1. * . -~ | NTEGRATED Cl RCUI T DEVI CE AND PROCESS FOR
I TS MANUFACTURE % Oaa 47& Field of - the I nvention
The present invention relat —Z ated fireuit conprising an

i nproved dielectric material and process for manufacturing the integrated
circuit. Background of the Invention

Ther-e is a continuing desire in the mcroelectronics industry to increase
the circuit density in nmultilevel integrated circuit devices e.g., nenory
and logic chips, thereby increasing theiyr performance and reducing their
cost. In order to acconplish this goal, there is a desire to reduce the
m ni mum feature size on the chip e.g., circuit linewdth, and also to

decrease the di el ectmmsmmrcnﬁcwmasvmmmc@ FOR material to
enabl e cl oser spacing of circuit %mmﬂ: Qﬁt |1rl%p£e in crosstal k-

and capacitive coupling. Further, ere1s a e5|re reduce the
dielectric constant for the dielectrlc materials such as utilized in the

back end of the line (BEOL) portign of jntegrated circuit devices, which
contain input/output circuitry, ﬁﬂi@&hmm site drive current and
power _

The present invention relates to an integrated circuit comprising an

improved dielectric material and process for manufacturing the integrated

circuit.

There is a continuing desire in the microelectronics industry to increase
the circuit density in multilevel integrated dircuit devices e.g., memory and Ilogic
chips, thereby increasing their performance and reducing their cost. In order to
accomplish this goal, thére 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 cabacitive 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 deviceé, which contain
input/output circuitry, to reduce the requisite drive current and pov;er o
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



_consunption for the device. The present dielectric is silicon dioxide which
has a dielectric constant of .about 4.0. This material has the requisite -
mechani cal and thernal properties to withstand processing operations and

t hermal cycling _ ,

associated wth sem conductor manufacturing. However, it is desired that
dielectric materials for future integrated circuit devices exhibit a | ower

di el ectric constant (e.g., < 3.0) than exhibited by silicon dioxide.

It is therefore an object of the present invention to provide an inproved
integrated circuit device conprising an i2nproved dielectric material.

O her objects and advantages will be apparent fromthe follomﬁng

di scl osure. Sunmary of the :
The pres eAPSQCiRted vith seapigopducior rannfackurngy @PW@YJ@% 1'@1@\/& %‘i)ﬂ% % sing
(i) a substrate; (ii) interconnecting nmetallic circuit lines positioned on

t he subsdreied:mmia(;emals for futlecintegrated eincait dovdcds extabittabowerious to t he
circuit lines

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.

Summnary of the Invention
The present invention relates to an integrated circuit device comprising
(i) a substrate; (ii) interconnecting metallic circuit lines positioned on the
substrate and (iii) a dielectric material positioned contiguous to the circuit lines
(over and/or between the c1rcu1t lines). The dielectric material comprises the
reaction product of an organic polysilica and polyamic ester terminated
préf‘érably with a trialkoxysilylalkyl group. In one embodiment;, the organic L

polysilica is silsesquioxane and the dielectric material has phase domains less

than 0.5 microns.



y over® and/ or between the circuit Ii nes). The dielectric nmaterial conprises

t he

reaction product of an organic polysilica and pol yam c ester

termnated preferably with a trialkoxysilylalkyl group. In one enbodi ment, ~
the organic polysilica is silsesquioxane and the dielectric material has
phase domains |less than 0.5 mcrons.

3

The present invention also relates to an integrated circuit

packagi ng structure, the material composition and the processes for
formng the integrated circuit device f the present invention. A
more through disclosure of the present Tnvention is presented in the

detail ed description which follows and fromthe acconpanyi ng draw ngs.

Brief Descri plllhepmsehbénvdritidmghso relates toag integraitad eireadt padidgingl vi ew
of a portion of the integrated circuit device of the present invention.

Figs. 2- gublfive] tRe HisfstidIYoniBusititn HRA tHe' 96468 6 Fortlingth¥ intefiatb®

circuit device of the present invention.

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

detailed description which follows and from the accompanying drawings.

Fig. 11is a cross-sectional view of a portion of the integrated circuit device

" . of the present invention. i

Figs. 2-6 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.

Detalled Description of the Inventi

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



., present invention. Figs. 6-8 show an alternative process for
making the integrated circuit device of the present invention. -

Detai | ed Description of the Invention An enbodi ment of the
integrated circuit device of the present inventionis shown in Fig. 1. The
device generally conprises substrate 2, nmetallic circuit Iines 4 and

dielectric material 6. The substrate 2 has vertical netallic studs 8

4 forned 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 circui4 devices will generally conprise -
multiple layers of «circuit lines which are interconnected by verti cal

venti ofoRuRg therein. Fhe kS RdrfesiiRHoR 1 B ilsa SLARHeRE imety o RS

ceram cs, _alum nym copper and _gallium arsenide. Qher suitable substrates
will be ideviee anditaprevide pewer ipput 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
gallium arsenide. Other suif;able substrates will be known to those skilled in
the art. In a multilayer integrated circuit device, an underlying layer of

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

Suitable circuit lines generally comprise a metallic, electrically
conductive material such as éopper, 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).

— iz -

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



.the art. In a nultilayer integrated circuit device, an underlying |ayer of
i nsul 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, tantalum or chrom um or ot her

| ayers such as barrier or adhesion layers (e.g., SIN, TiN).

Anot her enbodi ment of the present invegtion relates to an integrated
circuit packaging device (rmultichip nodule) for providing signal and power
current to a one or nore integrated circuit chips conprising: (1) a

?_U_b )St rat iﬂteﬁf:%'tiﬂg e%ﬂc%ﬁbéilfrélhsﬁmw bAd chaduedR Bnjers positioned o the bogr d,
11) a plurality o

al ternati Clii v, 4 Y elo] ' i d on the

substrat %‘%ﬁ%ﬁq ﬁhgf%e%ts{eggf Bf eé‘g%;?]&lL C mgyﬁigy%@gbggﬁirﬂ?és)g%bﬁﬁnpr oved

dielectric filmof the present invention angd (ii, | wral i of vias for

el ect ri cdielsctrieifalim of the prasent mvention &’db@t%‘r&,‘aﬁggaﬁmsrfﬁl ayers and
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 inﬁegrated; 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. The substrate can optionally have integrated
circuits disposed therein. The substrate is provided with electrical conductor
such as input/output pins (ﬂO pins) for electrically connecting the packaging
device to the circuit board. A plurality of electrically insulating and electrically
conducting layers (layers having conductive circuits disposed in an dielectric
insulating material) are alternatively stacked up on the subéu'ate. ’f‘he layers o

are generally formed on the substrate in a layer by layer process wherein each

layer is formed in a separate process step.



\integrated circuit chips. The integrated circuit packagi ng device
is an internmedi ate | evel of packaging between the integrated circuit chip
and the circuit board. The integrated circuit chips are nmounted on the
integrated circuit packaging device which is in turn nounted on the
circuit board.' The substrate of the packaging device is
generally an inert substrate such as glass, silicon or ceramc. The
substrate can optionally have integrated circuits disposed therein. The
substrate is provided with electrical conductor such as input/.output pins
(1/0 pins) for electrically connecting6the packaging device to the circuit
board. A plurality of electrically insulating and electrically conducting

| ayers (Il ayers b Ve 1G] T CUl ispesed in _an.diel ectric

i nsul ati ng” mat g‘rﬂl% \;‘” a%@ghgg%aggégﬁ%pﬁsgg Ifg g means far Feervipg the,o |

| ayers at eneral.ly .forped Qn .t substrate in a layer by layer process
wher ei n eHbetﬁg“F'ﬁﬁg‘Ffé/@E F[amﬁeogmtagf%éw#m meansincludepinboards for receipt

6 The packagi ng- device al so conprises receiving neans for receiving
t he 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 inte;'connect the I/0 pins, the conductive layers and
integrated circuit chips disposed in the receiving means. The function structure
and method of manufacture of the integrated circuit paékaging 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 4,811,08:2, the disclosures of which are incorporated

» . i
herein by reference.

The key feature of the present invention is the dielectric material which
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 formaﬁon of the next
layer of circuit lines. The dieléctric material comprises the reaction product of

an 6rganic polysilica and a polyamic ester terminated (end grodp) with

(RO)(R"),SiR"-, where m is 1, 2 or 3; m+n=3; R and R’ are hydrocarbyl groups
and R” is hydrido or a hydrocarbyl group. The end group is preferably a mono,
di or tri C, 4 alkoxysilyl C,; alkyl or aryl group (e.g., phenylene, benzylene,

napthylene or anthracenylene) group.



.intefrated circuit chips. Suitable receiving nmeans include pinboards for
receipt of chip I/O pins or netal pads for solder connection to the chip.
General ly, the packaging device also conprises a plurality of electrica
vias generally vertically aligned to electrically interconnect the I/O
pins, the conductive layers and integrated circuit chips disposed in the
recei ving neans. The function structure and nethod of nmanufacture 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'zncorporated herein by reference.
The key feature of the present invention is the dielectric material which

is positiqQned gver the circuit .lines and/o etween the e¢ircuit lines and
on Phe ' sadiediEereln hiforrthd ePtpagrans hygroctaptn bised BESHR BB dteo: 1 i
material is often planarized to function as a substrate for |ithographic

f or mat i ondfunctienabshavingypecanboncatopyattached $o the zexmnainden of; themmo

conprises the reaction product of an organic polysilica and a pol yam ¢

ester ter ghdHadng predsidnantlyiHydrotaBoncdhiaratter] HydDckrbyl groape inthrlel, 2

or 3; mn=3; R and R are hydrocarbyl groups and R' is hydrido or a

hydr ocar b ' The end group is preferably a nono, di or tri Cerr]
al koxysi I%e @@W}“gal kyl or aryl group (e.g., phenylene, benzyl ene,
napt hyl ene or ant hracenyl ene) group.

(1) Hydrocarbon groups; that is, aliphatic, (e.g., C,-C,, alkyl or alkenyl and
Cs.10 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 (m:ethylene for difunctional
hydrocarbyl group) ethyl, butyl, hexyl, octyl, (iecyl, dodecyl, tetradecyl,
octadecyl, cyclohexyl, phenyl, naphthyl, benzyl and anthracenyl (all isomers

being included).

(2) Substituted hydrocarbon groups; that is, groups containing non-
hydrocarbon substituents wﬁch, in the context of this invention, do not
alter predominantly hydrocarbon character of the group. Those skilled in
the'.ért will be aware of suitable substituents (e.g., halo, alkoxy, "carl_galkoxy,

nitro, alkylsulfoxy).

(3)  Hetero groups; that is, groups whiéh, while predominantly hydrocarbon

in character within the context of this invention, contain atoms other than



»7 AS used herein, hydrocarbyl group neans hydrocarbon based group (nmono or
di functional) having a carbon atom attached to the remai nder of the

mol ecul e and havi ng predomi nantly hydrocarbon character. Hydrocar byl
groups include the follow ng: (1) Hydrocarbon groups; that is,
aliphatic, (e.g., (err]-Cerr] alkyl or alkenyl and (Cerr] cycloal kyl or
cycl oal kenyl ), aromatic, aliphatic substituted aromati c,
aromatic-substituted aliphatic and the |like. Such groups are known to those
skilled in the art; exanples include nethyl (nethylene for difunctional
hydrocar byl group) ethyl, butyl, hexyl 8 octyl, decyl, dodecyl, tetradecyl,
oct adecyl, cycl ohexyl, phenyl, naphthyl, benzyl and anthracenyl (al

i somers ' rOSdHY . . stituted hydrocarbon groups;qt.hat, is,
groups c o%?%ﬁ Pﬁgg non %dg ﬁ%%éé%‘&%?& T4 AR ise\ﬂh&g%rgf’ﬂ %ttﬂ’g%c SoHiLable
this invention,,K do Sv(ﬁl al ter predom nant]|y hydrocarbon_character of the
group. T Qitoms, &e@wtwwsgékd%drm@emambmmdmﬁort uent s
(e.qg., halo, alkoxy, carbal koxy, nitro, alkylsulfoxy).

example, nitrogen, oxygen and sulfur.

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

hydrocarbon-based group.

The polyamic ester with the end group is preferably formed from the

reaction of (i) a diamine; (ii) a diester diacyl halide (preferably chloride) and

(iii) an aminoalkoxysilane.



,(3) ‘Hetero groups; that is, groups which, while predoninantly hydrocarbon
in character within the context of this invention, contain atons other than
8 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

include, for exanple, nitrogen, oxygen and sul fur. In general, no
nore than about three substituents or hetero atons, and preferably no nore
than one, will be present for each 10 carbon atons in the

hydr ocar bon- based group. The polyamc ester with the end group is

preferably formed fromthe reaction of 9i) a diamne; (ii) a diester
diacyl halide (preferably chloride) and (iii) an am noal koxysi | ane.

9 Suitable diamines have the formula H;NRNH, wherein R is

Oy €03

(CFy)n

wherein X is selected from the greup consisting of an alkylene chain having 1-3
carbon or halocarbon atoms, carbonyl, —0—, —S—, —SO,— and —N— alkyl.
Thé alkylene chain can further be substituted with haloalkyl (e.g., trifluoro-
methyl) and phenyl. The aromatic ring can optionally be substituteci byae.g.,

trifluoromethoxy or the like. Suitable R for the diamine include:

© OO
Ot

-0



.Suitabl e di am nes have the fornula HZNRNH2 wherein R i s

*0- &oF . . [err] wherein X is sel ected
fromthe group consisting of an al kyl ene chain having 1-3 carbon or
hal ocar bon atons, carbonyl, -0-, -S-, -S(Jerr]- and -N al kyl. The al kyl ene

chain can further be substituted with hal oal kyl (e.g., trifluoro- nethyl)
and phenyl. The aromatic ring can optionally be substituted by a e.g.,
trifluoromethoxy or the like. Suitable R for the diam ne include:

[err] 10 where y is
selected fromtrifluoronethyl, phenyl _HII substituted phenyl. Suitable
aromati c di am nes are: p- phenyl ene di am ne;

4, 4' -di am.no- di phenyl agine: benzi di ne ' _di am.na-di . ;
b e RO AT )l oot of RSB et
3, 3" -di met hoxy benzi di ne;

aromatic diamines are:

p-phenylene diamine;
4,4'-diamino-diphenylamine; benzidine;
4,4'-diamino-diphenyl ether;

" 1,5-diamino-naphthalene;
3,3-dimethyl-4,4'diamino-biphenyl;

3,3-dimethoxy benzidine;

1,4-bis(p-aminophenoxy) benzene;
1,3-bis(p-aminophenoxy) benzene;
2,2-bis[4-aminophenyl] hexafluoropropane

The R in the diamine may also be an aliphatic or cycloaliphatic group
such as cycloalkylene e.g., cyclohexylene. Suitable aliphatic diamines include

1,4-diaminocyclohexane and bis (4-aminocyclohexyl) methane.

A preferred diamine is a diamine wherein X in the above formula is >C
(phenyl) (trifluoromethyl). Preferred diamines are 9,9"-bis (4-aminophenyl)
fluorene (FDA); 4,4"-oxydianiline and 1,1-bis (4-aminophenyl)-1-phenyl-

2,2,2-trifluoroethane (3FDA).



.1, 4-bi s(p- am nophenoxy) benzene; 1, 3- bi s(p-am nophenoxy) benzene;
2, 2- bi s[ 4- am nophenyl] hexaf| uoropr opane The R in the di.am ne may _
al so be an aliphatic or cycloaliphatic group such as cycl oal kyl ene e.g.,
cycl ohexyl ene. Suitable aliphatic diam nes include 1, 4-diamn nocycl ohexane
and bis (4-am nocycl ohexyl) methane. A preferred diamne is a
di am ne wherein X in the above fornula is >C (phenyl) (trifluoronethyl).
Preferred dianmnes are 9,9 -bis (4-aninopheny|) fl uorene (FDA);

4,4' -oxydianiline and 1, 1-bis (4-am nophenyl)-1-phenyl -
2,2,2-trifluoroethane (3FDA). 11 The di ester dlacyl
chloride is suitably made fromthe correspondi ng dianhydride suitably

having the f Or’ﬂil(le ?iiester diacyl chloride is suitably made from the corresponding

dianhydride suitably having the formula

NN
N N

CO

wherein Ar may be selected from.
CF,
]
C
] : s
CF,

ororeter -
oLorofor



,[err] wherein Ar may be sel ected from o
[err] ' 12 Suitable

di anhydri des i ncl ude: pyronel litic dianhydride benzophenone
di anhydri de 2, 2- bi s( 3, 4-di car boxyphenyl ) propane di anhydri de

3,3 ,4,4"-bi phenyl tetracarboxylic acid dianhydride

bi s( 3, 4-di car boxyphenyl) ether dianydride bi s( 3, 4-di car boxyphenyl)
t hi oet her di anhydri de bi sphenol A bi set her di anhydri de

2, 2- bi s( 3, 4-di car boxyl phenyl ) hexaf | uor opr opane di anhydri de
2, 3, 6, 7-napht hal enet et racar boxyl i c aci diali anhydri de

Suitable dianhydrides include:

pyromellitic dianhydride

benzophenone dianhydride
2,2-bis(8,4-dicarboxyphenyl) propane dianhydride
3,3',4,4-biphenyltetracarboxylic acid dianhydride
bis(8,4-dicarboxyphenyl) ether dianydride
bis(3,4-dicarboxyphenyl) thioether dianhydride
bisphenol A bisether dianhydride
2,2-bis(8,4-dicarboxylphenyl)hexafluoropropane dianhydride
2,3,6,7-naphthalenetetracarboxylic acid dianhydride
bis(3,4-dicarboxyphenyl) sulfone dianhydride
1,2,5,6-naphthalene tetracarboxylic dianhydride;
2,2',3,3"-biphenyl tetracarboxylic dianhydride

3,4,3'4' benzophenone tetracarboxylic dianhydride; and
terphenyldianhydride '

A preferred diester diacyl chloride is diethyl l;yromellitate diacyl chloride.

The diester diacyl chloride is fo_rmed by sequentially reacting the
corresponding anhydﬁae with a suitable alcohol and oxalyl chloride. A suitable
alcohol is ethanol. The rate of imidization can be varied by the electronic
substituent effect of the ester group (e.g., ethyl ester substituent from ethanol) |
and other suitable alcohols for ﬁse in the present .im-rention will be known to  ~—
those skilled in the art such as disclosed on page 139 of “High Performance
Polymers” by Hergenrother (1994), the disclosure of which is incorporated

herein by reference. Suitable diester diacyl chlorides are diethyldichloro-



xbis(§,4-dicarboxyphényl) sul f one di anhydri de 1, 2, 5, 6- napht hal ene

tetracarboxylic di anhydride; . 2,2',3,3 -biphenyl tetracarboxylic

di anhydri de 3,4,3" 4" benzophenone tetracarboxylic dianhydride; and
t er phenyl di anhydri de A preferred diester diacyl chloride is diethyl
pyronel litate diacyl chloride.- The diester diacyl chloride is

formed by sequentially reacting the corresponding anhydride with a

sui t abl e al cohol and oxalyl chloride. A suitable alcohol is ethanol. The
rate of imdization can be varied by ti? el ectronic substituent effect of
the ester group (e.g., ethyl ester subStituent fromethanol) and other
suitabl e al cohols for use in the present invention wll be known to those

skilled byrbﬂmelléﬂattesdieﬁhgbdﬂﬂ&@db‘iﬁder@i teagearbdRyhite driddicthyldichivre
Pol ymers” by Hergenrother (1994), the disclosure of which is incorporated

13 pyr oosy FfiEaRRg et%ﬁ‘f‘bé&ﬁt%'i’%?%if'g bESHA dLchia HEE SRRt il B O
et LS by LT O e P St o

di sclosed in U. S Pat ent 4 720, 539 and copendi ng commonl y assi gned u. S
Pat ent A#130;539 endepeading commonly assigned U.S. Patent Application Serial No.

08/058,303 filed May 10, 1992, the disclosures of which are incorporated herein

by reference for all purposes.

Suitable aminoalkoxysilane has the formula (H,NR‘Si(R“),(OR),) where
m+n=3 (n is preferably 3) R is preferably C, ; alkyl and R'isa spacer group
preferably a C, ¢ alkylene (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 amino group and the
silicon atom. Since R is cleaved and removed from the composition during the
reaction, R can be any organic group which does not unacceptably interfere with
the reaction and those grou;;s should be contemplated as equivalent to those
claimed herein. Ifn is less than 3, R” is preferably hydrido or lower C, alkyl.
A preferred silane is aminophenyltrimethoxysilane. Other suitaiﬂe silane

—_ e S

reactants wi_ll be known to those skilled in the art.

To form the polyamic ester reactant, the three precursors are dissolved in

a suitable solvent (such as NMP) in proper stoichiometric amounts (e.g.,



.08/ 058,303 filed May 10, 1992, the disclosures of which are incorporated
herein by reference for all purposes. Sui t abl e am noal koxysi | ane .
has the fornula (Herr]NR Si(R")[err](OR)[err]) where mn=3 (n is
preferably 3) Ris preferably CJerr] alkyl and R is a spacer group
preferably a CJerr] alkylene (e.g., nethylene) or a nonheteroatom aryl

group (a hydrocarbon aromatic group w thout heteroatons) such as

phenyl ene, benzyl ene or napthylene) which is positioned between the am no
group and the silicon atom Since Ris cleaved and renoved fromthe
conposition during the reaction, R cd4 be any organic group which does not
unacceptably interfere with the reaction and those groups should be

cont enpl gt ed. as_equj.val enf. t ose .clajned herein. If n.ds |ess {han 3,
R o br Bty oo iSRG ipcyl stengedh 71 Hiky P Smdmiof Hlape iimatd
am nophenyl trinet hoxysil ane. Qther suitable silane_ reactants wil|l be known
t o t hosefrom the £argthers equation to providg she desired molecylariweight of theact ant |
the three precursors are dissolved in a suitable solvent (such as NWP) in
proper spolyphéeroprsdict) feRilbing intalkoxy silylalkyl end capping of the polyamic
ester. The alkoxysilylalkyl end capped polyamic ester reactant will have a
molecular weight (Mn) of about 5,000 to 20,000 g/mol. A suitable

a]koxysilylal_kyl end capped polyamic ester has the structure:

o 0
(E0)ysi— f COZEt P OEN2 s N — p—sioe,
Et0,C —NH NH—

wherein R is phenyl or C, ¢ alkyl and the polyamic ester substituent is ethyl.

Organic polysilica is a polymeric compound comprising silicon, carbon,
oxygen énd hydrogen atoms. Suitable organic polysilica include (i) partially
condensed alkoxysilanes (e.g., partially condensed by controlled hydrolysis C, ¢
alkoxysilane having an Mn c->f about 500 to 20,000 e.g. tetraethoxysilane); (i)
organically modified silicates having the composition R SiO, and R,SiO,
whefein R is an organic substituent (iii) Iiartially condensed orthosi!_icates
having the composition SiOR, (iv) siloxanes and (v) silsesquioxanes.
Silsesquioxanes are polymeric silicate materials of the type RSiO, ; where R is

an organic substituent.



;14 diamne and diester diacyl chloride in 1:1 with the amobunt of silane
calculated fromthe Carothers equation to provide the desired nol ecul ar 3
wei ght of the polymer product) resulting in al koxy silylalkyl end capping
of the polyanic ester. The al koxysilylalkyl end capped pol yanic ester
reactant will have a nolecular weight (M) of about 5,000 to 20,000 g/nol.
A suitable al koxysilylalkyl end capped polyam c ester has the structure:
[err] wherein R is phenyl or CJerr] alkyl and the polyanic ester
substituent is ethyl. Organic polysilica is a polyneric conpound
conprising silicon, carbon, oxygen ang hydrogen atons. Suitable organic
polysilica include (i) partially condensed al koxysilanes (e.g., partially
condensed by ntral | ed hydral ysi s err], | koxysi | ane having an M of
about 500 to , eé’.r&an{"el’&&é%sl%( iusgi)the presentinygntion ake lepenvnited .
silicates having the conposition RSiJerr] and Rlerr]Sigerr] whereinR
i s an or ghoseskilleskin thenart; i Préferably thd organivipolysilicaris rokitraethiorysilangj ng
the conposition SiOR4 (iv) siloxanes and (v) sil sesqui oxanes.

Si | sesquisilsesfioRase BP layiikffrethier&ct SuTbdBIE sflkdsdtfiokdife ForPthepiddeht " )
where R is an organic substituent.
invention is alkyl(methyl) phenyl silsesquioxane which is commercially
available (e.g., GR950 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 Cheni. Rev. 95, 1409-1430 (1995), the disclosures of

which are incorporated herein by reference.

The dielectric composition suitably comprises about 5 to 95 weight % of
the polyimide component and is formed in a two step process. The first step
involves dissolving the silsesquioxane and the alkoxysilylalkyl end capped
polyamic ester in a suitable solvent (high boiling solvent e.g., N-methyl-2-
pyrrolidone NMP) at room temperature. The. composition is heated to an
elevated temperature directiy 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
imidization of the polyaniic ester, and cross condensation of the.ﬁmcﬁionalized

——

polyimide with the polysilica.

The dielectric composition of the présent invention has a dielectric

constant less than 3.2 preferably less than 8 and more preferably less than 2.9



;15 ¢ Sui tabl e organic polysilica for use in the present invention are
known to  those skilled in the art. Preferably, the organic polysilica is a_
tetraet hoxysil ane, silsesquioxane or a mxture thereof Suitable

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

si | sesqui oxane which is commercially available (e.g., GRO50 from
Techni gl ass Perrysburg, Chio). Oher 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. 16 The dielectric conposition
suitably conprises about 5 to 95 weight % of the polyim de conponent and

511 sestui AN B 655 s P AR Ry thil O Blothe; Brtainly

sui tabl e solvent (high boiling solvent e.g., N nethyl-2- rr,0] i done NWP)
at room tlespthan (-3 mrerens; gyhichinesult incenhanced m@m‘é %W‘Ei/’@hs*‘gfﬁ)er ature

directly or in a step wise fashion (e.g., 200[err]C for 2 hrs. and then
ranped upcharaé@istics|dhdiehhnted isvtrébiby optical andadiekectriaproperttéessi on and

i mdization of the polyam c ester, and cross condensation of the

functi ongpl 2@y G diefddtfictobipddifioR Habthediihical properties that resist
cracking and enable it to be chemically/mechanically planarized to facilitate
lithographic formaﬁon of additional circuit levels in multilevel integrated
circuit devices. The dielectric compdsition has increased breakdown voltage,
enhanced toughness and increased crack resistance, even in high ambieni:
humidity with a thick film. The dielectric composition is optically clear and

adheres well to the substrate. The dielectric composition undergoes minimal

shrinkage during heating.

The composition formed by the reaction of organic polysilica and the end
group terminated polyamic ester also has othei' utilities such as a protective

coating on contact lens and mirrors and other objects for use in outer space.

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

polyamic ester and a silsesquioxane. The substrate 2 is shown with vertical



:The dielectric conposition of the present invention has a dielectric
constant less than 3.2 preferably less than 3 and nore preferably | ess than
2.9 . 16 at 80[err]C. The il
conposition has phase dormains |less than 0.5 mcrons, preferably |ess than
0.3 mcrons, which result in enhanced nechanical and polishing
characteristiecs and enhanced isotropic, optical and dielectric properties.
Further, the dielectric conposition has nechanical properties that resist
cracking and enable it to be chem cally/ nmechanically planarized to
facilitate lithographic formation of HHditional circuit levels in

multilevel integrated circuit devices. The dielectric conposition has

i ncr eased,pr.ARKAPUAs K¢ I:]:]Rég %mgggﬁlg&q F mdddg%aaggulﬁﬁ 8 s@ﬂ%ﬂéﬁ %?R;%ﬁ% Bueh sk

resi stance, even in II'm The

ubstrat &% ﬁ%?bywﬁfw%%%wﬁbmm&aﬁ% i i gy i ng

heat i ng. The corrp05|t|on formed by the reaction of organic .
pol ysi | i cabstratethy artdknewn upethodsiswehaas gnih\oanspray coating|oz ¢l blading.

utilities such as a protective coating on contact lens and mrrors and
ot her objFld Sedodid step of thePretesi’eBlves heating the composition to an elevated

temperature to both imidize the polyamic ester and to cross condense the silyl
reactive groups by the sol-gel prdcess. Preferably, the composition is heated in
the presence of a base such as an amine or Bronsted base. The base catalyzes
both the imidization and cross condensation reaction enabling a lower initial
cure temperature e.g., below 200°C. Suitably, the base is an organic amine.
The amine will preferably have a high boiling point and i$ removable by
heating upon completion of the reaction. A suitable base is
N-methyldiethanolamine. Other suitable bases will be known to those skilied
in tile art such as disclosed in U.S. Patent 5,206,117, the disclosure of which is
incorporated herein by reference for all purposes. Similarly, the reaction can be

catalyzed by Bronsted or Leﬁs acids.

Referring to Fig. 3, the third step of the process involves hthographlcally
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



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

trial koxysilylalkyl end capped polyani% ester and a sil sesqui oxane. The
substrate 2 is shown with vertical _ 8 .
17 nmetallic studs 8. The conposition is dissolved in a suitable sol vent

such as Nasidveer megativeyhoterasist sudhRis) thobd/Rrarketéd blyi Steipheydor Hosphdt ed
to the substrate by art known nethods such as spin or spray coating . or -

doctor bl aélasese TAZ pIRAOALisY e BiP ! ?‘@ eog@%ﬁm%ﬁg;k éh@%%h 9&1@9

conposition to an el evat ed terrperatu | ze t he yam c ester

dt d | t b
gpef e?aglr&ﬁ%qbﬁggs&%t’r% 3215183' séch&?t gcq'rﬁn%agﬁgﬁg%&,g e%ae%P asepgagﬁSZs an.

am ne or Bronsted base. The base catalyzes both the imdization and cross -
condensat (B dexeloping thebmagg in thewesist pigt,iwith suitable bagin daveleper. and
bel ow 200[err]C. Suitably, the base is an organic anmne. The amne wl|

pr ef er abl Yiateamsfériridg teé irhage Iﬁhrdﬁ%lﬁﬂib lagef quﬂ%l@cﬁyc coBpbsitidnLiROthe
conpletion of the reaction. A suitable base is
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 ai., “Introduction to
Microlithog‘rapﬁy”,' (1994), the disclosure of which is incorporated herein by

reference.

Referring to Fig. fi, in_the fourth step of the process for forming the
integrated circuit of the present invention, a metallic film 14 is deposited onto
the patterned dielectric 1aye'r' 10. Preferred metallic rﬁaterials' include copper,

_tungsten and alummum The metal is suitably deposited onto the patterned
dielectric layer by art k.nowﬁ techniques such as chemical vapor deposition
{CVD), plasma enhanced CVD, electro and electroless deposition,'.sputtering or

the like.

Referring to Fig. 5, the last step.of the process involves removal of excess

metallic material (e.g., plana;'izing the metallic film 14) so that film 14 is



; N-met hyl di et hanol am ne. Ot her suitable bases will be known to those skilled
in the art such as disclosed in U S. Patent 5,206,117, t-he disclosure of
which is incorporated herein by reference for all purposes. Simlarly, the
reaction can be catalyzed by Bronsted or Lew s acids. Ref erring
to Fig. 3, the third step of the process involves |ithographically
patterning the layer 10 of dielectric conposition to formtrenches 12
(depressions) in the |ayer of conposition. The trenches 12 shown in Fig. 3
extend to the substrate 2 and to the netallic stud 8. Lithographic
patterning generally involves (i) coaﬁbng the layer 10 of dielectric
conposition with a ' 18

positive_or nggatiV, ' C : el riation BeOr
Hoechst g&?’éﬁ&@"fiﬁgﬁ%ﬁé‘i}g%ﬂza ﬁ?&?tl{l?ra e\!/'\n'ri?ré exposi né%%rlgugh a -
mask) the photoresist to radiation such as.el.ectro etic e. g, UV or
deep W ammﬁabeiw&m&g@w%g&m#@r@ REg O ég&%, V&iTeF %ﬁ#’ébl e basic
devel oper and (iv) transferring the image through the layer 10 of ...
di el ect r ietchingp Suitable chemical/myachamnie] polishinghare knowarpdhose skilled in
techni que such as reactive ion beam etching. (R E) Suitable |ithographic

patterni e%g%hniques are well known to those skilled in the art such as
di scl osed 1n Thonpson et al., "Introduction to

Referring to Figs. 6-8, the-re is shown an alternative embodiment qf 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 procéss, the meﬁallic film
is lithographically patterned through a mask to form trenches 22. Referring to
Fig. 8, in the third step of the procéss, a layer 24 of dielectric composition of the
present invention is deposited onto the patterned metallic film 16. In the last
step of the process, _the composition is heated to imidize the trialkoxysilylalkyl
end capped polyamic ester and condense the silyl reactants. Optionally, the
dielectric layer may then be planarized for subsequent process in a multilayer

inteé'rated circuit.

The following examples are detailed descriptions of the process of the
present invention. The detailed preparations fall within the scope of, and serve

to exemplify, the more generally described methods set forth above. The



., Mcrolithography", (1994), the disclosure of which is incorporated herein
by reference. - Referring to Fig. 4, in the fourth step of the )
process for formng the integrated circuit of the present invention, a
nmetallic film14 is deposited onto the patterned dielectric |ayer 10.
Preferred netallic materials include copper, tungsten and alum num The
nmetal is suitably deposited onto the patterned dielectric |ayer by art
known techni ques such as chemni cal vapor deposition (CVD), plasma enhanced
CVD, electro and el ectrol ess deposition, sputtering or the |ike.

Referring to Fig. 5, the |last step of 2he process involves renmoval of
excess - netallic material (e.qg. planarizing the netallic film14) so that

film14 i e?frtg é)res%n%ad or1 lustr ve émrfgsespcrnlﬁ'éand are not ﬂlgen&&I'Sé%l ly

| evel wit r|c rizati on can

acconpl i shed.usi ng chem caI/ hani c ol ishing or selective met or dry
et chi ng. rgﬁﬁi‘%?%% §eape ﬁ%ﬁ?ﬁ%ﬁh?fgl i shing are known to those skilled

in

Example 1 Synthesis of Trimethoxysilyl end capped Poly(Amic Ethyl
Ester)

meta-Diethyldichloropyromellitate (PMDA)

1,1-Bis(4-aminophenyl)-1-phenyl-2,2,2-trifluoroethane (3FDA)

_ A three-neck ﬂa;:sk equipped with an overhead stirrer, nitrogen inlet and

addition funnel was chl_arged with 9.48 mmol (3.2456 g) 3FDA, 1.04 mamol
- (0.2218 g) of aminophenyltrimethoxysilane, 25 mmol (2 g) of pyridine and 50

mL of distilled NMP. The system was continuously maintained under a
positive nitrogen pressure. The reaction mixture was cooled to 0°C. The PMDA
diethylester diacylchloride. (10 mmol, 3.4716 g) was dissolved in ~100 mL of
méthylene chloride and quant:ita'tively transferred to the addition funnel. The
methylene chloride solution was added dropwise to the reaction mixture. After
the gddition was complete, the polymerization was allowed to proceed overnight
at r&om temperature. The poly(amic ethyl ester) oligomers were isolated by e
higher shear precipitation in methanol, filtered and dried in a vacuum oven at

60°C. (Mn=10,000)



.the art. _ Referring to Figs. 6-8, there is shown an alternative
enbodi ment of the process of the present invention for nmaking the
integrated circuit devices.  The first step of the process in this

enbodi ment invol ves depositing a netallic film 16 onto a substrate 18.
Substrate 18 is also provided with vertical nmetallic studs 20. -Referring
to Fig. 7, in the second step of the proggss, the netallic film is
I|thograph|cally patterned through a mask to formtrenches 22. Referring to

Fig. 8, Qdmmm@%a | ayer 24 of dielectric:
conp05|t|on 0 present 1nvention Is deposited onto the patterned

nmetallic film16. In the last - step of the process, the conposition is
heated to i mdi ze the trial koxysilylalkyl end capped polyamic ester and
condense the SI| ctants.. Qptionally, the diel ect ric la may .t hen be
pl anari zed for ﬁéamgeﬂadﬁteﬁ r&lgemqruﬁr@méﬁxamﬂ se%!Sétv lvedin,

The foll ow ng exarrpl es are detail ed descriptions of the process of the
present i MRMBWN Tolthds deheidreg thermivsitieqaivkshel(GRISOR, fromT sohabgl asf) wasd
~serve to exenplify, the nore generally described nethods set forth above.

The added. A clear amber solution was formed with a solids content of 37 wt. % and

a poly(amic alkyl ester) content of 23 wt. %. The sblution was subsequently cast
by spin coating onto glass plates to form films from 1 to 10 microns thick. The
imidiéat_ion was accomplished by heating the polymer films for-2 hrs_ each af
250° and 400°C under N, atmosphere. The cured polyimide films were
subsequently cooled slowly to room temperature. The cured polyimide films °
were crack free, exhibited phase domains of 10004, a dielelc.:tric constant of
about 2.9 .at 80°C; thermal stress of about 30 mPa and a refractive index of

about 1.56.

| Although this invention has been described with respect to specific
embodiments, the details thereof are not to be construéd as limitations for it |

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

— Py N

resorted to without departing from the spirit and scope thereof, and it is
understood that such equivalent embodiments are intended to be included

within the scope of this invention.



, 20 ‘exanpl I for illustrative purposes only, and are not
i nt ended agmmﬁw’mﬁﬂ ﬁ Ion the scope of the invention. Exanple 1 .
Synt hesi s. of« Tl Y1 end capped Pol y(Am c Et hyl Ester)

met a- Di et hyl di chl oropyronel litate (PNMDA)

1, 1- Bi s(4- am nophenyl ) -1-phenyl -2, 2, 2-trifl uoroet hane (3FDA) A

t hree-neck flask equi pped with an overhead stirrer, nitrogen inlet and
addi tion funnel was charged with 9.48 nmol (3.2456 g) 3FDA, 1.04 mol
(0.2218 g) of am nophenyltrinmethoxysilane, 25 mml (2 g) of pyridine and 50
mL of distilled NWP. The system was_ com4 nuous| y mai ntai ned under a
positive nitrogen pressure. The reaction m xture was cooled to O[err]C. The
PVMDA di eWhatdstolaingéddsd chl ori de (10 mmol, 3.4716 g) was dissolved in ~100
mL of nethylene chloride and quantitatively transferred to the addition
funnel. The nethylene chloride solution was added dropwi se to the reaction
m xture. After the addition was conplete, the polynerization was all owed
to proceed overnight at roomtenperature. The poly(am c ethyl ester)
oligoners were isolated by higher shear precipitation in nethanol,

filtered and dried in a vacuu ven at . 60[err] C. (M=10, 000
1. An ini;egrateg1 c?rcuit 3evice cu[JmprisE:ng:( )

(a) asubstrate;
| (b) metaﬂic 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 polyamic ester terminated with
(RO)(R"),SiR*- where R and R" are independentlya '
hydrocarbyl group; R” is hydrido or hydrocarbyl group; m is,

1, 2 or 3 and n+m=3.

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

alkoxysilane, silsesquioxané or mixture thereof.

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

alkyl silsesquioxane.

4. The device of claim 2 wherein the polyamic ester is terminated

with a tri C,,, alkoxysilyl C,,, alkyl group or tri C, ,, alkoxysilylaryl group.



. 21 *Exanple 2 Formation of Comnposition The poly(am c ethyl ester)
ol i gonmer Trom Exanple 1 was dissolved in DWMPU. To this-solution, the

pol ysi | sequj _ M from Techni gl ass) was -added. A clear anber

sol ution V\Hlmm Ik Imm solids content of 37 wt. %and a poly(anic

al kyl ester) cobnt'ent® of 23 wt. % The solution was subsequently cast by
spin coating onto glass plates to formfilnms from1l to 10 mcrons thick.
The imdization was acconplished by heating the polynmer films for 2 hrs
each at 250[err] and 400[err]C under N err] atnosphere. The cured
polyimde filnms were subsequently coolgd slowy to roomtenperature. The
cured polyimde films were crack free, exhibited phase domai ns of 1000A, a

di el ectric constant of about 2.9 at 80[err]C, thermal stress of about 30
nmPa and a refractive index of about 1.56. Al t hough this invention

has been descrd bed i th r.espect .to,specifi enbodi.nent s he .details

t hereof are n toqvbiﬂéeaﬁwg? ngftflg%:il eh ﬁb‘ﬁgo ﬁplftes£%‘f°&n§1élg§%%arent
that various_enbodi ments, changes, and nodifjcations may be_ resorted.to
wi t hout digmine pejertashirone 9% +his(4-aminopbeayb fluarene; 44d oxydianilingsndt ood
t hat such equi val ent enbodi nents are intended to be. included wthin the
scope of 1{hbis (4s8Hhophenyl)-1-phenyl-2,2,2-trifluoroethane and a diester diacid

-

halide selected from di C, ¢ alkyl dichloro pyromellitate; di Cy, alkyl

dichloroxydiphthalate and di C, alkyl dichlorobiphenyl-tetracarboxylate.

6. The device of claim 2 wherein the dielectric composition has a

dielectric constant of less than 3.2.

7. The device of claim 2 wherein the dielectric composition has phase

domains less than 0.5 microns.

8. A process for_fori:ning an integrated circuit comprising:
(a) positioning on a substrate a layer of dielectric composition,
the composition comprising reactants organic polysilica and
 polyarnic ester terminated with (RO),(R"),SiR* where R
and R” are independently a hydrocarbyl group; R” is hydrido
oi' hydrocarbyl group; m is 1, 2 or 3 and n+m=3;
(b) heating the composition to react the reactants;

- {¢)  lithographically patterning the dielectric layer;



22 Wat is . clai rred I S: 1. An integrated circuit device

corer s PV DR . iuﬁﬁ??ta[ e, “and ClgT e

di el ectric conp05|t|on p03|t|oned contiguous to the circuit
lines, the conposition conprising the reaction product of
organic polysilica and polyam c ester termnated with
(RO[err](R")[err]SIR - where R and R arezundependently a
hydrocar byl group; R' is hydrido or hydrocarbyl group; mis,

1, 2 or 3 and n+nm=3. 2. The device of claim1l V\,hereir) the
organic polysilica is Glkrr]depakitiny sithetadlic Slthomte the patterned dielegtric
t her eof . 3. The device of claim2 wherein the silsesqui oxane is

phenyl / C[err] layer; and

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

9. . The process of claim 8 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixtures thereof.

10.l The process of claim 9 wherein the polyamic ester is ferminated

with tri C,_,, alkoxysilyl C, , alkyl group or a tri C,.,, alkoxysilyl aryl group.

~11.  The process of claim 9 wherein the polyamic ester comprises a
| diamine selected fror:n 9,9'-bis (4-aminophenyl) fluorene; 4,4'oxydianiline and
1,1-bis (4-aminophenyl) -1-phenyl-2,2,2-trifluoroethane and a diester diacid
halide selected from di C, ¢ alkyl dichloro pyromellitate; d1 C,¢ alkyl

dichloroxydiphthalate and di C, s alkyl dichlorobiphenyl-tetracarboxylate.

12. The process of claim 8 Wheréin.the composition is heated in the

presence of an organic base.

._13. A process for forming an inbeg‘rated circuit comprising:

(a) - depositing a metallic film on g substrate;



_al kyl sttsesquroxane: 4. The device of claim2 wherein the

" pol yam ated with atri (Jerr] al koxysi—lyl Cerr] alkyl .
group or IﬂﬂgﬂMImilﬂlW ysilylaryl group.

e dewl ce of claim3 wherein the poI yam c ester conprises
a di ani ne sel ect ed from9,9 -bis (4-am nophenyl) fluorene; 4,4
oxydi aniline and 1,1-bis (4-am nophenyl)-1-phenyl-2,2,2-tri fI uor oet hane
and a diester diacid halide selected fromdi Cerr] al kyl dichloro
pyronellitate; di Cferr] alkyl dichloroxydiphthalate and di Cerr] alkyl

di chl or obi phenyl -tetracarboxyl ate. 25 6. The device of claim?2
wherein the dielectric conposition has a dielectric constant of |ess than
3. 2. 7. The device of claim2 wherein the dielectric conposition

has phase domains (Bss dithagraphieally pagterning the metallic film;

(¢)  depositing on the patterned metallic film, a layer of a
dielectric composition comprising reactants organic
polysilica and polyamic ester 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; and

(d)  heating the composition to react the reactants.
i C
14. The process of claim 8 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixtures thereof.

15. The process of claim 14 wherein the polyamic ester is end capped

with a tri C, 4 alkoxysilyl C,,, alkyl group or a tri C,, alkoxysilylaryl group.

16. The process of claim 14 wherein the polyamic ester comprises a
diaﬁ:'ljne selected from 9,9'-bis (4-aminophenyl) fluorene; 4,4'ox3.rdiar1iline and .. _.
1,1-bis (4-aminophenyl)-1-phenyl-2,2,2-trifluoroethane and a diester diacid H
halide selected from di C,; alkyl dichloro pyromellitate; di C,; alkyl

dichlorooxydiphthalate and di C, 4 alkyl dichlorobiphenyl-tetra carboxylate.



i8. A—ppeeess for formng an integrated circuit conprising:

(a) pos I ng. on a substrate a | ayer of dielectric conposition,
t he corrpH Fﬂﬂﬁﬂ[’iﬂlﬂ;g reactants organi c polysilica and
pol yami ¢ with (RO[err](R")[err]SiR - where R

and R .are mdependently a hydrocarbyl group; R' is hydrido

or hydrocarbyl group; mis 1, 2 or 3 and n+nge3; (b) heating
the conposition to react the reactants; (c) lithographically
‘patterning the dielectric |ayer; _

24 (d) depositing a netgllic filmonto the patterned
dielectric | ayer; a (e) pl anari zi ng
the filmto formthe integrated circuit. 9. The process of
claim8 wherein the organic polysilica is C[err] al koxysil ane,

si | sesqui oxane or mxtures thereof 10. The process of claim9

wherein the pol $@ni c Thetprocess dfelaimal P wheréinhthier dontpoditidn 8 kexusesd iy the
Clerr] alkyl group or atri Cerr] al koxyS|IyI aryl group.

presence of an organic base.

18. A composition comprising the reaction product of organic polysilica
and polyamic ester terminatgd with (RO) (R") 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.

19. The composition of claim 18 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixtures thereof.

20. The composition of claim 19 wherein the polyamic ester is end
capped with a tri C, ,, alkoxysilyl C,,, alkyl group or a tri C, ,, alkoxysilylaryl

group.

21. The compqsition of claim 20 wherein the polyamic.este_z_r comprises __
a diamine selected from 9,9"-bis(4-aminophenyl) fluorene; ..4,4'oxydianiline and
1,1-bis(4_-aminophenyl )-1-phenyl,2,2,2-trifluoroethane and a dieéter diacid
halide selected from di C,; alkyl dichlorﬁ pyromellitate; di C, ;alkyl

dichl'_orooxy_diphthalate and di C,, alkyl dichorobiphenyl-tetra carboxylate.



1 “The process U| ttaim9 wherein the polyam c ester conprises a diamne
sel § (4-am nophenyl ) fluorene; 4,4'oxydianiline and

!I “ ﬂ“!’e H uvu yl) -1-phenyl-2,2,2-trifluoroethane and a diester
d aC|* ected from di C[err] al kyl dichloro pyronellitate; di
derr] aI kyl  dichl oroxydi phthalate and di C[err] al kyl
~di chl orobi phenyl -t etracar boxyl at e. 12. The process of claim8
wherein the conposition is heated in the presence of an organic base.
13. A process for formng an integrated circuit conprising:
(a) depositing a netallic filmon a suBstrate;

(b) lithographically patterning the metallic film

(c) depositing _on the patterned netallic film a |layer of a
di el ectric conp®3iti %ﬁ@fatgdr@rmhpadmgngdgamecfor providing signal and
polysilica and polyani c ester termnated with
(RO [ err] (PSwerecuir@nRte anhieitegfatad ¢irduitéldpi degnesiagnt |y a

(i)  asubstrate having electrical conductor for connection to a circuit .
board,

(ii) aplurality of alternating electrically insulating and conducting
layers positioned on the substrate wherein at least one of the
layers comprises the reaction product of organic polysilica and
polyamic ester 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; and

(iii) a plurality of vias for electrically interconnecting electrical

conductor, conducting layers and an integrated circuit chip.

23.  The device of claim 22 wherein the organic polysilica is C, 4

alkoxysilane, silsesquioxane or mixture thereof.

24. The device of claim 23 wherein the s1lsesqmoxane is phenyl/C, ¢

alkyl silsesquioxane.

25. The device of claim 23 wherein the polyamic ester is terminated

with a tri-C,,, alkoxysilyl C,,, alkyl group or tri C..10 alkoxysilylaryl group.



.:hydrb_irb_;d_g_mlp_,_ﬂ__l_s_ hydr| do or hydrocarbyl group;

2 or 3 and n+ne3; and (d) heat i ng the conposition
to rea !ll“jllln Mﬂﬂl H!,L[ The process of claim8 wherein the
or gani err] al koxyS| | ane, silsesqui oxane or mxtures
t her eof . . The process of claim 14 wherein the polyam c ester
is end capped vmth atri Cerr] alkoxysilyl Cerr] alkyl group or a tri
C err] al koxysilylaryl group. 16. The process of claim 14 wherein
t he polyam c ester conprises.a diamne selected from9,9'-bis
(4-am nophenyl) fluorene; 4,4 oxydianil hge and 1,1-bis ’

(4-am nophenyl ) - 1- phenyl - 2, 2, 2-tri f| uor oet hane and a diester diacid halide

sel ected from g alkyl chl Qro pyro itate;, di %err al kyl

di chl or ooxydi p gf}é‘l gﬁﬁlcl@fé élYIP@S}FHH P YRS RSHSH cqra: pgesa

car boxyl at e.
- diamine selected from 9,9'-bis(4-aminophenyl) fluorene, 4,4’ oxyd1amlme and

1,1-bis (4-aminophenyl)-1-phenyl-2,2,2-trifluoroethane, and a diester diacid

halide selected from di C, ; alkyl dichloro pyromellitate, di C, alkyl

dichlorooxydiphthalate and di C, alkyl dichlorobiphenyl-tetracarboxylate.



_17.» The process of claim 13 wherein the conposition is heated in the
“presence of an organi ¢ base. 18. A conposition conprising the
reaction product of organic polysilica and polyamc ester termnated with
(ROJ[err](R")[err]SIR - where Rand R are independently a hydrocar byl
group R' is hydrido or hydrocarbyl group; mis 1, 2 or 3 and n+me3.

19. The conposition of claim 18 whereid4® the organic polysilica is (err]

composi t1 o NoREGRATHE CHADTT e Vich A5 ARICES BoR mromaniliacaiE. 1
tri qe”ABﬁ“ﬁR@i' lyl Cerr] alkyl group or a tri Clerr] al koxysilylaryl

group. The conposition of cI aim 20 wherein the poI yam c ester

42 oxya ani | 1 ERGPERR SREde allcfrald i bR SOPAREIY | IBHFIE Y ane

and a di qg} ﬁfetéih@eiram ﬁﬁésl (?Epéﬁh&fédﬂﬁl the QEbstia ﬂzzaﬁd (8} & MhelbGd hiakeRial

pyronellitate; di (err] di chl or ooxydi alate and di Cerr] aI~ Kyl
di chor obi(ghpositioriedtdnothe %h’@@iﬂihéd @). The dielectric material (6) comprises the reaction

product of an organic polysilica and polyamic ester preferably terminated with an

alkoxysilyl alkyl group. . v
Fig. 1



27 . 22.

board,
conductlng

An i ntegrated circuit packagi ng device for providing signal

and power current to an integrated circuit chip conprising: (i)

a.#abstrate having el ectrical conductor for connection to a circuit

a plurality of alternating electrically insulating and
| ayers positioned on the substrate wherein at

(i)

| east one of the
organi c polysilica and

(RO[err](R)[err]SIR
hydr ocar byl group; R' is hydrido or hydrocar byl group; mis

1, 2 or 3 and n+n¥3; and
i nterconnecting el ectrical
an integrated circuit chip.

the organic polysilica is C[err]

/ \\\\ a .

t her eof .
phenyl / C[ err]

al k

, where R and Fﬁ/Z

| ayers conprises the reaction product of
polyam c ester termnated with

are independently a

(it1) a plurality of vias for electrically
£ondud or,

conducting |l ayers and
The( devi ce of claim 22 wherein
si | sesqui oxane or mxture
ai n the sil sesqui oxane is

23.
alkoxyfllan:,
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25. The device of claim23 wherein the polyamc ester is-termnated wth

atrig C[err] al koxysilyl Cerr] alkyl group or tr| C err] al koxysilylaryl =«

.g;oup 28 26.
The device of claim25 wherein the polyanic ester conprises a dianne
selected from9, 9'-bi s(4-am nophenyl) fluorene, 4,4 oxydianiline and
1,1-bis (4-am nophenyl)-1-phenyl -2, 2, 2- trlfluoroethane and a diester
diacid halide selected fromdi C[err] al kyl dichloro pyronellitate, di
Cerr] al kyl dichlorooxydi pht hal ate angﬂfl Cerr] alkyl

di chl or obi phenyl -t et racar boxyl at e.
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