POLY(ARYLENE ETHER) DIELECTRICS FIELD OF THE INVENTION The
invention relates to the field of dielectric materials. More particularly, the
present invention is directed to poly(arylene ethers) containing pyridine and
thiophene moieties used as low dielectric insulating layers in electronics

applications and artichg ICP(WRYLENE ETHER) DIFISESITRICS
BACKGROUND OF THE INVENTION Microelectronics fabrication involves

the manufacture of integrated circuits which uses dielectric materials as

insulating layers between yagpus OFcpiEan/Ryaef circuits. As the
device dimensions of advanced microelectronics integrated circuits continue

to shrink, the increase in propagation delay, capacitance coupling between

tWWaeQhepifoRoRIMIEEV RrRiWislE andipRuaicinaiRaies aVibie ipiefieem®gtthe present
structure become significant limiting factors. The capacitance between two

inGémAiereisAndatvadesiyes YR paitaadattiairfipatinsonstaniohehe moieties

the material which separates the features. These features are usually vias

uded & lival gennsaddnsetiwgenyaysrs arttieniesesisicatitaeial articles containing
connections within a layer. A dielectric material with a low k value is desirable

subhreglycirglgne temeesry for higher capacitance coupling when conductive
features are brought closer together in more advanced circuit designs.

Silicon dioxide which has been typically used as a dielectric material in the

microelectronics fabricaBag KRy NBs@FKMARIENT BRGUON There is a need
for new 1 dielectric materials with a k value below 3. A method of lowering

the dielectric constant
Microelectronics fabrication involves the manufacture of integrated circuits which

uses dielectric materials as insulating layers between various circuits and layers of
circuits. As the device dimensions of advanced microelectronics integrated circuits
continue to shrink, the increase in propagation delay, capacitance coupling between two
or more conductive features and power dissipation of the interconnect structure become
significant limiting factors.

The capacitance between two or more conductive features is proportional to the
dielectric constant, k, of the material which separates the features. These features are
usually vias for vertical connections between layers and trenches for horizontal
connections within a layer. A dielectric material with a low k value is desirable in
reducing the tendency for higher capacitance coupling when conductive features are
brought closer together in more advanced circuit designs.

Silicon dioxide which has been typically used as a dielectric material in the

microelectronics fabrication industry has a k value of about 4. There is a need for new



of silicon oxide is described in U.S. Patent 6,147,009 where a hydrogenated
oxidized silicon carbon material (SICOH) is formed in a chemical vapor
deposition (CVD) chamber. Another low k material comprised of carbon
doped silicon oxide that is deposited by a CVD method is described in U.S.

diBlatanE visrRAS with RGRESBIBEI6APECA Filisthag afdirlesing Matai@bdric constant
polymeric material must have a thermal stability to at least 3500C which is a
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on a substrate. U.S. Patent No. 6,280,794 discloses a method of forming

sikieleckii® orataERIHItISICIOM Kiy abienBY fAranbMeRAcas VeiddN depiiaSACVD)
polymer. The pores contain air with a dielectric constant of 1 which reduces

cHambseralumetribe lbvprohraelMcBrapasienal tarbyn \Wipee diassivnabaitiat is
the polymer film. U.S. Patent Nos. 5,874,516 and 5,658,994 disclose

ddpty(rBpe etvdsheitiel fodestdeedain Bry. RaasionaBsisrIeawivaccessfully
groups in the polymer. The utility of these polymers is recited to be for low

replalesisitdadaiinelayeis indrearategolyeidifcandiaitirias sonamiagrauaial stability
poly(arylene ethers). A trend in the microelectronics fabrication industry is to

torgPlagsttBsceramiceas dHgiednaigiitratfuied 48 hiBHWBIUHEAMES are cured if they
resistivity materials such as copper. Copper or copper ions that diffuse away

arbaIpithecsesd vriivesfatigcan reduce the performance of the device. A
dielectric material that has the additional property of being able to trap
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Cotton and G. Wilkinson in "Advanced Inorganic Chemistry" published by

'°‘é"’$ﬁé?ﬁ5%’2@9 Ritklislaass (9 Ghipag BiBREWEBJIyM e PTOHS Ssrew e Rl B with a
dielectric constant of 1 which reduces the k value of the two phase film proportional to
the volume fraction of air in the polymer film.

U.S. Patent Nos. 5,874,516 and 5,658,994 disclose poly(arylene ethers) which do
not contain any functionalized or reactive groups in the polymer. The utility of these
polymers is recited to be for low dielectric insulating layers in integrated circuits and
articles containing such poly(arylene ethers).

A trend in the microelectronics fabrication industry is to replace the current
conductive material which is aluminum with lower resistivity materials such as copper.
Copper or copper ions that diffuse away from the conductive feature can reduce the
performance of the device. A dielectric material that has the additional property of being
able to trap copper or copper ions and prevent them from diffusing is highly desirable.

F. Cotton and G. Wilkinson in “Advanced Inorganic Chemistry” published by

Interscience Publishers (1966), page 896 write that cuprous complexes of pr bonding



ligands are known. Aromatic compounds with a lone pair of electrons like
pyridine or thiophene are capable of forming it complexes with metals
through their p orbitals. SUMMARY OF THE INVENTION An objective of the
present invention is to provide a low k dielectric material in which k is less

lighaas3ier khekabrinasamm et teasalaseiniiainale gaane slceieReiRe BYitdine or

devices. A further objective is that said low k dielectric material has a thermal
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objective is tha said dielectric layer traps copper or copper ions to prevent
undesirable diffusion from a conductive layer through the dielectric layer to

other parts of the device. §gaf1RRSCENES AEE REMENGFON the present

invention which offers an improved dielectric material. More patrticularly, the
dielectric material is a poly(arylene ether) comprising the structure: Ar, 0-n.2
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are selected from the group of heteroaromatic compounds that incorporate
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not limited to: 3\X/ N=N X = S,0,N,Se, Te X =S,0,N,Se, Te\ NN -~

devices.

A further objective is that said low k dielectric material has a thermal stability of
about 350°C or greater after curing on a substrate.

A still further objective is that said dielectric layer traps copper or copper ions to
prevent undesirable diffusion from a conductive layer through the dielectric layer to
other parts of the device.

These objectives are achieved by the present invention which offers an improved

dielectric material. More particularly, the dielectric material is a poly(arylene ether)

og

wherein n =5 to 10000; and monovalent radical Ary and divalent radical Ar, are

comprising the structure:

selected from the group of heteroaromatic compounds that incorporate O, N, Se, S, or

Te or combinations of the aforesaid elements including but not limited to:



N N N=N i N <\ N N In one embodiment, the dielectric material of the
present invention is formed as a cap layer on a dual or single damascene
structure. The low k dielectric material is dissolved in an organic solvent and
spin coated on a substrate followed by baking to cure the film and form a

stable layer. In another embodiment, the dielectric materiaks provided
between dielectric la hsulating layers)jn an integrdted-circuit and
functions as an etch s layer in a da ne structurenEke low k

dielectric material is spinxcoated from a solution and then baked to remove
solvent and cure thex s Olose, peefefatsyo thédielectric layer is provided
between two conductive layers in an integrated circuit. More particularly, the
dielectric material is an intermetal dielegfficin a duakqr singledamascene
structure. The pregent lyveptionXs alsola muftilayef mici ‘elé@o@ﬁ?ntegrated
(i) siliton, glady¥; silicorMgermanium, ¥t ceramic
substrate, (ii) one or more 4 layers of a conductive material contained within
or on said substrate; and (iii) o r more dielectric layers contajned within

In one embodiment, the dielectric material of the present invention is formed as a
cap layer on a dual or single damascene structure. The low k dielectric material is
dissolved in an organic solvent and spin coated on a substrate followed by baking to
cure the film and form a stable layer.

In another embodiment, the dielectric material is provided between dielectric layers
(insulating layers) in an integrated circuit and functions as an etch stop layer in a
damascene structure. The low k dielectric material is spin coated from a solution and
then baked to remove solvent and cure the film.

More preferably, the dielectric layer is provided between two conductive layers in an
integrated circuit. More particularly, the dielectric material is an intermetal dielectric in a
dual or single damascene structure.

The present invention is also a multilayer microelectronic integrated circuit article

comprising (i) a silicon, glass, silicon-germanium, or ceramic substrate, (ii) one or more



wherein n = 5 to 10000; and monovalent radical Art and divalent radical Are
are selected from the group of heteroaromatic compounds that incorporate
0, N, Se, S, or Te or combinations of the aforesaid elements including but
not limited to: - N* \X/iD \N=NN X =S,0,N,Se,Te X = S,0,N,Se, Te N~~N
lag&rdl 3N @ondUdtNnidlid ddn iR dheRAYERDIEoS @ KA BEIESIHIRS iii) one or

described above will hereafter be referred to as poly(arylene ether) | for
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FIGS. 1 and 2 are cross sectional views of a dual damascene structure

diBRGTHE FakpYs e Oif[aesae BrEesElPA e tiavermien awnRg tianeredrirers. FIG.
3 is a cross sectional view of a single damascene structure including low k
dielectric materials of the inventjon in one or more layeks. DETAILED
DESCRIPTION OF THE INV ®ON The presentarvertion relates to a
dielectric material provided (i) ds a Nati er béfween conductive
layers in an integrated circuit, (ii} a

wherein n = 5 to 10000; and monovalent radical Ary and divalent radical Ar, are
selected from the group of heteroaromatic compounds that incorporate O, N, Se, S, or
Te or combinations of the aforesaid elements including but not limited to:

5.9 A U S W

X=S,0,NSeTe X=8S0NSeTe

The poly(arylene ether) structures described above will hereafter be referred to as

poly(arylene ether) I for purposes of clarification.



between insulating layers in an integrated circuit , or (iii) as a passivation
layer between a conductive layer and an insulating layer in an integrated
circuit. With specific reference to devices featuring dual damascene
interconnects as depicted in FIG. 1, the poly(arylene ether) 1 of the present

invention can functi@rag B SieHIP TereF T aFeIRAWIRIgighe following
parts of the interconnect structure: intermetal dielectric layers 150 and 170

which are adjacent to the conductor metal 130; passivation layer 120 which

ISP el canglaciine dayes ddBtivndonavd e ale 1A itk séar @yectli®having a low
and cap (etch stop) layer 140. Note that poly(arylene ether) 1 is described in

k diSRRABiMarsRariNe iR iaieh seditanNddrayayerdsed interchangeably
with poly(arylether) 1. In one embodiment, a substrate 100 is provided in

WHIch 8 foadiekYs RNkl ViBasobaaiingMesmasbsiaisetuie trikaling low k

silicon or silicon/germanium and should be understood to possibly include

dieRe@icR A8 6fdRY 08 Biehdh IDAECAPARBIE|Jeyices, and one or more
dielectric layers in a substructure (not shown). Conductive 6 layer 110 is

imbedded in a dielectric layer which is not shown in order to simplify the

drawing and direcD&TAS DIOESGRYHERONES PITHE PRSENTIIGRNtION.
Conductive layer 110 is comprised of a material like copper or a copper

alloy, tungsten or a tungsten alloy, or aluminum or an aluminum alloy. A
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a solution of poly(arylene ether) 1 on substrate 100 and on conductive layer
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ether) 1 can be formed by spin coating or spraying, with spin coating
bawesernadsieafieg oy sadvienis fategrated circuit , or (iii) as a passivation layer between
a conductive layer and an insulating layer in an integrated circuit.

With specific reference to devices featuring dual damascene interconnects as
depicted in FIG. 1, the poly(arylene ether) 1 of the present invention can function as a
dielectric material in one or more of the following parts of the interconnect structure:
intermetal dielectric layers 150 and 170 which are adjacent to the conductor metal 130;
passivation layer 120 which is on the conductive layer 110 and on substrate 100; etch
stop layer 160; and cap (etch stop) layer 140. Note that poly(arylene ether) 1 is
described in a separate embodiment in a later section and may be used
interchangeably with poly(arylether) 1.

In one embodiment, a substrate 100 is provided in which a conductive layer 110 has
been formed. Substrate 100 is typically silicon or silicon/germanium and should be

understood to possibly include one or more active devices, one or more passive

devices, and one or more dielectric layers in a substructure (not shown). Conductive



dissolution of the polymer include cyclohexanone, cyclopentanone,
chloroform, toluene, xylene, chlorobenzene, N,N- dimethylformamide, methyl
isobutyl ketone, N-methyl pyrrolidinone and mixtures thereof. Additives such
as stabilizers, surfactants and the like can be added to improve shelf life

lapEabiiy rf itheaudeaen i glelieidancaaie ewhriicss HotfdRolRAMMeraErRersraplify the

Adhesion promoters may be used to improve adhesion of the poly(arylene
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between 1000 and 15,000 Angstroms. It is preferred that baking between
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(in furnace or rapid thermal annealing) between 200C and 400C for a period

tupfERIvero\L andid@fthuminotesm A1omehiakeamtace after spin coating.
Passivation layer 120 protects conductive layer 110 from chemicals and

eteghpatS NeRid N SYES A0 rpHPieessesRIRiyRAHer oIS RMeeAAy 8pth coating a
trench. Next a dielectric layer 130 is deposited preferably by a CVD method.

solingodlieliestig(dayens swrmrised efishateriicueh @ Ssaductikompsr 110 followed

fluorine doped silicon oxide, polysilsesquioxanes, borosilicate glass,

bybosk 5 0% eaéefigiasFilans aradymidgs 61 QAR pwlyagieamatiernatesialbe formed
such as FLARE from Allied Signal or SILK from Dow Corning may be spin

bycopiedeathgusednafialingith &pim codimeotisttayed 130 efurrett B itamiayer

140 is then formed on dielectric layer 130 by spin coating and curing

dipsty@nhesictieshes)yinay thelsasneyplokesarasndesytiapbinanessiveiioroiyar, toluene,

120. Optionally, an etch stop material such as silicon nitride, silicon carbide,
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second dielectric layer 150 is then deposited by a CVD technique or the like

pyargliinone and mixtures thereof. Additives such as stabilizers, surfactants and the
like can be added to improve shelf life stability of the polymer in solution or to enhance
its film forming properties. Adhesion promoters may be used to improve adhesion of
the poly(arylene ether) 1 to the substrate. Typically, the films are spun to a thickness of
between 1000 and 15,000 Angstroms. lt is preferred that baking between 50°C and
250°C for a period of between 0.5 and 30 minutes followed by curing (in furnace or
rapid thermal annealing) between 200°C and 400°C for a period of between 5 and 120
minutes should take place after spin coating. Passivation layer 120 protects conductive
layer 110 from chemicals and etchants used in subsequent processes employed to form
a via hole and trench.

Next a dielectric layer 130 is deposited preferably by a CVD method. The dielectric

layer is comprised of a material such as SiO,, carbon or fluorine doped silicon oxide,

polysilsesquioxanes, borosilicate glass, borophosphosilicate glass, and polyimide.



selected from the same candidates as mentioned for dielectric layer 130.
Then a dielectric cap layer 160 that serves as an etch stop layer for a
subsequent chemical mechanical polish step is deposited. Cap layer 160 is
comprised of poly(arylene ether) 1 that is formed by spin coating and baking
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silicon nitride, silicon carbide, or silicon oxynitride may be deposited as cap
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to form a via hole 170 and a trench 180 as shown in FIG. 1. A barrier metal

lagerek8h sdiereiterionghrepifsrlls andiemtant eayéa 130 ppepiananisg and

by a CVD method and is comprised of a material such as Ta, Ti, W, TaN,

cuFiRG PONx(BiWens Tai 1Bsy e meia Isiict5ais datented fonparenanstabyer 120.

diffusion from the interconnect into the adjacent dielectric and etch stop
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other agents in an adjacent dielectric or etch stop layer that might attack said

oxyeitaid & nagtablaygiodledsibrindeiiabisasony Sipieiiensatiog, £vaporating, or

sputtering to fill via 170 and trench 180. The metal layer 200 is selected from

tha sesongeliokataterialetha0 weareemasposrIPIEVIOEDas afigisamstfi@iike and is
conductive layer 110. Since the 8 deposition process provides a metal layer

selbrdaat exxiend sahryvesafidayss 460nentidtRdstendikaadddapaver3de Fveh a
of metal layer 200 until it is contained only within via 170 and trench 180 and
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layers and as a cap layer in the dual damascene structure illustrated in FIG.

méchahitaenerethep ié vipotséaly Cdielagisict 60nstenisriele ti pedyeeytiede ether)
capacitive coupling between metal wiring and improve the

1 that is formed by spin coating and baking processes described for passivation layer

120. Optionally, a material such as silicon nitride, silicon carbide, or silicon oxynitride

may be deposited as cap layer 160.

Conventional photolithography and etch processes are employed to form a via hole
170 and a trench 180 as shown in FIG. 1. A barrier metal layer 185 is deposited on the
sidewalls and bottom of via 170 and trench 180 by a CVD method and is comprised of a
material such as Ta, Ti, W, TaN, TiN, WN, TiW, or TaSiN. Barrier metal layer 185 is
intended to prevent metal diffusion from the interconnect into the adjacent dielectric and
etch stop layers and also protects the metal within the interconnect from moisture or
other agents in an adjacent dielectric or etch stop layer that might attack said metal. A
metal layer 200 is then deposited by electroplating, evaporating, or sputtering to fill via

170 and trench 180. The metal layer 200 is selected from the same set of materials that

were mentioned previously as candidates from conductive layer 110. Since the



performance of the device. Note that alternative materials such as silicon

nitride and silicon oxynitride have higher k values and are not as effective in
preventing capacitive coupling. In a second embodiment, a substrate 210 is
provided in which a conductive layer 220 has been formed as shown in FIG.

deboBiRsirBie cEldd isroiniady sisen By I FTmiaafneriHEs aib S8 de REer 160, a CMP

understood to possibly include one or more active devices, one or more

st@ﬁ%ﬂd@éiﬁmé}ﬂ%@ﬁ@/@rm%@@ﬁ@)@érﬂfzbn’afﬂiiﬂtas SepsHinedish(pPQYithin via 170
shown). Conductive layer 220 is imbedded in a dielectric layer which is not

arf@eAdh P8teate seplaile digving Bipdoliceg Rijert@Dto the key features
of the present invention. Conductive layer 220 is comprised of a material like
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aluminum alloy. A passivation layer 230 comprised of a material such as

datisepcntigeustlieenicathitisdon SiGon popEigeiscisprsitadathstoiatedielectric

210 and on conductive layer 220 by a CVD technique. Next a dielectric layer

cotidatiyatsd by spRinepainaabaeltiviortelpaiy aateeecthetsl Wiahgveedibnprove the

baking to cure the film. Films or coatings of the poly(arylene ether) 1 can be

pdaBnediespineoatviger Suryinat witbraativeoatingialefauttdad eiietetitride and
solvents 9 for dissolution of the polymer include cyclohexanone,

silyeopepidrdecidaigfngnk (elluereanylans nohlesateszereiMbPéventing capacitive
dimethylformamide, methyl isobutyl ketone, N- methyl pyrrolidinone and

caupithges thereof. Additives such as stabilizers, surfactants and the like can
be added to improve shelf life stability of the polymer in solution or to

ehansecits dilantoudingpropeiestrAderiois promaees sryidreaiseddactive layer
22”(;]E1raosvlre;een formed as shown in FIG. 2. Substrate 210 is typically silicon or
silicon/germanium and should be understood to possibly include one or more active
devices, one or more passive devices, and one or more dielectric layers in a
substructure (not shown). Conductive layer 220 is imbedded in a dielectric layer which
is not shown in order to simplify the drawing and direct attention to the key features of
the present invention. Conductive layer 220 is comprised of a material like copper or a
copper alloy, tungsten or a tungsten alloy, or aluminum or an aluminum alloy. A
passivation layer 230 comprised of a material such as silicon nitride, silicon carbide or
silicon oxynitride is deposited on substrate 210 and on conductive layer 220 by a CVD
technique.

Next a dielectric layer 240 is formed by spin coating a solution of poly(arylene ether)

1 followed by baking to cure the film. Films or coatings of the poly(arylene ether) 1 can

be formed by spin coating or spraying, with spin coating preferred. Preferred solvents



adhesion of the poly(arylene ether) 1 to the substrate. Typically, the films are
spun to a thickness of between 1000 and 15,000 Angstroms. It is preferred
that baking between 50C and 250C for a period of between 0.5 and 30
minutes followed by curing (in furnace or rapid thermal annealing) between

foP 8 ANHHOGHeR BAhnd iInaBvSRTo Bexar 70, BYBIsBErRARLIstakioroform,

place after spin coating. An etch stop layer 245 is then deposited and
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230. A second dielectric layer 250 is formed with the same material and
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completed by depositing cap layer 255 which is also selected from the same

artiaHe MenaiAnsaaR SeErfipne @ siasisivationbnig o 3Repe| piesr SHOBJRMRIN or to
245. Conventional photolithography and etch processes are employed to
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280 comprised of Ti, Ta, W, TiN, TaN, WN, TiW, or TaSiN or a similar
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270. Barrier layer 280 is intended to prevent metal diffusion from the

thiokereon e icivie &t PO ttiale6t00QUAhgtfoatiep laye s ¢fetrcalshalrbiaety) between
the metal within the interconnect from moisture or other agents in an
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layer 290 is then deposited by electroplating, evaporating, or sputtering to fill
furic @6 O rrpideihehril 2rhchiingneeiverer 20°5 seleaedioforthepsriae sebetween

of materials that were mentioned previously as candidates from conductive
5 layen 280nfiotss thieodég esiiéeoplapwedss ppavidestmgnetal layer 290 that

extends above cap layer 255, a CMP step is used to lower the level of metal

lagkereten sl [hisce @ABiReH omiopidiircda26@eledted from the same group of
materials as described for passivation layer 230. A second dielectric layer 250 is
formed with the same material and technique as used to apply dielectric layer 240. The
damascene stack is completed by depositing cap layer 255 which is also selected from
the same group of materials as mentioned for passivation layer 230 and etch stop layer
245. Conventional photolithography and etch processes are employed to form a via
hole 260 and trench 270 in the damascene stack. A barrier layer 280 comprised of Ti,
Ta, W, TiN, TaN, WN, TiW, or TaSiN or a similar material that is deposited on the
sidewalls and bottom of via 260 and trench 270. Barrier layer 280 is intended to prevent
metal diffusion from the interconnect into adjacent dielectric and etch stop layers and
also protects the metal within the interconnect from moisture or other agents in an

adjacent dielectric or etch stop layer that might attack said metal. A metal layer 290 is

then deposited by electroplating, evaporating, or sputtering to fill via 260 and trench

10



trench 270 and is coplanar with the top of cap layer 255. As dielectric layers
240, 250 in the dual damascene structure illustrated in FIG. 2, poly(arylene
ether) 1 with its low k dielectric constant is able to reduce the capacitive
coupling between metal wiring and improve the performance of the device.
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stability of about 3500C or greater, the dielectric layer is able to remain in the
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an added desirable feature in that they contain heteroaromatic functionality

provEAPre0eie: wihaneias 3gohras expRfisabopseyRnIdherBeN CMP step is
diffusing through insulating layers and degrading the performance of the

udegubinghée \tiee |VENoIRREtES [kefer@uB UatieMised feaitst o SpaIRHTEIa 260 and
interconnects such as the single damascene structure shown in FIG. 3,

tr@iiv(@Btensdathenplapan Mictes @p af Ragsiugdpridyer 320 which is on the

conductive layer 310 and on substrate 300; as a cap layer 340, or preferably

aggrjislectietrydirieza0c 2BEMHER dual bt 2sobadigtanttasuhsiteiRgin FIG. 2,
is provided in which a conductive layer 310 has been formed. Substrate 300

pas/tupjtaty siinsn) phathciosigermaniuntaptshorathe awnslessiensct thessiplicitive

include one or more active devices, one or more passive devices, and one or
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imbedded in a dielectric layer which is not shown in order to simplify the 11

palyravifigrandttisect atteintienttic the &eyd201286 hhthe ieseal sixbiitipof about 350°C
Conductive layer 310 is comprised of a material like copper or a copper

oraji@atimgstadicleatricingaie s alloly, or reimainimies aedberisunpetonndnt layer.
passivation layer 320 comprised of

Furthermore, dielectric layers 240, 250 have an added desirable feature in that they

contain heteroaromatic functionality that can complex with metals such as copper and

prevent them from diffusing through insulating layers and degrading the performance of

the resulting device.

With specific reference to devices featuring single metal interconnects such as the
single damascene structure shown in FIG. 3, poly(arylene ether) 1 can function as a
passivation layer 320 which is on the conductive layer 310 and on substrate 300; as a
cap layer 340, or preferably as an intermetal dielectric layer 330.

In a third embodiment, a substrate 300 is provided in which a conductive layer 310
has been formed. Substrate 300 is typically silicon or silicon/germanium and should be
understood to possibly include one or more active devices, one or more passive

devices, and one or more dielectric layers in a substructure (not shown). Conductive

layer 310 is imbedded in a dielectric layer which is not shown in order to simplify the

11



a material such as silicon nitride, silicon carbide, or silicon oxynitride is
deposited on substrate 300 and on conductive layer 310. Next a dielectric
layer 330 is formed by spin coating a solution of poly(arylene ether) 1
followed by baking to cure the film. Films or coatings of the poly(arylene

dretirig arddireetfarmatdyy tonrinecra)iReadeRr ayite preksmimeeatids. Conductive
preferred. Preferred solvents for dissolution of the polymer include

lag¥EIB N8x8 ReRM REPEEAtARABRA ke elfpbr KHUesshp¥IeiRY, tungsten or a
chlorobenzene, N,N- dimethylformamide, methyl isobutyl ketone, N- methyl

tupyeRifIRe end umitiessharcalumaslityed Gy cinasastabdiraidasurfae@®atsmprised of
and the like can be added to improve shelf life stability of the polymer in

a ARALEIRAl eUth a8karem ittt femaby ciaraeias. Ads Xy eI teradparited on
be used to improve adhesion of the poly(arylene ether) 1 to the substrate.

subgbiad\BoD e fitnsnederrduttile dajeicBness of between 1000 and 15,000
Angstroms. It is preferred that baking between 50C and 250C for a period of

betaseen ddlcvitic3aysinsaesisabemnied by epiinaditinyg maetuabrapipdnEmgkne ether)
annealing) between 200C and 400C for a period of between 5 and 120

1 follviesl Byobikiaieadbaee aitefispinRipadng. cd samudieleeis plsyeirghthather) 1 can

also functions as an etch stop layer for a subsequent CMP step is then

balepasde bprsicesitiodoyes g3 itpmidyepifodathaiesietbired) tPeekared solvents

group of materials as described for passivation layer 320. An opening 350

fosdisEstdrenchepoyntactihcleds tyerfxaed ik capdayanidtomed dhloroform,
dielectric layer 330 by conventional photolithography and etch processes.

toldptienaifieraehatrieropetaidage NI0 dirdatoifyineshetis, maseialisolobtaiskEtone, N-
Ta, W, TiN, TaN, WN, TiW, or TaSiN is deposited on the sidewalls and

mbthtomyefadidenong 3pd. Mixnetas ltyeed? 0 Azldiivesitadcto 44l stabilizers, surfactants
and the like can be added to improve shelf life stability of the polymer in solution or to
enhance its film forming properties. Adhesion promoters may be used to improve
adhesion of the poly(arylene ether) 1 to the substrate. Typically, the films are spun to a
thickness of between 1000 and 15,000 Angstroms. It is preferred that baking between
50°C and 250°C for a period of between 0.5 and 30 minutes followed by curing (in
furnace or rapid thermal annealing) between 200°C and 400°C for a period of between
5 and 120 minutes should take place after spin coating.

A cap dielectric layer 340 that also functions as an etch stop layer for a subsequent
CMP step is then deposited on dielectric layer 330. Cap layer 340 is selected from the
same group of materials as described for passivation layer 320. An opening 350 such

as a trench or contact hole is then formed in cap layer 340 and in dielectric layer 330 by

conventional photolithography and etch processes. Optionally, a barrier metal layer 360
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opening 350 and the deposition is followed by a CMP step to planarize metal
layer 370 so that it is contained within opening 350 and becomes coplanar
with the top of cap layer 340. Dielectric layer 330 comprised of poly(arylene
ether) 1 with its low k dielectric constant is able to reduce the capacitive

coifprbed betverianataliniiag aNd dMaTortEaPENRINNaNAE Bf theSIRViS@eposited
Since poly(arylene ether) 1 in dielectric layer 330 has a thermal stability of

o@WEM@EQW@W@%@ﬁH? BsEr ia AdealqajemerDin Wee asfill
e

a permanent layer. Furthermore, dielectric layer 330 has an added desirable

ogentHiEIsCRacGHE ByeosiabiRisIdIRIRERIRAEMEREEpNS ibdnati£8etal layer 370

complex with metals like copper and prevent them from diffusing through

sdnaglatingcknersandidearaguarigesperiniaisacsmé s eorariingitewestop s cap
present invention is also a composition comprised of a poly(arylene ether) 1

lagenBuGin@ibR stfidakier 3@ EIMPprisedoLpeNPaanshaetioysentvigislieal stk

and divalent radical Are are selected from heteroaromatic groups that
digeerpoiadiant iSeb® @ reel0ccCn RRGAOINSOt Y Mgy Bsakele merss wiring and

including but not limited to: 13 \X/ N=N X = S,0,N,Se,Te X = S,0,N,Se,Te \
imeMve tidIgdNoMdideNdf ald Hevice. Since poly(arylene ether) 1 in dielectric layer
330 has a thermal stability of about 350°C or greater, the dielectric layer is able to
remain in the device as a permanent layer. Furthermore, dielectric layer 330 has an
added desirable feature in that said layer contains heteroaromatic functionality that can
complex with metals like copper and prevent them from diffusing through insulating

layers and degrading the performance of the resulting device.

The present invention is also a composition comprised of a poly(arylene ether) 1

wherein n = 5 to 10000; and monovalent radical Ar; and divalent radical Ar, are

comprising the structure:

selected from heteroaromatic groups that incorporate O, N, Se, S, or Te or

combinations of the aforesaid elements including but not limited to:
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C~N N The polymers described herein have low k values and good thermal
stability and have the additional property of being able to trap metals or
metal ions that diffuse away from the conductive feature. This diffusion
would otherwise limit device performance. The poly(arylene ethers) of the

present invention can also be used as coatings, dielectriclayers,
encapsulants, barrier or substrat miappllcatlon ho ited to
microelectronic devic Iudlng but ited to integ circuits and

multichip modules, prlnted circuit boards, and photodiode arrays. The
poly(arylene etherskof $he preseat idestioN &eeTprepared in high molecular
weight by proper modification of the Ullmann ether condensation

polymerization as described in Examp Ilmaggxeggr condfensation
reaction uses copger citalygt. ™Ne nu kop Mc arpmafic subgtitutlon reaction
is facilitated by cupqaus/ion. solvent Wsed in tNepolymeriza¥ion is not

critical as long as it is inert and is a solvent of the polymer that is formed.
Hence the polymerization in thepgesent invention use 14 salt as
ployed in
3 ce they are
highly effective but ot l‘é:uprous salts ¥an also be emp . As the
Ulimann ether reaction requ es high temperatures, the temperature used in

the present inventio - C ~ o TH C and 220C for_a period of 40 to 48
hours. The optlmu eri temperaturg_gle depends upon the
monomer used. The nth Is ofthe polymer 'nvo . Yhers with

dihydroxyl and dihalogenated aromatic unlts
invention is prepared preferably with equal

The polymers described herein have low k values and good thermal stability and
have the additional property of being able to trap metals or metal ions that diffuse away
from the conductive feature. This diffusion would otherwise limit device performance.
The poly(arylene ethers) of the present invention can also be used as coatings,
dielectric layers, encapsulants, barrier layers or substrates in applications not limited to
microelectronic devices, including but not limited to integrated circuits and multichip
modules, printed circuit boards, and photodiode arrays.

The poly(arylene ethers) of the present invention are prepared in high molecular
weight by proper modification of the Ullmann ether condensation polymerization as
described in Example 1. Ullmann ether condensation reaction uses copper catalyst.
The nucleophilic aromatic substitution reaction is facilitated by cuprous ion. The solvent
used in the polymerization is not critical as long as it is inert and is a solvent of the

polymer that is formed. Hence the polymerization in the present invention uses cuprous

14



molar equivalents of the alkaline metal salt of dihydroxyl aromatic unit and
dihalogenated unit. The alkaline salt of the dihydroxyl aromatic unit can be
prepared using alkaline metal, alkaline metal hydroxide, or alkaline metal
hydride. This alkaline salt can be prepared separately or just before the

sdIohMREZatiaNy steps e epherrbiines &svetie TBRCEQPre™R BaIt employed in

recovered by any convenient manner, such as precipitation induced by

theqelHgidhe sepstiproltansliey POUBE UB S dRessiardiidtsR S @iAce they are highly
non-solvent, or by stripping off the solvent in the reaction mixture at reduced

effEBvREIISLRBINRT S\RyRIGY SampesriUgo DB aTIpR Ped/Merization reaction
results in formation of an alkaline metal halide, it is preferred that the alkaline

mesabealidmbarnemead aibieriuthe sademdeeohsn ahsebuionrafu used in

Soxhlet-extracting the polymer to substantially free if from this salt. The

thBQyEReiT AtigentRACID D SlaRDedGHD v as 0e ddp P priise 81188 Rol8NRIErs. The
whose dielectric constant (k), glass transition temperature (Tg), and

opsikraQMRSifiag itemos riviscrstuistaddnifiib e pehtis Ciboestoé i hofeaised. The

are shown in Table 2. 15 Table 1 Properties of Poly(arylene ethers) 1la-1c l1a
sylhtite dXate etcrrpsiantdides 2vian orndls Metto BiinailioRyiempealiitisgenated

air).+C 310 345 450 Decomposition temperature (in nitrogen)PC 355 325
arépthiMassty armrisgpolgabrrefatiy @ Reedt 2ndAtiYis prepared preferably with equal
molar equivalents of the alkaline metal salt of dihydroxyl aromatic unit and
dihalogenated unit.

The alkaline salt of the dihydroxyl aromatic unit can be prepared using alkaline
metal, alkaline metal hydroxide, or alkaline metal hydride. This alkaline salt can be
prepared separately or just before the polymerization steps.

The polymer obtained from the reaction can be recovered by any convenient
manner, such as precipitation induced by cooling the reaction mass, by pouring the
reaction mixture into a non-solvent, or by stripping off the solvent in the reaction mixture
at reduced pressure and/or elevated temperature.

Since the polymerization reaction results in formation of an alkaline metal halide, it is
preferred that the alkaline metal halide be removed by filtering the salt from the polymer
solution or by Soxhlet-extracting the polymer to substantially free if from this salt.

The polymerization reaction described above was used to prepare three polymers

whose dielectric constant (k), glass transition temperature (Tg), and decomposition

temperature are listed in Table 1. Structures of the polymers are shown in Table 2.
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Molecular weight -25,000 -11,000 -32,000 Table 2 Structures of Poly(arylene
ethers) la - 1c prepared from Ullmann Reaction Polymer Synthesized Symbol
llaIln~41~11b I oD--1c 16 Poly(arylene ether) 1a contains a
2-substituted thiophene as Art and a 2,5- disubstituted thiophene as ArZ.
Poly(arylene ether) 1 b contains a 2-sulpgiiidtgd pyridine as Art and a
3,5-disubstituted pyridinePapéhids Ralylasyjene atlees) fc-aontains a 2-
substituted pyridine as Art and a 2,6-disubstituted pyridine as ArZ. The
average molecular weight (MW) of each polymer wés determfed usina%
DiMaterns HiRk&msystem with three Phenomenex phenggel 5 micgen mixedized
columns. One mg of polymer was dissolved in 10 ml of THE (HPLC grade).

D%ﬁbb@ﬂ{ﬁqeg}gﬂ'@}jﬁ%%gfﬁr%miCI’0n filtered sajygion wasyijected inggythe

system and a refractive index (RI) detector was used to monitor the mobile

DRl AGE I BesmsatioknGHQyatparaphy (GPC)ggectrum-pisRI vs. tigig

was obtained and MW was determined by comparing the GPC spectrum

GYXLIPI%EQﬁ%%u{é?ﬂ};%%ﬁ?éfﬁﬁned using narrow MW Mystyrerﬁ§tandardﬁ?

Molecular weight ~25,000 ~11,000 ~32,000
Table 2
Structures of Poly(arylene ethers) 1a — 1c prepared from Ullmann Reaction
Polymer Synthesized Symbol
1a
1b
1c
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The thermal stability of each polymer was studied by thermogravimetric
analysis (TGA) using a TA instrument, TGA 2960. Approximately 5 to 10 mg
of a finely divided polymer powder was heated from room temperature to
1000C in a ceramic cell at a linear heating rate of 10C/minute. Heating was

dmﬂyi@%ﬁér aitnitraghuiisalmeurtanbdamopteniaue. AQeatha 5-
transition (Tg) of each polymer was determined by differential scanning

disalsimesy (RSSHovEng ATA PoljwpashOSE2PIB. Araing B A8upgtRhited pyridine

finely divided polymer powder was enclosed in a hermetic pan. The hermetic

adAR G alBNE - dsuinsd pPdansiesence PRIpIaRada aveee) laceshtaifs a 2-
the cell which was then heated at a linear heating rate of 10C/minute in

subtvEesd PeaditenasiAherelanE 6 usis iBBiReted sy ridase aeoaded and

processed with a Universal Analysis program. 17 Dielectric constant of each

pPalearsrageneRsEarh A8 B TNWSEH e, JolMaP W I deleetfihed using a
Analyzer. The mode function used in the instrument was parallel plate mode.

WAtemRePUIE B gsisivaliendanec PRgHEATR LR IPHETIHENS Mikebhdivitedibed columns.
polymer powder was pressed into a pellet with a diameter of 25 mm and a

Oifiakigesspdiicionhs tiszolvee ieree msed THPTesPLE gelws)\wasns2Handred

The pellet was placed between parallel plate sensors and a sinusoidal

mi@bigessiscappligtcrioarfighety Soligliectivaconfaatsd oh e pelysienvand a refractive
temperature was recorded and processed using the Universal Analysis

ingesgrR M dedéBIdPIvESLUSEAING Dbl QhdPolytife yaasethre Gidiap dmradzdion
flask, 0.06 gm (0.61 mmol) of copper(l) chloride was added to 0.6 ml of

Clgwhﬁi@gWﬁ@i(@B(Dﬁdpé@trmjﬁ‘D@fGRIb&snﬁﬁte%mmmW@hdtMW\ﬂaQ@@termined
bch:roArfparing the GPC spectrum with a measurement performed using narrow MW
polystyrene standards.

The thermal stability of each polymer was studied by thermogravimetric analysis
(TGA) using a TA instrument, TGA 2960. Approximately 5 to 10 mg of a finely divided
polymer powder was heated from room temperature to 1000°C in a ceramic cell at a
linear heating rate of 10°C/minute. Heating was done in dry air and nitrogen with a flow
rate of 75 cm®minute.

The glass transition (Tg) of each polymer was determined by differential scanning
calorimetry (DSC) using a TA instrument, DSC 2920. About 5 to 10 mg of finely divided
polymer powder was enclosed in a hermetic pan. The hermetic pan containing the
polymer and a reference hermetic pan were placed into the cell which was then heated

at a linear heating rate of 10°C/minute in nitrogen. Heat flow of the polymer vs.

temperature was recorded and processed with a Universal Analysis program.

17



hours. A mixture of 1 gm (2.86 mmol) of 9,9-bis(4-hydroxyphenyl)fluorene,
2.5 gm of toluene and 5 gm of benzophenone was charged to a 50 ml,
3-necked, round bottom flask fitted with a distillation set, magnetic stirrer and
thermometer. The mixture was heated to 60C with stirring and in a nitrogen

emiBRIUMREoASRIOMOREN iy hast Raseashed 0s263 8MAGHER el, BEA 2970

agueous sodium hydroxide solution was added dropwise to the mixture. A
Di¢RiEriaZReHIRerWahthaibgellefietbhyusaerivnthdistiaiioneat waLirMalesd plate mode.

temperature. After complete dehydration and removal of toluene, the

AlleasHenraéme Wasecaotaslifnd eanddempenatormasid. trarisfitnliee $eolyaser powder
replaced by a condenser. The reaction mixture was then heated to 80C and

wasGSrasadd. ffto apelleeivih-dibrameidien 2B e masacd e ckheseation to 0.6 mm.

mixture was then heated to 180C and a 0.6 ml portion of copper(l)

Tied ride/gsdanitnpreaatyis! psippdded I thd 8 TRRCHeNSNREY 1MEsd between parallel

maintained at 180C for 17 to 24 hours at which time most of the disodium

plasdt sk 8rbiatty drexy ol Nivieigaevzrcegpliednt@ satititnityAddl8d@ne constant) of

portion of dry copper(l) chloride powder was added to the reaction mixture.

théplyesstion temperatuie was inueaketidad picessbmaiiignaed tohikérsal Analysis
hours. A 0.3 gm portion of 2-bromothiophene was added. After 1 hour, the

pregfelion mixture was cooled to 100C and 5 gm of toluene was added. The
reaction was then quenched in a rapidly stirred solution of acetic acid and
methanol. The precipitate obtained was first Soxhlet- extracted with methanol
for 24 hours faiiARPLEC@NS THBSISOF24PbyurarFarallpthide pegcipitate

was Soxhlet-extracted using chloroform. The volume of the chloroform
extract was reduced and reprecipitated in 100 ml of methanol. The polymer

obtained was dried under vacuum at 70C overm ht to obtain a yield of
R &S M Jtaskn @ Hogm (0.61 mmol) of copper(T) chloride was added to 0.6 ml of

quinoline contained under a nitrogen blanket. The mixture was stirred at 25°C for 48
hours. A mixture of 1 gm (2.86 mmol) of 9,9-bis(4-hydroxyphenyl)fluorene, 2.5 gm of
toluene and 5 gm of benzophenone was charged to a 50 ml, 3-necked, round bottom
flask fitted with a distillation set, magnetic stirrer and thermometer. The mixture was
heated to 60°C with stirring and in a nitrogen environment. After homogeneity had
been reached, 0.263 gm (5.72 mmol) of aqueous sodium hydroxide solution was added
dropwise to the mixture. A water azeotrope was then collected by vacuum distillation at
an elevated temperature. After complete dehydration and removal of toluene, the
reaction mixture was cooled to room temperature and the distillation set was replaced
by a condenser. The reaction mixture was then heated to 80°C and 0.69 gm (2.86
mmol) of 2,5-dibromothiophene was added. The reaction mixture was then heated to

180°C and a 0.6 ml portion of copper(l) chloride/quinoline catalyst was added. The
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Those skilled in the art will recognize that other aromatics such as
anthracene, terphenyl, and naphthalene, can be substituted for
9,9-bis(hydroxyphenyl)fluorene to obtain thermally stable poly(arylene
ethers) with a low k value that are useful in the present invention. While this

relvesrienarcheas privtalngy ahasoCantbeeycided Matyseievenicd Wmbitost of the

preferred embodiments thereof, it will be understood by those skilled in the
digsdinat sarieps, oA I9HA &) AekrEs &R gdnadety EBRIICHE PATIITR gm

from the spirit and scope of this invention. 19 We claim: 1. A poly(arylene

pcHisH ) ARPESHHEHIG SHIEHES MdrATaSvAsded I ene Yatleiionhakdire. The

divalent Ar2 are heteroaromatic groups that incorporate 0, N, Se, S, or Te or

regefinnatans:afihe \aber assiskelinenti®ePd ARdAmAiALZinee eonPecedr A 0.3 gm
9,9- bis(hydroxyphenyl) fluorene moiety through oxygen (0) linkages. 2. The

pdreibtiasy BRresieni@sieendingt fdaisd 1 meraimdvt ane AFdotishselireles was cooled

from the group comprised of: --~~ N X/ X N=N X = S,0,N,Se,Te X =
to.00RCSenBiesath df AbNeMe was added. The reaction was then quenched in a rapidly
stirred solution of acetic acid and methanol. The precipitate obtained was first Soxhlet-
extracted with methanol for 24 hours followed by acetone for another 24 hours. Finally,
the precipitate was Soxhlet-extracted using chloroform. The volume of the chloroform
extract was reduced and reprecipitated in 100 ml of methanol. The polymer obtained
was dried under vacuum at 70°C overnight to obtain a yield of between 10% and 50%.

Those skilled in the art will recognize that other aromatics such as anthracene,

terphenyl, and naphthalene, can be substituted for 9,9-bis(hydroxyphenyl)fluorene to
obtain thermally stable poly(arylene ethers) with a low k value that are useful in the
present invention.

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of this invention.
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<\\' N N 3. The poly(arylene ether) according to claim 1 wherein n is from 5 to
10000. 4. The poly(arylene ether) according to claim 1 wherein Art is a
2-substituted thiophene and Ar2 is a 2,5-disubstituted thiophene. 20 5. The
poly(arylene ether) according to claim 1 wherein Art is a 2-substituted
WiYEldiae and Are is a 3,5-disubstituted pyridine. 6. The poly(arylene ether)
according to claim 1 wherein Art is a 2-substituted pyridine and Ar2 is a
AlpelyilleAutidnecdmpisingariarguhen according to claim 1
wherein the 9,9- bis(hydroxyp enyl) fluorene moiety is replaced by
anthracene, phenanthrene, naplithalene, terphenyl or ®ther aromatic
compounds that are capable @af: mlng a poly(arylaucngr er) with a low
dielectric constant of less than $ b|||ty 0 about 350C or
greater. 8. The poly(arylene eth r) glaim 1/ further characterized
as having a dielectric constant of les The po?y(arylene ether)
according to claim 1 further charag g a thermal stability of
about 350C or greater. 10. The po et¥€r) according to claim 1

widrsh ﬁ&!fﬁ?«?&@&'ﬂ@%ﬁmw ‘f"l(”é?eﬂﬂe?@%&ﬂﬁﬂ%ﬂlego ﬁggjﬁé’f‘?n@orporateo N, Se,

form a dielectric Iayer having a t |ckness etween about 1 15000

SA&QF’H OMSorhbirdifoReN etﬁ%eﬂﬁu%%ﬁ é‘i‘é‘?ﬂé‘i‘ifbgatﬁocﬂd”hﬁg Whs é?é“g%ﬂﬂected to a9,9-

poly(arylene ether) layer is ed between 50C and 250C for a perlo

b IBRAT MGt MLy through oxygen (O) linkages.

2. The poly(arylene ether) according to claim 1 wherein Ary and Ar, are selected

from the group comprised of:

X X
X =8,0,N,Se,Te X=80,N,SeTe

7z
LT

A r%

3. The poly(arylene ether) according to claim 1 wherein n is from 5 to 10000.
4. The poly(arylene ether) according to claim 1 wherein Ary is a 2-substituted

thiophene and Ar; is a 2,5-disubstituted thiophene.
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by curing in a furnace or by rapid thermal annealing at a temperature
between 200C and 400C for a period of from 5 to 120 minutes. 21

5. The poly(arylene ether) according to claim 1 wherein Ary is a 2-substituted
pyridine and Ar; is a 3,5-disubstituted pyridine.

6. The poly(arylene ether) according to claim 1 wherein Ary is a 2-substituted
pyridine and Ar; is a 2,6-disubstituted pyridine.

7. The poly(arylene ether) according to claim 1 wherein the 9,9-bis(hydroxyphenyl)
fluorene moiety is replaced by anthracene, phenanthrene, naphthalene, terphenyl or
other aromatic compounds that are capable of forming a poly(arylene ether) with a low
dielectric constant of less than 3 and a thermal stability to about 350°C or greater.

8. The poly(arylene ether) according to claim 1 further characterized as having a
dielectric constant of less than 3.

9. The poly(arylene ether) according to claim 1 further characterized as having a
thermal stability of about 350°C or greater.

10. The poly(arylene ether) according to claim 1 which is dissolved in an organic
solvent and spin coated on a substrate to form a dielectric layer having a thickness
between about 1000 and 15000 Angstroms.

11. The poly(arylene ether) according to claim 10 wherein said poly(arylene ether)
layer is baked between 50°C and 250°C for a period of from 0.5 to 30 minutes followed
by curing in a furnace or by rapid thermal annealing at a temperature between 200°C

and 400°C for a period of from 5 to 120 minutes.
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