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*I TS MANUFACTURE . ) Field of the Invention
‘The present invention relates to an integrated circuit conprising an

i nproved dielectric material and process for manufacturing the integrated
circuit. Background of the Invention
There'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 theif performance and reducing their
cost. In order to

INTEGRATED CIRCUIT AND PROCESS FOR
ITS MANUFACTURE

iel he Inventi
 The present invention relates to an integrated circuit comprising an
improved dielectric material and process for manufacturing the integrated

circuit.

Background of the inventi

There is a continuing desire m the microelectronics industry to increase
the circuit density in multilevel integrated circuit 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
increase in crosstalk and cai)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
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;acconplish this goal, there is a desire to reduce the mninumfeature size
on the chip.e.g., circuit linewdth and al so to decrease the dielectric"
constant of the interposed dielectric material to enable closer spacing of
circuit lines without increase in crosstalk and capacitive coupling.
Further, there is a desire to reduce the dielectric constant for the
dielectric materials such as utilized in the Ppack ) he (BEQL)
portion of integrated circuit devices, which c( A \Sﬁgmﬂ%ﬁ%ﬂ
circuitry, to reduce the requisite drie current andﬁ%D consunption for
the device. The present dielectric is silicon dioxide which has a
dielectric constant of about 4.0. This naterial has the reqU|S|tf::

mechani cdhemmal properties to withstand processing operations and thermal cycling

thermal properties to wthstand processing operations and thermal cycli ng

associ at gsotatdd $Ath gentssidictiR mbmefadtiritg. However, itiis desirddshatd t hat
dielectric materials for- future integrated circuit devices exhibit a

Lover di & gfeltii& f QL0 Yol futdire 1n§eg9‘£téd1@ipcmt devices exhibit a lower

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

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

integrated circuit device comprising an improved dielectric material.

Other objécts and advantages will be apparent from the following

disclosure.

Summary 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 dielectﬁc material positioned contiguous to the circuit lines
(over and/or between the circuit lines). The dielectric material comprises the
reaction product of a hyperbranched polymer and organic polysilica.

Preferably, the dielectric material has phase domains less than 1000A.

is Sheet Has Been Rerlaced
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.exhibited by current silicon dioxide. It is therefore an object of
the present i.nvention to provide an inproved integrated circuit device

conprising an inproved dielectric nmaterial. Q her objects and
advantages w Il be apparent fromthe foll ow ng disclosure.

SUMVARY OF THE | NVENTI ON It is an object of the present invention to
anel i orate one or nore disadvantages of the prj ' According to

one aspect of the present invention there is pr \THifeﬂH&mﬁgg r

formng an integrated circuit conprising: (a) Siti QFp, Yjostrate a
| ayer of dielectric conposition, the conposition reagtants

hyper branched polynmer and organic polysilica;, (b) heating the coppositjon
to react the r'g‘hetm'ﬁsstjlt (m))ent?qmalgpa's}af@am Pm?%iﬁ?%g\'?flﬁ%% tﬁ?éﬁl Aled

. layer; (d) depositing a metallic filmonto the patterned dielectric |ayer;
and (e) péigAdtideviee éfthd pradehoihventiome i ntegrated circuit.

According to anot her aspect of the present invention there is provided a

process for formng an integrated circuit conprising: -(a) depositing a

metallic filmon a _

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

detailed description which follows and from the accompanying drawings.

i ipti f wi
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 device of the

present invention.

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

device of the present invention.

i ripti 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 RTlaced




;Substrate; (b) lithographically patterning the metallic film (c)
depositing on the patterned netallic film a layer of a dielectric
conposition conprising reactants hyperbranched polynmers and organic
polysilica; and (d) heating the conposition to react the reactants.

BRI EF DESCRI PTI ON OF THE DRAW NGS 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. 4 3
Figs. 6-8 show an alternative process for making the integrated circuit

device of the present invention. e . .
formed therein. The interconnected 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 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 suitable substrates will be known to lthose 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 genera]ly comprise a metallic, electrically
coﬁductive, 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 o-r chromium or other layers such barrier or adhesion
layers (e.g., SiN, TiN).

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



JDETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the |ntegrated
circuit device of the present invention is shown 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 forned therein. The interconnected circuit lines function to distribute
electrical signals in the device and to provide power input to and signal

aoutput fromthe device. Suitable integrated circuit devices will generally
conprise nultiple layers of circuit |gnes which are interconnected by
vertical netallic studs. Sui t abl e substrates-for the device of the
present I nvention conprises silicon, silicon dioxide, glass, con

nitride, oﬁ;enqﬂananzedltmfnnntlon@smasubswate for lithographic fo t10n o e next
layer of circuit lines. The dielectric material comprises the reaction product of

an organic, hyperbranched polymer and organic polysilica.

Organic hyperbranched polymers are highly branched, three-
dimensional, globular-shaped macromolecules which have reactive groups at
the chain ends with a substantial number of reactive groups along the outer
surface of the macromolecule. Hyperbranched polymers are formed by
' polycondensation of a multifunctional monomer (A) RB wherein A is a coupling .
' group which is reactive with B, R is e nonreactive organic spacer and n>1

preferably n=2-5 and more preferably n=2-4.

Suitably, the hyperbranched polymer is polydispersed in both molecular
weight and branching. Hyperbranched polymers have low viscosity, high
chemical reactivity and enhenced solubility even at higher molecular weights.
Preferred hyperbranched polymers for use in the present invention have A and
B groups independently-selecfed from F, Cl, Br, CN, -NH,, -COJ—I, -COlei
-C(O)R?, OH, and -NHC(O)R® wherein R,, R, and R® are each independently
alkyl (C,; alkyl) or aryl (e.g., phenyl or benzyl) and R is a spacer group selected

from alkylene, aryl (e.g., phenyl) or heterocycle. The A and B reactive groups



.gal lium arsenide. Qther suitable substrates will be known to those skilled
in the art..In-a nultilayer integrated circuit device, an underlying |ayer
of insulated, 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 with a
nmetallic liner such as a layer of nickel, tantalumor chrom umor other
| ayers such barrier or adhesion l|ayer®$ (e.g., SIN, TiN). The key
feature of the present invention is the dielectric material which 1is

PoS! oD gufhekd S hif Pobur ATty S b MEGR: BBkt Uhobdyr 210, o1
mterial hlyi)erbranched polymers are hyperbranched poly(aryl ether
phenylquinoxalines), poly(etherquinolines), poly(aryl esters), poly(ether
ketones), poly(ether sulfones) polyphenylené, polyphenyleneoxide,
polycarbonates and poly(etherimides). Suitablé hyperbranched polymers for
use in the present invention will be known to those skilled in the art such as
disclosed in “Comprehensive Polymer Science”, 2nd Supplement, Aggarwal,

pages 71-132 (1996), the disclosure of which is incorporated herein by reference

for all purposes.

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
tetraethox&silane having an Mn of about 500 to 20,000); (ii) organically
modified silicates having the; ct;mposition R SiO; and R,SiO, wherein R is an
organic substituent (iii) partially condensed orthosilicates having the
composition SiOR, and (iv) silsesquioxanes. Silsesquioxanes are polymeric |

-

silicate materials of the type RSiO, s where R is an organic substituent.



.5 often planarized to.function as.a substrate for |ithographic formation
of the next . ayer of circuit lines. The dielectric nmaterial conprises the
reaction product of an organic, hyperbranched pol yner and organic

pol ysi li ca. Organi ¢ hyperbranched pol ynmers are hi ghly branched,

t hree- dinensional, globular-shaped macronol ecul es which have reactive
groups at the chain ends with a substantial nunber of reactive groups

al ong the outer surface of the macronol ecut e. Hyperbranched polynmers are
formed by polycondensation of a nmultiZunctional nmonomer (A)[err]RB wherein
Ais a coupling group which is reactive with B, Ris a nonreactive organi c
spacer and n>1 preferably n=2-5 and nore preferabl

~Suitably, the Smpabbr@g@m@ppmsslm forauseamytdiepresen lq‘f?n&ﬂrham)k&o,ﬁmaﬁ‘o :

those skilled in the art. Preferably, the organic polysilica is a silsesquioxone.
Suitable silsesquioxane for the present invention is alkyl( methyl) pheriyl
silsesquioxane which are commercially available (e.g., GR950 ﬁozp 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 disclosure of which are incorporated herein by reference

for all purposes.

The dielectric composition is formed in a two step Proceés. The ﬁrst_sfep
involves dissolving the hypérbranched polymer and the organic polysilica in a
suitable solvent (high boiling solvent e.g., N-methyl-2-pyrrolidone NMP) at
room temperature. The solution is then heated to an elevated temperature
directly or in a step wise fashion (e.g., 200°C for 2 hrs. and then ramped up
(5°C/min.) to 400°C and heléi for 2 hrs.) to cause condensation of the organic

polysilica and cross condensation with the reactive groups of the hyperbranched

polymer. -

The dielectric composition of the present invention has a dielectric

constant less than 3.0 and preferably less than 2.9 at 25°C. The composition



melght and branchi ng. Hyperbranched pol ynmers have | ow viscosity, high

"cheni cal reactivity and enhanced solubility even at higher nol ecul ar

wei ghts. Preferred hyperbranched polynmers for use in the present invention
have A and B groups independently selected fromF, O, Br, CN, -NHerr],
-CJerr]H, -CJerr]Rerr], -CORerr], O4 and -NHC(O R err] wherein
Rlerr], Rerr] and Rlerr] are each independently alkyl (Cerr]alkyl) or
aryl (e.g., phenyl or benzyl) and Ris a spacer group selected from

al kyl ene, aryl (e.g., phenyl) or hetergcycle. The A and B reactive groups

6 are selected so that they react only with each other. Preferred cl asses
of hyperbranched pol ymers are hyperbranched po (aryl et her

phenyl qui ﬂm@hmdommﬂwlessfthmlﬂmﬂﬁi rmel)onSppr exably %@tf&a@)m%y(et her
ket ones), poly(ether sulfones) pol yphenyl ene, pol yphenyl eneoxi de,

microns, which result in enhanced mechanical toughness and crack resistance
and isotropic optical properties and improved dielectric properties. F@ther tHe
dielectric composition has mechanical properties that resist cracking and enable
it to be chemically/mechanically planarized to facilitate lithographic formation '
of additional circuit levels in multilevel integrated circuit devices. The
dielectric composition has increased breakdown voltage, enhanced toughness
and increased crack resistance relative to polysilica, even in high ambient
humidity with a thick film. The dielectric composition is optically clear and
adheres well to itself and other substrate. The dielectric composition undergoes
minimal shrinkage during heating. The composition of the present invention
can also be utilized as a protective éoating for optical articles such as glasses,

contact lens and solar reflectors and other articles used in outer space.

The present inventioﬁ 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 organic polysilica and
hyperbranched polymer. The substrate 2 is shown with vertical metallic studs

8. The composition is dissolved in a suitable solvent such as dimethyl



polycarbonates and pol y(etherim des). Suitable hyperbranched polyners for
‘use in the present invention will be-known to those skilled in the art such
as disclosed in "Conprehensive Polyner Science", 2nd Suppl enent, Aggarwal ,
pages 71-132 (1996), the disclosure of which is incorporated her ei n by

reference for all purposes. Organic polysilica is a polyneric
conpound conprising silicon, carbon, oxygen and hydrogen atons. Suitable
organic polysilica include (i) partiall condensed al koxysil anes (e.qg.,

partially condensed by controlled hydrofysis tetraethoxysilane having an
Mh of about 500 to 20,000); (ii) organically nodified silicates having the

conposi t | p?l e O{,géa{ Dgﬁﬂu f"{j%ns?asw‘*m €4 ﬂglﬁdﬁoﬁibs%ﬁﬂate?byart |

substitu par ort h05| es having the

pol yrror | denewTBe ol é-% St or Pera e o doep® BB ol .

substit uesr::tep of the process involves heating the composition to an elevated temperature
to cross condense the polyéilica silyl reactive groups with the reactive groups
(e.g., hydroxy) on the hyperbranched polymer. Preferably, the cbmposition is
heated in the presénce of a base sueh as an amine or Bronsted base. The base
catalyzes both chain extension of the polysilica and cross condensation enabling
a lower initial cure temperature. Suitably, the base is an organic amine. The
amine will preferably have a high boiling point and is removable by heating

i upon completion of the reaction. A suitable base is N-methyidiethanolamine.

Other suitable bases will be known to those skilled in the art such as disclosed

in U.S. Patent 5,206,117, the disclosure of which is incorporated herein by

reference for all purposes.

Referring to Fig. 3, tlre third step of the process involves chographically
patterning the layer 10 of dielectric composition to form trenches 12
(depressiorls) in the layer of composition. The trenches 12 shown in Fig. 3
extend to the substrate 2 and to the metallic stud 8. Lithographic pattern.ing
generally involves (i) coating the layer 10 of dielectric composition with a

positive or negative photoresist such as those marketed by Shipley or Hoechst



»

N - Suitable organic polysilica for use in the present invention are
known to those skilled in the art. Preferably, the organic polysilica is a
si | sesqui oxone. Suitable silsesquioxane for the present invention is
al kyl (net hyl ) phenyl sil sesqui oxane which are commercially avail abl e
(e.g., GRO50 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),
the disclosure of which are incorporategyherein by reference for al
pur poses. The dielectric conp05|t|on Is formed in a two step
pr ocess. he first step 1involves dissol.ving the erb anch ymer and
the or garfrelanssg{AZ photogesistls (11) JBnageIHre & Poilﬁgz @% 3;21& e.g.,
N- et hyl - 2- pyrrol i done NWP) at

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

(iii) developing the image in the resist e.g., with suitable basic developer and '
(iv) trénsferring the image through the layer 10 of dielectric composition to the
substrate 2 with suitable transfer technique such as reéctive ion etching. (RIE)
Suitable lithographic patterning techniques are well known to those skilled in
the art such as disclosed in “Introduction to Microlithography” , Thompson et al.,

(1994), the disclosure which is incorporated herein by reference for all purposes.

Referring to Fig. 4, in the fourth step of the process for forming the
integrated circuit of the present invention, a metallic ﬁltﬁ 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 eﬁhanced CVD, electro and electroless deposition, sputtering or
the like.

Referring to Fig. 5, the last step of the process involves removal of e;zcess
metallic material (e.g., planarizing the metallic film 14) so that film 14 is

generally level with the patterned dielectric layer 10. Planarization can be



roomtenperature. The solution is then heated to an el evated tenperature
“directly or in a step wise fashion (e.g., 200[err]C for 2 hrs. and then
ranped up (5[err]Cmn.) to 400[err]C and held for 2 hrs.) to cause
condensation of the organic polysilica and cross condensation with the
reactive groups of the hyperbranched polyner. The dielectric
conposition of the present invention has a dielectric constant |ess than
3.0 and preferably less than 2.9 at 25[err]C. The conposition
8 has phase donmins | ess than 2000A rllcrons, preferably | ess than
1000[err] mcrons, which result in enhanced nechani cal 4oughness and crack
resi st anCg.complished using chemical/mechanical polishing or selective wet or dry

etching. Suitable chemical/mechanical polishing techniques will be known to

those skilled in the art.

Referring Figs. 6-8, there is shown an alternative embodiment of the
_proéess of the present invention for making the integrated circuit devices. The
first step of the process in this embodiment involveg 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 layer 24 of dielectric composition of the
present inventioln is deposited onto the patterned metallic film 16. In the last
step of the process, the composition is heated to condense the polysilica with the
hyperbranched polymer. Optionally, the dielectric layer may then be

planarized for subsequent process in a multilayer integrated 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



and isotropic optical properties and inproved dielectric properties.
Further the .dielectric conposition has nechanical properties that resist
cracking and enable it to be chem cally/nechanically planarized to
facilitate lithographic formation of additional circuit levels in
multilevel integrated circuit devices. The dielectric conmposition has

I ncreased breakdown vol tage, enhanced toughness and increased crack

resi stance relative to polysilica, even in high anbient humdity with a
thick film The dielectric conposition 32 optically clear and adheres well
to itself and other substrate. The dielectric conposition undergoes

m ni mal shrinkage durin eatd n The,.conposition,of the present ipvention
can al so ﬁéalﬁltpigﬁ EB%PE%&&%%J%@%WE&%%P 056800 ¥t %Qprgrntol &Péesndgeﬁﬁﬂs &s
gl asses, contact lens and solar reflectors and other articles used in

out er spatestriction on the Bhepgofthminvemyiion.i on al so rel ates to processes for
manuf acturing the integrated circuit device. Referring to Fig. 2, the
first step of one process enbodinment involves disposing on a substrate 2 a
| ayer 10 of the dielectric conposition of the present invention conprising
organic polysilica and

Example 1
2,3-bis(4-hydroxyphenyl)-5-fluoroquinoxaline, 1.

In a round-bottom flask equipped with a stirbar, reflux condenser and
nitrogen inlet was placed 4,4‘-bishydro§zy benzil (24.80g, .092 mol), 4-fluoro-1,2-
phenylenediamine (11.60g), 0.092 mol) and 300 mL of chloroform. The reaction
mixture was heated to 50°C and trifluoroacetic acid (0.2 ﬁlL) was added. The
resulting dark solution was maintained at 50°C for 24h. The crude product was
diluted with excess chloroform (300 mL), rinsed three times with dilute aqueous
HCL to remove excess amine, dried (magnesium sulfate) and concentrated. The
crude product was recrystallized from ethyl acetate/hexane to afford a yellow
powdér. The solution was subsequently cooled and filtered. Water was added
drdj)vvise to the filtrate with stirring and the preéipitate was collected by _
suction filtration, washed well with water and air dried. The pure product (22g,
93%) was obtained by recrystallization from isopropyl alcohol. (mp = 121-

122°C).



hyper branched pol yner. The substrate 2 is showmn with vertical netallic
studs 8. The conposition is dissolved in a sui.table solvent such as

di et hyl _ 9 propylene urea
(DMPU), NWP or the like and is applied to the substrate by art known

met hods such as spin or spray coating or doctor blading. The second step
of the process involves heating the conposition to an el evated tenperature
to cross condense the polysilica silyl reactive groups with the reactive
groups (e.g., hydroxy) on the hyperbrangped pol ymer. Preferably, the
conposition is heated in the presence of a base such as an am ne or

_ BronStedJE%%ﬁ@@%Qe base catalyzes both chain extension of the polysilica
and cros ation enabling a lower initial cure tenperature. )
Suitably, the base is an organic am ne. The

4,4'-bis(4-methoxyphenoxy)benzil.

A. To a 200 ml round-bottom flask equipped with a mechanical
stirrer, a nitrogen irﬂet, a thermometer and a Dean-Stark trap fitted with a
condenser and a nitrogen outlet were added 4,4-difluorobenzil (50 mmol,

~ 12.3g), 4-methoxyphenol (110 mmol, 13.6g) and ‘anhydrous K,CO, (70 mmol,
9.7:g). This was followed by the addition of 100 ml N,N-dimethylacetamide
(DMAC) and 30 ml toluene as an azeotroping agent. The contents of the flask
were maintained at 140-150°C for 2-4h to allow for the complete removal of
water from the system. The reaction temperature was further raised to 160°C
and allowed to proceed for a further 12-14h. The solution was subsequently
cooled and filtered. Water was added dropwise to the filtrate with stirring and
the precipitate was collecteci by suction filtration, washed well with water and .
air dried. The pure product (22g, 93%) was obtained by recrystallization from

isopropyl alcohol. (mp=121-122°C).



] .
,amine will preferably have a high boiling point and is renovable by heating
upon conpletion of the reaction. A suitable base is N nethyldiethanol am ne.

Gt her suitable bases will be known to those skitled in the art such as
disclosed in U S Patent 5,206,117, the disclosure of which is
I ncorporated herein by reference for all purposes. Referring to

Fig. 3, the third step of the process involves lithographically 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 814Lithographic patterning generally
I nvolves (i) coating the layer 10 of dielectric conposition with a

_ﬂgsi Li ;/e or negmti vephaiei€LRyatoSpHendsyHeagh. mar ket ed by Shipley or
echst - .
In a 250 ml round-bottom flask with a stirbar were placed 4,4"-bis(4-
methoxyphenoxy)benzil (7.81g, 20 mmol) and pyﬁdine hydrochloride (13.87g, '
120 mmol). The mixture Wés heated under nitrogen in a 220°C oil bath for 45
mins after which time deprotection was complete. The mixture was cooled to
80°C and diluted to a volume of 250 ml by dropwise addition of water. The
crude pro.duct was isolated by suction filtration, washed with water and then

recrystallized from acetic acid to give the product (6.91g, 81%). (mp=220-

221°C).

C. 2,3-bis(4-hydroxyphenoxyphenyl)-5-fluoroquinoxaline, 2.

In a 250 ml round-bottom flask equipped with a stirbar, reflux condenser
and a nitrogen inlet was placed_4,4'-bis(4—ﬁydroxyphenoxy)benzil (4.26g, 10
mmol), 4-fluoro-1,2-phenylenediamine (1.36g, 10 mmol) and acetic acid (75 ml).
The resulting slurry was boiied for two hours and then cooled and the solid
isolated by suction filtration, washed with acetic acid and air dried. The
product was recrystallized from ethyl acetate to give a light yellow color_c_aii

powder (80% yield). (mp 263-264.5).



10 Cel anese (AZ photoresist), (ii). imagew se exposing (through a mask) the
photoresi st to radiation such as el ectromagnetic e.g., visible W or deep
W (iii) developing the inage in the resist e.g., with suitable basic
devel oper and (iv) transferring the inmage through the |ayer 10 of
dielectric conposition to the substrate 2 with suitable transfer technique
such as reactive ion etching. (RIE) Suitable |ithographic patterning

t echni ques are well known to those skilled in the art such as disclosed in
~"Introduction to Mcrolithography", Thonpson et al., (1994), the

- di scl osure which is incorporated hereiﬂggy reference for atl purposes.

. Referring _to Fig. 4, in the fourth step of the process for formng the.
integrate st of the present invention, a netallic film14 is
deposited onto the patterned dielectric layer 10. Preferred netallic
material s include copper, tungsten and alum num The netal is suitably
deposited onto the patterned dielectric |layer by art known techni ques such

as chenical vapRmLA8PRSiRdPPolyquinexaline polymers.

The self-polymerization of the quinpxaline monomers of Examples 1 and
2 was carried out in N-methyl and N-cyclohexyl pyrrolidinone NMP/CHP
(50/50) mixture containing potassium carbonate. The potassium carbonate was
used to convert the bisphenol into the more reactive bisphenoxide, and since
potéssium carbonate is a relatively weak and non-nucleophilic base, no
hydrolytic side reactions with the 2,3-bis(4-flluorophenyl)quinoxalines were
observed. Toluene was used during the initial stages of the polymerizations to
remove water generéte_d by bisphenoxide formation as an azeotrope with
toluene. This solvent mixture gave a reflux temperature between 150 and
165°C. In an effort to maintain a dry system, the toluene was periodically
removed through the Dean-Stark trap and replaced with deoxygenated dry
toluene. Upon completion of bisphenoxide formation and dehydration, the
polymerization mixtures were heated to 180-220°C to effect the displacement
reaction. In each case, high molecular weight polymer was attained Withi.n 48h

as judged by the dramatic increase in viscosity. The polymers were isolated by



,(CVD), plasma enhanced CVD, electro and el ectrol ess deposition, sputtering
or the like. - Referring to Fig. 5, the last step of the process

i nvol ves renoval of excess netallic naterial (e.g., planarizing the
metallic film214) so that film14 is generally level with the patterned

dielectric layer 10. Planarization can be acconpl i shed usi ng
chem cal / nechani cal polishing or selective wet or dry etching. Suitable
chem cal / mechani cal polishing techniques will be known to those.skilled in
the art. Referring Figs. 6-8, thgre is shown an alternative

enbodi nent of the
precipitation into a 10-fold excess of methanol and boiled in water to remove the.

remaining salts.

The Tg of the resulting branched (poly(aryl ether phenylquinoxaline) was
comparable to their linéar analogues (190°C). The poly(aryl ether
phenylquinoxaline) was soluble in NMP. The resulting polymer was capable of
film formation. Polymerization of monomer of Example 2 in NMP/CHP
appeared to have limited solubility for the desired solids composition at 190°C.
However, polymerization of the monomer of Example 2 in DMPU afforded more

suitable polymer.

E le4 Dielectric C it

The hyperbranched poly(aryl ether phenylquinoxaline) (0.15g) of |
Example 3 and silsesquioxahe GR950F (0.85g) were dissolved in 1.4 mI: of
DMPU. Samples were cast and cured to 200°C (2h) then ramped (5°C/min) to
400°C (2h) to effect the condensation. Transparent, defect-free films were

-

obtained (2-3 microns).
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process of the present invention for making the integrated circuit devices.
The first step of the process in this enbodi ment involves depositing a
nmetallic film 16 onto a substrate 18. Substrate 18 is also provided with
vertical netallic studs 20. Referring to Fig. 7, in the second step of the
process, the netallic film is lithographically patterned through a mask to
formtrenches 22. Referring to Fig. 8, inthe third step of the process, a
| ayer 24 of dielectric conposition of the present invention is deposited
onto the patterned nmetallic film16. Ild%he last step of the process, the
conposition is heated to condense the polysilica with the hyperbranched
- pol ynmer. Optiopahl the dielectrihc liayer.nmay.,then be | anari z for

B baequent  pr oaioer tiaThyrRtion Hos A o FRiel iR FesBed ettt O
follow ng exanples are detajled descriptions of the process of the _present
i nvent i orembpdiments, the detailatheresf are sot tobeiconstrmedasdpaibrtionsforder ve
- to exenplify, the nore generally described nethods set forth above. The
will be apparent that various embodiments, changes, and modifications may be

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.



.12 exanples are presented for illustrative purposes only, and are not
‘intended as a restriction on the scope of the invention Exanple 1
2, 3-bi s(4' - hydroxyphenyl ) - 5-f | uor oqui noxal i ne, 1. Hr—a

round- bottom fl ask equi pped with a stirbar, refl ux congen er
inlet was placed 4, 4'-bi shydroxy benzil (24 80g, .092 hi" ﬁ”m

phenyl enedi am ne (11.60g), 0.092 nol) and 300 nL of chl
reaction mxture was heated to 50[err]{g and trifluoroa
was added. The resulting dark solution was maintained at 50[err]C for 24h
The crude product was .
What is claimed is: THIS SHEET HAS BEEN

REF f’s{?ED.

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 compriéing the reaction product of

hyperbranched polymer and organic polysilica.

2. The device of claim 1 wherein the hyperbranched polymer is
poly(ether quinoline), poly(aryl ether phenyquinoxaline), poly(aryl ester) or

poly(ether ketone).

3. The device of claim 2 wherein the organic polysilica is

silsesquioxane.

4, The device of claim 3 wherein the silsesquioxane is phenyl/Ci

alkyl silsesquioxane.

AR



“diluted with excess chl or of orm (300.nL), rinsed three tines with dilute
agueous HCL to renove excess amne, dried (magnesium sulfate) and
concentrated. The crude product was recrystallized from ethyl

acet at e/ hexane to afford a yellow powder. The sol uti ef—was—subseguentty—

‘cooled and filtered. Water was added dropwi se to the iIS r eBwit

stirring and the precipitate was collected by suctio ' ' Ehed

well with water and air dried. The pure groduct (22g, l H m ned by
. 1

recrystallization fromisopropyl alcohol? (mp = 121-
13 Exanple 2 '

5. The device of claim 3 wherein the dielectric composition has a
dielectric constant of less than 3.0. . THIS SHEET HAS BEEN\
REPLACED
6. The device of claim 3 wherein the dielectric composition has phase

domains less than 1000A.

7. A process for forming an integrated circuit comprising:

(a) positioning on a substrate a layer of dielectric composition,
the composition comprising reactants hyperbranched
polymer and organic polysilica;

(b} heating the composition to react the reactants;

“(¢)  lithographically patterning the dielectric layer;

(d)  depositing a metallic film onto the patterned die}ectric

layer; and

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

8. The process of claim 7 wherein the hyperbranched polymer is
poly(ether quinoline), poly (aryl ether phenyquinoxaline), poly(aryl ester).or

poly(ether ketone).

* c L M S *



4, 4" - bi s(4- nmet hoxyphenoxy) benzil. . A To a 200 m round-bottom
flask equi pped with a nechanical stirrer, a nitrogen inlet, a thernoneter
and a Dean-Stark trap fitted wwith a condenser and a nitrogen outlet were
added 4, 4' -di fluorobenzil (50 mmol, 12.3g), 4-nethoxyphenol (110 mmol,

+ 13.6g) and anhydrous Klerr]Cderr] (70 mmol, 9.79). nggmmaﬁmﬁahkamediby

the addition of 100 ml N, N-di net hyl acet am de (DVAC) a e as
an azeotropi ng agent. The contents of the flask were Imi
140-150[err]C for 2-4h to allow for the ¢ grrplete renoval er tromthe
system The reaction tenperature was furt rai sed to 160[err]C and

all owed to proceed f a furth 4h, The ,sol uti on s .subsequent |y
cool ed and fil t%r ed. ﬂ%ﬁtpé'f’c?ﬁéso J¥BPRRL & SrQWélchV\qﬁlgF% ¥ith stirring

and the precipitate was collected by suction filtratj washed well with
wat er and silgesquiioxame. The pure product (22g, 93% wa THIS Iay
recrystallization from isopropyl alcohol. (np=121-1 2[era_

10. The process of claim 9 wherein the silsesquioxane is phenyl/C, 4

alkyl silsesquioxane.

11. A i)rocess 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 compoéition comprising reactants hyperbranched
po_lymers and organic polysilica; and

(d) heating the composition to react the reactants.

12. The process of claim 11 wherein the hyperbranched polymer is
poly(ether quinoline), poly(aryl ether phenyquinoxaline), poly(aryl ester) or

poly(ether ketone).

13. The process of claim 12 wherein the organic polysilica is

silsesquioxane.

* € L M s *
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.14 B. 4, 4' - bi s(4- hydr oxyphenoxy) benzi | . In a 250
round-bottom.flask with a stirbar were placed 4, 4'-bis(4-

met hoxyphenoxy) benzil (7.81g, 20 nmol) and pyridi ne hydrochl oride (13.87g,
120 mmol ). The mixture was heated under nitrogen in a 220[err]C oil bath
for 45 mpns—aftter—whieh—ti+me-deprotection was conplete__The m xture was
cooled to -80[err]C and diluted to a volume of 250 m QYWHIS SHEFES HIBERN O

of wat er. T/Hhis SheetHamB d was isol ated by suction filltrathmgmshed
with water a ﬁu tallized fedmacetic acid t ' :
(6.91g, 81%. [err]O). -

14. The process of claim 13 wherein the silsesquioxane is phenyl/C 4

alkyl silsesquioxane.

15. A composition comprising the reaction product of organic polysilica.

and silsesquioxane.

16. An optical article comprising a substrate having a layer of
composition comprising the reaction product hyperbranched polymer and

organic polysilica.

* [ L N s * ’



(V{0 yij0 1oy imy 2. In a
3 {S ﬁ@ﬂ HA&fBE\EN condenser and a

No 2, 3- bi s(4- hydr oxyphenoxyphenyl ) - 5-f Fg
250 m round-bottom fl ask equi pped with
nitrogen inlet was placed 4,4'-bis(4-hyd{oxyp M&ﬁmenzw (4. 269, 10
mol ), 4-fluoro-1, 2-phenyl enedi ami ne (1. 36g, acetic acid (75
m). The resultlng slurry was boiled for two hours and then cool ed and the
solid isolated by suction filtration, ®ashed with acetic acid and air

dried. The product was re stallized from etgi/ acetate to _?l ve a |ight
yel | ow col ored L BAT(I%D@CMIE)ANWQQE%@ BITS MANUFACTURE:y gnpie 3

ABSTRACT

The invention relates to an integrated circuit device comprising (i) a substrate (2);

(ii) metallic circuit lines (4) positioned on the substrate (2) and (jii) a dielectric material -
(6) positioned on the circuit lines (4). The dielectric material (6) comprises th_e reaction
product of a hyperbranched polymer and organic polysilica.

Fig. 1

Tliis Sheet Has Been Reﬂlaced




Hypér br anched pol yqui noxal i ne pol yners. The sel f-pol yneri zati on of
t fie qui nexal i ne nononmers of Exanples 1 and 2 was carri-ed out” in N nethyl
and N-cycl ohexyl pyrrolidinone NMP/CHP (50/50) m xture containing

pot assi um car bonate. The potassium carbonate was used to convert the

bi sphenol into the nore reactive bi sphenoxide, and since potassium
carbonate is a relatively weak and non-nucl eophilic base, no hydrolytic
side reactions with the 2,3-bis(4-flluorophenyl)quinoxalines were

observed. Toluene was used during the inilfZal stages of the pol ynerizations
to renove water generated by bi sphenoxide formati on as an azeotrope with
tol uene. This solvent m xture gave a requxAEenperature bet ween 150 and
165[err]C. In an effort to maintain a dry sy tew;QJnatoluene was
periodically renoved through the Dean-Stank trap and replaced with
deoxygenated dry toluene., Upon conpletion gf bi3Sphenoxide fornation and
dehydration, the pol N www: to 180-220[err]Cto
ef fect the displacene \\ \‘ Q\\\\ nDIecuIar wei ght -

pol ymer was at tai ned ,//,/7'///////- 2

FIG. 1 8

x\\ \\\ \\\\\\\\\\\\\\\\\\Q/‘lo

Fic.2. 8

M /\\\\\ |
[ il 2z

FIG. 3 8
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FIG. 4



as ;udged by the dramatic increase in VISCOSIty The polynmers were i sol at ed

by 16 preC|p|tat|on into
a 10-fol d excess of met hanol and boiled in water t.o renove the renaining
salts. The Tg of the resulting branched (poly(aryl ether

phenyl qui noxal i ne) was conparable to their |inear anal ogues (190[err]C).
The poly(aryl ether phenyl qui noxaline) was soluble in NVWP. The resulting
pol ymer was capable of filmformation. Polynerization of nononer of
Exanple 2 in NMWP/ CHP appeared to have I ph@ted solubility for thée desired
solids conmposition at 190[err]C. However, pol ynerization of the nononer of
Exanple 2 in DMPU af forded nore 14 10

ORI
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sﬁ{"t’aatr)l e polyner. - Exanple 4 Dielectric Conposition Thg%o gfu(‘qu I
hyper br anched pol y(aryl ether phenyl qui noxaline) (0.15g) of Exanple 3 and
si | sesqui oxane GRIO50F (0.85g) were dissolved in 1.4 nL of DWU. Sanpl es
were cast and cured to 200[err]C (2h) thepn ranped (5[err]C mn) to 400
[err]C (2h) to effect the condensati on. ansparent, defect-free filnms were
obt ai ned (2-3 mcrons). 17

erbod ront SITRL SHELS, R Rultiana JA06EsE, ophrichod PaeBlerhal ST Afociated,
It - with semiconductor manufacturing. However, it is desired that dielectric materials for-
| future integrated circuit devices exhibit:a lower dielectric constant (e.g., <3.05 than
exhibited by current silicon dioxide. " |
It is therefore an object of the present inventioﬁ 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 prior art.

According to one aspect of the present invention there is provided a process for
forming an integrate& circuit 'comprising: (a) positioning on a substrate a layer of
dielectric compositioni the composition comprising reactants hyperbranched polymer and
organic polysilica; (b) heating the composition to react the reactants; (c) lithographically
patterning the dielectfic layer; (d) depositing a metallic film onto the patterned dielectric
layer; and (e) planarizing the film to form t_hé integrated circuit.

According to another aspect of the present invention there is provided' a process
for forming an integrated circuit comprising: (a) depositiﬁg a metallic film on a
substrate; (b) lithographically patterning the metallic film; (c) depositinglon the patterned
metallic film, a layer of a dielectric composition comprising reactants hyperbranched
polymers and organic polysilica; and (d) heating the comﬁosition to react the reactants..

BRIEF DESCRIPTION OF THE DRAWINGS

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.

"REPLACEMENT SHEET }
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wisl I be apparent that various enbodi ments, changes, and nodifications may
be resorted to without departing fromthe spirit and scope thereof, and it
is wunderstood that such equival ent enbodi nents are intended to be included
within the scope of this invention.

18 ' . CLAIMS 1. A process for formng
an integrated circuit conprising: (a) positioning on a substrate a |ayer
of di el ectri c Rigsrp®8i shoenan tahernativg processofor makipg itled ingegratad tcincthg device of
hyper br anched pol yner and organic polysilica; (b) heating the conposition
to react tthepresemtinvention. (c) |ithographically patterning the dielectric

| ayer; (d) depositing a netallic filmonto the patterned dielectric |ayer;
and (e). planarizing the filmto formthe integrated circuit.

DETAILED DESCRIPTION OF THE INVENTION
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

REPLACEMENT SHEET

27 AUG 1998




2. The process of claim 1 wherein the hyperbranched polymer is poly(ether
quinoline), poly (aryl ether phenyl qui-noxaline), poly(aryl ester) or
poly(ether ketone). 3. The process of claim2 wherein the organic
polysilica is sil sesqui oxane. 4. The process of claim 3 wherein the
si |l sesqui oxane is phenyl/Clerr] alkyl - silsesqui oxane. 5. A process for
formng an integrated circuit conprising: (a) depositing a netallic film
- on a substrate; (b) lithographicallygpEitMsni ng the netallic film (c)
depositing on the patterned netallic film a layer of a dielectric -

conposi tidn cAmppedess foy forninpaantiateliyqed Eiraucdumsbripidgyner s and or gani ¢
polysilica; and (d) heating the conposition.to react the reactants. 6.

The pr oced®) ofpositionings onhermbntrathea hippar bf atielberic pcx)mpnsitidns the| gqmapdsition
qui noline), poly(aryl ether phenyl qui noxaline), (aryl ester) or
pol y( et herCOH&F@HIS)TCaCWDtShMEcr Fafsbed pelymer amhmammo}évsﬂlqahe organi c

polysilic s ,sil.sesqui oxang, 8. The process of claim7 wherein the
si | sesqui g?ia e?‘%“&)ﬁ"grﬁ?P?P@f’é‘PP]toéthe IEAGtalSqui oxane. _

lithographically patterning the dielectric layer;
(d) depositing a metallic film onto the patterned dielectric layer; and
(¢) planarizing the film to form the integrated circuit.
2. The process of claim 1 wherei_n the hyperbranched polymer is poly(ether
quinoline), poly (aryl ether phenylquinoxaline), poly(aryl ester) or poly(ether ketone).
- 3. The process of claim 2 wherein the organic polysilica is silsesquioxane.
4. The process of claim 3 wherein the silsesquioxane is phenyl/C;¢ alkyl
siisesquioxane.
5. A"process for forming an integrated circuit comprising:
(a) depositing a metallic film on a substrate;
(b) lithographically patterning the metallic film; _
(©) depositing on the patterned metallic film, a layer of a dielectric composition
comprising reactants hyperbranched polymers and organic polysilica; and
(d) heating the composition to react th¢ reactants.
6. The process of claim 5 wherein the hyperbranched polymer is poly(ether
quinoline), poly(aryl ether phen_quuinoxaline), poly(aryl ester) or poly(ether ketone).
7. '.The process of claim 6 wherein the organic polysilica is silsesquioxane.
8. The process of claim 7 wherein the silsesquioxane is phenyl/C;¢ alkyl
silsesquioxane. |
9.  An integrated circuit device formed by the process of any one of the preceding

claims.

REPLACEMENT SHEET
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9.* © An I nt egrat ed circuit device forrred by the process of any one of the
precedi ng cl ai ns. L,

19
INTEGRATED CIRCUIT AND PROCESS FOR ITS MANUFACTURE

ABSTRACT

The invention relates to an integrated circuit device comprising (i) a substrate (2);
(ii) metallic circuit lines (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 a hyperbranched polymer and organic polysilica.
Fig. 1

Y

i
[' 27 AUS 1998




