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4TS\NANUFACTURE - Field of the Inventupg ’
The present invention rel ates to an integrated circuit conprising an
i nproved dielectric material and process for manufacturing the integrat &%Y-
circuit. Background of the Invention
There is a continuing desire in the mcroelectronics industry to increase
the circuit density in multilevel integrated circuit devices e.g., nenory
and logic chips, thereby increasing their performance and reducing their
cost. In order to acconplish this goal,lthere is a desire to reduce the -
m ni mum feature size on the chip e.qg. ,circuit | inewi dth, and also to -

decrease the dielectric constant of the
_ INTEGRATED CIRCUIT DEVICE AND PROCESS FOR

ITS MANUFACTURE
Field of the | i
The present invention relates to an integrated circuit comprising an
improved dielectric material and process for manufacturing the integrated

circuit.

k f : Invention

There is a continuing desire in the ﬁicroelectrdnics industry to increase
the circuit density in muitilevel intégrated' circuif devices e.g., memory and logic
chips, thereby increasing their performance and. reducing their cost. In order to
accomplish this goal, there is a desire to reduce the minimum feature size on
the chip e.g., circuit linewidth, and also to decrease the dielectric constant of the
interposed dielectric material to enable closer spacing of circuit lines without an
increase in crosstalk and ca;;acitive coupling. Further, there is a desire to
reduce the dielectric constant for the dielectric materials such as utilized in the
back-'-end of the line (BEOL) portion of integrated circuit devices, which contain
input/output circuitry, to reduce the requisite drive current and. power
consumption for the device. The present dielectric is silicon dioxide which has a

dielectric constant of about 4.0. This material has the requisite mechanical and

thermal properties to withstand processing operations and thermal cycling



éntkrposed dielectric material to enable closer spacing of circuit |ines
W thout an increase in crosstal k and capaciti-ve coupling. Further, there
is a desire to reduce the dielectric constant for the dielectric naterials
such as utilized in the back end of the line (BEO.) portion of integrated

circuit devices, which contain input/output circuitr he
requi site drive current and power consunption f4 gﬁggvhés.ﬂ pr esent
dielectric is silicon dioxide which has a diel e(tlHI EPINCED! bout
4.0. This material has the requisite nmeg2hanical gn operties to

wi t hstand processing operations and thermal cycling
2 associ ated with sem conductor manufacturing. However, it is desired

t hat di el gedocigted @ithr dedhicohductdi mbfufavtedhg! dowbvéen)iit isldadieed thabi bit a

| ower dielectric constant (e.g., < 3.0) than exhibited by silicon dioxide.
It is the . | f i ' OV I npr oved
I nt egr at e%l%i%irtrggﬁlﬂfi 9%25%%9901??%% g{tﬁ and ic#p\érﬁgtt/%eggﬁésg?%}%p ﬁi %???ggléri al .

dielectric constant (e.g., < 3.0) than exhibited by silicon dioxide.

It is therefore an object of the present invention to provide an improved

.integrated circuit device comprising an improved dielectric material.

Other objects and advantages will be apparent from the following

disclosure.

Summary of the Invention

The present invention relates to an integrated circuit device comprising
@) a sqbstrate;; (i) interconnecting metallic circuit lines positioned on the
substrate and (iii) a dielectric material positioned contiguous to the circuit lines
(over and/or between the dfcuit lines). The dielectric material comprises the
reaction product of an organic polysilica and a precursor polyme_r selected from
uncyclized polybenzoxazole, polybenzothiazole and polybenzimidazole polymer.
Thé precursor polymer is preferably terminated with a trialkoxysilylaryl group.
In one embodiment, the organic polysilica is silsesquioxane and the dielectric

material has small phase domains.

N
et Has Been Re‘Iaced
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O her’ obj ects and advantages wi |l be abparent fromthe follow ng '
di scl oswr e. . SUMVARY OF THE | NVENTI ON It is

an object of the present invention to aneliorate one or nore disadvar{ ages
of the prior art. Accordi ng to one aspect .of « [YHEBTHAS BEEM{i on
there is provided a process for formng an int egrat[e{}ﬂci h@pucgmrrprisi ng:
(a) positioning on a substrate a layer of diel ectrijg _composk-ef—t11

conposition conprising reactants organic polysilica and a precursor

pol ymer sel ected from uncondensed pol ybengot hi azol e and pol ybenzi m dazol e
which is; termnated with (RO[err] (R')[&rr] SIR- where Rand R are

I ndependently a hydrocarbyl group; R' is hydrido or hydrocarbyl group; m
is 1, 2 or 3 affh nt {hyentieatalswrélatescomgoitepratedociradt packaging
reactants; (c) lithographically patterning the dielectric layer; (d)

depositin Gl i C . ) (e)
ol anar 71 A5 4oBEEE i thl' prBloBleR fof Foritdg HHR et B Lircfic dbfte ofithe (F)
anot her aspect of the present invention there is provided a process for
form ng aRT® €BHOB: rcuit conprising: (a) depositing a metallic filmon
a substrate; (b) lithographically patterning the netallic film (c)
depositing on the patterned netallic film a layer of a dielectric
conposition conprising reactants organic polysilica

A more through disclosure of the present invention is presented in the

detailed description which follows and from the accompanying drawings. |

Brief Descripti f the Drawi
Fig. 1 is a cross-sectional view of a portion of the integrated circuit device

of the present invention.

Figs. 2-5 show a process for making the integrated circuit device of the

present invention.

Figs. 6-8 show an altefnative process for making the integrated circuit

device of the present invention.

D I -! l n - l - [ I I l § I -
An embodiment of the integrated circuit device of the present invention is
shown in Fig. 1. The device generally comprises substrate 2, metallic circuit

lines 4 and dielectric material 6. The substrate 2 has vertical metallic studs 8

This Sheet Has Been Reﬂlaced




and. a precursor polymer selected from uncondensed pol ybenzot hi azol e and
spol ybenzi mi dazole which is; termnated with (RO[err] (R')[err] SIR --
where R and R are independently a hydrocarbyl group; R' is hydrido or
hydrocar byl group; mis 1, 2 or 3 and n+m3; (d), heating the conposition
to react the reactants. A nore thorough disclosure of the present

I nvention is presented in the detailed description which follows and from
t he acconpanyi ng draw ngs.

3 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
cross-sectional view of a portion of the integrated circuit device of the
present invention. Figs. 2-5 show a process for making the integrated

circuit devmed tifereire Thesirotit limeefuriction to distritfitgsele@rizal lsignals in the

alternative process for making the integrated circuit device of the

present IqREE 488 to provide power input to and signal output from the device.
Suitable integrated circuit devices will generally comprise multiple layers of

circuit lines which are interconnected by vertical metallic studs.

Suitable substrates for the device of the present invention comprises
silicon, silicon dioxide, glass; silicon nitride, ceramics, aluminum, copper and
ga]lium arsenide. Other suitable substrates will be known to those skilled in
the art. Ina multila_yer integrated circuit dévice, an underlying layer of

insulated, planarized circuit lines can also fiinction as a substrate.

Suitable circuit lines generally comprise a metallic, electrically
conductive material such as copper, aluminum, tungsten, gold, silver or alloys
thereof. Optionally, the circuit lines may be coated with a metallic liner such as
a layer of nickel, tantalum 6r chromium or other layers such as barrier or

adhesion layers (e.g., SiN, TiN).

Another embodiment of the present invention relates to an integrated
circuit packaging device (multichip module) for providing signal and power
current to a one or more integrated circuit chips comprising: (1) a substrate

having electrical conductor for connection to a circuit board, (ii) a plurality of



DETAI LED DESCRI PTI ON OF THE | NVENTI ON - An enbodi nent of the integrated
ckrcuit device of the present invention is show in Fig. 1. The device
general ly conprises substrate 2, nmetallic circuit lines 4 and dielectric
material 6. The substrate 2 has vertical netallic studs 8

4 formed therein. The circuit lines function to distribute electrical
signals in the device and to provide power input to and signal output from

the device. Suitable integrated circuit devices will generally conprise
multiple layers of circuit lines which are interconnected by vertical
metal | i c studs. - Suitabl e substrates for the device of the present

i nvention conprises_ silicon, silicon dioxide, glass, silicon_nitride,
cer ani cs, aliernating eledgicallyimsulafang jamd condusting layerropositiongdion st r at es

will be known to those skilled in
substrate wherein at least of the conducting layers comprises the improved

dielectric film of the present invention and (iii) a plurality of vias for
electrically interconnecting electrical conductor, conducting layers and

integrated circuit chips.

The integrated circuit packaging device is an intermediate level of
packaging between the integrated circuit chip and the circuit board. The
integrated circuit chips are mounted on the integrated circuit packaging device

which is in turn mounted on the circuit board.

The substrate of the packaging device is generally an inert substrate
“such as glass, silicon or ceramic. r.I‘he substrate can optionally have integrated
circuits disposed therein. The substrate is provided with electrical conductor
such as input/output pins (I)O pins) for electrically connecting the packaging
device to the circuit board. A plurality of electrically insulating and électrically
conducting layers (layers having conductive circuits disposed in an dielectric
insuiating material) are alternatively stacked up on the substrate. The layers
are generally formed on the substrate in a layer by layer process wherein each

layer is formed in a separate process step.’



the art. In a nmultil ayer integrated circuit devi ce, an underl ying | ayer of
| msul ated, planarized circuit lines can also function as a substrate. '
Suitable circuit lines generally conprise a netallic, electrically
‘conductive material such as copper, alum num tungsten, gold, silver or
alloys thereof. Optionally, the circuit lines may be coated wth a
netallic liner such as a layer of nickel, tantal um or chrom um or ot her
| ayers such as barrier or adhesion layers (e.g., SiIN, TiN).
Anot her enbodi ment of the present inventi®n relates to an integrated
circuit packagi ng device (rmultichip nodule) for providing signal and power _
current ' to a one or nore integrated circuit chips conprising: (1) a
substrate haviThe packagingpievicadilisd comprisecrecavihg mmesns far cecaiving thar d,
(ii) a plurality of
integrated circuit chips. Suitable receiving means include pinboards for receipt
of chip I/O pins or metal pads for solder connection to the chip. Generally, the
packaging device also comprises a plurality of electrical vias generally vertically
aligned to electrically interconnect the I/O pins, the conductive layers and
integrated circuit chips disposed in the receiving means. The function structure
and method of manufacture of the integrated circuit packaging devices are well
known to those skilled in the art disclosed in U.S. Patent Nos. 4,489,364,
4,508,981, 4,628,411 and 4,811,082, the disclosures of which are incorporated

i

herein by reference.

The key feature of the present invention is the dielectric material 1;vhich
is positioned over the circuit lines and/or between the circuit lines and on the
substrate. In multilevel integrated circuit devices, the dielectric material is
often planarized to ﬁmction. as a substrate for lithographic formation of the next
layer of circuit lines. The dielectric material comprises the reaction product of
an organic polysilica and a precursor polymer selectgd from lineér, uncyclized
(uncondensed) polybenzoxazole, polybenzothiazole and polybenzimidazole. The
precursor polymer is preferably terminated (end group) with (RO)_(R“),SiR",
where mis 1, 2 or 3; m+n=3; R and R’ are hydrocérbyl groups and R” is hydrido

or a hydrocarbyl group. The end group is preferably a mono, di or tri C, ¢



5 alternating electrically insulating and conducting |ayers positioned on
the substrate wherein at |east.of the conducting | ayers conprises the

i nproved dielectric filmof the present invention and (iii) a plurality of
vias for electrically interconnecting electrical conductor, conducting

| ayers and integrated circuit chips. The integrated circuit
packagi ng device is an internediate | evel of packagi ng between the
integrated circuit chip and the circuit board. The integrated circuit
chips are mounted on the integrated circdit packaging device which is in
turn mounted on the circuit board. The substrate of the packaging
device is generally an inert substrate such as glass, silicon or ceramc.

Th bst ti ' ' | ' Ln.
The subet PRGoBEN1 O ARA oY pbal Erdul (0K PhREHyIChb B IchaNisRth O B 0
[ I/ O pi f lectri I Li th kagi devi to.th
Bl foutt baatAracenglenalaropo At heed Herar, JYHHaRIRY! Gepam theansrosRron

based group (mono or difunctional) having a carbon atom attached to the -

remainder of the molecule and having predominantly hydrocarbon character.

Hydrocarbyl groups include the following:

(1) Hydrocarbon groups; that is, aliphatic, (e.g., C,-C,, alkyl or alkenyl and |
C;.1 cycloalkyl or cycloalkenyl), aromatic, aliphatic substituted aromatic,
aromatic-substituted aliphatic and the like. Such groups are known to those
skilled in the art; examples include methyl (methylene for difunctional
hydrocarbyl group) ethyl, butyl, hexyl, octyl, deéyl, dodecyl, tetradecyl,
octadecyl, cyclohexyl, phenyl, naphthyl, benzyl and anthracenyl (all isomers

being included).

(2)  Substituted hydrocar‘;)on groups; that is, groups containing non-
hydrocarbon substituents which, in the context of this invention, do not
alte'f predominantly hydrocarbon character of thé group. Those skilled in
the art will be aware of suitable substituents (e.g., halo, alkdxy,

carbalkoxy, nitro).



conducting layers (layers having conductive circuits disposed in an
dikelectric insulating material). are alternatively stacked up-on the
substrate. The layers are generally formed on the substrate in a |ayer by
| ayer process wherein each layer is forned in a separate process step.

The packagi ng device al so conprises receiving neans for receiving
the integrated circuit chips. Suitable receiving nmeans include pinboards
for receipt of chip I/Opins or netal pads for solder connection to the
chip. Cenerally, the packaging device algo conprises a plurality of
el ectrical vias generally vertically aligned to electrically interconnect
the 1/0O pins, the conductive |layers and integrated circuit chips disposed

in the rec&jvi el e [ LRGN E1: g&%lﬁq %o €
of the i ntc(?gr a?gg Cl r@‘fﬂ‘%mpgféégg%’ ﬁg&éé%/wgfeiéﬁl’a‘rﬁeulﬁf no%lnﬂ?o 3t Egse :
killed int t disgl d in US. . Patent . 4,489, 364,
SK e T ch aarcter wlniﬁligst%e clorﬁtext of thais %Tvenw(i-)o%, conta81n atonis other than
carbon present in a chain or ring otherwise composed of carbon atoms. Suitable

hetero atoms will be apparent to those skilled in the art and include, for

example, nitrogen, oxygen and sulfur.

In general, no more than about three substituents or hetero atoms, and
preferably no more than one, will be brese_nt for each 10 carbon atoms in the

hydrocarbon-based group.

The precursor uncondensed polymer with the end group is preferably
formed from the reaction of an aminoalkoxysilane with the starting monomers
of the precursor polymer. Suitable AA and BB monomers for poly(benszazole)
and poly(benzothiazole) are .(i) dicafboxylic acids or their derivatives (such as
terephthalic acid or terephtilaloyl chloride) and (i) diaminoﬁhenol compound
such as 4,6 diamino-1,3 benzenediol dihydrochloride; 1,4-dihydrpxy-3,6-
diaxﬁinobenzene; 2,5-diamino-1,4-benzenedithiol dihydrochloﬁdé; 2,2’ bis(3-
amino-4 hydroxyphenyl) propane; 2,2’bis(3-amin§-4 hydroxyphenyl) hexafluoro
propane and 3,3’-dihydroxybenzidine. Suitable AB monomers are 3-amino-4-
hydroxybenzoic acid hydrochloride and 3-ﬁ1ercapto-4—aminobenzoic

hydrochloride. Suitable monomers for polybenzimidazoles are tetramines



4,508, 981, 4,628,411 and 4,811,082, the disclosures of which are
incorporated herein by reference. The key feature of the present
invention is the dielectric material which is positioned over the circuit
| i nes and/or between the circuit lines and on-the substrate. In nultilevel
integrated circuit devices, the dielectric material is often planarized to
function as a substrate for lithographic formation of the next |ayer of
circuit lines. The dielectric material conprises the reaction product of

an organic polysilica and a precursor p8lyner selected fromlinear,
uncyclized (uncondensed) pol ybenzoxazol e, pol ybenzothi azol e and

pol ybenzi m,dazql e... The precursor. poly pr.ef er abl er nated end

gr oup) WI(tIE}IS’P rdyq-digmpes) q[hsmrboxyh%%@er Aeriza ve§t§9 @fm and. R
are hydrocar byl groups and R' is hydrido or a hydrocar byl group The end
group i s gpmédes ahllyacid chlvrideli. or tri C[err]



7 al koxysilyl Cerr] alkyl or aryl group (e.g., phenylene, benzylene,
hapt hyl ene or anthracenyl ene) _group. As used herein, hydrocarbyl group
means hydrocarbon based group (nono or difunctional) having a carbon atom
attached to the reminder of the nolecul e and having predom nantly
hydr ocar bon character. Hydrocarbyl groups include the follow ng: - (1)
Hydr ocarbon groups; that is, aliphatic, (e.g., (err]-Cerr] alkyl or
al kenyl and C(err] cycloal kyl or cycloal kenyl), aromatic, aliphatic
"substituted aromatic, aromatic-substifQted aliphatic and the like. Such
groups are known to those _-skilled in the art; exanples include nethyl
(et hyl ene for difunctional hydrocarbyl group) ethyl, butyl, hexyl, octyl,
decyl , ddaisable tateanddesyre: octadecyl, cycl ohexyl, phenyl, naphthyl,
benzyl and anthracenyl (all isonmers being included). (2) Substituted
hydr ocar bon gr ougs; that .is, groups containing non- hydrocarbon
substituents WiéitbR;tetramirokenrenet of this inventi on, do not

1,3-bis(methylamino)-1,6-diaminobenzene

1,3-dianilino-4,6-diaminobenzene

3,3, 4,4'-tetraminodiphenylmethane

3,3, 4,4'-tetraminodiphenyl ether

3,3’, 4,4'-tetraminobenzophenone

3,3'-diaminobenzidine

3,3’-dianilinobenzidine

3,3'-diamino-4,4'-dianilinobiphenyl

1,2-bis(3,4-diaminophenyl)ethane

2,2-bis(3,4-diaminophenyl)propane

1,4,5,8-tetraminonaphthalene

Suitable dicarboxylic acids include:

3,4-diaminobenzoic acid
diphenyl-2,2’-dicarboxylic acid
diphenyl-4,4'-dicarboxylic acid
phthalic acid

terephthalic acid
naphthalene-dicarboxylic acid
4,4'-oxybisbenzoic acid
benzophenone-4,4'-dicarboxylic acid



alter predom nantly hydrocarbon character of the group. Those skilled in
sthe art-will be aware of suitable substituents-(e.g., halo, alkoxy,
car bal koxy, nitro). ) ' 8

(3) Hetero groups; that is, groups which, while predom nantly hydrocarbon
in character within the context of this invention, contain atons other than
carbon present in a chain or ring otherw se conposed of carbon atons.

Suitable hetero atons will be apparent to those skilled in the art and

i nclude, for exanple, nitrogen, oxyden and sul fur. In general, no
nore t han about three_substituents or hetero atons, and preferably no nore
than.one, wll be present for each 10 carbon atons in the

hydr ocar bon- bd3thenguitable monomers for use in the synthesis of the polymers of the
present invention will be known to those skilled in the art such as disclosed
in Polymer Preprints 34, 1 (3/93) and Encyclopedia of Polymer Science and
Eng., 11, page 601-635 (1988) and Encjrclopedia of Polymer Science and Eng.,
11, page 188-239 (1988), the disclosures of which are incorporated herein by .

reference.

Poly (aryl ether benzoxazoles), poly(aryl ether benzothiazoles) and
poly(aryl ether benzimidazoles) can also be utilized in the present invention as
disclosed in Macromolecules 23, No. 11 (1990) and Macromolecules 24, 6361

(1991), the disclosures of which are incorporated herein by reference.

Suitable aminoalkoxysilanes have the formula (H,NR'Si(R"),(OR),)
where m+n=3 (n is preferably 3) R is preferably C,; alkyl and R’ is a spacer
group preferably a C, ¢ a]kyléne (e.g., methylene) or a nonheteroatom aryl group
(a hydrocarbon aromatic group without heteroatoms) such as phenylene,
benzylene or napthylene) which is positioned between the aminc; group and the
silicon atom. Since R is cleaved and removed from the composition during the
reaction, R can bé any organic group which does not unacceptably interfere with
the reaction and those groups should be contemplated as equivalent to those

claimed herein. Ifn is less than 3, R” is preferably hydrido or lower C, alkyl.



The precursor uncondensed polyner with the end group is preferably fornmed
fromthe reaction of an am noal koxysilane with*the starting nononers of :
t he precursor polyner. Suitable AA and BB nononers for pol y(benzoxazol e)
and pol y(benzot hi azole) are (i) dicarboxylic acids or their derivatives
(such as terephthalic acid or terephthal oyl chloride) and (ii)

di am nophenol conpound such as 4,6 diam no-1,3 benzenedi ol

di hydrochl ori de; 1, 4-di hydroxy-3,6- di aghnobenzene;

2, 5-di am no- 1, 4- benzenedi t hi ol di hydrochloride; 2,2' bis(3- amno-4
hydroxyphenyl) propane; _2, 2' bi s(3-am no-4 hydroxyphenyl) hexaf | uoro
propane and &psefeﬂleﬂwa@embamﬁndphmylﬁumbﬂhixysﬂﬁetr@lﬂrmrsui table silang no- 4-
hydr oxybenzoi ¢ acid hydrochl oride and 3-nercapto-4-am nobenzoic

hydr ochl or i dgactauitd @l e TRIWAEEStHoRE shilledinnke gitwlazol es are tetram nes
9

'To form the precursbf uncyclized linear polymer, the silane and monomer
reactants are dissolved in a suitable solvent (such as NMP) in proper
stoichiometric amounts (e.g., the_monomex; reactants (e.g., terephthalic acid and
diaminobhenol .in 1:1 ratio) with the amount of silane calculated from the
Carothers equation to provide the desired molecular wéight of the precursor
polymgr product) resulting in alkoxy sil_ylali:yl end capping of the precursor
polymer. The alkoxysilylalkyl end capped precursor poiymer reactant will have
a molecular weight (Mn) of about 5,000 to 20,000 g/mol.! A suitable
alko:-:ysilylalkyl end capped uncondensed poly(benzoxazole) precursor polymer '

has the structure:

ll
(Eto)ssn —R — NH ~\<N\A» C—N —-@(v}««. NH—R—Si(OEd 5

wherein R is aryl or C, 4 alkyl.

Organic polysilica is a polymeric compound comprising silicon, carbon,
oxygen and hydrogen atoms. Suitable organic polysilica include (i) partially

condensed alkoxysilanes (e.g., partially condensed by controlled hydrolysis C,¢



(bis- “ort ho- di ami nes) and di carboxylic acid or derivatives thereof e.g.,
esters, -amdes and acid chlorides.

10 SU|tabIe tetram nes are: 1,2,4,5-tetran1nobenzene-

1, 3- bi s( et hyl am no) - 1, 6- di am nobenzene

1, 3-di ani |l i no-4, 6-di am nobenzene 3,3 4, 4" -tetram nodi phenyl net hane
3,3, 4,4 -tetram nodi phenyl ether 3,3, 4,4 -tetran1nobenzophenone
3,3 ' -di am nobenzi di ne 3,3 ' - di ani | i nobenzi di ne

3,3 -diam no-4, 4" -di ani | i nobi phenyl 13 1, 2-bi s(3, 4-di am nophenyl ) et hane
_2,2-bis(3,4- dlan1nophenyl)propane 1,4,5, 8-tetram nonapht hal ene
Sui t abl e di carboxylic acids include: 3, 4-di am nobenzoic acid

alkoxysilane having an Mn of about 500 to 20,000 e.g., tetraethoxysilane);

(ii) organically modified silicates having the composition R SiO, and R,SiO,
wherein R is an organic substituent (iii) partially condensed orthosilicates
having the composition Si()'R4 (iv) siloxanes and (v) silsesquioxanes.
Silsesquioxanes are polymeric silicate materials of the type RSi-()L5 where R is

an organic substituent.

Suitable organic polysilica for use in the present invention are known to
| those skilled in .the art. Preferably, the organic polysilica is a tetraethoxysilane,
silsesquioxane or a mixture thereof. Suitable silsesquioxane for the present
invention is élkyl( methyl) phenyl silsesquioxane which is commercially
available (e.g., GR950, GR908, GR650, GR100 etc. from Techniglass
Perrysburg, .Ohio). Other suitable silsesquioxanes will be known to those
skilled in the art such as disclosed in U.S. Patent 5,384,376 and Chem. Rev. 95,

1409-1430 (1995), the disclosures of which are incorporated herein by reference.

The dielectric corhposition suitably comprises about 5 to 95 weight % of
the precursor polymer component and is formed in a two step process. The first
step involves dissolving the silsesquioxane and the alkoxysilylalkyl end capped
precursor polymer in a suitable solvent (high boiling solvent e.g., N-methyl-2-

pyrrolidone NMP) at room temperature. The composition is heated to an



di phenyl -2, 2' - di car boxylic acid di phenyl - 4, 4' - di carboxylic acid
phthalie¢ acid terephthalic acid napht hal ene-di car boxylic acid
4, 4" - oxybi sbenzoi c acid benzophenone- 4, 4' - di car boxylic acid
QG her suitable nmonomers for use in the synthesis of the polymers of the
present invention will be known to those skilled in the art such as
disclosed in Polymer Preprints 34, 1 (3/93) and Encycl opedia of Pol ymer
Science and Eng., 11, page 601-635 (1988) and Encycl opedia of Polymer
Science and Eng., 11, page 188-239 (19 , the disclosures of which are
I ncorporated herein by reference. Poly (aryl ether benzoxazol es),
poly(aryl ether benzothi azol es) and

elevated temperature directly or in a step wise fashion (e.g., 200°C for 2 hrs.

and then ramped up to 400°C and held for 2 hrs.) to cause chain extension and
ring closure (condensation) of the precursor polymer, and cross condensation of

the precursor polymer with the polysilica.

The dielectric composition of the present invention has a dielectric
constant less than 3.2 preferably less tﬁan 3 and more preferably less than 2.9
at 80°C. The composition preferably has phase domains less than 0.5 microns,
which result in enhanced mechani@ and polishing characteristics and
isotropic, optical and dielectric properties. Further, the dielectric composition '
has mechanical properties that resist cracking and enable it to be
chemically/mechanically planarized to facilitate lithographic formation of
aélditional circuit levels in multilevel integrated circuit devices. The dielectric
composition has increased breakdown voltage, enhanced toughness and
increased crack resistance, éven in high ambient humidity with a thick film.

The dielectric composition undergoes minimal shrinkage during heating.

The present invention also relates to processes for manufacturing the
integrated circuit device. Referring to Fig. 2, the first step of one process
embodiment involves disposing on a substrate 2 a layer 10 of the dielectric

composition of the present invention comprising trialkoxysilylalkyl end capped



pol y(aryl ether benzini dazoles) can also be utilized in the present
iznvention as disclosed in Macronol ecul es 23, No. 11(1990) and

Macr onol ecul es 24, 6361 (1991), the disclosures of which are incorporated
herein by reference. Sui t abl e ami noal koxysi | anes have the fornul a
(Herr]NR Si(R')[err](OR[err]) where mtn=3 (n is preferably 3) Ris
preferably CJerr] alkyl and R is a spacer group preferably a C .6

al kyl ene (e.g., nethylene) or a nonheteroatomaryl group (a hydrocarbon
aromatic group w thout heteroatons) such aésphenylene, benzyl ene or
napt hyl ene) which is positioned between the am no group and the silicon
atom Since Ris cleaved and renoved fromthe conposition during the

ot on, GBaRR AL 980 § MORNRIRARD SR MRL a0 FOR BRI Yt e

those ol a ed NOLel 8 6! i boimpasition 3 Hissoled s BuSiahid Sotvonk S
N,N'dimethylpropyleneurea (DMPU), NMP or the like and is applied to the
substrate by art known methods such as spin or spray coating or 'doctor blading.
The second step of the process involves heating the composition to an elevated |
temperature to cause ring closure of the precursor polymer and to cross
condense the silyl reactive groups by the sol-gel process. The composition is
maybe heated in the presence of a base such as an amine or Bronsted base. The
base catalyzes the reaction enabling a lower initial cure temperature. Suitably,
the base is an organic amine. Other suitable bases will be known to those

skilled in the art. Similarly, the reaction can be catalyzed by Bronsted or Lewis

acids.

Referring to Fig. 3, the third step of the process involves lithographically
patterning the layer 10 of dielectric composition to form trenches 12
_(depressions) in the layer of composition. The trenches 12 shown in Fig. 3
extend to the substrate 2 and to the metallic stud 8. Lithographic patterning
generally involves (i) coating the layer 10 of dielectric composition with a
positive or negative photoresist such as those marketed by Shipley or Hoechst
Celanese (AZ photoresist), (ii) image'wisé exposing (through a mask) the

photoresist to radiation such as electromagnetic e.g., UV or deep UV



12 A preferred silane is am nophenyltrinmethoxysilane. Qher suitable
silane -reactants will be known to those skilled in the art.- To
formthe precursor uncyclized |inear polyner, the silane and nononer
reactants are dissolved in a suitable solvent (such as NWP) in proper
stoichionetric anmounts (e.g., the nononer reactants (e.g., terephthalic
acid and di am nophenol in 1:1 ratio) with the anount of silane cal cul ated
fromthe Carothers equation to provide the desired nol ecul ar wei ght of

t he precursor pol ynmer product) resulting in al koxy silylalkyl end capping
of the precursor pol ymer . The_alkoxysilgﬁalkyl end capped precursor

pol ynmer reactant will have a nol ecul ar weight (Mh) of about 5,000 to

pol . benz QR e85 EShE it SHHR 1oty S, ol pERRRRLDAE PRYEHRRH ana

wherein Ris aryl or err] al kyl. .
@av) tragsferrixcl:[g the ]imageythrough the layer 10 of dielectric composition to the

substrate 2 with a suitable transfer technique such as reactive ion.beam
etching. (RIE) Suitable lithographic patterning techniques are well known to
those skilled in the art such as disclosed in Thompson et al., “Introduction to
Microlithography”, (1994), the disclosure of which is incorporated ﬁerein by

reference.

Referring to Fig. 4, in the fourth step o:f the process for forming the
integrated circuit of the present invention, a imetallic film 14 is deposited onto
the patterned dielectric layer 10. Preferred metallic materials include copper,
tungsten and aluminum. The metal is suitably deposited onto the patterned
dielectric layer by art known techniques such as chemical vapor deposition
(CVD), plasma enhanced CVD, electro ar;d electroless deposition, sputtering or

the like.

' Referring to Fig. 5, the last step of the process involves reinoval of excess
metallic material (e.g., planarizihg the metallic film 14) so that film 14 is
generally level with the patterned dielectric layer 10. Planarization can be

accomplished using chemical/mechanical jbolishjng or selective wet or dry



CXganlc polysilica is a polyneric conpound conpr|5|ng silicon, carbon,
Qxygen and hydrogen atons. Suitable organic polysilica |nclude (i)
partially. condensed al koxysilanes (e.g., partially condensed by
controlled hydrolysis CJerr]

13 al koxysi |l ane having an Mh of about 500 to.20,000 e.g.,
tetraethoxysilane); (ii) organically nodified silicates having the
conposition RSiJerr] and Rerr]Sigerr] £Merein R is an organic
substituent (iii) partially condensed ort hbsi | i cat es havi ng t he
conposition SiOR[err] (iv) siloxanes and (V) S|Isequ|oxanes
Sllsequ|oxanes are polyneric silicate materials of the ty RS

where R is etghing. g8 mtebiéu ghemiealfmechanical polishipg @é‘ﬁé‘r&”@b %&‘ﬁe
for use in the present invention are known to

the art.

Referring to Figs. 6-8, there is shown an alternative embodiment of the

process of the present invention for making the integrated circuit devices. The

first step of the process in this embodiment involves depositing a metallic film

16 onto a substrate 18. Substrate 18 is also provided with vertical metallic

studs 20. Referring to Fig. 7, in the second step of the process, the metallic film

is lithographically patterned through a mask to form trenches 22. Referring to

Fig. 8, in the third step of the process, a layér 24 of dielectric composition of the

present invention is deposited onto the patterned me_tallic film 16. In the last

step of the process, the composition is heated to cause ring closure of the

precursor polymer and condense the silyl reactants. Optionally, the dielectric

layer may then be planarized for subsequent process ina multilayer integrated

circuit.

Although this invention has been described with respect to specific

embodiments, the details thereof are not to be construed as limitations for it

will be apparent that various embodiments, changes, and modifications may be

resorted to without departing from the spirit and scope thereof, and it is



those skilled in the art. Preferably, the organic polysilica is a

tiet r aet hoxysil ane, silsesqui oxane or a m xture.thereof. Suitable

si | sesqui oxane for the present invention is alkyl(methyl) phenyl

si | sesqui oxane which is comercially available (e.g., GR950, GRI908, GR650,
GR100 etc. from Techniglass Perrysburg, Chio). Oher suitable °

sil sesqui oxanes will be known to those skilled in the art such as
disclosed in U S. Patent 5,384,376 and Chem Rev. 95, 1409-1430 (1995),
t he disclosures of which are incorporated&ierein by reference. The

dielectric conposition suitably conprises about 5 to 95 weight % of the
precursor polynmer conponent and is fornmed in a two step process. The first

step | nvQlnfsstiossMat st &gui%bieiﬁsaﬂb&dsﬂmgaﬂe fhgeredopn/sé bndlatkd! end

capped precursor polymer I a sui tabl e sol vent (high boiling solvent e.g.,
Elég;aggy![ szléh]ﬁ)ﬁrlé %Léﬁjeo{)‘&ﬂ'é"? vgﬁﬁ&cl)?m tenperature. The conposition is



»

14 elevated t | tIy or inastep wi se fashion (e.g.,
‘200[errJC for ﬂm I I ﬁl :N ranped.up to 400[err]Cand held for 2 hrs.)

to cause chai n extensi O »ring closure (condensd Iy t-Hre-—p+-eciir sor
pol ymer, an of the precursor p(LrIH :SH#TEW(%&EN

ol ysili ca. tric conposition of 1Ju;Jgj§g§££§2§¥gﬂ;'on
Easya dlelectF?SQEa}hJBQMQE §§ than 3.2 preferably | ess than or e
preferably Ies [m[“ 80[err]C. ng conposi tion preferably has phase
domai ns | ess t which resdlt in enhanced nmechanical and

-pol i shi ng characterlstlcs and I sotropic, optical and dielectric

properti Further, the dielectric conposition has mechanical properties
t hat resi atc'F'a‘E'? 'Hﬁddﬁd enable it to be chemcally/mechanically

pl anarized to facilitate lithographic formation of additional circuit

l evels in multilevel integrated circuit devices. The dielectric

conposition has increased breakdown vol tage, enhanced toughness and

i ncreased crack resistance, even in high anbient humdity with a thick-
film The dielectric conposition undergoes m ni mal shrinkage during

“heati ng. 1

An integrated circuit device comprising:

{(a) asubstrate;

(b)  metallic circuit lines positioned on the substrate, and

(c) dielectric composition positioned contiguous to the circuit
lines, the composition comprising the reaction product of
organic polysilica and a precursor polymer selected
from uncoﬁdensed poly(benzoxazole), poly(benzothiazole

and poly(benzimidazole).

2. The device of claim 1 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixture thereof.

3. The device of claim 2 wherein the silsesquioxane is phenyl/C, ¢

alkyl silsesquioxane.

4. The device of claim 1 wherein the precursor polymer is terminated
with (RO),(R”),SiR’- where R and R’ are independently a hydrocarbyl group;

R" is hydrido or hydrocarbyl group; mis 1, 2 or 3 and n+n=3.



The present invention also relates to processes for manufacturing the
integrated circuit device. Referring to G- =Ie first step of one
process enbodi ment involves di spg te 2 a layer 10 of the
dielectric conposition of the pges pnpri si ng

trial koxysilylal kyl end capped: _
15 precursor polyner and a sil sesqui oxane. The substrate 2 is -shown with
vertical netallic studs 8. The conposition is dissolved in a suitable

sol vent such as N, N di net hyl propyl eneurea ZIDMPU), NWVP or the like and is
applied to the substrate by art known nethods such as spin or spray
coating or doctor blading. The second step of the process involves heating
the conpositionsto aftheldswitedf cladmpt wdtensia the precsesoripudymleoss terminated
precursor polyner and to cross condense the silyl reactive groups by the-

sol -gel  pProRess tri B8, SIRDLY4iiy1A0, |, Blkyl group or tri C, ;o alkoxysilylaryl group.

6. A process for forming an integrated circuit comprising:
(a) | positioning on a substrate a layer of dielectric composition,
the composition comprising reactants organic polysilica and
" a precursor .polymer selected from uncondensed
polybenzoxazole, polybenzoﬂﬁazole and polybenzimidazole;
(b) heating the composition to rea:ct the reactants;

(c) lithographically patterning the dielectric layer;

AN A
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naybé heated in the presence of a base such as an anine or Bronsted base.
The base catalyzes the reaction enabling a |lower initial cure tenperature.
Suitably, the base is an organic—e '5-.N Dt her suitable bases will be known
to those skilled in thg=Z Y T \he reaction can be catal yzed by
Bronsted or Lewis acids| " Ung to Fig. 3, the third step of
the process involves |ithograg patterning the | ayer 10 of
dielectric conposition to formtrenches 12 (depressions) in the | ayer of
conposition. The trenches 12 shown in Fig.zh extend to the substrate 2 and
to the netallic stud 8. Lithographic patterning generally involves (i)
coating the layer 10 of dielectric conposition with a positive or negative
phot or esi st such as tdosedepesitings metaHipfiy ooto the patterned digleski¢ A7
photoresist), (ii) inmgew se exposing (through a mask) the photoresist to
radi ation such as el ectroppgpehhd €. 9., W or deep W

(e)  planarizing the film to form the integrated circuit.

7. The process of claim 6 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixtures thereof.

8. The process of claim 6 wherein the precursor polymer is
terminated with (RO),(R“),SiR'- where R and R’ are independently a-
hydrocarbyl group; R” is hydrido or hydrocarbyl group; mis 1, 2 or 3 and

n+m=3.

9. The process of claim 8 wherein the precursor polymer is
terminated with tri C, o alkoxysilyl C, ,, alkyl group or a tri C,_,, alkoxysilyl

aryl group.

© 10. A process for forming an integrated circuit comprising: |
(a) depositing a metallic film on a substrate;

(b) lithographically patterning the metallic film,;

-

[T
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16 (||) devel oping the image in the resrst e.g., wth suitable basic
devel oper and (iv) transferring the_jmge througrLJhe layer 10 of
dielectric conmposition to the te 2 w hasnltabletransfer

t echni que such as reacpLive Ww8ath~ e\ ching. (R E) w Hﬂlﬂ ”wmﬁmaphi c
t hose skil ch as

patterning techni que§ e 3y
di scl osed i n Thonpson\ et af Atroduction to Mcrolit hography (1994),
' |ncorporated herein by reference.

t he di scl osure of whi ¢
Referring to Fig. 4, in the fourth step of22he process for forni ng the
Integrated circuit of the present invention, a netallic film14 is
deposited onto the patterned dielectric Iayer 10. Preferred netgllic
material s include cdpber ,denositingon theattermedunetatie film, 4 layerafia ap| y
deposited onto the patterned dielectric layer by art known techni ques such
as chem cal vapor deposi tdielectfic\éompositi@ieomphiaiigereddtintedmgzmio and

el ectrol ess deposition, sputtering or the I|ike.

polysilica and a precursor polymer selected from:

uncondensed polybenzoxazole, polybenzothiazole
and polybenzimidazole;

(d) heating the composition to react the reactants.

11. The process of claim 10 wherein the organic polysilica is C,¢

alkoxysilane, silsesquioxane or mixtures thereof. -

f

e

12. The process of claim 10 vr/herein the precursor polymer is
terminated with (RO)_(R“),SiR’- where R and R’ are independently a
hydrocarbyl group; R ” is hydrido or hydrocarbyl group; mis 1, 2 or 3 and

n+m=3.

13. The process of claim 12 wherein the precursor polymer is end
| capped with a tri C,_,, alkoxysilyl C,,, alkyl group or a tri C,, alkoxysilylaryl

group.

14. An integrated circuit packaging device for providing signal and

power current to an integrated circuit chip comprising:

This Sheet Has Been R,

T



"RefEr‘ri ng to Fig. 5, the last step of t he process invol ves renoval of
excess netallic material (e.g., ing the netallic film14) so that
film14 is generally |evel ot erned dielectric layer 10.

Pl anari zati on can be gm\'l _' Qs hen cal / mechani cal—pohi-shi-ng_ar

ZSLﬁiC;igYeS\Sﬁ aglred_(r:Kem' ani.cal polishing are knoM,’,mm‘Mqﬁyﬂﬂuul,Zd
ive

in the art. Referring to Figs. 6-8, there is shown an
enbodi ment of the process of the present 23nvention for naking the
Integrated circuit devices.- The first step of the process in this

enbodi ment invol ves depositing a netallic film . .
() a substrate having electrical conductor for connection to a circuit

board,

(ii)  a plurality of alternating electrically insulating and conducting
layers positioned on the substrate wherein at least one of the
layers comprises the feaction product of organic polysilica and
a precursor polymer selected from uncondensed poiybenzoxazéle,
polybenzothiazole and.polybenzimidazole; and

(iii) a plurality of vias for electrically interconnecting electrical
conductor, conducting layers and an integrated circuit chips.

15. The device of claim 14 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixture thereof.

16. The device of claim 15 wherein the silsesquioxane_is phenyl/C, ¢

alkyl silsesquioxane.

17. The device of claim 14 wherein the precursor polymer is
terminated with (RO),(R”),SiR'- where R and R’ are independently a
hydrocarbyl group; R” is hydrido or hydrocarbyl group; mis 1, 2 or 3 and

n+m=3.
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16 onto a substrate 18. Substrate 18 is al so provided with vertical
netallic- studs 20. Referring to Fig. 7 n the.second step of the process,
the netallic film is I|thograo- . erned through a mask to form
trenches 22. Referring tQge Haﬂ he t\hird step of the process, a

| ayer 24 of dielectric co present invention is deposited
onto the patterned netall I5. In the last step of the process, the
conposition is heated to C&uSe rlng cl osure of the precursor polynmer and
condense the silyl reactants. Optionally24the dielectric |ayer may then be
pl anari zed for subsequent process in a multilayer integrated circuit._

Al t hough this invention has been described with respect to specific

enbodi nents, ti8 deTheldevidecofordfimrly wherdio the precarsougwlymeriisi t ati ons for
it wll be apparent that various enbodi ments, changes, and nodifications

may be nes@ihgehd Rith awc‘_geﬂ%kymﬁcmamﬁ group! dr &9 ¢, spaliexiysilyRak]

and it is
group.

e
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18~ understood that such equival ent enbodi ments are intended to be
»ncldden”'ﬁﬁthin the scope of this invention.

"CLAIMS 1. A process for formng an integrated circuit conprising: (a)
positioning on a substrate a |ayer of dielectric conposition, the
conposition conprising reactants organic polysilica and a precursor
pol ynmer sel ected from uncondenseuipolybenzothiazole and

pol ybenzi m dazol e whi ch_i term nated wth PJ%BC%% '

SR " wherBTREGRATRD STRCII R ENACRAYDPRYGESS § Ui ToRE
hydri do or h groggr byl group; mis 1, 2 or 3 and n+n¥3; (b) heating the
CONposi t iR ct the reactants; (c) lithographically patterning the

dielectric l ¥ e invention relates to an integrated circuit device comprising (i) a substrate (2);
(ii) metallic circuit lings (4) positioned on the substrate (2) and (iii) a dielectric material -
(6) positioned on the circuit lines (4). The dielectric material (6) comprises the reaction
product of an organic polysilica and uncondensed precursor polymer preferably
terminated with an alkoxysilyl alkyl group.
Fig. 1
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(d) depositing a netallic filmonto t he patterned dielectric |ayer; and
dr}np arizing the filmto formthe integrated circuit. 2. The process
: laim 1 wherein the organic polysilica is (Jerr] al koxysilane,
/silsesqui oxane or mxtures thereof. 3. The process of claim1l wherein the

* precursor polymer is termnated with tri Jerr]

group or a tri (err] alkoxysilyl aryl gro

an integrated circuit conprising:

substrate; (b) lithographically patterni
depositing on the patterned netallic fil
conposi tion conprising reactants organdlc polgsilica and a precursor

pol ymer sel ected from uncondensed pol
polyben2|n1dazole which is; termnated wth
SR -- where Rand R 2 q-o-no

) ‘m |

hydri do or hydrocar byl S
conposition to react tz;§§>
organi ¢ polysilica is [k
t her eof .

i

up.

al koxysilyl Clerr] alkyl

4. A process for formng

(a) depositing a nmetallic filmon a

the metallic film (c)
a layer of a.dielectric

! \‘\\
.\//

benzegt hi azol e and
(RO)[err] (R')[err]
group; R' is

(d) heating the
cIa|n14 wherein the
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\ \
" 6. {he _process of claim4 wherein the precur sor polyner is end capped
W atri derr] alkoxysilyl cerr] alkyl group or a tri

err]al koxysilylaryl group.
20 7. An integrated circuit device forned by the process of any one of
the preceding clains. REPLACEMENT SHEET

2/2
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| NFEGRATED Cl RCl‘JI REEE\UE@EEMI\Qmﬁa;ESS FOR I TS MANUFACTURE ABSTRACT

The invention r4gl gres—to—ar—+ntegl at ed circuit device conprising (i) a
substrate (2); (i jreuit lines (4) positioned on the substrate
(2) and (iii) ajdi el%zﬁl'?é% i fl (6) positioned on the circuit |ines
(4). The dielecrilcamterial (6] fonprise? the reaction product of an
organi c polysilica and uncondensed precursor polynmer preferably term nated

kel

w th an al koxy s Y et S iEor nll:ain%facauring. However, it is desired that dielectric

materials for future integrated circuit devices exhibit a lower dielectric constant (e.g.,
<3.0) than exhibited by silicon dioxide.

It is therefore an object of the present invention to provide an improved integrated
circuit device comprising an improved dielectric material.

Other objects and advantages will be apparent from the following disclosure.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of

the pfior art. |

| According to one aspect of the presént invention there is provided a process for
forming an integrated circuit comprising: (a) positioning on a substrate a layer of
dielectric composition, the comppsition comprising reactants organic polysilica and a
precursor polymer selected from uncondensed polybenzothiazole and polybenzimidazole
which is; terminated with (RO),, (R")ir,l SiR';- where R and R' are independently a
hydrocarbyl group; R" is hydrido or hydrocarbyl group; m is 1, 2 or 3 and n+m=3; (b)
heating the composition to react the reactants; (c) lithographically patterning the
dielectric layér; (d) depositing a metallic film onto the patterned dielectric layer; and (e)
planarizing the film to form the integrated circuit.

According to another aspect of the present invention there is provided a process for -
forming an integrated circuit comprising: (a) depositing a metallic film on a substrate;
(b) lithographically patterning the metallic film; (c) depositing on the patterned
metallic film, a layer of a dielectric composition compfising reactants organic polysilica
and a precursor polymer selected from uncondensed polybenzothiazole and
polybenzimidazole which is; terminated with (RO)q, (R");, SiR'-- where R and R' are
independently a hydfocarbyl group; R" is hydrido or hydrocarbyl group; mis 1, 2 or 3
and n+m=3; (d) heating the composition to react the reactants.

A more thorough disclosure of the present invention is presented in the detailed

description which follows and from the accompanying drawings.



22 ' (c) depositing on the patterned netallic film a |ayer

of a dielectric conposition conprising reactants
organic polysilica and a precursor pol yner selected
from uncondensed pol ybenzoxazol e, pol ybenzot hi azol e
and pol ybenzi m dazol e; (d) 3heating the conposition to react
the reactants. The process of claim 10 wherein the organic

Y he  pr oess of 'l ai ﬁ%ﬁiﬁiﬁﬁ*ﬁ@ﬁﬁ!’c PREBRAWINGS ] S 1 or it nat ed
0 (0 )G )0 T 5, 5 o 4B UBBBA e o s,

n+me=3. Jentiopn€ Process of claim 12 wherein the precursor polymer
is end ca pegmﬂlﬁnaotrl Clerr] al koxysilyl Cerr] alkyl group or a tri

Clerr] al koxysigjyd. at-§|show a process for making the integrated circuit device of the present
invention. |
Figs. 6-8 show an alternative process for making the integrated circuit device of
the present invention. |
| DETAILED DESCRIPTION OF THE INVENTION
An embodiment of the integrated circuit device of the present inventidn is shown in
Fig. 1. The device generally comprises substrate 2, metallic circuit lines 4 and dielectric

material 6. The substrate 2 has vertical metallic studs 8




greup. * 14. An integrated ci rcwt packagi ng device for providing
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circuit MIUHIMHEII " (ii) a plurality of Altermarimng

electrically i ductlng 19 Ia/eksqppsg%lp,gd
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the reaction product of organic polysil d
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(b)
©
@
©
2.

positioning on a substrate a layer of dielectric composition, the composition
comprising reactants organic polysilica and a precursor polymer selected from
uncondensed polybenzothiazole and polybenzimidazole which is; terminated with
RO)y R™), SiR'-- where R and R' are indebendently a hydrocarbyl group; R" is
hydrido or hydrocarbyl group; mis 1,2 or 3 and n+m=3;

heating the composition to react the reactants;

lithographically patterning the dielectric layer;

depositing a metallic film onto the patterned dielectric layer; and

planarizing the film to form the integrated circuit.

The process of claim 1 wherein the organic polysilica is Cyg alkoxysilane,

silsesqliioxane or mixtures thereof. -

3.

The process of claim 1 wherein the precursor polymer is terminated with tri Cy_jq

alkoxysilyl C,_;o alkyl group or a tri C;_;o alkoxysilyl aryl group.

4. A process for forming an integrated circuit comprising:

(a) depositin_g a metallic film on a substrate;

(b) lithographically patterning the metallic film;

(c) depositing on the pattérned metallic film, a layer of a dielectric composition
comprising reactants organic polysilica aﬁd a precursor polymer selected from
uncondensed polybenzothiazole and polybenzimidazole which is; terminated with

- (RO); R™), SiR'-- where R and R' are independently a hydrocafbyl group; R" is
hydrido or hydroéarbyl group; mis 1, 2 or 3 and n+m=3;

(d) heating the composition to react the reactants.

5. The process of claim 4 wherein the organic polysilica is C;g4 alkoxysxlane

sﬂsesquloxane or mixtures thereof.

6.

The process of claim 4 wherein the precursor polymer is end capped with a tri

C1-10 alkoxysilyl Cl-lo alkyl group or a tri Cg alkoxysilylaryl group.

a
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conductor, conducting layers and an integrated circuit chips. 15.
The device of claim 14 wherein the organic polysilicais (Jerr]

al koxysi | ane, silsesqui oxane or m xture thereof. 16. The device
of claim 15 wherein the silsesquioxane is phgﬁpyl I err] alkyl
si | sesqui oxane. . 17. The device of aim 14 wherein the precursor

polymer is teym &fdrlg wth (RO[err](R')[err]SIR - where Rand R are
i ndependently a h SrA clrewit devise formddly By 'tﬂppﬂ)rcesgyd{ ocarbyl group; m

is 1, 2or 3 ajmmsn+m:3 any one of the preceding
24
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18« - *The device of claim 17 wherein t hé_ precursor polyner is termnated
with a tri-Cferr] alkoxysilyl Clerr]} ‘alkyl group or tri Clerr]
al koxysi lylaryl group. .
21
INTEGRATED CIRCUIT DEVICE AND PROCESS FOR ITS MANUFACTURE
ABSTRACT
The invention relates to an integrated circuit device comprising (i) a substrate (2);
(ii) metallic circuit ling_s (4) positioned on the substrate (2) and (iii) a dielectric material
(6) positioned on the circuit lines (4). The dielectric material (6) comprisés the reaction
product of an organic poleilica and uncondensed precursor polymer preferably
terminated with an alkoxysilyl alkyl group. |
Fig. 1
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