01 0 CT 2003 1 CHEM CAL VAPOR DEPCSI TI ON OF A COPOLYMER OF P- XYLYLENE AND
A MULTI VI NYL SILICOV OXYGEN COMONOVER Fi el d of the Invention This invention
relates to a nethod for formng a thin polymer |ayer on a substrate. Mre
particularly, this invention relates to a nmethod for depositing @1 ayeromnf
a polyneric or polynerizable material having a | ow dielectric constant on
or between netal layers during fabrication of integrated circuits.
Background of them Bent n In the construction of integrated circuits,
device geonetries are constantly shrinking, resulting in an increase in
parasitic capaCHEMICAIDCAPORDEPOSIHON BiirAs0POL, YMBRAY PAXEYDENBEeen net al
i nterconnects on theANPAEMULTAVINYESILIGOROXYGER COMONOMER can result in

crosstal k between the nmetal lines or interconnects and in a reduction of
the response_tinme of the device. Lowering the parasitic capacitance
bet ween net al Fleldpf thednxendions separated by dielectric material can be

acconpl i shed by eifhiemvédtieh @8iefido al MBthbdIfEKfBRMg Qf thilh) folyhl e6kf bg amat eri al
or by lowering the dielectric constant. of the dielectric pateri al
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reduce the parasitic capamtance bet ween netal interconnects on the sane

or adj acent |®gtetlayeroheingpbricativn efintagricdfircuilsi al used between the netal
lines or interconnects to a material having a |lower dielectric constant

than that of the materials currently used, i.e., silicon dioxide (Si Q2), k
Z 4.0. Jeng eBackiground of thefnyendtonzed Ml ti | evel |nterconnect Scheme with

Enbedded Low Di ellﬁﬁ%{]ecgnsgﬁﬁﬁha&{ .nE’égméHeEﬁcuhprdeﬁe@ -debAbiies 2 eareanu

Appl i cations”, t he Journal of Vacuumand Technol ogy |n June
1995, descri b@mnklna resdtingfin an iRpppasel incpasisitici capasiinse hetwepbligpinss Easiier i al |
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tightly spaced”conductive lines or strategic | portant areas of
an i nt egr at edcagiresyltiin crosstallcheveen tmmgteldinss orinigisarnerts andhing edyctionefthbpl asti ¢

pol ymers and &9}%091'5@/ esop%&EQc\ﬁ& w&mg e qumﬁ g&artsﬁ&ege@eesmetaﬁne

nononers, has been to possess sulta chem cal
el ectrical , ammdngt;qqm(cpa:ated by dielectric material can be accomphshed by either increasing

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 deviéé 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 (Si0O,), 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
diclectric constant polymeric material, such as parylene, as a substitute for silicon
dioxide (8i0,) between tightly spaced conductive lines or other strategically important
arcas 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



properties for use in integrated circuits. Deposition of such polyners by
vapori zation 01 OCT 2003 2 and deconposition of a stable diner, followed by
deposition and polynerization of the resulting reactive nonomer 1 2&5
di scussed by Ashok K. Sharma in "Paryl ene-C at Subanbi ent Tenpe;% ures
publ i shed in the Journal of Polynmer Science: Part A Polymer Chemistry,

Vol . 26, at pages 2953-2971 (1988). Parylene polyners are typically
identified as Parylene-N, Parylene-C, and Paryl ene-F corresponding to
non-substituted p-xylylene, chlorinatedp-xylylene, and fluorinated

p- xyl yl ene, respectively. Properties of such polyneric materials, including
their lowdjelectric constants, are further discussed by R dson in
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t enper at t €%k cl osed A process for their preparation wherein
certain antioxidants are vaporized and codeposited with vaporous

pol y(paraxyl yl gn recu rs onto a substrate is al so disclosed.
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adherence, resistance to electromigration, and thermal stability.

In Patent US4176209, polymeric paraxylylene coatings and films possessing
significantly improved oxidation resistance, particularly at elevated temperatures are disclosed.
A process for their preparation wherein certain antioxidants are vaporized and codeposited with
vaporous poly(paraxylylene) precursors onto a substrate is also disclosed.

Parylene-N is deposited from non-substituted p-xylylene at temperatures below about
70-90 °C. However, the parylene-N films typically do not adhere well to silicon oxide and other
semiconductor surfaces. Furthermore, the parylene-N films have poor thermal stability at
temperatures above about 400 °C, and the films typically are not used in integrated circuits
when subsequent processing temperatures will exceed 400 °C. Thermal stability and adhesion
of parylene films is improved by fluorinating or chlorinating the dimer of p-xylylene fo 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.



01 OCT 2003 2a The substituted dinmers are typically cracked at tenperatures
whi ch degrade the substituted p- xylylene nononers, and the paryl ene-C and
paryl ene-F filns nust be deposited at tenperatures substantially | ower
than 30C. The problens of conventional parylene filnms have resul ted 60T 24
research regarding copolyners of p-xylylene nononers and ot her nononers

t hat condense at about the sane tenperatures at which the p-xylyene
nononer s condense. Copol ynmeri zation of p-xylylene has primarily focused on
nmonovi nyl conpounds (i.e., one pendentacarbon-carbon double bond) to avoid
addi ti on of non-polynerized vinyl groups to the polynmer. Non-polynerized
carbon-carbon double bonds in the paryl ene-N polyners contribute to the
limted tThersubstitgtedidinmdrs wre typitaliy\crankbd aﬂwmmtﬁre‘é Which aleliade they savstitaRd p-
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Non- subst¢rmpgraiyrgs S(le&taﬂﬁa'lfy R@eBthan 891G/l ene is essentially a divinyl nononer,
but substantially polynerizes through vinyl groups at each end of the
nmonomner | eavi ng carbon-carbon double bonds in the center ring portion of
the pol ymeri zEee proheres of Somentidnal raryleney filpise havenmesoltazy mpnésyeamhi rzg@ading
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S
a substr °é‘°§l?&% VQ?‘*M"@HP@&P&F@HQ’&PPMRQ‘* VIRY, @reupRacaviRey remaining VinKcrems ed
thernal steahdtireddily aacedsédipy tay ednadhasigBisbring peRRRASHtiSA Bitd<O NBASYb&RRedh-f | | B,
the copol yner process having controllable process conditions that are
suited for integrated circuit processes in conparison to parylene-C and
parylene-N filnms. Summary of the Invention The present invention provides a
nmet hod and apparatus for depositing a low k dielectric



copolynmer on a substrate. The copolyner is preferably deposited between
nmetal lines in an interconnect |ayer and/or between netal interconnect

| ayers in a sem conductor substrate. In particular, a nethod is ﬁ)ﬁcﬂﬁTdeaua
for depositing a copolymer of p-xylylene and a multivinyl siliconloxygen
conononer having at | east one silicon-oxygen bond and at | east two pendent
car bon- car bon doubl e bonds. Suitable conononers which are comrercially
avai |l abl e include sioxane, oxysilane, siloxy, disiloxane, and
cycl osi | oxane conpounds including, but ndt |limted to,
tetraal |l yl oxysil ane, tetravinyltetranethyl cyclotetrasil oxane,
tris(vinyldinmethylsiloxy)nethyl-silane,
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manner i netietuedby BYaddtP¥EmE&ahisRd. f eatures, advantages and objects of the
present invention are attained and can be under st ood i n detail, a nore
particular description of the invention, briefly sumarized above may be

had by refer enmpbgnkh%tloﬁnﬁoﬁlxﬂﬁéﬁé i rtﬁ’ﬁf‘@.ﬂf toMakGibrel biRicd IHoUS InfgHoRfdrd Mhukhe
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not to bemonndriytiesrapbunidshad mg resulted i a SERPR, copSlyméimifdGta§ratd direditsadm t to
ot her equally effective enbodinents. Figure | is a schematic diagramof a

copol yner deposition apparatus of the present invention; Figure 2 is a
partial |y sect Asmggdsul, therefenmirsar ndedriord probessEppdupasitiig a)lbwliii@em&c dopolymer
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i ncrease the surface area I n contact vapors gases
parylene-C and parylene-N films.

Summary of the Invention

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



t hrough the chanber; Figure 4 is a vertical cross-sectional view of an
alternate structure for the deconposition chanber of Figures 1 and 2,
using a series of discs with non-aligned holes therein; Figure 5is a top
view of one of the discs shown in Figure 4, showing the nisalign®dniCo2m3
t he opening therein with the opening of an underlying disc;, Figure 6 is a
cross-sectional diagramof an exenplary CVD processing chanber used
according to one enbodi nent of the presgnt invention; Figure 7 is a diagram
of the systemnonitor of the exenplary CVD processing chanber of Fig. 6;
Figure 8 i s anflacdhalitleadc @naangintcempaisontockmows pekylytene flnmcess control in
conjunction with the exenplary CVD processing chanber of Fig. 6; Figure 9
is atop view of the wafer support mechanismof Figure 6; Figure 10 is a
vertical croBrig@kérdnan ofitlePavigsporti on of the apparatus 01 OCT 2003 5

generally shown in Fjgure 1, show.ng, the processing of ses/ vapors exiting
fromthe pr ocessiréﬁdi’ag gner ‘F‘i"éft'ﬁhghﬁ%]’ Vg re&“?‘?%@\f“%ﬁeagf'% glestj%'}drog)ﬂclc%g a
process accordithdpre@nOn@erdio adiafEndéd A cah Be uikdcscddtin deik atraea pardadarFi gur e
12 is a schematic view of a carrjer gas delivery s géea?forftrans&orti ng a
pol yrer i zabl edesetpEPR af the fRyRRtien RIS W&fema%dab%cm% hagliby Fefengege fie

Detai | ed DesCiriginthestherbdTohidh eI i@ RethE bEfAmdd drdvifghl | on general |y
conprises a nethod and apparatus for faormng  thin copglynmers _having a | ow

di el ectric const aft isor betioted, hgvever, grat the,gpprndsd czawings illystrate anly fgicalh anper

provi des vapoimiRiasid bO0MisChvenfeIPRANEE (TSP Be SorSidbred Niaditng 6Nt
formation of a copolyner film The copolyner is gr oduced from p-xyl yl ene
C.

and a mul ti vicARS faithe inwmtiex paerinibieoHer canally pigective srabedimegse si | i con-oxygen
bond and at | eastpiL e 1P NARMmAFR dRRmE BF RABPSIPMBY EepbaiichSappRtaive ATl tie

mul tivinyl silicon/oxygen conpounds provide copolyners having an
unexpect edl y PresenbibeMicnof remmi ni ng vinyl groups and good adhesion to

substrate surfacespimpbbtialbatify debtdnBY View of a portion of the apparatus of Figure 1,
showing a vaporizer, a decomposition chamber, and 2 manifold for feeding reactive
vapors into the deposition chamber;

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

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

Figure 5 is a top view of one of the discs shown in Figure 4, showing the
Amisalignmcnt 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



si licontoxygen nononers that are commercially avail abl e include sil oxane,
oxysil ane, siloxy, disiloxane, and cycl osil oxane conpounds i ncl udi ng, but
not limted to, tetraallyloxysilane, 09 0CT 2003
tetravinyltetranet hyl cycl ot etrasil oxane, :
tris(vinyldinmethyl siloxy)nethyl-silane,
1,1,3,3-tetravi nyl di nethyl di sil oxane, 1,3- divinyltetranethyldisil oxane,

1, 3-divinyl -1, 3-di et hyl di phenyl di si | oxane, vinyltriisopropenoxysilane,
and 1, 3-divinyl-5-triethoxysilyl-benzene. Experinental results establish
that two or rpgenealpeshdentin Eanteol-shawibg thehootessingheipdsesivapdrhexitingdromthaer s of
the present inventio e substantially polynerized. Tetraallyl oxysilane
results in SJH§F§H$F§WH Bt yneri zation of at least three of the four pendent
carbon-carbon do@igue 1ol dFlowedheetalhBRatigeMirokess fcerdinglty 0@y enttadinear of
significant apd unexpected reduction in dielectric constant. The present

i nvention fur %%‘SEBF‘EW"HBE;&'&‘]NH hod for formng a copol yner between netal
i nterconnects andFRteVEES alsehetiafic Plew/BBh BhrrikiiaC UEIRRACHEEMTr tAnspohliphate. I n
particul ar, an_ apparatus and nethod s provided, for the deposition of

pol ymeri c or Pop@icyizahle matsrial fram yaparizes fs dacampesitioR\Fhpmbes: di el ectric
constant |lower than that of silicon dioxide as well as suitable physical,
chem cal, electrical and thermal properties for use 01 OCT 2003 6 on

i ntegrated ciRPetailedDaeseriglionofdhebwenfiem t he present invention. In one
embodi ment, the natp Ekserﬁ‘ﬁ&ﬁreﬂma%'eﬂérﬂﬁy SRhists £RbthYd MOMpalass f@Forfipt | nuous
introduction of p-xylylene, a multiviny! = silicon/oxygen nononer, and a
carrier gas ithincopolymetsdwing lewagdielasric sensiant ensthg soxfpseq a Workdigse-etich
chanber, OpeLﬁB&gsiﬁ’é cHAnfbef ﬁxlo]yﬁgsg\t%%ldf Gepblifth SonSmBAHHBls ontca albgtite 670

pascal s, and condensation o nononers onto a subStrate to forma

paryl ene copotnrfermating pee fopolanar AkmaTherroppmaeris pragueestinm PGY’(J@“W&% nto
about 150 i CLORSmy PRIy Bt Mokt Halind &P 93k orfe GliCRRRY YeiEond RAEf | Cal |y

i ncl udes a de 05|tyon chanber for deposrting a thin copolynmer onto an

obj ect as deslepstbwe nsaden carbge-carbpdpuhle bprdsc Syiiables multivanyd silispy/oxygen

i ncor porated | C oAk Halill HUldeksecRagORY hibRe LA athiRA©CESSi ng
system such gg&ﬁﬁgkéﬂgﬁ@gTNFO$HCEanr TNIpr&gésgwﬁg systens avaf[gﬁle from
Appl i ed Mat er viayls groupe . andf googapdbesionalie, substate osunfages. ASuitabled mAlVEYh  t he

term "paryl engj: i WoRNa¥:T11 il cudd QLIIRE, Dxyddamed on
p- xyl yl ene (Cﬁgmgf%rgﬁbﬂféﬁhvat I \3%@5%[?@%; Wg@g#ﬁu#he pxyl ﬁene
pol ymer s havesiloxy, disiloxane, and cyclosiloxane compounds including, but notlimited to,

tetraallyloxysilane, tetravinyltetramethylcyclotetrasiloxane,
wris(vinyldimethylsiloxy)methyl-silane,  1,1,3,3-tetravinyldimethyldisiloxane,  1,3-
divinyltetramethyldisiloxane, 1,3-divinyl-1,3-dimethyldiphenyldisiloxane,
vinyltriisopropenoxysiiane, and 1,3-divinyl-5-triethoxysilyl-benzene. ~Experimental
results establish that two or more pendent carbon-carbon double bonds in the
rcomonomers of the present invention are substantiaily 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 materia! preferably having a dielectric constant lower than that of silicon

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



the formula: -(CH2-C6H4-CH2-)n wherein n is the average nunber of nononer
units in a nolecule. Although not directly neasured, n has been estimated
to average about 5,000 in a typical parylene-Nfilm which gives hE&
paryl ene-N fil man estimted nunber average nol ecul ar wei ght of b 2003
500, 000. Actual nol ecul ar weights are expected to have a broad
distribution and the actual nolecular weights are considered to be
unmeasur abl e. The copol ynmer grows by addition of nononers on both ends of
a p-xylylene initiator and the copol yneé nol ecul es have end groups which
are not easily identified. It is believed that t he end groups have no
i nfluence on properties. The term "parylene" also includes chlorinated or
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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 parylene-N 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 actilal 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 includes chlorinated or fiuorinated forms of the p-xylylene polymers produced by
halogenating the monomers or the polymers.

Deposition System

The copolymers of the present invention are deposited by system hardware that
converts solid or liquid monomers to gases, introduces the gases to a chamber containing a
substrate, and exhausts the remaining gases from the chamber.



Referring now to Figures 1 and 2, the vaporizer 10 is shown for heating the
starting material to vaporize or subline a liquid or solid polynerizable
material before introducing it into the deconposition chanmber 30 or
blending it with the conononmer. Vaporizer 10 nmay conprise a netdl 1 8¢
conprising stainless steel or alumnum having netal flanges 12a and 12
thereon. Metal flange 12a has a cover 14 thereon which is provided with a
gas inlet port 16 to permt the flow of a non-reactive gas into the

vapori zer 10. Flange 12b, which conprises the exit port of the vaporizer
10, is bolted to a matching flange 22a of gate val ve 20 which separates
the vaporizer 10 from. deconposition chanper 30. Wthin the vaporizer 10 is
a contai nment ves SRerige e Figgreak dieRg erpPoditpetymiApPsizes 18 ‘%P@V‘@F‘E@ et erial |
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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
‘boited to a matching flange 22a of gate valve 20 which separales 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 ceramic material, and preferabty 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.



vaporization tenperature of the polyrnerizable material therein, but bel ow
a tenperature at which the material will deconpose into the reactive
monomer. An external heat controller, such as a Watlow 965 Tenge ?
Controller, may be used in connection with the heating coil to- rral it af o
the desired tenperature. The tenperature of vaporizer 10, when operated
within the previously described pressure ranges, will usually vary froma
m ni nrum t enper at ure bel ow which the material will not vaporize, at the
pressure required for deposition, up §0 a maxi mum tenperature bel ow the
tenperature at which the vaporized material will deconpose, at the
operative pressure. Wile the operating tenperature of the vaporizer wll
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The temperature of vaporizer 10, when operated within the previously described
pressure 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 temperature 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 t;e véporized,
the temperature is preferably maintained between about 100°C and about 200°C.

The carrier gases, such as helium, arc 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-



val ve controller 21 which nonitors the tenperature and pressure in

vapori zation chanber 10 and opens valve 20 only after vaporization chanber
10 has reached a tenperature at which the polynerizable materialg vkl 2003
vapori ze so that gases flowing fromvaporization chanber 10 through the
first valve 20 contain vaporized polynerizable material, as well as the
optional non-reactive carrier gases flow ng through vaporization chanber
10. A second fl ange, 22b, connects firstevalve 20 to a first flange 24a on
a conduit 26 having a second flange 24b at its opposite end connected to a
first flange @@arizsfl dipaplylens and vapodtedidboxyBne. FThereguigr gastinpassediierongh 26, is
preferably he I r | Fedifi8hons hown)
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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 polymerize. Typically, this

| will be a temperature of at least about 120°C.

When decomposition of the vaporized polymerizable starting material is
necessary fo 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



power supply (not shown) and a tenperature controller 31 to maintain a
tenperature between about 400C and about 1000C, preferably above 700C._ A
tenperature above 400C and preferably above about 700C, is necessﬂa?ﬁmo?&ﬂéi
assure sufficient deconposition of the stable dinmer into the reactive
nmononer, while the maxi num tenperature should not exceed about 1000C to
avoi d deconposition of the nononmer fornmed in the deconposition chanber 30.
It should again be recognized that the jgeconposition tenperature will vary
according to the diner material being used. It is preferred that the
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181, is pref catmipé YOGEhamd preerablyy abdve abontp?@QSE, &1 n@eSFay0Q3assure sofiicieal means
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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 decomposed 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 comiputer 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 controllers 101, 181, is preferably controlled by the computer



vaporized dinmer in the deconposition chanber is 1-5 m nutes. These
operations also can all be <controlled by control neans 340. To enhance
deconposi tion of the diner to reactive nmonomer, a plasna may be 870C7 5
established in the deposition chanber 60 by conventlonal met hods to prOV|de
sufficient. heat to deconpose any stable precursor material into reactive
material. Referring nowto Figure 3, a cross-sectional view of the
preferred deconposition chanber of Figure 2, shows that nmetal cylinder 32
has been | oaded or packed with a series of hollow tubes 36, each having
its axis parallel to the center axis of nmetal cylinder 32. Tubes 36 are
packed sufficiently tightly within cylinder 32 so as to be in thernal
communi cabirdmnesint 1340 skowraindliguee 6so t hat each tube 36 is at the terrperature
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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 3.8 \to about 5.1
centimeters, small tubes 36 will each have an outer diameter (OD) of from about 0.76 to about
1.3 centimeters, and a wall thickness of about 0.13 centimeters, resulting in an 1D of from about
0.51 to about 1 centimeters.

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



of cylinder 32. Each disc is provided with an opening through which the
carrier gas/vaporized diner mxture flows. However, as best seen in Figure
4, openings in adjacent discs are deliberately nlsallgned to extEndlirhgps

| ength of travel of the gaseous m xture through cylinder 32. Thus, opening
39b in disc 38b showmn in Figure 4 is axially msaligned to the underlying
opening 39a in disc 38a beneath disc 38b. This enbodinent actually acts to
both increase the residence time (by ingreasing the length of the path of
flow), and also to increase the contact area within cylinder 32 which
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As further shown in Figures 1 and 2, the gases flowing from decomposition

chamber 30 pass into a metal tee 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 deposition

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 42c of tee 44 is either secured to a flange (not shown) of conduit

46 (shown in Figure 1) leading to a vaporized source of a 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 extemnal heater



used, a second vaporization chanber, simlar to the previously described
vapori zation chanber 10, can be used to vaporize the copol ynerizable
material. |If necessary, further apparatus fornmng a deconpositi dhi@pa
simlar to previously described deconposition chanber 30 may al so be used.
In either case, the apparatus used to provide such a copolynerizable
material in gaseous formmy then be connected to flange 42c of tee 44 to
thereby permt the respective gaseous reactive copol ynerization sources to
blend together in tee 44 prior to introduction into deposition chanber 60.
The gas/ vaporsueh awheasing 4paiwigpned areiad itseeds tocpriplaimihie reastine mondreas abasses out
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wi thin the chaadpes 40af 88 th-a OnduitdETwidEiDsbnAdets valve 40 with an entrance port 50 to a

substrate processing chamber 60 whete 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 controlier 71. The remaining
gas/vapor mixture then passes from the deposition chamber 60 through a throttle valve
80, under the control of valve controller 81, which regulates the pressure in chamber
60, and then passes through a cold trap 90 connected to a chiller 100. The remaining
gases then pass through a gate valve 120, controlled by valve controller 121, to a rough
pump 150. It is anticipated that the chamber walls may be heated by any other heating

means, including the use of a plasma generated within the chamber itself.



I n one enbodi nent shown in Figures 1 and 6, the apparatus nmay be provided
with an RF generator 61 which is coupled to chanber 60 through an RF
network 63 to permt generation of a plasma w thin chanber 60 inwﬁgn
parallel plates, i.e. a gas distribution plate 52 and a substra ola@$
180. The plasnma may be used to enhance the deconposition of stable
precursors by generating enough heat to convert the stable dinmer.into the
reactive species. The plasma may al so provide sufficient heating of the
chanber walls to prevent polynerization thereon and/or sufficient heating

of the process gggese Eﬂb&ﬁlﬁ&ﬁ@ﬁovﬂpinﬁlgﬁ&gﬁﬁh@& thé a nE3BaytRARSidedn
addition, the RF generator enables integration of %ﬂﬁg chanber sog that

ei ther et chi ngithpn RR geramien Hlavhictols cpypled toghamies 4p thigped e KEARBEFK Bbocan be
performed. |t ,dngiGRALSETN @l{a?ﬂlﬁi@%itﬁih%h&rﬂﬁémrbéﬁ?één'ﬂﬂfalllle'ldﬁat@d? i8l £gdsri c bias

to control the structure o eposited copolymer. Specifically, a B
field may ass#istributipnpdaée 3 aetha substtatphelder \$8pdlhy plesma pay be yeedte §w1ngst | on The
copol yners of | ' r : RAL &G0y nGaipaeNSi ng

p- xyl yl ene anﬁgg&soﬁl{ptgggﬁmec’fc%\réo o&ngﬁog’nb%t%ga\gﬁgfég)cgg 01% a :sg%st(ate under
condi tions wiimehintothy meaciivesperiesh Tive plasma siay Tlse peividesofficsrihyatinzgcdtheai ni ng
nmononers of t i t] i d i]i - i.ch
remain in the&%gggllr gamﬁagtto 'Pﬁc\é’gﬁrﬂeq%g?ﬁzg«%‘n@ﬁ%to 11o sf%ﬁ%@ﬁﬁo%&gﬁ Omcgs in

t he copol yner polesse paiss oprevient pobingtization im thaghd phiasey Inhdditien, hoRdrgsneratand t he
structure of {h i.l.Lcon/ o n noner,. .. ..rhe i I . rial
For ki ng. pab i pERncs e Dud P TFinee sigtaudntly Gthe SR B RHEL! &
hal ogenat ed deleanngg of\chamiven 6@ bani b pasfariniedbl e in solid form The dinmer is
typically vaporizegd.o i t era u nd
about 200 C, ande?hse‘%’n%éﬁ%artfégggaégﬁet cgm{nﬁg’p rPaeya%l? {ug%gﬁ%l‘ﬁ‘%atﬁgp ﬁg?o %né‘g‘%hp%r ature
bet ween about stns0e ahthe alepasited GPOlyaief. Bpetifienilppa Prfiald ray iasnist irompkisgeed. The
di mer is comerci gl | y cf?vai | abl e from conpani es such as Specialty Coating

Systens, |nc. OEHAPTORNRE"E

solid dinmer is available in particulate form
e.g., in powder form for ease of handling. However, it is contenplated by

the present i ventiltgn t.hgltn dimer pellets may be used in conjunction with a
packed bed or 3 - d precursor material may be liquefied or

di ssol ved i n a carThedopblythest df chef preseht inedneion ertgenttallisprepired/isyr gondénsinpe
dimer. The arr?)yxr)]riylgl]; a(x:18 rgos?l?tarﬁé cobnllo(:"rlrc])gn%l(':i 0¥1Vi tﬁehsu}tgge gfa g %u lea'at]:: lugt\%r Ct):]:)n 1t_i(3(n¥ l'yl ene
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 relative
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 a temperature between about 100 and about
200 °C, and then decomposed to the reactive monomer at a temperature 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



61 OCT 2t3 15 nononer and carrier gas may range from about 5% by w. to
about 25% by w. of the total m xture of nononers, but preferably wll
range from about 5% by w. to about 15%by wt., with the typicalraﬁﬂﬁn%wgf
copol yneri zabl e nonomer added usually conprising at |east 10%byD .0
the nononer m xture total. Referring again to Figures 1 and 2, tee 44 is
connected to second gate valve 40, through flanges 42b and 40a,
respectively, and second gate valve 40 is connected to a further heated
conduit 48 through flange 40b on gate valve 40 and flange 48a on conduit

48. As descri hrdo&iame cartiet fas MRFREGE floth 4RO by 38, 13360k 28% 44 wiCsTmlli t 48
is preferabl r]eat ed, t{or exan‘gl e by heat]jng tafpe, to avoi d condensation
therei n. Heat RISHERUPk MARPTICES, ptprelgraRly wilraras e oboxt Pedygut dpppoph

entrance port 154 9f we! ?ﬁitﬁstﬁb Qﬂ)icaw%ﬁi?ﬁ@@tro@ébpofl}%ﬁﬂa%&oﬁnbﬁdn% ABTRLENPO0 s

preferably configured for use on an integrat éd platformfor processing
i ntegrated ci FEMPHSNE ablras 18% tyitteRfrtba menomeamixipYata. described in  Maydan et

al., US Patent 4r&edingQdain I BadbSCARSH IR 49fs Whh&ledlts sREhE e JdlRiopor at ed

by reference. For parylene deposition, internal surfaces of the chanber 60
are mai nt ai nethrough flanges A3k and dag resprstively,pad pesbopdigate yalvé dhistcomnsetedtad e of

the reactive Rafmyl §8fed %ﬁaga ,mﬂng} ﬂa,ggtg fﬂ)btr%lg?a% ILVE Bo avffangeg% o Ut

bel ow a tenperature at I Cl urt conp tion of the re tive nonomer
m ght occur, iconsluit 48t As desribed abayeewitfetespechtooenduit7B0@d t7s/ 44, canduit 48tihe

tenperature o 1 M| ] 1 t.hi 0. e from
about 200C anhreg%%dfﬂ%g%‘éorgg%ﬂ}ﬂslﬂw g%]ngg%%%?gog%é‘ésqd%aé a&r%%gig ' iHr?Qt]; ich the
met hod of t he cpnduietdt is, impemtdonnectsd rvid Hanger 48betd eptrendesposthiivaf procdssigy 6,
which is a vercﬁ%]%[.ﬁo.cr oss-sectional view of a sinplified, parallel plate
chem cal vapor deposition processi ng chanber 60 having a vacuum chanber

62. Chanber 60 confks depositigmehadibst 60 puprefrablyssvinfighred $& seron adiisogrisd ng
b Goe=3 SR pHI ) HSEL S G S L by SRBER0 (o
carrier gases Magyidén etral)USr Baténhp.961,600; theglisclohee gtighikch isdsrebp Bicomomted byi xi ng
fr% f] |t ]?(Tl é7g ngénré:&%ﬁﬁo%ﬁleﬁeocﬁggiaﬁﬁ& A 06 ac%e?r}lth% Shatn Srf&)aa?re Hadlafdegut f on
. Yy, € process’ gases supply Tines for éach or the
process gases of rc kamperagury abatecthe pdlyheridafion/ adrvesatfraodf the reactive parylene
monomer, i.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 (sce
Figure 1) that rests on a substrate support member 180. The process and carrier gases
(if any) are input through the gas lines 168 into a mixing system 170 where they are
combined and then sent to the gas distribution manifold 52. Generally, the process
gases supply lines for each of the process gases include (i) safety shut-off valves (not
shown) that can be used to automatically or manually shut-off the flow of process gas

into the chamber, and (ii) mass flow controllers (also not shown) that measure the flow

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



shown) that can be used to automatically or manually shut-off the flow of
process gas into the chanber, and (ii) nass flow controllers (al so not
shown) that neasure the flow of gas through the gas supply |ines. \Wen
toxi c gases are used in the process, the 01 O CT 2003 16 several Jb y'zmw
shut-of f valves are positioned on each gas supply line in conventi onal
configurations. Substrate support nenber 180 is highly thermally responsive
and is nmounted on a pedestal 54 so that support nenber 180 (and the wafer
supported on the upper surface of support nenber 180) can be controllably
noved between a | ower | oading/off-1loading position and an upper processing
position 64, which is closely adjacent'® to manifold 52. Referring to Figure
6, when support menber 180 is in the upper processing position 64, it is

surround f | ate 160 havj.n pl ur I|t of spaced hol es 162
ahi ch-oxaaredl Brp8' LR e 80s, REPTkef cPo e 652 SHP R ABRET IRl gas
i nl et tocgra‘tgucatlenm bution manifold 52 is wuniformy distributed radially
across the sur, f fer 20 se os|t|on d on

cabport - memberS PSR suPrd hEmekP 356 35 FighlyieBna cefngte angys TRMNESmaA
syst ?ml Ej pedestal Bdazos thet Blhwogaeember i (asnﬁltﬁé Wardr@ubﬂsmtearmutr@ruppac Biface of
mani f o m s in Fi ure wto
subst rat & 2unae e ke HO conPiBLE S s Bl CosnndBl S Ssbfih
menber nAPd AdHBPar prasesHivapasitiooG4cebice is deselyrijdchrt tprmoisid 52To condense the
nmononmers on t Ois
s ol e L G e
nmonomer , tdS gurroungded py i?lﬁfjﬂﬁé’ﬁée fi$@hayn e husally sfisppead hold01 EZhenitidextaust e eed
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wthin ar ‘?ﬁfq? m about -40C to abou using c B under
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a 1:1 m sbppoet nbmbeel1a®tasqhdaeétberb§!rherowsyf6§ (RBFiglek @)l Aﬁdeﬁr\ﬁﬁérsysfemﬂléﬂh
passages Z%U és @e qe 8%1 substrate support 180. When 't he gaseous
m xture EOM At Do §ar'rtacteecﬁﬂnutrabwacwﬁhﬁ=ﬁn6°'d & oA FaeLsR pump
subst r at ey=2269 shqmrh wmguréatl on of the reactive p-xylylene nononers

rization with ather reactlve ri.zabl e

materars (11 FEPHEde BT GUPROT RS a0 o iahe { niedBershisutetae

dielectri @dppbnhmﬁmt;mrryda)en&cbto uamygtaeaeor coRal duiRg te pidtess Urd asriende thbe

substrat e, 6, fhars QR tﬁ&gubgﬂgtg%nng hesgrg}:ecs% ngdd substraY\eagt%rpo%Ql%D is maintained at a
temperature below the condensation temperature of the monomer, e.g., for p-xylylene the
substrate support 180 should not exceed about 40°C. The substrate support 180 is preferably
cooled to a temperature within a range of from about -40°C to about +25°C, using chiller 184
under control of chiller controller 181. The chiller 184 flows a coolant, such as a 1:1 mixture
by weight of ethylene glycol and deionized water, through passages 270 (see Figure 6) in the
substrate support 180. When the gaseous mixture contacts the cooled surface of for
example, semiconductor substrate 200, polymerization of the reactive p-xylylene monomers
commences, as well as copolymerization with other reactive polymerizable materials (if
present) resulting in the formation of the desired dielectric film of parylene or parylene
copolymer on the surface of the substrate, e.g., on the surface of semiconductor wafer 200.

To prevent deposition of parylene films on the chamber walls, the heater 70 preferably

provides a heat exchange fluid, such as a 1:1 mixture by weight of ethylene glycol and
deionized water, through passages 260 in the chamber sidewalls.

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



To prevent deposition of parylene filns on the chanber walls, the heater 70
preferably provides a heat exchange fluid, such as a 1:1 m xture by wei ght
of ethylene glycol and deionized water, through passages 260 in 6233
chanber sidewalls. The substrate may be retained on the substrate &Hom
180 by any conventional 01 OCT 2003 17 substrate retention neans such as a
bi pol ar or nonopol ar el ectrostatic chuck 210, portions of which are shown
in Figure 9. A backside gas such as heliumis preferably flown through
channel s provided in the upper surface of the electrostatic chuck to
facilitate heat transfer between the substrate support nenber 180 and a
substrate | ocated thereon for processing ang to prevent deposition of the
reactive materials onto the edge and backsi de of the substrate. The
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Chem cal on of Si and ' In-situ lti-step
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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 contro}
means 340 over control lines 360. The chamber includes analog assemblies such as mass flow
controllers (MFCs) and RF generators that are controlled by the control means 340 which
executes system control software stored in a memory 380, which, in. the preferred embodiment,
is a hard disk drive.

Now referring to Figure 1, after the mixture of vaporized gases and optional carrier
gases flow into chamber 60, a parylene copolymer, for example, is deposited on the surface of
substrate 200 by condensation and polymerization of the reactive p-xylylene monomers and the
multivinyl siliconfoxygen comonomers. The monomers polymerize on the surface of the

substrate at different rates depending on the relative concentrations and relative polymetrization
reaction rates of the monomers. The



gases flow into chanber 60, a paryl ene copol yner, for exanple, is deposited
on the surface of substrate 200 by condensati on and polynerizatlgﬂﬁﬁk t he
reactive p-xylylene nononers and the nmultivinyl silicon/oxygen c

The nmononers pol ynerize on the surface of the substrate at different rates
depending on the relative concentrations and rel ative pol ynerization
reaction rates of the nononers. The 0 9 OCT 2003 18 renninder of the
optional carrier gases, and any remaining unreacted nonomer vapors, then
pass out of chamber 60 through an exit port 66 (see Figure 10) and then

through a thfeghinder ofahe/dhtiBihi tarier gadsfarddraap r&hinid; %:ﬂlréﬂdfeﬂﬂﬁﬁmﬁér vapsrgt t | e
valve 80 is t mai nt al élpnilbéég ired pressure wthin chanber 60. The
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the pressure to rise. Nowreferring to Fig hrottle valve 80 may be
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complete reaction of the polymerization, ie., to further minimize the amount of
unreacted polymerizable material leaving chamber 60 via exit port 66 which must be
extracted in cold trap 90.

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

Connected to the downstream side of cold trap 90 is gate vaive 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



but rather be renoved fromthe gas streamin cold trap 90. Cold trap 90 may
conprise any conventional commercial cold trap, such as, for exanple, a
standard Norcal cold trap, which is connected to the downstream @i d@ .@f
throttle valve 80 to trap and renbve any nononers or polymers fr ﬁ] ?1 2¥3s
stream Connected to the downstream side of cold trap 90 is gate val ve 120
through which the remaining gases in the gas stream pass to rough vacuum
punp 150 to maintain the desired | ow pressure. As shown in Figures 1 and
10, cold trap 90 is also connected thrlgugh gate valve 110 to a turbo punp
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the reaction of ozone with parylene.

The computer controller 340 controls all of the activities of the CVD chamber
and a preferred embodiment of the controller 340 includes a hard disk drive, 2 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 fiming, mixture of gases,
RF power levels, substrate support member, and other parameters of a particular
process. The interface between a user and the system controller is a via a CRT monitor
342 and light pen 344 which is depicted in Fig. 7. In the preferred embodiment two
monitors 342 are used, one mounted in the clean room wall for the operators and the
other behind the wall for the service technicians. Both monitors 342 simultaneously

display the same information, but only one light pen 344 is enabled. The lightpen 344



standard whi ch defines board, card cage, and connector dinensions and
types. The VME standard al so defines the bus structure having a 16-bit
data bus and 24-bit address bus. The controller 340 operates uan% t he
control of a conputer programstored on the hard disk drive 380. ﬂQTZMB
conputer programdictates the timng, m xture of gases, RF power |evels,
substrate support nenber, and other paranmeters of a particular process.
The interface between a user and the sygtemcontroller is a via a CRT
monitor 342 and |ight pen 344 which is depicted in Fig. 7. In the
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Fig. 8 shows an illustrative block diagram of the hierarchical control structure
of the computer program 400. A user enters a process set number and process chamber
number into a process selector subroutine 420 in response to menus or screens
displayed on the CRT monitor by using the lightpen interface. The process sets are
predetermined sets of process parameters necessary to carry out specified processes,
and are identified by predefined set numbers. The process selector subroutine 420
identifies (I) the desired process chamber, and (ii) the desired set of process parameters
needed to operate the process chamber for performing the desired process. The process
parameters for performing a specific process relate to process conditions such as, for
example, process gas composition and flow rates, temperature, pressure, plasma
conditions such as RF bias power levels and magnetic field power levels, cooling gas
pressure, and chamber wall temperature and are provided to the user in the fdrm 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



nunber into a process selector subroutine 420 in response to nenus or
screens displayed on the CRT nonitor by using the lightpen interface. The
process sets are predeterm ned sets of process paraneters neceibaomftﬂma
carry out specified processes, and are identified by predefined set
nunbers. The process selector subroutine 420 identifies (1) the desired
process chanber, and (ii) the desired set of process paraneters needed to

operate the process chanber for perform ng the desired process. The process
paranmeters for performng a specific pr%cess relate to process conditions
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pressure, plasma “conditionS such as Iras power |evels and nmagnetic
field power levels, cooling gas pressure, and chanber wall tenperature and
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process conditions for 2 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 conirols multiple processing

tasks in a process chamber 60 according to the process set determined by the sequencer

subroutine 430. The chamber manager subroutine 440 controls execution of various

chamber component subroutines which control operation of the chamber components

necessary to carry out the selected process set including the vaponzer 10

decomposition chamber 30, and cold trap 90. Examples of chamber component

subroutines are vaporizer control subroutine 450, process gas control subroutine 460,

pressure control subroutine 470, heater control subroutine 480, and decomposition

control subroutine 490. Those having ordinary skill in the art would readily recognize

that other chamber control subroutines can be included depending on what processes



process conditions for a selected process, or the "age" of each particul ar
user entered request, or any other relevant factor a system progranmer
desires to include for determ ning scheduling priorities. Once th@ cT
sequencer subroutine 430 determ nes which process chanber and pro éé% s €103
conbination is going to be executed next, the sequencer subroutine 430
causes execution of the process set by passing the particul ar process set
paranmeters to one of several chanber ngnager subroutines 440 which
controls multiple processing tasks in a process chanber 60 according to
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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 contro! 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



subroutine 460 is invoked by the chanber manager subroutine 440, as are all
chanber conponent subroutines, and receives fromthe chanber nmanager
subroutine process paraneters related to the desired gas flow rate _
Typically, the process gas control subroutine 460 operates by o@érﬁsﬁr{rgmae
gas supply lines, and repeatedly (1) reading the necessary mass flow
controllers, (ii) conparing the readings to the desired flow rates

received fromthe chanber nanager subroutine 440, and (iii) adjusting the
flowrates of the gas supply lines as necessary. Furthernore, the process
gas control subroutine 460 includes Leps for monitoring the gas flow
rates for unsafe rates, and activati m?f the safety shut-off valves when an
unsafe condition is detected. An inert gas such as argon is preferably
flowed i t h ressur, er efore
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val ues obtained fromt ressure t terna
control <efstestipithr chamber£9, compares the measured temperature to the set point temperature,

and increases or decreases current applied to the lamp module 260 and other heating
components to obtain the set point temperatures. The temperature is obtained from the
measured voltage by looking up the corresponding temperature in a stored conversion table, or
by calculating the temperature using a fourth order polynomial.

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

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

Example 1 (Tetraallyloxysilane)
To further illustrate the process of the invention, a 200 millimeter diameter silicon



be witten to open or close the throttle valve 80 to a particul ar opening
size to regulate the chanber 60 to the desired pressure. The heater
control subroutine 480 conprjses program code for controlling thQT?OCT
tenperature of the chanber 60. The heater control subroutine 480 is iivEldd
by the chanber nanager subroutine 440 and receives a target, or set point,
tenperature paraneter. The heater control subroutine 480 neasures the
tenperature by neasuring voltage output of thernocouple |located in the
chanber 60, conpares the neasured tenperature to the set point tenperature,
and increases or decreases current appijed to the |lanp nodul e 260 and ot her
heating conponents to obtain the set ‘point tenperatures. The tenperature
is obtained fromthe neasured voltage by | ooking up the correspondi ng
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deposition chamber. The reactive p-xylylene monomer and comonomer vapors contacted the

silicon wafer 200 and copolymerized thereon. After about 2-3 minutes, the flow of reactive

monomer vapors was shut off by first shutting the gate valve 20 between the vaporizer 10 and

the decomposition chamber 30, and then, after pumping out the decomposition chamber 30 to

remove all monomer vapors from that chamber, shutting off the gate valve 40 between the

decomposition chamber and the deposition chamber. The wafer 200 was then removed from

the chamber 60 and examined.

The deposition rate of the parylene copolyrner film was about 500 nanometers per

minute. The film is estimated to contain about 95 wt% of polymerized p-xylylene and about 5

wt% of polymerized tetraallyloxysilane. The dielectric constant of the film was tested and found

to be about 2.19. Thermal stability was substantially improved in comparison to parylene

homopolymer as measured by thermogravimetric analysis (TGA) at 400°C, the copolymer film

exhibiting less than 1% weight loss in comparison to a typical weight loss of greater than 1% for
parylene-N homopolymer films.



60 at a rate of about 10 sccm The lid of the deposition chanber 60 was

mai ntai ned at a tenperature of about 150C, and the walls of the chanber 60
were mai ntai ned at about 100C. Tetraallyl oxysilane was flown intogtshgp

chanber 60 at a rate of 10 sccm About 50 sccm of nitrogen and about ngm
sccm of backside heliumwere flown into the deposition chanmber 60 during
the deposition and the valve 80 was set to maintain a pressure of 12
pascals in the deposition chanber. The reactive p-xylylene nononer and
conononer vapors contacted the silicon wafer 200 and copol yneri zed

t hereon. After about 2-3 m nutes, the&%£0m10f reactive nonomer vapors was
shut off by first shutting the gate v e 20 between the vaporizer 10 and

t he deconposition chanber 30, and then, after punping out the deconposition
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chanber @@UW&‘ S@cms rT hegidrod the dapdsitidrechanrier §0 efas chdimeinedver eteaipecard of abduk ow
through a4 Sadd A¥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 scem of backside helium was flown into
the chamber 60 during the deposition and the valve 80 was set to maintain a pressure of about
21 pascals in the deposition chamber. The reactive p-xylylene monomer and comonomer
vapors contacted the silicon wafer 200 and copolymerized thereon. After about 2-3 minutes, the
flow of reactive monomer vapors was shut off by first shutting the gate valve 20 between the
vaporizer 10 and the decomposition chamber 30, and then, after pumping out the
decomposition chamber 30 to remove all monomer vapors from that chamber, shutting off the
gate valve 40 between the decomposition chamber and the deposition chamber. The wafer 200
was then removed from the chamber 60 and examined.
The deposition rate of the parylene copolymer film was about 250 nanometers per
minute. The film is estimated to contain about 90 to 97 wt% of polymerized p-xylylene and about
3 to 10 wt% of polymerized comonomer. The dielectric constant of



controller into the deconposition chanber 30 which was preheated to a
tenperature of about 850*C. The exit gate valve 40 of the deconposition
chanber 30 was then opened and the vaporized reactive p-xylylen igh%ed in
t he deconposition chanber 30 then flowed fromthe deconposition®c

t hrough the heated conduit to the deposition chanber 60 at a rate of about
10 seem The lid of the deposition chanber 60 was mai ntained at a
tenperature of about 150'C, and the wagl s of the chanber 60 were
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chanber, shutt f the gate valve 40 between the deconposition chanber
and the depo§|§|on ghanber The wafer 200 was then renoved fromthe
chanmber 60 and exam ned. The deposition rate of the paryl ene copolyner film
was about 250 nanoneters per mnute. The filmis estimated to contain
about 90 to 97 wm % of pol ynerized p-xylylene and about 3 to 10 wt % of

pol ymeri zed conononer. The dielectric constant of 01 OCT 2003 26 the film
was tested and found to be about 2.39. Thermal stability was substantially
inproved 'in conparison to paryl ene honopol ynmer as neasured by TGA at 400
C, the copolyner filmexhibiting | ess than 1% wei ght | oss in conparison to
a typical weight |[|oss of greater than 1% for paryl ene-N honopol yner film
Presence of silicon/oxygen bonds in the polynmer was confirmed by FI-IR
Anal ysi s of renai ning carbon-carbon double bonds al so establishes that at

| east 3 of the 4 vinyl groups in the conononer are polynerized. 01 OCT
2004 27 CLAI M5



1. A process of formng a thin polyner filmon the surface of an object,
conprising positioning an object in a deposition chanber; flow ng

p- xyl yl ene nonomer and a conononer into the chanber, and dep05|6|n a thin
copolymer filmonto the object characterized by the conononer hms

| east one silicon-oxygen bond and at |east two pendent carbon-carbon
doubl e bonds. 2. The process of claim1l, wherein the conononer is
tetraal |l yl oxysilane. 3. The process of claim1l, wherein the conononer is
tetravinyltetranet hyl cyclotetra- siloxane 4. The process of clainms 2 or 3,
wherein the copolynmer incurs less than 1% wei ght |oss during
thernogravinetric analysis at 400 C. 5. The process of clains 2 or 3,
wherein the copolynmer filmhas a dielegtric constant less than 2.2. 6. The
process of clainms 2 or 3, wherein the two or nore pendent carbon-carbon
doubl e bonds are substantially polynerized. 7. The process of clains 2 or
3, wher eigLraMsS| east three pendent carbon-carbon double bonds are
substantially copolyrnerized. 8. A substrate coated with a thin copol yner
film as obtainable by a process according to any one of clainms 1-7. 0 1

OCT 2" 28.A.prAcesapd foraingsa ﬂhﬁfpd&eﬁ@s’filmloﬂ%@smelova@b iBétl BBmsiRmRr h&srtregng
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silicon- (u:inygber bmdepmmhr@ta ﬂhmbowmrmmﬁ@ﬂne%febpn carbon doubl e bonds;

and a proc ra oduce copol il
ubst ot o Le BeE s RERGE S b ret Sta RO rad T Ehnd e
havi ng t Ipenderd parbof-carbbovpulge bbretsp- xyl yl ene nmononmer and the cononomer into
the chamber; and depositing a thin copolyner filmonto the substrate. 10.
The apparatus of claim9, wherein the conononer is tetraallyl oxysilane. 11.
The apparat us G repegspobelainhbvdiencin e coorpnmeeis tétsaallyloxysilane.
tetravinyltetranet hyl cyclotetra- siloxane. 12. The apparatus of clainms 10
or 11, wherein_ the copolyner incurs |less than 1 % wei ght

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

siloxane

4, The process of claims 2 or 3, wherein the copolymer incurs less than 1% weight loss
during thermogravimetric analysis at 400 °C.

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

bonds are substantially polymerized.

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

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



| oss during thernogravinetric analysis at 400 C. 13. The apparatus of
clains 10 or 11, wherein the copolyner filmhas a dielectric constant |ess
than 2.2. 14. The apparatus of clains 10 or 11, wherein the pend@tggeT

car bon-carbon doubl e bonds are substantially polynerized. 2003
28
9. An apparatus for depositing a copolymer film, comprising a cooled substrate holder

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

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

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

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

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

loss during thermogravimetric analysis at 400 °C.

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

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



