬁcwm y |ines

as ne~sary. Furthernore, the prqcess gas, control outine 460 i ncl udes
steps for noni B¢ BAYvaneE floxk cantaining the active  p-yylylene menomer thenpasses iophit i ng

t he safet - aff. : Jo L4l | t. | nert
gas such égagpggﬁg‘ﬁgxg%% a??‘o%ﬁ‘n? g% 42%%3%%?.9@6??%8&% I ze the
pressur e icombiemerhmnvaporiked form, frear tondait#60oshown guFigaret)e Thet moltivingtl i nt o

t he chanbey. For these progesses he pr.ocess gas control subroutine 460 is
progr arrrrea‘hf’ﬁnff’weﬁo“é’"gg’é‘ﬂés ps W‘Pﬁ@ﬁh@ﬂe EQE‘IIY YRpenzea Witdnder 60
for an amﬂﬁﬁﬁzﬁfg fhje@ﬁoﬂ‘ Xvii&bﬁﬁ&h'l’iré’(ﬁsibﬂﬁiﬁd ﬁﬁé&ﬁniw&h?ﬁ@eﬁ and

then the steps descri bed above woul d be carried out. Addifionally, when the

process gasparized masemee and semangmen then {lawshrongh a Yalvg#@ having
obt oi 1t aREes AORT4dH B Rl 3p SARLN BnoBdy VRl D Sriteh ERflpbFpct s 8, °
pressure gabstrate! procéssing tchambéi’ 60 ey ihrarnogomers depesivand’ polymerider ail ha ng t he
Phrott! e Ghicplistrin sich sy Spigphducior substraie, Which s prelerably tepéraire '~
controlled by a support member 180 that is connected to a chiller 184, Condensation of
the monomers on the substrate tyi:ically occurs at a temperature between 30 and -30
°C.

It is preferred that the walls of deposition chamber 60 be maintained at a
sufficiently high temperature to prevent deposition and polymerization of the vaporized
polymerizable material. In one embodiment, the chamber wall temperature is
maintained by a heater 70, under the control of heater controller 71. The remaining
gas/vapor mixture then passes from the deposition chamber 60 through a throttie valve
80, under the control of valve controller 81, which regulates the pressure in chamber
60, and then passes through a cold trap 90 connected to a chiller 100. The remaining
gases then pass through a gate valve 120, controlled by valve controlier 121, to a rough
pump 150. It is anticipated that the chamber walls may be heated by any other heating
means, including the use of a plasma generated within the chamber itself.



23 in the exhaust system of the chanber. The size of the opening of the
throttle valve 80 is set to control the chanber pressure to the desired

|l evel in relation to the total process gas flow, size of the process
chanber, and punping set point pressure for the exhaust syst33 JAN&83 t he
pressure control subroutine 470 is invoked, the desired, or target,
pressure level is received as a paraneter fromthe chanber manager
subrouti ne 440. The pressure control subroutine 470 operates to neasure the
pressure in thdnoharchoddgent ghoveniti Rigurasel and Gpthe apparatas mayrbd providedur e
manoneters .connggted to t chamber are t measur e_val ues Q the

t ar get pré‘g&ﬁ"egﬁ(gﬁf’%ﬁaﬁ)riglqg"b('%}ﬁﬁB??lF‘gﬁ%ebﬁfggruHP?éhmRﬁi *{Q%r#ital)

val ues fr pemiib genératienl of acsiasai®withidl chatibef GONEINEdNIpdratldl iatb}li@eta gasessur e,
and adjust_the thraottle v%l ve 80 according to the PID values obtained from

the pressdistripuioneglatg X substrate holder 8@ s The plasenimay be uwddatenhence70 can
be writtempd cQH‘FpBﬁﬁBn(‘df %%glretﬂégcu%%ﬁt)wé hg;xc\‘iﬂn&?ng{r?%ﬁ fledt 1& @Wgﬁ%@%taﬂ@em ng

size to regulate”the cha esir ssure. heater control
subr out i ndiMé&Gintotherpactive spevipsafhe pdasnfaomay also poovidensuffitient leating af thee of

manager S GBBRET Haliads BRYe QAo JhHEDT apos MG, BeatBh R Beur e
par anet er prodegs gudes &Y predetit P@iyﬂﬁﬁh&&ﬁtiﬂﬁe (Pha%e Ina8ditfol Sthé RIPgEndfatire DY

measuring vol tage output of thernocouple lTocated in the chanber 60,

conpar es tengbles: infegration ofijtea chamber 1so ither efehing of thepmbatrate or inrsitu

I ncr eases C ' to the | anp nodul e 260 and ot her

heat i ng cg?r%gﬁgrﬂfgﬁ?'gﬁgﬁ%{aﬁ%ﬁgﬂg@&%oi nt tenperatures. The tenperature is

obt ai ned from tlhis contemplewdd dedt tiegchamber anlyiincludgan Blectier bissSposontrol the

tenperature in a stored conversion tabl r b | cul ating, the tenperature

using a : i mainly
'h a1 SEREHISOEbE CroPgIrd ARy men SRS Al B SAYRsSF inmakiag B 1

for illus 'y&sggwgﬁﬁﬁ, and ot her CVD equi pnment may be enpl oyed.

Addi tionally, variatiOons of the above described system such as vari ations

I n substrate support design, heater design, |ocation of RF power
connectio an t her re possible. The invention is further described b
the fol |l oM hat descri be specific enbodi nrents and are not

i ntended to |infHe dopolyinérdof tie prédent invertionCite geneildy prepared by condensing
(Tetraal l yl oxysilane) Tq further illustrate the process of the invention) a
200 ni | | i rR=x¥ylene andtacsuitable; comonomer on the susfers ofza sphstrate pndersopditienson o

fixed subsgiys t | Rl . af: gﬁiﬁ&m%?sc ; Wk P
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of a simplified, parallel plate chemical vapor deposition processing chamber 60 having
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
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copol ymitris F‘M‘?Hnda% by, Btb&%ﬁaﬁﬂté 169 havipg addurality et snaged holes 162 whishexbaustinig s
1- An3ndANBt vd3m manifold 164. During processing, gas inlet to gas distribution manifold 52 is
uniformly distributed radially across the surface of a wafer 200 (see Figure 1). positioned on the
support member 180 as indicated.by arrows 166 (see Figure 6). An exhaust system then
exhausts the gas via ports 162 into the annular vacuum manifold 164 by a vacuum pump
system shown in Figure 1.
Referring now to substrate support member 180 in Figure 1, the movable substrate
support member may need to be heated or cooled during the process. To condense the
monomers on the substrate during the process, the substrate support 180 is maintained at a
temperature below the condensation temperature of the monomer, e.g., for p-xylylene the
substrate support 180 should not exceed about 40°C. The substrate support 180 is preferably
cooled to a temperature within a range of from about -40°C to about +25°C, using chiller 184
under control of chiller controller 181. The chiller 184 flows a coolant, such as a 1:1 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



28 9. An apparatus for depositing a copolyner film conprising a cooled
substrate hol der positioned within a heated deposition chanber; a source of
p- xyl yl ene nonomer; a source of a conobnoner having at |east one
silicon-oxygen bond and at | east two pendent carbon-carbon dR@bJAN lpogads;
and a process controller programmed to produce a copolynmer filmon a
substrate positioned on the substrate hol der characterized by a process
having the steps of: flow ng the p-xylylene nononer and the conobnoner into
t he chanber; and depositing a thin copolyner filmonto the substrate. 10.
The apparatus of claim9, wherein the compponer is tetraallyl oxysilane. 11.
The apparatus of claim9, wherein the conoroner is
tetravinyltetranethylcyclotetrasionane 12. The apparatus of clains 10 or
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The deposmon process performed in chamber 60 can be either a thermal process or

-
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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
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\! 10HH 1dieHheat from the gaseous stream flowing through chamber 60 and to provide for more
complete reaction of the polymerization, ie., 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
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 exampie, 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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S10%<8: (Lamber %uch as for the previously discussed polymeric deposition of reactive p-
xylylene monomer, valves 110 and 140 are shut and valve 120 is opened to connect
rough vacuum pump directly to cold trap 90. However, if the same chamber is to be
used as a plasma etch chamber or for any other processing requiring high vacuum, such
as for in situ plasma cleaning of the chamber, as previously discussed, gate valve 120
may be shut off and both gate valve 110 and isolation valve 140 opened to place high
vacuum turbo pump 130 in the stream between cold trap 90 and rough vacuum pump
150.

To clean the chamber following deposition of reactive monomer, ozone is flown
into 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 ﬁmctxon, 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 quom 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 (T) 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 leveis 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 inciuded depending on what processes
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10%p0& () component subroutines sxmxlar y to how the process sequencer 430 schedules whlch
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 s\ipply 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
inciude 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 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 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 vinyl 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 scem 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
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
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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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.
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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.



