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interconnects separated by dielectric material can be accomplished by either increasing

&U"(

I]

u

the thickness of the dielectric material or by lowering the dielectric constant of the
dielectric material, Increasing the thickness of the dielectric materials is, however,
contrary to the goal of reducing de'viée and structure geometries.

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

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

properties for use in integrated circuits. Deposition of such polymers by vaporization
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Properties of such polyneric materials, including their |ow dielectric
constants, dmbstitated paylydenscehlerinatad p-xylylene gnd flnorinajed p-xikyleng) spspeetvely.
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However, the parylene-N filns typical do not adhere well to silicon oxide
and ot her sefifobmgicicisnce and Eagigeerng, Valyme} b Second Bdition.ct pagest 99000244y e
poor thermal(l?éggbi lity at tenperatures above about 400 [err]C, and the
films typically’are not used in integrated circuits when subsequent
processi ng t enperPatylémesNué dépositaifromAda-substithted phiybyenalat senglerdtirey below

adhesi on of parylene filnms is jnproved_by fluorinating or chlarinating the

di mer of p->apPyl Eh0 i Hewevepahs panilene=N filmsstypicalhade netrasthererwelhig, silicon

oxide and other semiconductor surfaces., Furthermore, the parylene-N films have poor

%

thermal stability at temperatures above about 400 °C, and the films typically are not
vsed in integrated circuits when subsequent processing temperatures will exceed 400
°C. Thermal stability and adhesion of parylene films is improved by fluorinating or
chlorinating the dimer of p-xylylene to make parylene-F films or parylene-C films,
However, the substituted p-xylylene dimers are substantially more expensive than the
non-substituted dimer and are more difficult to process. The substituted dimers are
typically cracked at temperatures which degrade the substituted p-xylylene monomers,
and the parylene-C and parylene-F films must be deposited at temperatures
substantially lower than 30°C.

The problems of conventional parylene films have resulted 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-
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reactive groupsntegratedisiresits. down t he copol ymer structure by a variety of

nmechani snms. Copol yneri zation_of p-xylylene is difficult to. achieve_sjnce
bot h mononer s POl Y MAs & result, there r maihs % need for a process for depositing a low dielectric

o 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.

he Inv

-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(vinyldifnethylsiloxy)methyl-silanc, 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
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must condense on the substrate and have simlar reactivity. . .

Copol yrer i zaWO8%65617 p- xyl yl ene and nonovi nyl conpounds has pagjushagsst ed i n
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1, 3-di vi nyl - 5- t r Figurrokyis jal sghematie, dingramrofea coprlymerdeposition ipparaais aftthe

i nvention h . ectedly | ow anount of remaining vinyl groups
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adhesi on WO 9Bigab51 Ts a partially sectioned view of a portion of the apparatus of Figure 1,
PCT/ US99112857 . . . . .
showing a vaporizer, a decomposition chamber, and a manifold for feeding reactive

vapots 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 5 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 one embodiment of the present invention,

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

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

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

Figure 10 is a vertical cross-sectional view of a portion of the apparatus
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4 and reduced GV@PYGESH c constants in conparison to known p-xylp é’ﬁﬂ%ﬁlids‘?fﬁ-
Brief Description of the Drawings So that the manner in which the above
recited features, advantages and objects of the present invention are
attai ned and can be understood in detail, a4 nore particul ar description of

the i nventi on, e ve, be, ha referenc
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to be noted, hsneeessing chdmibierf he appended drawings illustrate only typical
enbodi nents of this |nvent|on and are therefore not to be consi dered

limting of its scdpgurefldis e flow shoetillnsrating g peasassiaccordingforone gmbbdiment of
effective eanﬂ g{egé‘ﬁ ’}‘Ft‘ﬁ&{ %n& Is a schematic diagram of a copol ymer
us o

deposition appar ’present invention; Figure 2 is a partially

sectioned view of FigeetlRda sheinatic aiepedfal dasricpigasiidlivesy dysteb fopiadspdrting a
and a manifold for feeding reactive

vaporizer, a de psjtion ch nber

vapors into tH¥® Hénglﬁhel"éﬁﬁe vaporigerta aglegampositionichambern
cross-sectional view of the deconposition chanber shown in Figures 1 and 2,
show ng the holl ow tubes pI aced within the deconposition chanber to

I ncrease the sk hiled:-Desceiption of tre ventied h t he vapors and gases passing

t hrough the chanbe ure Is a vertical ¢ross-sectiopal view of an

alternate struct ur eThe H@“H%ﬁrﬂ‘}g?‘? ﬁ°@%é@%°@%@§rﬂ{uﬁﬁﬂf%ﬂﬂ%l ng
a series of digfScopo \ﬁnc‘i’@ﬂaﬁﬁ gqg&} cﬁ&k@tﬁc tcgﬁértﬁié Bn. the WirSeeSof & rl{ ﬁ&cé’ | gw of

one of the discs sho In Fi 4, show ng m sal’ rgnment o e openi ng
therein wth tprecessing chambsk pmmdnsd@pbnydcmsuios of cEmgmmexﬁvapsrsaonto a substrate

cross-secti onal agram of an .exe CVD processi nber ed
according to oq?gqhﬁ%éﬁpr?g AHCORPIYISE lb'l"e TOPPH K S HHH“W P?‘Y ene Addgr am
of the system {uRiving! silicod/BRygeN HHtodiet HaVidgPatAE£E Db Gilicon-oxygen bond and at

!east two pendent carbon-carbon double bonds. Suitable multivinyl silicon/oxygen

compounds provide copolymers having an unexpectedly low amount of remaining
vinyl groups and good adhesion to substrate surfaces. Suitable multivinyl
silicon/oxygen monomers that 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.  Experimental
results establish that two or more pendent carbon-carbon double bonds in the
comonomers of the present invention are substantially polymerized. Tetraallyloxysilane
results in substantial 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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chanber of Fig. 6; Figure 8 is a flowhart of a conputer program used. for
process cont walssessigonj unction with the exenplary CVD procesgd gojigggber of
Fig. 6; Figure 9 is a top view of the wafer support mechani smof Figure 6;
Figure 10 is a vertical cross-sectional view of a portion of the apparatus
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5 generally shown in Figure 1, show r}&"the processi ng of gases/vapors
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provi des vapor deposition of conononmer vapors onto a substrate an

f or mati on ofcopolyssstheneon havinga thibknesofiomyabeut 0.65 picoen toabiont I§Mnpicsops.y | ene

and a nultivinyl gilicon/ ox n noner hawing at | t.one silicon- oxygen
bond and at !eastﬁ?\%?%%ﬂ%&%?%ﬁ%ﬁ%%ﬁm iﬂ%‘ﬁga dg‘.cfl _ ?gﬁ?oesﬂw“

nul tivinyl  sihatmben ferX d&poBitag M it @5pdlyRet RtoCAD @bjebELS dBRYibEd beldw. The
unexpectedly | ow amount of remaining vinyl groups and good adhesion to
substrate sutopabyaer prgpssdpprstasahily ingpipprated infocepmepujeysantieling raylt-chpmberar e
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available from Applied Materials, Inc., of Santa Clara, California.

As used herein, the term “parylence” is the generic name for thermoplastic
polymers based on p-xylylene (CH,C,H,CH,) or derivatives of p-xylylene. The p-
xylylene polymers have the formula:

'(CHz"CerCHz')n‘

wherein n is the average number of monomer units in a molecule. Although not directly
measured, n has been estimated to average about 5,000 in a typical parylcne-l:l film,
which gives the parylene-N film an estimated number average molecular weight of
about 500,000. Actual molecular weights are expected to have a broad distribution and
the actual molecular weights are considered to be unmeasurable. The copolymer grows
by addition of monomers on both ends of a p-xylylene initiator and the copolymer
molecules have end groups which are not easily identified. It is believed that the end
groups have no influence on properties. The term “parylene” also ir;cludes chlorinated
or fluorinated forms of the p-xylylene polymers produced by halogenating the

monomers or the polymers.

D O[. S !
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.
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tetravinyl tetranet hyl cycl ot etrasil oxane,
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1, 3-divinyl -1, 3-di net hyl di phenyl di si | oxane, vinyltriisopropenoxysilane, and
1,3-divinyl-5-triethoxysilyl-benzene. Experinental results establish that

two or nore pendent ReférEiag-t6 Fidued 1 dinldtiecenilsudiiernita viigorizernd® i provided té fheat
present invention are, substantially polymnerized. Tetraallyl oxysilane

resul ts i n subgndwepatizessybling o menamerschias disxylyleng eka difp-xyl¥lene derivativelent

SToni 11 cant - and. JRE BRERe Gl Pl ol Ot of oFE ROHER. 08 i con pe
i nvention furt hedatdd @Y tieeaporizert fothohitér fHer plesitirel of IR viitRizeL & TR 1Rt Al
i nterconnects and between layers of netal interconnects on a substrate. In

particul ar, an capiinuous decdapfiparticulatel solid pr Hiquid «limenis providek frothetvaperizsr 10.

pol ymeric or p nerizabl e teri r ra havi. Lelectric, constant
ouar ¢ han t hadmbpresefie cesfab fpblefbiheied bt i) s B on pE B
el ectrical and ghiedrdet thepgagy inbgepatl@r use WO 99/ 65617

PCr/US99112857 6 on integrated circuits in accordance with the present

i nvention. In one enfheNaperized dimer, suethay dapraybiansr ex optionpbmibitire 0f] waporized

provi des for coptinuoys intr [0 - , Ltivinyl

silicon/ oxygen%ﬁ%ﬁé‘f? cgﬁ%er %gggf’érnl gﬁ’sgefﬁa(gmﬁ)rﬂ%&%%g rlggtgg)ggﬁﬁ ?caﬂ%ml}é“r ,20 &lélh
as a CVD or pl yéi§ 6h dedvniposition ittt 80 vwHerditheGlapbriftdainer @ af leash papidly 30
norr to about Torr, and condensation of both mpnoners onto a substrate

to form a paryldeAmpessa|ty gaeactive mopAMER SReyasep-lyésane It shoulhbaiseegnizedabat
cron, Lo, AboutukiCul 885 ARk B WRHREE S kel RN
--onto an obj ect raguifte yapordracion edro\decohdpdsition to produce a reactive species, then the
‘vaporization and decomposition chambers may be removed or bypassed.

Referring now to Figures 1 and 2, the vaporizer 10 is shown for heating the
starting material to vaporize or sublime a liquid or solid polymerizable material before
introducing it into the decomposition chamber 30 or blending it with the comonomer.
Vaporizer 10 may comprise a metal cylinder comprising stainless steel or aluminum,
having metal flanges 12a and 12b thereon. Metal flange 12a has a cover 14 thereon
which is provided with a gas inlet port 16 to permit the flow of a non-reactive gas into
the vaporizer 10. Flange 12b, which comprises the exit port of the vaporizer 10, is
bolted to a matching flange 22a of gate valve 20 which separates the vaporizer 10 from
decomposition chamber 30.

Within the vaporizer 10 is a containment vessel 18 for placement of
polymerizable. starting material, such as di-p-xylylene. Containment vessel 18, which
may rest on the inner surface of the vaporizer 10, is made of a non-reactive material,
usually a céramic material, and preferably comprises quartz. As an option, containment
vessel 18 may be further provided with a number of openings (not shown) in the upper
half of the vessel to facilitate flow of heated gases into and out of containment vessel
18 to assist in the vaporization of the solid p-xylylene dimer and entrainment of the

dimer vapors in the carrier gas flow.
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copol ymer process is preferably incorporated into a conputer cantrolled
mul ti-chanb \ at ed processing system such as the Endug 26
0 112857
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parylene-N film ch gives the parylene-N filman estimated nunber
aver age nol Eowever, theiegtite apparatus (vapsfidativapdecompositiommind depesitioncghgmbersh e

ted to.h b d distributi dih t ual i t
cons! der ed EoPE e EatAEeT 8t 3 RIESES Bk A EHL CoPoktd: TrBn 15T Bhhoner o
on both endgutsa&m&dpdizwwﬂ%a@,_ma fesf:&ﬁgvuﬂpféﬁisrgm%%g@ fYSR labomt WOUh#sTdrave end

groups which are not "easfly ‘identified. el i'eved that the end groups
have no i nf taigones TormpThebigherdotal Pressuresrineregngthe deposition sase of thepgligners

ool ogenat + nand ALV B Zpace R ey of ponoiey BEPTRY WIElTroidt o >V
of the pr e?%%éo(?itmi%hﬂne&. arQaldiesticl @6 H2YinEréasea hyaldihpedaeriérhgakesowithont t S

solid or lig nononers to gases, introduces the gases to a chanber
cont ai ni ng ancsedsingr the cameund ofxthgumonomers. TheegamioNgZaa sty ber B KB &anber .

WO 99/ 65617 . . . PcT/ US99/ 12857
7 Referring pfeé'erg?lé&%ur&,, argop 8}'131“8 “o&fer?%‘%?l,y hgm\llrgbor izer 10 is provided to
heat Referring to Figures 1 and 2, the vaporizer 10 may be heated by any convenient

means such as, for example, a heating coil 15 which may be wrapped around the
vaporizer 10 to heat the same. The heating coil, in turn, is connected to an external
electrical power source 11, which is adjustable to provide sufficient heat to vaporizer
chamber 10 to heat it to the vaporization temperature of the polymerizable material
therein, but below a temperature at which the material will decompose into the reactive
monomer. An external heat controller, such as a Watlow 965 Temperature Controller,
may be used in connection with the heating coil to maintain the desired temperature.
The temperature of vaporizer 10, when operated within the previously described

pressurc ranges, will usually vary from a minimum temperature below which the
material will not vaporize, at the pressure required for deposition, up to a maximum
temperaturc below the temperature at which the vaporized material will decompose, at

* the operative pressure. While the operating temperature of the vaporizer will vary
according to the material to be vaporized, the temperature is preferably maintained
between about 100°C and about 200°C. '

The carrier gases, such as helium, are optionally introduced into the vaporizer

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 decomposition chamber 30. However, it should
be recognized that the process may be carried out using only the vaporized monomers,
e.g., p-xylylene dimer, without the use of a carrier gas.

| An alternative embodiment for the vaporizer 10 is shown in Figure 12 wherein

a thermostatic oven 306 heats the vaporizer 10 which contains, for example, non-
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and vapori ze orwé,q,g}' a nononer such as di-p-xylylene or a dizRp- e
derivative. A heat eg“g?essure gauge (not shown), such as one avgﬁéﬁ+%2ﬁéﬁom

Baratron, can be located in the vaporizer to nonitor the pressure of the
vaporizer to insure that a continuous feed 8f particulate solid or |iquid

dinmer is provided to e v rizer 10., T, ressur auge i s prefer,abl
neat ed so ¢ hat  YARGHFA Yy ens Endpgined G eriEiein (B Ciensan Bt gty
i noperabl e. The, ﬁ@s@%ié&&fkr@bmch 234G Ret 1%@‘868%?8 QRS aive'and I budBRY thioudnr €

of vaporized diner and a carrier gas, t rom vaporizer 10 through
a gate val ve 20the moa-vaporidedsdip-xylyldne imthesvapoozer dfanbhs c@dbinké carriehgas and

vaporized dinmer_is .at, lLeast partjally deconposed to a reactivye NONET. ..
suth as. p-xyl yI VHRBTIENd, SEREViVEFRG drih o ABOBART, st e PRRES & I desgmposition
pol yneri zabl e n@fagibeso hid the A HEdEPbsifbn ShanfHRABO wherRiresi@nid g8l afSihatited by
vapori zation or deconposition to produce a reactive speci€s, then the

vapori zat i on analraagh eppmpsiSOi oA massfloar meten (ndb shovarywar be placky paypwlere between

Referring now tQ Figures a 2, the vapor.iz 10 i s _sho for heating the
Start | ng mac er i e VeEPHAER 1 eD8 Tacppniot BREF B0 o st AR Bra) st b viadfed
material bef or eyipotiz@doc i THe fidw kdié of BEx¢ISTRABRAS theh ®8 calRaRRAbYibREcting the
blending it with the conmononer. Vaporizer 10 may conprise a netal cylinder
conpri si ng st ai masssef earden gasrseat tontheumgponiaer HY fionr the massrefematerial leaving 2he

t hereon. Metal fl%ﬁgg_ﬂ)Za has a cover 14 thereon which is provided with a
gas inlet port Yo pefmt the flow of a non-reactive gas into the

vapori zer 10. Fl angeRédfeiringwbirigureMpiid 2 ethe it vabve uon*omdwi% thé eaposip@r’ 10284y

10, is bolted to a matching flange 22a ofﬂﬂ;ate val ve 20 i ch separates the
vaporizer 10 fr bengeeadyapsiatad butaefersbly will begutomatical operpled pnd eonngetpd top

cont ai nment ves aGRIEN o] ' | : ' :
~such as di-p- xy?@*%#gx.}&%ﬁ?z}i nment h}/ogeﬂstglgl &%?ﬁ%@%@@l}aﬁ%ﬁp&m@:@é&%ﬁg}
surface of the uvimnther 10rantiOopens valvée200bnly aften vaparizatiore charhberi H) hasiseaettedya a
ceramic materidl, and prei‘gl‘rﬁllfolyc rises quartz..As an option, )
cont ai nment  ves SHPCPRTEAY e nelymerizable yagtenl (Willvaparirso Gt gates fingdng
(not shown) in EBE YRPSization chamber 10 through the first valve 20 contain vaporized

polymerizable material, as well as the optional non-reactive carrier gases flowing

through vaporization chamber 10. A second flange, 22b, connects first valve 20 to a
first flange 24a on a conduit 26 having a second flange 24b at its opposite end
connected to a first flange 32a of decomposition chamber 30.

Flanged metal conduit 26, is preferably heated by an external heater such as
heating tape (not shown) wrapped around conduit 26 to maintain the reactive monomer
at a temperature sufficiently high so that it will not begin to polymeﬁze. Typically, this
will be a temperature of at least about 120°C.

When decomposition of the vaporized polymerizable starting material is
necessary to form a reactive monomer, such as when using di-p-xylylene, the vapors |
from the vaporization chamber 10 are preferably sent to a decomposition chamber 30.
While the decomposition chamber 10 may be constructed in many ways, it is preferred
that the chamber have a large surface area to heat the vaporized material rapidly and
evenly. In one embodiment, the decomposition chamber 30 comprises a metal cylinder
wall 32 terminating, at one end, in first flange 32a through which it is connected, via

conduit 26, to first gate valve 20, which is used to control the flow of the vapors of the
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hal f of the vessel to facilitate flow of heated gases into and put of,

cont ai nment W@®#861718 to assist in the vaporization of the setaddnzsyrl vl ene
di mer and entrai nment of the dimer vapors in the carrier gas flow. WO
99/ 65617 PCr/ US99/ 12857 The
pressure in vaporizer 10 may be nalntalned at atnospheric pressure.

However, t %ﬁﬁrhﬁ prele sition
chanbers) P@n%?é?tgﬁna%ﬁﬁqe@?d@;{tm at %tjgr? ghseﬁﬁg&f romegdt?nﬁ?l?l?@r {}ﬂ&?g about
5 Torr. Formayhe optibsallyt lineddwith qpartz, lay Iskoren at B3, prwirhcmtav’ninhtnpr of theabl y

f bout 10 | Torr .tQ about 5 T The hi t ot al
| norease. { HESGUBBSPRVERS YARPE et nBP Rt iord W desomPORREE Control of

the amount of nofgre¥hdiag BekY 6Rinded 32 ﬂSSa Q&Hﬁﬂrﬂﬁﬂcé&nﬁ&‘mrﬂﬁﬁoﬁ thathg
chanmber. Total pressure can be increased 1%carrl er gases WlthOUt
Yy

i ncreasi ng laster ayires 202 reraimto heptibeeylinder. % Aapuﬁee ?fapf Pédhratﬂé metyl (nefer t
gas, prefer ﬂ-@%) Prﬁ'r o'ﬁﬁbnzﬁ{ygs%w%ce%{}w ?5 EJ 2 an‘%g‘h h d {35Gld | N9 to

Figures 1 an e vapori zer |ent neans
such as, focontacabyplties o;&rdmammghesmlceﬂﬁamﬁﬁmbcmywbn awuapmﬂt the dlowdoft he

vaporizer 10 fo hea the \;SF The heating coil, in turn, is connected to
an ext er nal 3iEpetwesy d%ércﬁ@ml"lﬁ“%%éﬁ i s adj ustabl e to provi de
sufficient heat @dipé}r rs t t PO L n
tenperature of the po yrr‘glr;%za | e rrat erra %%lﬂgée?fdnare P}l e&é%g{f%@rr%g?ature

at whi ch t hpowextsapplyl(not dhbwd)amd’rpmaratum ¢dneroleradit tmammnommpemmz@(t er nal
heat controller, such as eé w 965 Tenperature Controll may be used
tan

i E connect i BRWEEN: RDQUL AH0Q g‘be‘éﬁm;]oqoocnﬂeff?f&‘?lﬁ %h‘?ﬁe de8iG- edl\tt%lﬁﬁé’?‘ﬂ’i%r e.
T c
The e e oSl T T o I (R,

bel ow whi Chdécb tpaﬁﬁﬁf loBlthd\ktable iner 816 the Peachive hidBoMEL SPIcCthe afaimash f Or
deposi ti on, 0 a maxi mm

tcmperature should not exceed about 1000°C to avoid decomposition of the monomer

formed in the decomposition chamber 30. It should again be recognized that the
decomposition temperature will vary according to the dimer material being used.

It is preferred that the decomposition chamber 30 decompose a sufficient
amount of the dimer during its passage through cylinder 32 to form the reactive
monomer to prevent the deposition of unwanted particles on the substrate surface or the
formation of lumps in the deposited coating. Dimer that has not been decomposéd will
not polymerize, and may, therefore, cause lumps in the coating as it deposits on the
substrate, cause unwanted particles on the surface, or pass through the deposition
chamber and clog the cold trap mechanism 90 located downstream of deposition
chamber 60 ahead of rough vacuum pump 150.

It should be noted that the use of first gate valve 20 and second gate valve 40,
both preferably computer controlled, allows both the vaporizer 10 and decomposition
chamber 30 to be isolated from deposition chamber 60 while the substrate is removed
from the deposition chamber. That is, the whole system need not be shut down during
movement of a substrate into the deposition chamber to be coated, or out of the
deposition chamber after the deposition. The operation of the entire system, including
the heater power sources 11, 31, valve controllers 21, 41, 81, 111, 121, 141, heater
controller 71, and chiller controilers 101, 181, is preferably controlled by the computer
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tenperature bemgydgga”terrperature at which the vaporized nmater
deconpose, at the operative pressure. Wile the operating terrpk&f‘#l?% 857

the vaporizer will vary according to the naterial to be vaporized, the
tenperature is preferably maintained between about 100[err] C and about
200[ err]C. The carrier gases, such as helium are optionally introduced
into the vapordon&olmmﬁnﬁlswxgmd*‘igmbét port 16 in cover 14, and are then

heat ed by the vapor'zer 10 a rou h..t he te ve 20 to a,
deconposi tion cha pve "?“é‘?‘f s‘B%“ é%gﬁﬁfa!’gedd’("?ﬁitvaﬁ’ﬂ@’ ot Beess
may be carri ecbré!%ﬁed’ﬁiaﬂﬂxecﬁﬂn& vdp8r H@ﬂﬁ'fibléﬁﬂiy HEH&Q{Tﬁrtﬁe décothy rgg&ﬂoﬁ%ﬁaﬂ&?%

dinmer, without the use of a carrier gas. An alternative efnbodi nent for the
vapori zer 10 i Thishcannbg acdémg:lnslmdlatlmhéwemnrmsmgéhmmfm| are® o€ cylhmder [32ains

th Q which WD 99/ 656

P T/ USbo1 1265 7GR Sieniher 30,75 FpriEstowiin die, Wiirirad dieer. o B FyFRiine thee
carrier gas i &eﬁé&ﬁ@duﬁlar@fl% dﬁdri&\éd Cdiitef Qh| 8écoripésifibh 'chambar B! ki KyY aPunp
or a needle valve and is through t he non-vaporized di - p- xnyIene in
the vaporizer cpgt lw@n&fanthedr)@éﬂﬂl yetheggeidenng tmp nfi the yaporizgd dimet &méhef r om
th ’

the doposi ¢ orf eREREUTCHEChaRREF 8- Biee “BESEBRE oA MABIAN Al o Pouliediy™"

punp 150. ?Onv&gtrblhmgﬂmm T@@hh?bﬁﬂéﬁongigﬁlﬂbﬁ @tﬁsaﬁnaﬁyme? hinoter) 4 he
vapori zer and the POSI n,c¢c er to neasure the total mass
| eavi ng the vaeyma @AY mﬁhﬁw Waheaéeeowwra rhasubey 60 e sHianAlFctheds to

cal cul ated by bl %&sﬁa t i T oofthobR" by Bt gl kil {RROHEEYe 10

fromthe nmass materla Ieav in vapori zer erring to Figures
and 2, the firmatesiall ve 20 foll owi ng the vaporizer 10 may

Referring now to Figure 3, a cross-sectional view of the preferred
decomposition chamber of Figure 2, shows that metal cylinder 32 has been loaded or
packed with a series of hollow tubes 36, each having its axis parallel to the center axis
of metal cylinder 32. Tubes 36 are packed sufficiently tightly within cylinder 32 so as
to be in thermal communication with one another so that each tube 36 is at the
temperature of the wall of cylinder 32. The presence of tubes 36 within cylinder 32
therefore serve to greatly increase the surface area within cylinder 32 in contact with
the vaporized monomer. Thus, the vaporized dimer is channeled through or in between
tubes 36 so that the vaporized dimer is uniformly heated to the decomposition
temperature, thus maximizing the amount of the dimer decomposed to the reactive
monomer, Preferably, each hollow tube 36 is made of quartz, or at least has quartz
surfaces thereon. Preferably, when the inner diameter (ID) of cylinder 32 ranges from
about 1.5 to about 2 inches, small tubes 36 will each have an outer diameter (OD) of
from about 0.3 to about 0.5 inches, and a wall thickness of about 0.050 inches, resulting
in an ID of from about 0.2 to about 0.4 inches.

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

carrier gas flow rate control, under the control of controller 340. The residence time

. SUBSTITUTE SHEET (RULE 26)



be manual | y operated, but preferably will be automatically operated and
connected towdwambeie controller 21 which nonitors the terrperﬁ%.l%@gam-,
pressure in vaporization chanmber 10 and opens valve 20 only after

vapori zation chanber 10 has reached a tenperature at which the

pol ymeri zable material will vaporize so Bhat gases flowi ng from

vapori zation ch er 10 through the first valye 20 confain yaporized

pol yreri zabl ‘éanr?i{‘gte)hei °<9F‘F‘°’g%‘{ %8!5' length pldegpmpesition F"eé\(bt"iev engthepinggases
flow ng thro ' | ﬁm}ﬁ g@@p ts
first valve g‘ga% ﬁeﬁ %@%@P‘éﬁ%e %n%ﬁxeatﬁbcagﬁ%g{l@n%%ﬂg@? ﬁgﬁgersec ngﬁf | ange
24b at its oplpamencofiiaiv valineetingelementawithincylidfdend2jas 34H be lesteibedimdei.t i on
chanber 30. Flan netal conduit 26, is preferably.heated by an external
heater such s hoSGIPRE INIE & NiASres G Saapien cOpOE ShadeeoDRs R
mai ntai n t Necyagiet {s\BoWR RBMBFiscdl ofth de le&;er Gfcilaf \?M%F{ B%aga ?lh’tckd’ id‘é;ﬂl?e@@ahhat 't

wi Il not begin to polynerize. Typica enperature of at
| east about rebaionship @ cylihder 3% withthe planoof @ich dise perpendiculaxitopghé genteriaxisbl e

tarti t ial i t.o for tive, . wh
5. - pe x5 Gt 37 o oo i if pEHidRdEw U8 36, 9esind JRrREh mIBHE s Saritt"
preferably sgilvapstiRd dBmerRRtufe QoW T2VAREr, 30 beWiicef ih FigiHte 40 BpaTiNgS AN

chamber 10 may be constructed in many ways, it is preferfed that the
chanber haveadjadent djecsue feliherately misadighedito extrad yhmplsngthad traelcofithe gasapisdl vy

and evenly. |n_one, enbodi t ,ant deconposhi.l on ,ch el ; rises a
metal cyl i ndxg}x%ﬁpro ﬁtcéﬁﬁlﬁglzl n Sn PPYHRE éé]tﬂm pﬁcgépsﬁhoggdﬁggg‘gﬁaffshr ough
which it is @ﬁﬂ@eﬁiseﬂ%new t6 thoBflérlyingtopehingf30h 38 dfie138a \beheath didc 38b) qhisl S
used to control the fTow of the vapors of "the WO 99/ 65617

PCT/ US99/ 128@wboriment sstuallyaels tmbpoth liecrepse Sieresiderice timsr(Riiiesreasng ti kengtiner
surface of ngft t%le p%éﬁl $Pﬂg\;/),?é%d also to increase the contact area within cylinder 32 which

comes in contact with the gaseous mixture, since the surface of each disc 38a-d, which

will be at the same temperature as cylinder 32, will also be in contact with the gaseous
mixture.

As further shown in Figures 1 and 2, the gases flowing from decomposition
chamber 30 pass into a metal tec 44, wherein the reactive monomer gases may be
optionally blended with other copolymerizable materials, i.e., monomers or dimers
with which the reactive parylene monomers will react and polymerize in the de;;osition
chamber, as will be described below. A second flange 32b on the opposite end of
cylinder 32 is connected to a first flange 42a of tee 44 to provide the connection
between decomposition chamber 30 and tee 44. A second flange 42b of tee 44 is
secured to a first flange 40a on second gate valve 40, which is operated by valve
controller 41 and computer control means 340 to control the flow of vapors into
deposition chamber 60, as will be described below.

Third flange 42¢ of tee 44 is either secured to a flange (not shown) of conduit
46 (shown in Figure 1) leading to a vaporized source of a copolymer to be mixed in tee
44, with the vaporized parylene monomer or, as shown in Figure 2, a cap or cover 47
may be secured to flange 42¢ when no separate source of copolymer vapors are mixed
with the reactive monomer from the decomposition chamber.

Tee 44, like flanged metal conduit 26, is preferably heated by an external heater
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may be opti onaMG9%65¥d with quartz, as shown at 33, to avoi d COTES/MEET oNn
of the reactive p-xylylene vapors at the tenperature used to deconpose the
dimer. Surrounding netal cylinder 32 is a gylindrical ceramc furnace 34,
havi ng heater wires 202 therein to heat the cylinder 32. An outer |ayer of
perforated ”Etéi‘xkh(ag% GiPVRE Wigyp &pérbﬂf@téeyww&%%h%?é%ﬁvéﬁbﬂ&ﬁ& R to
serve both as a shield to avoi contact by the operator, with the

cerani ¢ furnactemperstune suffigiently highrseithattihwiil hotvbeg tamol)bmme U suhlly ﬁmwill

shield and ceram c. furnace 34. heat,er 2 of th cer ¢ furnace
34 are connectw&rﬁ et of AL Jst Mb%éﬁﬁoﬁ%nmo ik ‘é‘f’%\t’sljre
controller 31 {f4 Bﬁdo ?ﬁ(ﬁf& Pshﬁﬂmsrm %earfbk@
1000[err] C, pre era y ab 700[err] C’ A terrper ure a ove 400[err|C and
pref erabl y aboshambenuo, Eﬂoperus¢d:to ivaporizeeths anopolymerizable enateridli clfetrek:essary,

deconposi tion t he stabl di, mer nto t he reactive. nomer
masi mam t enper EHPC R ORAOE A ABRBISHAT SBGEL ST (18 FbPply Gescribed

deconposi tion @deolBEsifiBH efr(?:"()niﬁtgy 3 Ro YCusddC IRAREL EAE, ﬁx'&adﬁBS‘{aH%sted fo
shoul d agai n be re ogni ze at t econposition t enper at ur vary
accordi ng to tpevidersach m;wlynienm:lmgxmﬂ in paseows formfmay debnt beatornbeted to

deconposi tion hanbs ? g co o a sufficient anount of the diner, dyring
its passage t h € 91 tef (3 PepRittheFesnectiye 5a5ePusSrASHYE CoROIIRGIIZaten ¢ he

deposi tion of ypwag f tion
of lunps in the depg@fdg{g og%tg%ﬁﬁémg rrsdt’I at atgn nﬁig? d%gﬁsn% e%ﬂgﬁn%ggée({jmw |1

not pol ynerize, andTheagas/vaher ﬁcb\mrcemanmgsthelamiynsp-umlyidme moarsimen ghemspasses out
deposits on the_substrate, wa parti.cles sur.f ass
thr ough ¢ he de%icha?ﬁ%%% EARS B B0k g A55eonibest Hon PlsntedStist o
downst r eam of 8o, IR 3BndHit 4@&W%P%@mumﬂn

~shoul d be not ed t hat the u e of first gate valve 20 and second gate va ve
40, both pref emhun[omnptqompowntwdh Iaedt;tr@llybwssﬂbm laret teaditypeporreed Wihgamd
deconposi ti on ¢chanmber to be

d
e subet rate VEPORERBIUReHaR SR ARITE FPPOATeCEn Fidid Bt S5 e i She
syst em need nOVaﬂ%ﬁz&d“ﬁbn&ﬁWhrﬁWohtbﬂomer then flow through a second gate valve 40 having

flanges 40a, 40b to a conduit 48 which connects valve 40 with an entrance port 50 to a

substrate processing chamber 60 where the monomers deposit and polymerize on an
object therein, such as a semiconductor substrate, which is preferably temperature
controlled by a support member 180 that is connected to a chiller 184. Condensation of
the monomers on the substrate typically 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 throttle valve
80, under ttle control of valve controller 81, which regulates the pressure in chamber
60, and then passes through a cold trap 90 cornected to a chiller 100. The remaining
gases then pass through a gate valve 120, controlled by valve controller 121, to a rough
pump 150. Itis anticipated that the chamber walls may be heated by any other heating

means, including the use of a plasma generated within the chamber itself.
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novenent of a substrate into the deposition chanber to be coated, or out of
the deposi t iy osiesgioer after the deposition. The operation of t fzgyzre
system incl ud| ng the heater power sources 11, 31, valve co %_

41, 81, 111, 121, 141, heater controller 71, and chiller controllers 101,
181, S preferabl y control | ed by the corlr'puter SUBSTI TUTE SHEET (RULE 26)
WD 99/ 65617 . ) PCT/ US99/ 12857
11 control neansIBane embodiment shown ie Figurasol end 6r daea!pmrgﬂus mpyche provided

vapor e suffitn B hAR & iR s SRR o chimtef of Bt B RSB B 17

acconpl i shegemit Eaferitibnl o4 PRSMA Wvithiye chaniber G0 WetReenOparalld] ipldley, i.22a igls
deconposition chamber 30 _in contact with the vaporized di mer, or by

ext endi ng t HStHEdon Piate 52 ppda sebstrate hpé&%rlﬂae&haupi@maurmya%méé@ ﬁﬂh@ﬁe

chanber 30, e of
the vapori zg%r cfb' Xm?oﬁﬁ&??}f%&%% ﬁg%é&?s’g ﬁeﬂ%mﬁé noXéh &&gdm"e%?lggﬁ ¢ sf% 1@‘3

oper ati ons dime in@rthakdactiee specits. CTHecsladiya M@y also |prdv@dmsnfﬁéi&1t h?m@ﬁdﬁ&hce
deconposi ti gﬂq of the dimer to reactive nononer, he established

in the depoShambss w%ﬁbpr%m%wlx@m@wndhsqeomnﬂ@aswf@ ‘fi‘r‘dﬁaﬁ% fifthe ci ent
heat to decgpmp t | .

Ref erri ng ngw t%%?é%?i&%%ﬁ rossatzée]{:ﬁ ong{s I?/.Jlase%/vrﬂ&% d{hﬁﬂﬁ thygF:E;el%HO?
deconposi ti emwésamtngratmh Gf'tgelrchatﬁbcrssbw:rat titiet erohimg of:ﬂielsnﬁﬁrateBBr wasitoeen

| oaded or ked ol | pw tubes 36, each having its axis
paral | el to ﬁ’ém%\lvh?l@m%&ﬁgé °r?§ 9MMeY | i nder 32. Tubes 36 are packed
sufficiently tighti¥oMfemnBiatedaat! thel Sansber 3% Kﬁﬁcﬁl@e e!eE'mEWsrlﬁlcontml the

communi cation with one another so that each tube 36 1s at
structure of the deposited copolymer. Specifically, a B field may assnst m making an

amorphous copolymer.

P Deserinti

The copolymers of the present invention are generally prepared by condensing
p-xylylene and a suitable comonomer on the surface of a substrate under conditions
which polymerize both monomers. The silicon/oxygen containing monomers of the
present invention provide silicon-oxygen bonds which remain in the copolymer. The
relative amount of silicon-oxygen bonds in the copolymer depends on the ;elaﬁve
reactivity of the monomers and the structure of the silicon/oxygen monomer.

The typical starting material for making parylene polymers is a stable cyclic
dimer, di-p-xylylene, or halogenated derivative, which is available in solid form. The
dimer is typically vaporized or sublimed at 2 temperature between about 100 and about
200 °C, and then decomposed to the reactive monomer at a tempera'ture between about
600 and about 1000 °C for the polymerization to proceed. The dimer is commercially
available from companies such as Specialty Coating Systems, Inc. Usually the solid
dimer is available in particulate form, e.g., in powder form, for ease of handling.
However, it is contemplated by the present invention that dimer pellets may be used in
conjunction with a packed bed or that the solid precursor material may be liquefied or
dissolved in a carrier fluid to facilitate continuous delivery of the dimer. .

The amount of comonomer blended with the gaseous flow of p-xylylene
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tenperature of wWOedsslt of cylinder 32. The presence of tubes 3fgcmusdonnss?
cylinder 32 therefore serve to greatly increase the surface area within
cylinder 32 in contact with the vaporized rT%nomer. Thus, the vaporized
di mer is channeled through or in between tubes 36 so that the vaporized

o ! e ek d e tul zed
the amunt of _CHRCHTEPa atrtr SRmdY FBEE rom 2t phaRHR irebou ot B of U "0
each hol | ow t uhgtaPixtere'6fiMoRdmEs, it HreferabBt wileaake ]gkeﬁa aboat 5% g,tzlwi.at@ea%out

t her eon. Preferabl X)U ‘\‘i\rthen t he inner é)i aneter (ID) of cylinder ranges
(0] .

from about 1.5 k5% » Withn theclypicalrampunt Qfeeopolymerizable suenamer cadded dsually

di aneter (OD) of fr. t I.nG d a wall thickness
of about 0.050 ‘ﬁ"ﬂ‘é’ﬁ‘g‘g‘],g%%eé%h@V%"‘?h@ﬁ‘%’fﬁ’b&“?%&@%@% 0.2 to about 0.4

i nches. The resi denqefériip agintd Bightedarandr2, tdeai4de cortieord to Sosdg4td o4lveay, be
controlled by regulating the flow rate of vaporized diner into

deconposi ti on dheusk flanges 42hamd 49a,gspetialntand geqand gatecvalvsr 4G igconeaciegte a

i nto vapori zati ) thi t V, . O a
conbi nati on of @ﬁ%%@éag?e\%f;&%ﬁlrto tpﬁl‘%&'a}rll ca@?’i g’#%{a"s‘?‘ﬁ%&o ?dggetﬁg%%? r8 %Ib(?ﬁ
under the cont rophduit 48.00sr ddstried BOve, With respdctl encondiiit 26 and 186014 TbHMGAZS is

PCT/ US99/ 12857 12 _can al so, he contyqlled by the | ength of decopnposit.ion
chanber 30, i . dPrefemply W%%m Bl |heatjpg fapertoyoid £opdessatinn thereine Jdeatgy

the mean path |oaghip 4¢ &hid nX) éd?xﬂ@éte@%iabggﬂ _eﬁﬂ gcg @ﬁgﬂsﬁce %Bn‘;i(l?;éf g\x;gcessing

redirecting el enents within cylinder 3 ribe
Ref erring now tchambeguéls 4 and 5, another enbodi nent of a deconposition

chanber is shown conprised of a, series. of circular discs,.38a-d placed in
Chatod apart el ass ol dcposion ShaiRte 6o preferahiy untiEuEotor Aot gp n dtegrated

B o ek T bl sy il tBepll it FUSkERetin

- Maydan et al., U.S. Patent 4,951,601, the disclosure of which is hereby incorporated by
=reference. For parylene deposition, internal surfaces of the chamber 60 are maintained
or a temperature above the polymerization temperature of the reactive parylene
monomer, {.e., at a temperature above 200°C, but below a temperature at which further
decomposition of the reactive monomer might occur, i.e., at a temperature below about
750°C. Typically, the temperature of the chamber 60 will be maintained within a range
of from about 200°C and about 300°C.

One suitable CVD processing chamber in which the method of the present
invention can be carried out is shown in Fig. 6, which is a vertical, cross-sectional view
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 inciude (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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gas/ vapori zed dinmer m xture flows. However, as best seen in Figure 4,.
openings i n wo%sesntT di scs are deliberately m saligned to exg@ngsobiigsst engt h
of travel of the gaseous mi xture through cylinder 32. Thus, opening 39b in
di sc 38b shown in Figure 4 is axially msaligned to the underlying opening
39a in disc 38a beneath disc 38b. This efbodi nent act ually acts to both

I ncrease the residence, ti by increasing the,length of.the path.of flow),
and e t o SCHETEEY sl weiits ek oS igneRen, Sy SR QUPPIS SR AOYEBHE |
contact w t heohfigira@sigOUs m xture, since the surface of each disc 38a-d,

which will be at the sanme tenperature as cylinder 32, will also be in
contact with the Syhsteatr sunpoxttmemberASOrig highdy thetraslly respamisiygrand is monated t he

gases fl ow ot ' |t

Whor ei n t e Jhe PR S8 T8 U chfrf RRAREL 180 oA bR ool opy 6 vl
copol yner i zadurfaceraf esuppodrs , member, 180 @arriee eontebllablys nydvied bétivedn tahdowezact i ve
paryl ene nmonongrs w Il react  and polynerize in, the deposition chapmber, as
will be descp MO%A@Mg POsition AR AN HPPEX BIOGESSING: PREIINBNGY, which g clasely
cylinder 32 ] a first flange 42a of tee 44 to provide the
connection bde v?glgga e%gsrirlgtggition chanmber 30 and tee 44. A second flange 42b
of tee 44 is secRefetrihg ta Figure 6, fWhen gappiitmemberci8hds gathe wpper proéessinghi ch

[ ted by, val ve trol 4 d A | 40 t
ont ol t he TSRSt i E3Bieuded by aBaBls iFi 60 heines pbiebon oF seed Miesor | bed
bel on. Thi iRl kiaf babfing b1 88 I86iraricdblRBGRs Gfakioshovn)

of conduit showmn in Figure 1 eading to a vaporized so
copol yner t ogdselistiitugioni marifedd 82 is wniférntly distritmted mdibllyaacydse ke smrfaoeref aor, as

eparat o soubtie: 410 GesRyitdy PoutRes sy svBRor niter KD oF SRRSO or
from the decgpes b O oAakiules e i HALLANDE TSP bofO o 86 1S

P

pref erably heate an ‘ext ernal heater LE 26
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-xylylen monomers commences, as well
as copolymerization with other reactive polymerizable materials (if present) resuiting
in the formation of the desired dielectric film of parylene or parylene copolymer on the
surface of the substrate, ¢.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
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13 such as heati ng9 tape wapped around tee 44 to maintain the ?ggg{%?%g%

nononer at a tenperature sufficiently high so that it will not begin to
pol ynerize. Usually this will conprise a tdamperature of at |east about
150[err] C. Wen a copol ynerizabl e source is used, a second vaporization
chanber, simi | gibstratet fetention iheans | syciilas cr bipelir \ozoonapalar celectiostatie chudk 2Hkn
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used to provid nert zabl e mate I n gaseous form may then be
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reactive copol ymerization sources to blend together in tee 44 priot to
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tee 44 having f C Where Tt s bl ended with conmononer, in
\éaIO_orl Z/ed form fr omhégdséusiﬁﬂrﬂ@rééeb@\ped?nlmdai guckaniber 6heannbet éithenyal thermal

i I'i con/ oxygen. conpounds such as tetraallyl oxysilane are readily v ri zed
usi ng a vapor i ZireRgsy ofj Plasmaenhayeed thermahproaesse 11 # BHASIBR PEICESHA °E?‘é‘l]l°a%?asma

I nj ection Syste | NG.. 2 ' .

thr ough a seconh A AgibiShs 188 Welee s 1o BRke RRIER TERATES AT, hufityy 52
whi ch connect s fygth \RF géveni supplgrt legwittasubstrate stprvft membersiffisgroundedp RIt pewérng
chanber 60 where the nononers deposjt and pol ytmari ze an obj ect. tgesrei n,
such as a seni cyBPRIcGlofansTpRlY, it ,rsmlec?r_ mixed; WBF%I@IQP@WE?%WP@I 20
control l ed by a Efg;%%é d giﬁa,ﬁ%fw,ﬁgvé @&%%F&d%@ﬁ Ricledmber 80. WBthixed

Condensati on of nononers on the substrate typically occurs at a

\Ej enper ?F ure Ee}rf{r)@an@oRﬁrpdweﬁﬁu;{péy typizallytsuppligsrpoiver atd higha RFt fiequgaey RED,
eposition chamber, 50 PR oS 1BeRPheduency (RF2), e.g., 360 Kz,

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, 2 parylene copolymer, for example, is deposited on
the surface of substrate 200 by condensation and polymerization of the reactive p-
xylylene monomers and the multiviny! 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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sufficiently high tenperature to prevent deposition and pol yneri-zation of
the vapori zeWQuskegérdr i zabl e material. I n one enbodi nent, thepctyrasisanssral |
tenperature is maintained by.a heater 70, under the control of heater

controller 71. The renmai ni ng gas/vapor m ture then passes fromthe
deposition chanber 60 through a throttle™val ve 80, under the control of

val ve contro ich r ates the, pressutre in ch er._ 60, and then
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T/ US00/ 126 SIREE breiicin camhlRr 0. S eopsition/polymerization pragtion s ysually, o s
may be provi ghededbittwiile fin@iniy epressufelwithindepositichashamber 60offariabsut 30
through an RF_network 83 to permt _generation of a plasma wthin chanber 60

bet ween par amillilors| GraTorr) tocaboyt §a¥ors; Yihenshe ipsesswie b cdeosition) chamhes £0 at e
hol d 180. . L f. bl
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reactive spegpensto dause the prespuremy/drop, o closestodauseuhd pressaretoltisdt i ng of the
chanber walls to prevent polynerization thereon and/or sufficient heating

of the process ga¥ew referpngtockigusolly thrpttieavalven8q mayhe medifiedh AE desired, to

ddi ti on. . el
el ther "ot chi pesiiy S EAErAbYe G800 Psrebil fEMARL oP iufaer 16 o€ R Egheddls |
performed. |tréam floning fronetieantchao thirbegtcthesttle valia B0 itt colddep®0. eTypidatlyc bi as

to control the structure Qf the deposited copolyner. Specifically, a B
field my as¥iSstdditipnahgns owntarmﬁgﬁemgow dtoprEise 2 flow of about 50 standard

cubic centimeters per minute (sccm), depending on the chamber volume under the

control of controller 340. The purpose of the added non-reactive gases is to control and
the flow of the gaseous stream of carrier gas and reactive monomer through deposition
chamber 60, i.e., to increase the residence time, to permit more complete extraction of
the heat from the gaseous stream flowing through chamber 60 and to provide for more
complete reaction of the polymerization, i.e., to further minimize the amount of
unreacted polymerizable material leaving chamber 60 via exit port 66 which must be
extracted in cold trap 90. ’

The vapors and gases passing through throttle valve 80 then enter cold trap 90
which, in turn, is connected to a vacuum pump 150 (see Figure 1) which is capable of
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 throttie 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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Process Descri ptoswesétre copol yners of the present invention ar ®Cyarses/sassy
prepared by condensi ng p-xylylene and a suitable conononer on the surface
of a substrate under conditions which polynerize both nononers. The
sil i con/ oxygen contai ni ng nononers of the ‘Br esent invention provide

si licon-oxygen bonds which remain in t cgpol yner, The. tiv of
si | i con- oxygeryalygntft0 torough vaehis PP @pg%&eﬂoﬁgf“ﬁg F@Iléﬁ% eésrgéigﬁg\i/{!{b y of
the monomer s enbe SR 46 theOfrebiBEsly didcasied Polyifctiqraaniiion olfeadtivel sal
starting material for nmaking parylene polymers is a stable cyclic dinmer,
di - p- xyl yl ene,xybylereaonener; salvetei 10/and 140 angtshuhands valveil 2Qis epaned &openmestor m
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tenperature beﬁs\é% s pﬁﬁﬂs efeh Chafttr %IP fotlany Qﬁgr nge?&;ﬁgfrequiﬁﬁ@m@n xR, SRdhi On

to proceed. The met 1's commercially availab rom conpani €s such as
Speci al ty *Coatdsrfgr fystueptesma cleaningsofithe ghambersan pravignshe discusseds gateaysilve 129

ticul ate f s f f i o
e Cont enp! at cambys it oft I Bive SAVF A0 Bha E3fioR vaJE b o Behea B e E ik | |
conj unction wi Mamg:fxmh ﬁ%ﬂ%egoqh_tﬁé‘ﬂeahhse@@éﬂ 6018 tRB 90 roBgtevAcBlmpRynpbe

| i quefied or diss carrier fluid to facilitate contl nuous delivery
of the diner. Ide anount of conononer blended with the gaseous flow of

D S ST, ST i b R M o o e
about 25% by Whto @ik chi@ibérodtal rafél oft 1000 soémnunizrbelisyedothit the eéaztiad byoneiredcts
range from about 5% by wt. to about 15% b%/hevvta. a r\llgttrglmttlt]eecl}a%/n ier(feilna (ririltllgr?%o of
copol yner i zabl withitheqerlenataderilifatggemgval of the paryle
ozone, oxygen can be introduced into the chamber at a rate of 100-1000 sccm and an
s RF bias of 750-1200 watts applied to the support member to effectuate cleaning of the
c;hamber. It is believed that the oxygen reacts with the parylene in a manner similar to
the reaction of ozone with paryiene.

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. Tﬂe 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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conprising at |east 10% by w. of the nmononmer m xture total. Referring
again to Fi g and 2, tee 44 is connected to second gate

t hrough fl anges 2;% and 40a, respectively, and second gate ﬁ%¥9§6%7
connected to a further heated conduit 48 through flange 40b on gate val ve
40 and flange 48a on conduit 48. As des®0i bed above, wth respect to
conduit 26 and tee 44, conduit 48 is preferably heated, for exanple by

heating t apdeteetslightsmittedbylERTdisrdsy witlen light sensoninthe tiprafithe peng Tosseleph t urn,

Gopos t 1 on' ErbarisaP SerRHD of Rurbl ABE SpBRlct soitnd) s BE-BRIH fi%a S HEGIAP, ™
platform forscraemﬂqﬁsm the\bit@ninetle Géd 344. UEhe tSithBd arRaichires &6 Bighlgiaéd orm i s
described in Maydan et al., U S. Patent 4,951,601, the disclqsure of which
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surfaces of y gﬂ_eg ﬁQﬂE’Jﬂferdu%@afs;cFe Eseu ntai ned or a tenperature above the

pol yneri zati enper at reactive parylene nononer, i.e., at a
t enper at ure abov&he Q)ﬁ{cessr dafi, bebimipléraémend asmgaamampumr prugram/rpmﬂnct 400 that
deconposi tion of e re %#lve nononer  nj g

’ h‘ ;i.ﬁ i.e., at aten}é‘bgature
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i nventi on cararple 68000 essembly langsageyC, iCh+Fi gr PascalvhiSultalile programtdodalis
cross-sectional ,view of .,a aral |l el te

deposi &1 on hgiEdduPAFTesla Al OF slfell S, i & e BHATAL B SR STARGER o0
contains a @asmebditd indHédpputdranhtie hﬂadﬁff’n fs@éh 481 asrﬂ@théx‘yf*%sﬁﬁpﬁﬁlﬁéc SAsRET,

t hrough perforated holes in the nanifold to a wafe O (see Figure 1)

that-rests oif the eutersd rogde tenigpdn @ highilenel lpguagehtheptadeds sompiled andithe  gases

(if any) are_| t through, th as Ji,nes, 168 gJe tem 170 wher e
they are cor%s“ﬂg'g °3ﬂ‘8“?‘hg%’° léﬁPg{g @égnd’?’%‘:ﬁ F%%tﬁr’?o?lre "“‘}/(Ssil

General |y, tib@arpraitiacs DesARuRURS thddl doapile@ objearcdodef the I8 taﬁcm@asiﬁvcgcas es

i nclude (i) safety shut-off val ves (not shovvn) that can be used to

aut omat i cal ke ehiechaersaFausinghe computethystemo ledd the sedesin rgemory, from which
the CPU reads and executes the code to perform the tasks identified in the program.

Dn-

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 cond{tions 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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into the chanbewo9wssbifii) nmass flow controllers (al so not showgT/usse12857
neasure the flow of gas through the gas supply lines. Wen toxic gases are
used in the process, the SUBSTI TUTE SHEET %EULE 26) WO 99/ 65617

PCT/ US99/ 12857 16 several safety shut-off | ves are positioned on each gas

supply line in conventignal confiquraji.ons. Substrat u 180 is
hi ghly ther nal P& %s&&waﬁﬁd’“@??ﬁﬁw@ OBE’UQE% e‘gfttg? 8@‘?"28‘%‘%2?6'5%@”
menber 180 (and the wafer supported on the upper surface of support nenber

180) can be controllably noved between a | ower | oading/off-I|oading position

and an upper pr ocesai prgcgss sequencer Gubrouiriecd30i compirissseprpgea) eqderfor acsephing the| d
52. Referring to FLgure 6, en suppor,t nmber 180 isS i

processi ng postde 1g‘gﬁf°°F§s ﬁ\’lyg"@’ﬁ’? P@Eﬁﬁe‘?{ﬁ‘?cﬁs @meéerﬁlfgqxé%%gﬂﬁgéi sr?‘g“%”
plurality of spagEsidiokss 4RP fyh balirobkdpa upérafic Of afe aaRiolifprocas dhaner. f ol d

164. During processing, gas inlet to gas distribution manifold 52 is
uni form y di st Muitiplediseradamentgr process set mumbery andeproesss ghagales numbers( e user

Figure 1) positioned on.the su .t | ndl I 6
(see Figure o) cangmixiyel SRER: pBRcE shd HReR bt dfinslo B SlBndd?
the annul ar vagugutmenifbserdted thychediia che selguebpoyessesinsihe wdesired feiquence. 1.
Referring now to substrate support nenmber 180 in Figure 1, the novable
substrate suppd®referablythe seangness subrowtingA30cinludess Progre eods 1p psEform the steps
process. To con se I . t 4 [ R iPIRCES he
substrate supp8??ﬂf§?f“{&§inggﬂér)1?§{rﬁéo§n%§tn§p err%e‘?hg?ﬁf%qge %v?/h 'Z}ﬁépgonde?\lgﬁsi on
tenperature of gkd1BeifiP uSuER (i) detgminifipwhat prpksssesnare teimgsuatriddr @it dn thepghambers80
shoul d not exceed about 40[err]C. . Thﬁ . Y

being used, and (jii) 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
';o 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 carty 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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substrate support 180 is preferably cooled to a tenperature within a range

of from abo%o-ﬁ&kﬁrr] C to about +25[err]C, using chiller 1%6%99‘?{289%'[ r ol
, Suc

of chiller controller 181. The chiller 184 flows a cool ant as a 1:1
m xture by wei ght of ethylene glycol and deionized water, through passages
270 (see Figure 6) in the substrate support 180. Wen the gaseous m xture
contacts the cool ed surface of, for exanple, sem conductor substrate 200,

pol ymer i zatdrodesired.t Freopeeation] the chamber mlanagarsulroatine 440 selsctively schedulgsior as

copol yreri zat,ign with other reactive polynerizable teri.al | sent)
resul ting i‘i"fhf ﬁ‘? ?8?%??’8“0’19’(“3??%‘@&5?? r“é%c‘iﬂr n&%%‘?‘?‘gﬁ“r lg?'hgﬂ?‘ r%géeﬁ éﬁe or
paryl ene CoRigy BRécufdd. t NEhé Whimb& flandgep SubPGitine! 440 ScheduledNthiehprosessf ace of
sem conduct or waf er 200. To prevent deposition of parylene filns on, the

chanber wal ¢omponent subepnitines7milardy to how ythe praresscsequencei #3Q sehedulgwhich o

such as a 1;1.m ' t C a o N afg@é,er,

t hr ough pas%rg‘éegi éé%%eﬁy%b %E‘]z’;isrst%]étr gs%%%??%*%t's Z‘%g&rggggh ﬁg:;ﬁ/ e

retai ned onmamgessibidutint 446 inpludes stdp3 Gf monitoying trewaribusciambet fSfiHonefits; SHEET
(RULE 26) WD, 99/ 65617 '

PCT/ US9911 2dptermimng yehuchy campopenteAeads 1o he srerated dasedsontheiRsetess PERMRSHopol ar

el ectrost at ' 0 Wl {;ﬂyvg ' '

backsi de gafg?st{fuégﬁfggg%%f fcgﬁqé f"ss‘&g?"é’f é?&a%?%%agfﬁﬁt rogg krlbhc gﬁlg@oﬂvi ded

i n t he uppesubsantibecesparsivette thelmanitoring and detetminingtsteps.aci | i t at e heat transfer

bet ween the subsjrate support nepber 180 a substrate,| acate her eon
for processing a’hlf PEPCEsfsgg@n?O”HQEgE‘?‘PPW gggtlﬁ“é Pregem \98d°rrg‘?ref;?"gﬁ°ihr§nft o the
edge and b §és:gega9?ccoh§ar%si§&{?%ﬁ& FHfy rbE GHROSHobese paR ' RRASE suléiltien®sd i n

chanber 60 Tan be eit ernal process or plasma enhanced ther nal
process. | ncantrplsaberap@r/dosgwsitian o6 ther safdty ghyitofE 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 formed adj asembosseit he wafer by RF energy applied to gas di gy '
mani fold 52 from RF power supply 61 (with substrate support rrenber/[ljgf%%’

grounded). RF power supply 61 can supply either single or m xed frequency
RF power to manifold 52 to enhance the dec@i’rrposition of reactive species

i ntroduced into chagber 60. A m xed freqyenc, ower. supply typicall
suppl i es poweringhe exhansssysiem; o E&-W?gﬁif&egf %opggpg%?&qﬁ!mﬁ%vai\feéé | ow
RF frequency (; : | ; : ; t

q y (xFegft)to cbn éltlaéggglggfgﬁegs?ﬁfﬁaﬁgﬂ blesxt@t'i'l/evgflﬁ%l'an&{ 1ol the tdtdl §s

lining, gas in mani various other reactor hardware is

made out of negaeiflond, sikzeclf the prkessichamber; ambhpuinpiegl satlpoint pressurdforcthe ephansof
such a CVD apparatus_i.s described in U S Patent No. 5,000,113, entitled
"Ther mal CVD/ Faveiom. R&zen dhe aressurs eonteal stbrepting 47@1’@@!‘3?‘389\/&5&_%5@@@85 farg&n of

Silicon Dioxi I ' k= [ gl ng
et al, and as gﬁg%{el% ltegéli%)gﬁeggh%tam?%ﬁﬁﬁré .ﬂ,;ée ag;{bgg g]&éﬁ%% soﬁﬂdtﬁﬁ%et %%dé\ge nt
i nvention. TheTkd gredsamiuontrol subluitind 43) gprated toimteasure digpresstredn ithe shamberxsce.

Gas m xi ng system 170 and RF power supply 61 are controll ed@fgzo tghe coput er
control means DutPaging ong&rmMASE CPRYSRYONAS PresTute MAROMBISES GoRReCY A &hagber,

assenbl i es suc K : are
controll ed by {bn (r:%gl??% ak%é’g%@@éﬁgl J\Rﬁi cﬁét(ﬁég%%rf ’ééwglgs@tl g%r@]{@g@’ gdg%?v%iar e
Zt or ed :\kr; a n}awgifﬁﬁéiuialémmkes f{d&nt?é\ spo"ren}1 presgute eatiie ciorrespionding ? thar tdrgei slé
rive. wreferring to Figure, 1, after e nj,xtur vapori.ze ses, an
optional carri E‘FSSQEFEQQ‘?MJB&IW%W@%%%?& aesording, rtﬁ? gi}%"@g%ﬂmﬁ?qg&?%r‘he

exanple, is deﬁ%@ﬁ&b@? Nf't.@néﬂgélﬁcﬁf %eﬁﬁi}aséohﬁélesx&% ¥ @@%ﬁ%ﬁﬂfﬁ and

pol ymeri zati on o e reactive p-" Xy ene nmononers and the nultivin

si |'i con/ oxygenomenrayciose tis thidtde malve 8@ tea paitignler opepingsizdte regulitadhe cambee

substrate at (rjr'ééfeéeat .rat es depending on the relative concentrati ons and
«relative pol yn®f {oA8¢ FEHeRBEEYEn rates of the nonomers. The SUBSTI TUTE

- SHEET (RULE 26) 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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WO 99/ 65617 PCT/ 1599112857
18 renmmi nderwob9436e7 opti onal carrier gases, and any renmai ni pepHaRssed
nononer vapors, then pass out of chanber 60 through an exit port 66 (see
Figure 10) and then through a throttle ¥@Ive 80 to a cold trap 90. The
purpose of throttle valve 80 is to maintain the desired pressure within
chanmber 60. Ll ' ' 14 18 o Y ' out
Wi e rai ni HPAF S BRI DRITLEAL sl BEhiaRRd of o GUR " U OV

mlliTorr (p3foikra MkP oRDXZ ddpodicion chathiRp, dvaitablly R6mUAPplied Materials,tThapofchanber
60 deviates fromthe set pressure, throttle valve 80, which js coi’ri)uter

control | ed, Ssiita Glara, Salifumiae isconfigured substaptially as shown inBiguees 1dhgugh13.0 cause
th t ' R\ o] N tp Fi 10 t; b
o 1 ea. 1 deshpat 30}k BF Ptk ot g sbatcd hto tnd Sapkiat ROl OO
nitrogen. ! Gnd fedigeitzek Guds il RERAID dHobCoR0-L! THe Rie!vaba 2018éHaRking Ghd hr Ough

throttle valve 80 to cold trap 90. Typically, this additional gas flowinto
cold trap 9@apurizer Hofrpmithe decoimpmsition chirobar 390wasttherdopahed,anidthe ¥aparnef er s
per mnute (scem, depending on.the chanber, vol uge,,under .t h nt I of
control | er SHRET %@ aﬁg\”ﬁggé%(?f” fhl‘i%“ggdﬂg&s%gﬂwr“é’é‘gﬁl?fem §tées&fc§g¥’é£l@%nnt r ol
and the flo n@ﬁ,‘rr I Rl bMEAOPAVET

t hr ough depggﬁq'{“?%?@@ﬁ‘m#s"é@&%@ th? |£nd(1:{rée°§gg§%t%§g?%s?gée%ﬁéegti me, to
permt nore40@fphetdeompbsition chamledr 30heashthet operedh andethe aaparized seaciverpf | owi ng

t hrough chanber 6Q and . tQ provide for nore copplete actjon of th
pol yner i zat rpkyiens fermed iy the decarapositiog; chamber éﬂg’nﬁ%‘ﬁ?‘{ ﬁ?ml}h? B%F@F’Qas‘g‘m

pol ymeri zabl lg% | fLoVds | () bELbodtiss be
xt act cd | A Ao 46 BAR0c ORI F ekl a0 BT OIS 2
val ve 80 t heecnenThe lid of thetdepesitddh oftaimbler 60 was maintained atantesperatire of sbophicuum
punp 150 (see Figure 1) which is capable of, maintaipin nber 60 at
subat nosphen @Gy pad thg mealls pf the shambes 60 yare magFined-at agw&'goﬁ%eact ed nonomer

and other copol y iggl fi9fGsiliRE Gab Howm1Rlo (G bmBER 6H 4 R4tETof 48 Qcem. About

50 sccm of nitrogen and about 25 scem 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 s:hutting
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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but rather be r¥RS¥EF7rom the gas streamin cold trap 90. Col dPCI/HBIR8T Ay
conpri se any conventional commercial cold trap, such as, for exanple, a
standard Norcal cold trap, which is connectygd to the downstream si de of
throttle valve 80 to trap and renbve any nononers or polynmers fromthe gas

stream ConnecPesieice Sf@icdAMRFENEIRIS irfithe Polyntdr Gvas lcaRfidibd 5y EIRIRE AalyéR of20

t hrough which the renmaining gases in the gas stream pass to rgﬁh vacuum

punp 150 to naremainmgtosebanecarbangdouble bands alsocestablishen dhat at deast 3 f dke 4 vimyd

10, cold trap 90:.1s. f uahy gate valve 110 to a turbo punp
130 and then t ogégﬁrﬁg%%f“g%ﬁ%ﬁ%oaggp&% 997 65617

PCTI US99/ 12857Wﬂ&fh@iﬁyﬂeﬁmﬁylwmsnume)LSO. When chamber 60 is
used as a deposition chanmber, such as for the previously discussed

pol yneric deposi t i ofodhrtherdlipstiate the pragess afithe iryaetian; an gight iich diameigrpilicon
are shut and Va%x\f& xi'zgsomﬁm;?(g‘éﬂ & %ixed sﬁgsggge‘f&pé&'tt’ g{%ﬁ@iﬁé‘&‘g@ P efingre GF!

: alfrlt®
cold trap 90. wever, e sane C e uSed as a plasma Ch

chanber or for gag)n QIMEP op DXZEdepbsiGor Eitimhbict RY chifiturs i dascribed in Bxample 1.n
situ plasma cleani ng&of the chanber, as previously discussed, gate valve

120 may be shutAbont 3@ grmsnfipagienlateditnsylylege aveee logdedaintcothe waparzen i arsbthaed
rough vacuum pUREPREE v ieoheaRa o bt 20T e B Yol b theCfhoorizdt ™
reactive nonongy.frdig telebSmposptivh dhdnBer IVPwEREP Bpendll, FdtRE Fapls HUMReSHER
It is believed that the reactive ozone reacts with the paryl'ene to

facilitate renmallawvedto flow thaoughenmasy Bawt ¢ostrollemipty thel decamyositiom chambsz 3fe,
be intr.od d,intop, the chanber .a 100- 1000,sc d an
R B as of 750 M0 PEbeibIa & PR E oAbt 450k Ernile 0 et VLY 4] b e

\Cl eani ng of th@ecomposition 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 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, shufting 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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chanmber. It is believed that the 'oxygen reacts with the parylene in a
manner sim | gfp édpsskf3e reaction of ozone with parylene. The cgonputer .
controller 340 controls all of the activities of the CVD cha SEHEY
preferred enbodi nent of the controller 340 includes a hard disk drive, a
fl oppy disk drive, and a card rack. The2éard rack contains a single board
conmputer (SBC), anal og and digital input/output boards, interface boards

and st epper theofilsn wasrested rad Tonsdrtadbe abeut 3,39: Thermah stability wag supstantially o ¢ he

connect or TR FEREEHRe R AR Yot Ot o ek LI A MG C e o0
struct ure hagpdigmer fifin kkkib#iag desb U9 wetghp idss &l RSO S0 aﬁh@cac%i%:glr Ller

340 operates under the control of a caonputer program stored on the

di sk drive 358 of grrates shan,i'% forpasylensiNdiomopplymer fikm; Presenge offilicon/exygen gases,
RF power |e : IR a . : K

parti cul ar E’?%%seg:ﬁm%w ézt‘i#%ggg et g%ng' )stiiaelf gﬁgr@ﬂ%ﬂgtgﬁi&)%g%ﬁ? ol l er
is a via a @biblebondsuisoehtablishis thaghttlegzed oBthe Awinyllproupsde thecominomerrarg. 7.
In the preferyed enbodi nent two nonitors 342 are used, one nounted in the
cl ean room RAIMEZEd: e operators and the other behind the wall for the
servi ce technicians. Both nonitors 342 sinultaneously di-splay the sane
information, but only one light pen 344 is enabled. The |ightpen 344
SUBSTI TUTE SHEET (RULE 26) WD 99/ 65617

PCT/ US99/ 12857 20 detects light emtted by CRT display with a |ight sensor
inthe tip of the pen. To select a particular screen or function, the
operat or touches a designated area of the display screen and pushes the
button on the pen 344. The touched area changes its highlighted
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color, or a neWOw§61dr screen is displayed, confirmnmi ng comuniPEXWSeH12857

between the light pen and the display screen. The process—ean-be
i npl enented using a conputer program produgt 400 thgﬂ r exanpl e,
the conputer controller 340. The conputer programc "mgm @hﬁﬂ m; in
any conventio e bl e programm ng | anguate tsuch Wexanpl e
68000 assenbl ﬁ%l@ggg‘f‘%ﬁﬁ err] or Pascal. Suitable programcode is
entered into a single file, or multiple files, using a conventional text
editor, and stored or enbodied in a copputer usable medi um suc? as a
menory system bf t bl Rroeesstef forming: gethithpelviner layer owthe jsurface 81 1an,pbiecty o |

| anguage, the code.is, conpiled, and the resultant conpiler code is then

i nked with ancm@mg’code of preconpiled windows |ibrary routines. To
execute the |inked ghitningthn@bjeecin esitibiehambet;em user i nvokes the obj ect
code, causing the conputer systemto |oad the code in nenory, fLo V\:hiﬁh
the CPU reads and eftewingep-xyhdengoamonpmep it ancomanqmaery dntp qligt cRameer; {ng e
program Fig. 8 shows 1] [IRVA= T o i Berwd i .
control st ruct SFROHGFICE ﬁg 'é%ﬁgge%‘getra&%%gbcrgg%&%% @c&ﬁﬁaglei%ft éér?t ers gﬁr"gé‘g?é’fsb?hs et
nunmber and pr ogfbén ddwbleondsiuaer into a process sel ector subroutine 420 in
response to nmenus or screens displayed on the . nmonitor by using the

1'i ght pen i nt er f ace. depesitipg a&hin sopalyraerdayer ontathe ebifftned sets of process
paranmeters necessary to carry out specified processes, and are identified
by predefined set nunbers. The process sel ector subroutine 420 identifies
(1) the desired. pr oThsprocésanbelaim dwhetein)the ¢comabenicr isdetsazilylokysilaveess
paranmeters needed to operate the process chanber for perform ng the desired
process. The process paraneters for performng a specific process relate to
process condi thons §HEh agacelOr BKAMRIAm Pr pCeSwhadi COMROSI torAdnonid fliow
Jates, tenperature, pressure, plasma conditions such as RF bias power

.l evel s and rragm:taWinyl’ttttambﬂpdes)Otﬂ@ml%?ﬂ%ooI ing gas pressure, and chanber
wal | tenperature and are provided to the user in the formof a recipe. The
paranmeters specified by he recipe are entered utilizing the |ightpen/CRT
moni tor interface. 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 cdpolymer 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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The signals for nonitoring the process are provided by the anal og i nput and
digital inpWO%96a61ds of the control neans 340 and the signapsyrii§yosnassT
controlling the process SUBSTI TUTE SHEET ( RULE 26) WO 99165617

PCr/ US99112857 21 are out put on the anal og output and digital output boards
of the control neans 340. A process sedfencer subrouting H“lﬂjﬂﬂr“mﬂﬂll
program code for t the identified.process cha ’
process par amet gg@%ﬁﬁl%%tﬁﬁxecosﬁmg y?eqng%?‘gpg-?ﬁtorouti ne 420, &nd"for
controlling operation of the various process chanbers. Miltiple users can
enter process set nunbers and process chanber nunbers, or a user can enter
mul tipl e pPlocesdheeepalymerdilm elaim §wherein thelcamonemenistetraallylexysilane. sequencer
subroutine 430 operates to schedul e the sel ected processes in the desired
sequence. Preferably the sequencer subroutine 430 includes a program code
to performighe ghepscopblymer Bl t Gfi Naith e gOPasRiAN ME t SfindHofePSSs
chanbers to determne if the chanbers are being used, (ii) determ ning what
processes dptEavBwiltelgamethyleydo-taimasiloxantie chanbers being used, and (iii)
executing the desired process based on availability of a ‘process chanber
and type of process to be carried out. Conventional nethods of nonitoring
the procesgicharmhercapsled Gl Softhlaifigwherti! the Repolyiher iahers H@ﬂ “pi ch
process is to be executed, the sequencer subroutiné 430 can be designed to
take into oreightdnse duting thetmogpavimetnic avalysls 86400 °6f t he process chamber being
used in conparison with the desired process conditions for a selected
process, or the "age" of each particular user entered request, or any other
rel evant fgetor R PG ' j f t 1.0 Ng
schedul i ngq%ri O;Piﬁfi%ggél?%ﬂggﬂ?hog sequgélﬁ\?éérrsgu%?géé}ﬂ%%gigw&gggr%lgge@&whi ch
process chanbstant lpssithan 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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process set co‘r%’u%e’aﬁts?onuwum m Hﬂ :ﬂmtxecut ed next, the sequEREH|S9912857
subroutine 430 causes e 2Mprocess set by passing the

particul ar process set paraneters to one 029 several chanber manager
subroutines 440 which controls multiple processing tasks in a process
chanmber 60 accl.di rithet 0 spparamsocesfs sddimdet B, nelteréiy t e secpmomomer i
subrouti ne 430.. The .chanber ager ,subroutine 440 control s execution of
vari ous chameﬁeﬁﬁﬂﬂ%‘mmﬁy %ﬁﬁé‘%&?mh control operation of the
chanber conponents necessary to carry out the sel ected process set
i ncluding the vaporizer 10 deconposition chanber 30, and cold trap 90.
Exanpl es of chi8rber Thoagparatust ofsaldimol fi, iwheseim the copplymer dncueoless than 4 ¥oweight ne
450, process gas control subroutine 460, pressure control subroutine 470,
heater cont r ol losy@rBgthermograyimetrig aralysis s d9P"Con control subroutine 490.
Those having ordinary skill in the art would readily recogni ze that other
chanber control subroutines can be included depending on what processes
WO 99/ 65617 19,  The apparatus of claim 15, wherein the copolymer film has a didPechid Séitat857
22 are desired. In operation, the chanber nanager subroutine 440
sel ectively sclessiifRd.2or calls the process conponent's subroutines in
accordance with the particular process set being executed. The chanber
manager subroutine 440 schedul es the process conponent subroutines
simlarly tOth t MEheapparaiss cﬁ'ehiétﬁ N6 ewhetdin éﬁﬁﬁ@duﬁtﬁﬁrbbhioleil‘boﬁrdﬁﬁlﬂs S%nd:gxrc
equi pnment and process, set is tqQ be executed next. Typically, the chanber
manager subr outybg@ntially nalwnerred st eps of nmonitoring the various chamber
conponents, determ ning which conponents needs to be operated based on the
process paraneters for the process set to be executed, and causing
execution of a chanber conponent subroutine responsive to the nonitoring
~and determ ning steps. The process gas control subroutine 460 has program
--code for controlling
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process gas conposition and flow rates. The process gas control subroutine
460 controlwo?g)@-,‘;p,pen/cl ose position of the safety shut-of PCTAISI¥R8STand

al so ranps up/down the nass flow controllers to obtain the desired gas fl ow
rate. The process gas control subroutlaﬂte{ 460 i s i nvoked by the chanber
manager subroutine 440, as are all corrponent subr out i nes and
receives fromthe chanber manager subrouti pe_process—patarat-e ehated to
the desired gas flow rates. Typically, the|process gas control subrlout i ne
460 operates by epening the g% supply b ngs, gqd rgpea dily (I)X#rdading

t he necessary mass fl ow contraoil ers, | orrpaﬁi ng~ he = egqdi ng§*tqg t he
desired flow rates received fr%mthe ch nber ma age sub o] ine 44Q, and

(iii) adjusting tg flow rat t he ga¥ ppl es y.
Furt hernore, the drocess gase\% ntrol sub @ i cIu St 4 f or
nmonitoring the gag—{l ow rates flor unsafe tivatfng the safety
shut - of f val ves an unsafejconditign i 4 det ect ed An ingert gas puch as
argon is preferablbydfl owed intq the chghprer—60 to [STabi}l i[Z€ TRe gressfyre in
t he chanmber before|reactive prdqcess gaskp are¢ i ntrjaducdd |i nt o § hd f£harber.
For these procesp { he proceqs gas confrol ubrod_{_-',i né é@i priqgreamed
i f1 owi ng t fe—TTert—TghS &nko 'e_-_lchentem 3] $d2=
ary to stabilizethag) ssur g kn tlhg @ r,g d then
the steps descrip bove woul  be carri g - wnddPt i dndl Ty Iwheln &
process gas is tp pener at@d |i n t hgy vapor]i zer =0, [or exappl e

cess ggas | subrjouti e4 can b¢ witten to

obt ain the carrl er flow from |zer nt s2br out i he 450. Zrhe
pressure control sybroutine 4 @; ses code for ¢ontrolling the
pressure in the chgnber 60 by eed of the op¢ning of the
throttle val vg EET (RULEQZ ) V\D 99/ 65617

PCT/ US99/ 1285“< -
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23 in the exhaW0I¥§s61em of the chanber. The size of the openi RETHPSIHALEST
throttle valve 80 is set to control the chanber pressure to the desired
|l evel in relation to the total process g % f$om4 size of the process
chanber, and punping set point pressure f / he exhaust system Wen the
pressure control subroutine 470 i oked, the desired, or target,
pressure level is received as a par &eger fronlthe chanber manager
subrouti ne 440. The-pressure controlg spbrouti ne 470 operates to neasure the
pressure in the chanmber 60 by readi bne or nore conventional pressure
manonet ers connected to the chanbe gonpare the neasure value(s) to the
target pressure, obtain PID (proporkijonal, integral, and differential)
values fromthe stored pressure t corresponding to the target pressure,
and adjust the throttle val ve #iD ding to the PID val ues obtained from
the pressure table. rnativ pﬁ@iéure control subroutine 470 can
e

be witten to open@fr ®%se ; | ve480 to a particul ar opening
size to reqgul ate the\ chanbey 60)\tao i pressure. The heater control

subroutine 480 conpfi g the tenperature of

=

t he chanber 60. The jheqter cont il .L§ IQvoked by the chanber
manager subroutine 4 2oH | |H | | Ege—e—= S t enperat ure
paranmeter. The heat cong r supT ¥ - erature by
measuring vol t age of@gput{ o7 er -coupl ggg

conpares the neasurggh £ uddat o ¥Rk set poi nt tenperature and

i ncreases or decreases cu
heati ng compongnts

r applledzfo the I anp nodul e 260 and ot her
i ni

p
obtained fromt !

j nt tenperatures. The tenperature is

sHRY e Hy |poking up the corresponding
tenperature in S 1nv Zpn Nable, or by calculating the tenperature
using a fourth ord norikl . Th aboggzevm system description is mainly
~for illustrative p } 3 hefy CvD”equi pnent may be enpl oyed.
Addi tionally, d%kr:k' Dif bopMe descri bed system such as variations
in substrate @peH 'in, eat er §desi gn, | ocation
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of RF power connections and others are possible. The invention is further

descri bed by %ﬁglomﬁng exanpl es that describe specific enbodi nents and
are not inten limt the scope of the invention. Exanpl BCT/US99/12857
(Tetraallyloxy5|lane) To further illustrate the process of the invention,

an ei ght inch diameter silicon WO 9B f817

PcT/us99/ 12857 24 wafer was nounted on a fixed substrate support naintained
at a tenperature of about 25[err]C in a MKP or DxZ deposition chanber,

avail able from Applied Materials, Inc. aeta Clara, California., is
configured substantially as shown in F,, NH ugh 12. About 30 gr anms
of particulate di-p-xylylene were |0og }R 3Qer 10 and the
vapori zer was then heated to about ,il \ ' ™\ val ve 20 separating
t he vaporizer 10 fromthe deconposff hen opened, and the
vapors of dimer were allomed to f controller into

t he deconp03|t|35! 30 MhIC‘ \ . d ture of about
850[err] C. The 1 gat val ve 40} S s ghanber 30 was then
opened and the vaporized reactive iwMt he deconposition
chamber 30 then flowed fromthe dey Airough t he heated
conduit to the deposition chanber _ Y-10 scCm The lid of
t he deposition chanber 60 was nai nt a{pee Yure of about

150[ ERR] C, and the walls of the chanD¥ r3@d at about
100[err]C. Tetraallyloxysilane was flo : - 60 at a rate of
10 sccm About 50 scem of nitrogen and about 25 sccm of backsi de hel i um
were flown into the deposition chanber 60 dx ing the deposition and the

val ve 80 was set to maintain a—pgsstHe: cfﬁv&fﬂbri ——the—deposi ti on

chanber. The reactive p-xylylene gononer and 3
| 38d - V :
32— 39d |
: ;9 =38 |
L 4 c !
Fig. 4 | i
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cononomer vapor¥O8¥pR6itted the silicon wafer 200 and copol yrer i PERIUSIIRESN.
After about 2-3 mnutes, the flow of reactive nononer vapors was shut off
by first shutting the gate valve 20 betvveg 8he vaporizer 10 and the
deconposi tion chanber 30, and then, after punping out the deconposition
chanmber 30 to renove all nononer vapors fromthat chanber, shutting off the
gate val ve 40 between the deconposition chanber and the deposition chanber.
The wafer 200 was then renoved fromthe chanber 60 and exani ned. The
deposition rate of the paryl ene copol yner filmwas about 5000 Angstrons per
mnute. The filmis estimated to nt aln about 95 wt % of pol yneri zed
p-xylyl ene and about 5 wt % of pol yner zed tetraal | yl oxysilane. The
dielectric constant of the filmwas tegted and found to be about 2.19.
Thermal stability was substanti aléy rproyed in conparison to paryl ene
honopol ynmer as neasured by thernvgkayi netfic analysis (TGA) at 400[err]C
the copolynmer filmexhibiting |ess tpan 1peyei ght | oss in conparison to a
typi cal weight |oss of greater than 1 oforgoaryl ene- N honopol yner fil ns.

WO 99/ 65617 PCTI US99/ 12857
25 Presence of silicon/oxygen bon N nfirmed by FI-IR
Anal ysi s of renmining carbon-carb e SHMabl i shes that at
| east 3 of the 4 vinyl groups int cpnofdmer are pol ri xed. Exanple 2
(Tetravinyl tefranet hyl cycl ot et kgsi e)ldo further i}l rate the process
of the inventpon, an eight i nch® o ter flicgn ygfer S nmounted on a
fixed substrate support maintai nedN\a te rat u\g of out Oferr]Cin a
MKP or DxZ i tion chanf®r as clRnfipur ey and deScripld in Exanple 1.
About 30 grans of particuldte di-p |yl eds were | oade Anto t he vapori zer
10 and the , E
<
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vapori zer was t ¥R 9%6ss12d to about 200[err]C. The gate valve 20 separating
the vaporizer 10 fromthe deconposition chanmber 30 was then opened, .and the
vapors of dinmer were allowed to flow through a mass flow contr oPCEUSgAbEE,

t he deconposition chanber 30 which was prgZ@gted to a tenperature of about
850[err]C. The exit gate valve 40 of the conposition chanber 30 was then
opened and the vaporized reactive p-xylylene forned in the deconposition
chanber 30 then flowed fromthe deconposition chanber through the heated

t he deposition chanber 60 was f:§5> ed at a tenperature of about
150[err]C, and the walls of gfie & 60 were mai ntai ned at about
100[err]C. Tetravinyltetra asi | oxane was flown into the

chanber 60 at a rat S 7~ About 50 sccm of nitrogen and about
25 sccm of backsi de ) heby er 60 during the
deposition and thefvg ai ntain R\ Sure of about 160
mlrorr in the deposiit RBEr . 8qctive p- ﬁ‘og; nononer and

b : eri zed t hereon.
After about 2-3 m hubeSw, - i (ﬁiﬁg[} _ \\\Qfs shut of f

ting off the
gate val ve 40 bet gensy i on chanber.
The wafer 200 was the i : ‘ The
deposition rate of theNqaryl end copdl yng Ryl 2Q0pjAngst rons per
mnute. The filmis esting RN 3 l| pol ynerized
p- xylylene and about 3 to e dielectric
constant of SUBSTI TUTE SHEET (
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WD 99165617 WO 99/65617 PAICTYSYY 12857
26 the filmwas tested and found to be about 2.39. Thernal stability was

substantially inproved in conparison to paﬁ)ﬂ&ne honopol ymer as neasured by
TGA at 400 [err]C, the copolymer filmexhibiting | ess than 1% wei ght | oss

I n conparison to a typical weight |oss of greater than 1% for paryl ene-N
honmopol ynmer film Presence of silicon/oxygen bonds in the pol yner was
confirnmed by FI-1R Analysis of remaining carbon-carbon doubl e bonds al so
establishes that.at |east 3 of the 4 viny® groups i Qonononer are
pol yneri zed. SUBSTI TUTE SHEET ( RULE 26) WO 99/ 6 <t

PCTI US99/ 12857 27 WHAT IS CLAIMED | S: 1. ( A proce

pol ymer |ayer on the surface of an objec conpri sijeg:
object in a deposition chanber; flow ng /1yl ene

ormng a thin
sitioning an
r and a conononer

ax
into the chanber, the conpnonmer having a bast [one on- oxygen bond and
at | east two pendent carbon- carbon doub pbondp; & ositing a thin
copol ymer | ayer onto the object. 2. T Dr OCESS im1, wherein the
conononer is tetraallyloxysilane. 3. pfoce f claim 1
wherein the conononer s tetravii met hyl c tra-siloxane. 4.
The process of claim1, wherein the Br I pecurs s than 1% wei ght
| oss i)
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during thernogravinetric analysis at 400 [err]C. 5. The process of claim
1, wherein wooeesqae! ymer filmhas a dielectric constant | esBCHHSAY12853 ¢,
The process of claim1l, wherein the two or nore pendent carbon-carbon

doubl e bonds are substantially polyrrerjg%. 7. The process of claim’,
wherein at |east three pendent carbon-c on doubl e bonds are substantially
copol yneri zed. 8. A copolyner film produced by a process conprising:
positioning an object in a deposition chanber; flow ng p-xylylene nonomner
and a conononer into the chanber, the conononmer having at | east one
silicon-oxygen bond and at | east two pendent carbon- carbon doubl e bonds;
and SUBSTI TUTE SHEET (RULE 26) WD 99165617

PCTI US99/ 12857 depositing a thin copolymer |ayer onto the object. 9. The
copolynmer filmclaim8, wherein the conmonomer is tetraallyl oxysilane. 10.
The copolynmer film of <claim 8, wherein the_ conononer is

tetravinyl tetraneéflyl cycl o-tetrasil oxane. 11. hefl copol yner filmof claim
8, wherein the copol yner incur?d ess than 1% Wei ght] ! oss during

t her nogr avi e i s at 400 [err]C 12. Ohe| copol ymer filmof claim
8, wherein 2ac I mgas a dielectriq cOnstfant |less than 2.2. 13.
The copol yng hn the t or pre pendent

car bon- car bon antially poljyneri zed.
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14. The copolwows/edent m of claim8, wherein at least th
carbon-carbon doubl e bonds are substantially copolyneriz
apparatus for depositing a copolyner film rising. a
hol der positioned within a heated dep03|t|3dpgﬁanber a
p- xyl yl ene nononer, a source of a cononomer having at le
silicon-oxygen bond and at | east two pendent carbon-carb

ree pengentisos128s7
ed. 15. An

cool ed substrate
sour ce of

ast one

on doubl e bonds;

and a process control-ler programed to produce a copolyner filmon a

substrate positioned on thd yAPORIZINGRNYILENE DIMERS

S conprising the

steps of: flow ng the p-xyl er into the

chanber; and depositing a thin copolyner layer onto the
The apparatus of claiml1l5,_wherein the co¥fmononer is tetr

substrate. 16.
aal | vl oxysi | ane.

WO 99/656 1 DECOMPOSING THE VAPORIZED XYLYLENE

PCT/ US99/ 1111111 17.
conononer is tetravin ﬁﬁ}% net ﬁyl ry%% =) QZwQE?MQ‘:\quiﬁE

$ wheérein the
8 The appar at us

of claim 15, wherein the copolyner incurs|less than 1% wei ght | oss during

t hernogravi netric analysis at 400 [err]C y19. The appa

ratus of claimls,

The apparatus of claim15
are substantially pol yner NOMER W1

MOORIER?

than 2.2. 20.
bon doubl e bonds

wherein the copol ymer fil n‘ng(qudﬂq ﬁ% eV EVL ENES
i

Y

FLOWING THE MONOMERS INTO A DEPOSITION
CHAMBER AND DEPOSITING ON A SUBSTRATE
A LOW DIELECTRIC PARYLENE COPOLYMER

Fig. 11
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(57) Abstract

A methed for forming thin polymer layers having low diclectric constants on semiconductor substrates. In one embodiment, the
method includes the vaporization of stable di-p-xylylene, the pyrolytic conversion of such gaseous dimer material into reactive monomers,
and blending of the resulting gaseous p—xylylene monomers with one or mote comonomers having silicon-oxygen bonds and at least two
pendent carbon—carbon double bonds, The copolymer films have low dielectric constants, improved thermal stability, and excellent adhesion
to silicon oxide layers in comparison to parylene~N homopolymers.




