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_TECHNICAL FI ELD OF THE INVENTICN The present invention is directed
td the field of poly(arylene ethers) dielectrics which do not contain any
functional or reactive groups in the polyner, such as activated fluorine
substituents. Mre particularly, the present invention is directed to
nonf uncti onal i zed pol y(aryl ene ethers) used as | ow dielectric insulating
| ayers in electronics applications andi articles containing such
pol y(aryl ene ethers). BACKGROUND OF THE
| NVENTI ON The el ectronics fabrication i ndustry uses dielectric
materials as insulating |ayers between various circuits and | ayers of
Clrcuits L0 1t oo NOIFONETIONALZES PGl Vialin NEETABRY Dl Fhfes /S the
el ectronics fabricatron 1 ndustry noves toward nore circurtry wth
finer- circuit or line geonetry in nore densely-packed circuit pattens, the
dielectric constant requirenents of the insulating |ayers grows nore
demandi ng for | ower val ues. Therefore, there is a need in the
el ectronic fabrication industry for the replacenent of silica-based,

i nterlayer dielectric nmater TECHNICAD FIELL HE INVE - dielectric values.
Silica and its nodified versions have die ectrlc -val'ues on the order of

The present invention is directed to the field of poly(arylene ethers) dielectrics

which do not contain any functional or reactive groups in the polymer, such as activated
ﬂuorin_e substituents. More particularly, the present invention is directed to
nonfunctionalized poly(arylene ethers) used as low dielectric insulating layers in -

electronics applications and articles containing such poly(arylene ethers).

'BACKGROUND OF THE INVENTION

The electronics fabrication indt_xstty uses dielectric materials as insulating layers
between various circuits and layers of circuits in integrated circuits and related electronic
devices. As the electronics fabrication industry moves toward more compact circuitry
with finer circuit or line geometry in more densely-packed circuit patterns, the dielectric
constant requirements of the insulating layers grows more demanding for lower values.

Therefore, there is a need in the electronic fabrication industry for the
replacement of silica-based, interlayer dielectric materials with materials of lower
dielectric values. Silica and its modified versions have cﬁelectric values on the order of
3.0to 5.0 and usuallyl 4.0 to 4.5. Polymeric 'rnaterials used as replacements for silica as
intei'layer dielectric materials can have values for dfelectric constant in the range of 1.9 to

- 3.5, which values are highly dependent on the structure of the polymeric materials. To

successfully replace silica as an interlayer dielectéic_ material, the properties of polymeric
materials must conform to the rigid manufacturing requirements for integrated circuits or

microchips in the electronic fabrication industry.



3.0 to 5.0 and usually 4.0 to 4.5. Polyneric materials used as repl acenents
for silica as interlayer dielectric materials can have values for . o
‘di'el ectric .constant in the range of 1.9 to 3.5, which values are highly
-dependent on the structure of the polyneric materials. To successfully’
‘replace silica as an interlayer dielectric material, the properties of
“polymeric materials nust conformto the rRBgid manufacturing requirenents
for integrated circuits or mcrochips in the electronic fabrication '

~industry. - 2-
Various pol ynmers have been proposed and utilized as dielectric :ﬁt?ri al s
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‘thermal Iy ungibiing offsliyiniides - érgdhit Sélvents. The presence of fluorine in the fluorinated
poly(arylene ethers) which were proposed as substitutions for low dielectric materials
enhanced the synthesis of the fluorinated poly{arylene ethefs) by activating the
appropriate sites in the polymer precursors as well as providing low dielectric values. In
a;idition, polyimides have been altered with thermally unstable derivatives which
decompose to gaseous byproducts to provide a self-foaming polyimide dielectric material
which has reduced dielectric constants taking advantage of the low dielectric constant
value of air which is 1.00.
Neil Hendricks, Brad Wan and Aaron Smith reported in “Fluorinated Poly(aryl
ethers): Low Dieléctric Constant, Thermally Stable Poiymers for-Sub-Half Micron IMD
Applications” presented at the DUMIC Conference, February 21-22, 1995, pages
283-289, polymers of fluorinated poly(ary! ethers) developed at Allied Signal provide low
dielectric constant, interlayer dielectric materials. These fluorinated poly(aryl ethers)
were found to have low dielectric constants and extremely low levels of adso_rption and
outgassing of moisture during processing. As depicted in Fig. 3 of the article, SiF4 was
detected as a decomposition product of the polymer at temperatures of about 540°C.
The polymers were representative of those disclosed in U.S. Patent 5,115,082.
Frank W. Mercer and Timothy D. Goodman reported in “Development of Low
Moisture Adsorbing Low Dislectric Constant Dielectrics for Multichip Module Fabrication”
in the proceedings of the International Electronics Packaging Confe_renée. Mariborough,
. Massachusetts,. September 1990, pages 1042-1062, that various polyimides can be used



deconpose to gaseous byproducts to provide a self-foam ng polyimde
dielectric material which has reduced dielectric constants taking
advantage of the low dielectric constant value of air which is 1.00.

Nei | Hendricks, Brad Wan and Aaron Smith reported in Fluorinated Poly(aryl
ethers): Low Dielectric Constant, Thermally Stable Polymers for Sub-Half
Mcron | MD Applications presented at the.puJM C Confer.ence, February

21- 22,1995, pages 283-289, polyners of fluorinated poly(aryl ethers)
devel oped at Allied Signal provide low dielectric constant, interlayer
dielectric materials. These fluorinated poly(aryl ethers) were found to
have | ow di @sdiaiedtic metesalsiorsmultichiemodules by fluerinating thespolyimers opip20%n and
out gassi-ng of noisture during processing. As depicted in Fig. 3 of the
article, Sifperingbyweightydthepelymer Tedeeompasation ¢f diHorineeantainipg sroupspol yner
at tenperatures of about 540[err]C. The polyners were representative of
t hose di scl pseduceq redustiopin diglectsic constantand moisture adspfdigh- \W Mer cer and

Timothy D. Goodman reported ipn "Devel o nt of Low. Misture Adsorbing Low |
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hydroxyphenyl)fluorene. The polymers were cited to have good properties for electronic
applications.

Frank W. Mercer and Timothy D. qudman in “Factors Affecting the Moisture
Adsorption and Dielectric Constant of Fluorinated Aromatic Polymers” appearihg in
Polymer Preparation (American Chemical Society Division of Polymer Chemistry),

Vol. 32(2), 1991, pages 189-190, disclose that dielectric values of polyimides and
fluorinated poly(aryl ethers) are dependent on the presence of polarizable groups such as
imide linkages, as well as ketones, sulfones, and nitrile groups. The reported polymers
had either these polarizable groups or activated fluorine in their chemical structure. The
presence of the polarizable groups was disclosed to have detrimental effects on dielectric
constants and moisture adsorption.

Raychem Corporation has patented various fiuorinated poly(aryl ethers) which
may be crosslinked and/or end waf:ped to control polymer parameters, which polymers
are recited to have desirable properties for dielectric materials used in integrated circuit
fabrication. These patents include U.S. Patent 5,108,840, U.S. Patent 5,114,780, U.S.
Patent 5,145,936, U.S. Patent 5,155,175, U.S. Patent 5,173,542, U.S. Patent 5,204,416,
U.S. Patent 5,235,044, U.S. Patent 5,270,453 and U.S. Patent 5,1 79,188.

L. M. Robeson, A. G. Famham and J. E. McGrath in “Effect of Structure on the
Dynamic Mechanical Behavior of Poly(Aryl Ethers)” appearing in ACS Polymer Preprints,
Vol. 16(1), page 476-479, 1975, disclose the synthesis of various poly(aryl ethers), some



produce a -reduction in dielectric constant and noi sture adsorption.

Frank. Mercer, David Duff, Janusz W)jtow cz and Ti nothy Goodman in "Low
Dielectric Constant Fluorinated Aryl Ethers Prepared From . _ o
Decaf | uor obi phenyl" appearing in Polyner Mteral Science Engineering, Vol.
66, 1992, pages 198-199, report- five new fluorinated poly(aryl ethers).

Pol ymer No.” 2 was produced using 9, 9-bis(44- hydroxyphenyl)fl uorene. The
polymers were cited to have good properties for electronic applications.
Frank W Mercer and Tinothy D. Goodnman in "Factors Affecting the Misture
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atoms, inclusive. The utility of these polymers is recited to be for shaped and moided
articles in the preparation of film and fiber products.
M. J. Jurek and J. E. McGrath in “The Synthesis of Poly(Arylene Ethers) via the
Ullmann Condensation Reaction” appearing in Polymer Preprint, Vol. 28(11), 1987,
pages 180-183, disclose the cuprous catalyst-driven condensation between a
halogenated monomer and a dihydric phenyl to produce poly(arylene ethers). The
polymers are described as having enhanced radiation stability and lower moisture
adsorption relative to polyether sulfones, but no other utility is provided.
The prior art has synthesized various poly(arylene ethers) by the Uliman
condensation using cuprous catalysts. These poly(aryiene ethers) have not been
identified with a particular utility other than as moldable or castable polymers. The prior
art has also suggested the use of fluorinated polyimides and fluorinated poly(arylene
ethers) produced by different syntﬁeses for use as low dielectric materials in intéﬂayer_
dielectric materials for integrated circuits and electronic devices. However, these two
classes of polymers are not fully acceptable for interlayer dielectric materials due, in the
case of polyimides, to the polarizable groups and the hydrophilicity of the materials in the
presence of watef or high relative humidity, and in the case of fluorinated poly(arylene

ethers), the potential evolution of fluorinated byproducts at elevated temperatures and



Dynani ¢ Mechani cal Behavi or of Poly(Aryl Ethers)" appearing in ACS Polymer
Preprints; Vol . 16(1), page 476 479, 1975, disclose the synthesis of
various poly(aryl ethers), sone _ S y '

-4- of which have sul fone bridging groups and ot her which have
oxygen-bridging groups. No particular utility is suggested for these

pol yners. L. M Robeson, A G Famhamand J. EE. McGath in _
"Synt hesi s and Dynam ¢ Mechani cal Character.i stics of Poly(Aryl Ethers) in
- Appl i ed Pol ynmer Synposium No. 26 1975, pages 373-385, disclose poly(aryl
ethers) with sulfone bridging groups. Ether |inkages and carbon-to-carbon
chem cal bonds are al so contenplated in replacenent of the sulfone
“bridgi ng unithe reactivity of the fiorinated groups 3sspetidlly with metaise SThemqirgsent inveation

pol yet hers having various di hydric dinuclear phenyls wherein R and R can
be hydr ocar myercomésdhese drawbagks by recogsizingraxniquextilitydor 4 elassief poly(arytene _
utility of these polyners is recited to be for shaped and nolded articles
in the prepathershas afeplacementigr siliga-pased iieleqtric material wherejn the poly(asylengd J.
E. MGath in "The Synthesis of Poly(Arylene Ethers) via the. Ul mann
Condensat i orPtRgradeesnpt haye) qufwga%g%?%@mepﬂw PAPhenylated sarben), flupgpated

pages 180-183, disclose the cuprous cajalyst-driven condensatipn he en a
Rl ogenat e SBAGHBHS 2% SHNGHY BPREEsH hpelansl oy, wole Brylain 4 Bie dBlefies)
The constant, high thermal stability, and low hydrophilicity under high relative humidity

conditions, as will be set forth in greater detail below.

1 M

The present invention is a dielectric material provided on a microelectronic device,
wherein the dielectric material contains a poly(arylene ether) polymer comprising

repeating units of the structure:

{o Arr— 0O Al'g}{ o) Ar;— 0O Ar.,}
m n

wherein m = 0 to 1.0; and n = 1.0 - m; and Arq, Ar2 , Ar3 and Ary4 are individually divalent
arylene radicals.

Preferably, Ar{, Ar2 , Ar3 and Arg4 are individually selected from the group

consisting of;

D
gﬁ OGOQ
Ve Ve VAR




pol yners are

descri bed -as havi ng -erihan_ced r adi ation stabil i-t'y and | ower

moi sture adsorption relative to polyether sulfones, but no other utility

I's provided.

" The prior art has synthesized various pol y(aryl ene

ethers) by the U | ran condensati on usi ng cuprous catalysts. These

pol y(aryl ene

et hers) have not been |dent|féed with a particular utility

ot her than as nol dable or castable polyners. The prior art has.al so

suggested .the use of. fluorinated polyin des and fl uorinated poly(arylene'
' t syntheses for use as low dielectric materials
pperials for integrated circuits and electronic

ethers) produced g
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devi ces. I—|0vve'V'éT"t vvo‘—l"- Crasses of pol yners.are not fully acceptable
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etReLe , [ N\ I on of fNages gAfproduct s at
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of water or
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the reactivity oféthe fl uori nated
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ethers) as a
pol y(aryl ene

r silica-based dielectric material wherein the
et her) does not have nonaromatic carbons (other than

per phenyl ated car isefprably, ms0inands-0.5ubst i t uents or significantly
pol ari zabl e functional groups, while providing a |ow dielectric

AItematijrer, m=1 and Arq is biphenyl diradical.

Further alternatively, m=1 and Arq is terphenyl diradical.

Preferably, micfoeleclronic device is an integrated circuit.

More preferably, the integrated circuit has conductive regions and the diefectric
material is provided adjacent the conductive region. |

Preferably, the dielectric material is provided between conductive regions.

More preferably, the conductive regions are conductors and the dielectric material
is provided between adjacent conductors.

Preferably, the dielectric material is a layer between the conductors.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph of thermal stability of polymers of the present invention (PAE-
2 to 4) compared to a polymer of the prior art (PAE-1) at 450°C in a nitrogen atrriosphere
as a function of time. Thermal'stability is measured by percent weight loss.

| Figure 2 is a graph of dynamic mechanical property of the polymer of the present
invention synthesized in accordance with Example 3 and crosslinked in accordance with
Example 6 wherein modulus of a film of the polymer is plotted against increasing
temperature.
DETAILED DESCRIPTION OF THE INVENTION
As interconnect dimensions in integrated circuits shrink well below one-half

micron, traditional interiayer dielectrics, with their relatively high dielectric constants,

case of pon|n1des to the
' s~ presence



const.ant, high thermal stability, and | ow hydrophilicity under high
relative humdity conditions, as will be set forth in greater detai

bel ow. ' BRI EF SUMVARY OF THE | NVENTI ON The
present invention is a dielectric material provided on a mcroelectronic
device, wherein the dielectric material contains a poly(arylene ether)

pol ymer conprising repeating units of the structure: [err] wherein m
=0to 1.0; and n = 1.0 - m and Ar[err]-7A[err], Ar[err] and Ar[err] are
i ndi vidual ly dival ent aryl ene radicals. Preferably, Arferr],
Arferr], Ar[ferr] and Ar[err] are indvidually selected fromthe group

consi sting of;, \ . . . =6 -

[err] Proyide upacgpptpble Joyels ofcapagifanps in interconnpels, Thergisa peed ihthene

diradi cal ?m%@%lé"d“ cﬁrr&ﬁt f(I T%rdﬁgﬁy fof ﬁ'nrénr%tplageemien Ooq%{lii:ac bgscgg, %?érﬁ%l:s dielectric
(ILD) materials with materials of lower dielectric (g) values. Silicé and its modified
versions have ¢ values on the order of 3.0-5.0 (usually 4.0-4.5).

Organic polymers are, in general, known to exhibit significantly lower dielectric
constants than inorganic oxides and nitrides, and thus may be considered as candidates
for the intermetal dielectric in future integrated circuits. However, the challenges
as_sociated with integrating organic polymers are significant. For example, the thermal
and thermal-oxidative stability of most organic polymers is far too low to allow integration,
given current typical back-end-of-the-line process temp'eratures.' Some classes of
polymers, notably polyimides and other polymers based largely or exclusively on
aromatic linking grbups, appear to exhibit sufficient thermal stability to withstand current
back end processing temperatures. Additional key requirements in polymer dielectric
candidates include (a) low dielectric constants to provide significant reductions in
capacitance, and (b) extremely low levels of adsorption and/or outgassing of moisture
during thermal processing.

Polymeric materials can have & values in the range of 1.9-3.5, which is highly
dependent on the structure. The present invention provides a new family of polymeric
materials that are superior to the currently considered polymeric materials for this
application and other applications, such as multichip module packaging, encapsulation
and flat panel display. The poly(arylene ethers) of the present invention exhibit an
excellent combination of thermal stability, low dielectric constant, low moisture absorption
and low moisture outgassing. in order to replace silica as an ILD, the properﬁes of the
polymeric material must conform to the rigid manufacturing requirements for microchips.

Table 1 summarizes the requirements set by IC manufacturers.



Pr.ef erébl y,. 0. 5 a{nd n=0. 5. Al ternati vel y, nmrl and Ar [ err]

bi'phenyl diradical. Further alternatively, nmel and Ar[err] |s

ter phenyl diradical. Preferably, mcroelectronic device is an
integrated circuit More preferably, the integrated circuit has
conductive regions and the dielectric natgrial is provided adjacent the
conducti ve region. Preferably, the dielectric material is provided
bet ween conductive regions. Mor e preferably, t he conductive regions
are conductors asl O 6 it Gwe 7 = 5 Manaeictaebrgcent
conduct ors. Y, _ y pet ween

t he conduct or ma OF THE DRAW NGS
Figure 1 is e;mge@l%hsm?lmiyhernal st abi ﬁhi)d’d) BT

O#g pr esent
invention (PAE- 2 to 4) conpared to pr| art (PAE-1) at
450[err]C’in a nitrogen atnosphere u &: (9 01‘t time. Th o
stability is neasured by percent wei en eposnon.Fl gure S %%aph
of dynam ¢ mechani cal property of th hWW@W@" “present A
synt hesi zed i n accordance with Exanple 3 and crossli nked in accordance with
Exanpl e 6 whdPieleatriegeamstadt of a fi|m @slqm@opmﬁmlvzg gsllewered agai nst
I ncreasing tenperature. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON  * Moisture\dbsarplianconnect di kedsthand.8 wt%.nt egrated circuits shrink
wel | below one-half micron, traditional interlayer dielectrics, with their
relatively hllgurapleDiadnotﬁcchmb.st ant s No anisotropy. Perpendicular and parallel

dielectric constants must be the same and

uniform across the wafer.

* HighTg Greater than 400 °C or greater than 250°C
if crosslinked.

* Adhesion to Cu, Al, SiO2 This is a must but adhesion promoters

and Si can be used.

* Low stress Optimum CTE (coefficient of thermal
expansion)would be the same as for SiO2.

* Must be patternable ' Should be directionally etchable by RIE (reactive ion
etching).

* Chemical Compatibility ‘No reactivity with metals (i.e. possible reaction

between Al lines and fluorinated polymers at
elevated temperatures; Solubility of Cu in some

polymers)
* No solvent absorption No sWelIing due to photoresist solvents.
* Compatibility with CMP Necessary if Damacene process used.
(chemical-mechanical
polishing)

" The present invention is a dielectric material provided: i) on a microelectronic
device; ii) between various conductive devices of '_ar_1 integrated circuit in a
miéroelectronic device; iii) between conductors in a circuit pattem of an integrated circuit;
or iv) other similar structures and composites for microelectronic applications, wherein
the dielectric material contains a poly(arylene ether) polymer comprising repeating units

v of the structure:



-7- . provide unacceptable | evels of capacitance i.n interconnects. There i's

a need inthe integrated circuit (1C) industry for the replacenent of
silica based, interiayer dielectric (ILD) materials with materials of |ower
dielectric ([err]) values. Silica and its nodified versions have [err]
values on the order of 3.0-5.0 (usually 4.9-4.5). Organi c pol yners
are, in general, known to exhibit significantly |lower dielectric constants
t han i norgani c oxides and nitrides, and thus may be consi dered as

candi dates for the internetal dielectric in future integrated circuits.
However, the challenges associated with integrating organic polyners are

significant. for exanple, the the | and thernal - oxi datijve stability of
nost or gani l.—E'DOy'n'ErArfi-S‘ Oar—t Alp ® =t Argt Ograt AT gi ven current
typi cal back-end-of-the-line process tenperatures. Sone cl.asses of

pol ynmers, notably polyim des and bt her pol ymers based | ar 5‘e| y or

exclusively on .aromaticallnkling groups, appear to exhibit suffici ént

t. her mal stayﬁﬂef@[nt'ge\% ﬁﬂbérgyr%'gudr;r@ht back end processing tenperatures.
Addi ti onal key r I I NaDO i el L j | (a)
| ow dielectric cgﬁ%@ﬁﬁgﬁﬁﬂf 0 'h@%‘%‘?ﬁ@ﬂ@g{r‘\@ h ?eé’é%%?‘?g€€6f®°}e%g‘%ﬁ9ance,

and. (0), et iQEinienr it betoetoa #6705 1dIEHINg Ul Bhrdl g HirabgRharBirain ©

during thermal processi ng.

val ues in tR/e, 23S, 6f the dihydraxy forhi, Ay artd ) 'ggbhar to%&ﬁi%ﬁﬁﬁon??re?é’rﬁb the

structure. THe present inveéntion provides new fam'ly of polyneri _
material s t BitorAihGted fatRT foPtheldihdlidtnatetTori And Srefvalshp thRbaiRISINg 'sodiufber | al s

for this application and other applications, such as multichip nmodul e

packagi ng, mARAPROMhIéH the dihydroxy, respectively, wherein the mix of monomers is such that a
dihalogenated monomer, Arp and/or Ar4, and a dihydroxy monomer, Arq and/or Arg, are
selected for co-etherification in the Uliman condensation; and Arq, Ara, Arg and Argq
together cannot be isomeric equivalents unless compound | is present, because of
crystallization problems, but subsets of less than all the Ar structures can be isomeric

equivalents):

A - phenylene:

~7

B - biphenyl diradical:

C - para-terphenyl diradical:

WaWaW

D - meta-terphenyl diradical:



‘and flat panel display. The poly(arylene ethers) of the present jnvention
exhibit an excellent comnbination of thermal stability, low dielectric
constant | ow noi sture absorption and | ow noisture outgassing. In order to
replace silica as an ILD, the properties of the polyneric material mnust
“conformto the rigid manufacturing requirenments for mcrochips. Table 1
sunmari zes the requirenents set by | C manufacturers.

. - 8- Table 1. Summary of Low [err]. ILD Requirenents Set by IC
Manuf acturers * Thermal Stability -100st have thernal stabili ty
>400[ err] C in vacuum or form ng gas : o
(N[err] with 4% Herr]). N CVD Tungst en
Deposi ti on: é-é&%%n@ diradical: CVvD Copper

Deposi ti on:
3.0, preferably
W% * Isotrop

[err]C * Dielectric Constant Bel ow
* Mbi sture Absorption Less than 0.5
Const. No ani sotropy. Perpendicul ar and

par al | el di el ectric constants must be

t he sanme and uni form across the wafer.

* H gh Tg G eater than 400 [err]C or greater than
250C if crosslinked. * Adhesion to Cu,
A, SidJerr] This is a nust but adhesion pronoters and Si

can be used. °Flimaphtialerrsdiradical: Opt i mum CTE (coefficient

of thermal expansi on)woul d be the sane

as for Sigerr O

G - anthracene diradical:

.

H - phenanthrene diradical:




* Must be pattemabl e Shoul d be directionally etchable by R E
(reactive ion etching). * Chem cal
Conmpatibility No reactity with nmetals (i.e. possible reaction
between Al lines and fluorinated pol yners at

el evated tenperatures; Solubility of Cu in sone

polymers) * No sol vent absorption No swel ling due to photoresist
solvents. -* Conpatibility with CWP 11 Necessary if Damacene process
used. (chem cal - mechani cal pol i shi ng) The present invention
Is a dielectric material provided: i) on a mcroelectronic device; ii)

betvveenvrlosc jces of an integrated circuit in a

m croel ec @ é@!ﬁ#@ d)f’.%f‘%gm en conductors in a circuit pattern of an
integrated CII‘CUI'[ or iv) other simlar structures and conposites for

m cr oel ectyoni g appllc tions, wherein the dielectric material contains a
pol y(aryl ey o €r conprising repeating units of the structure:
-9 - [err] m=0to 1.0, and n = 1.0- m . The nononers
Arferr], Ar and/or Ar[err], which represent one or nore
aromatic

Variations in Ar{, Ar, Arg and Ar4 allow access to a variety of properties such as
feduction or elimination of crystallinity, modulus, tensile strength, high glass transition
temperature polymer, etc.. These polymers are essentially chemically inert, have low
polarity, have no additional functional or reactive groups and are thermally stable to
temperatures of 400-450°C in inert atmosphere.

' In addition to the basic polymer structure, the polymer of the present invention
dielectric material may also be crosslinked, either by crosslinking itself, through exposure
to temperatures of greater than approximately 350°C, or by providing a crosslinking
agent as well as end capping the polymer with known end cap agents, such as
phenylethynyl, benzocyclobutene, ethynyl and nitrile.

“The polymers contained in the dielectric material of the present invention can be
homopolymers, consisting essentially of a single repeat unit, such as one of the
aforementioned phenylene or biphenyl diradical and the 1 structure fluorene derivative

" combination or the polymers can be copolymers comprising a repeat unit of the structure
of the present invention in combination with other repeat units of polyols and phenyls
known in the art. For instance, the poly(arylene ether) polyme'rs of the present invention
can be a copolymer of the etherification of phenylene A with ' | |
9,9-bis(4-hydroxyphenyl)ﬂuorene and bipheny! diradical B similarly etherified with the
named fluorene derivative. Various combinations of compounds A through J are also
pessible. so long as if the same monomer is used it has differing isomeric structure.

Ina copolymer where repeating units of this inV_enﬁon are combined with the

repeat unit of another type of polymer, itis breferred that at least 60 mole%, more



ring.structures can be selected fromthe follow ng structures (in the

di hal ogenated form Ar[err] and Ar[err], or the dihydroxy form Arf[err] .

and Ar[err], prior to polynerization, preferably the dibrom nated formfor

t he di hal ogenated form and preferably the potassium sodiumor [ithium

formfor the di hydroxy, respectively, wherein the m x of nononers is such

. that a dihal ogenated nononer, Ar[err] andl%or Arferr], and a dihydroxy
nononer, Ar[err] and/or Ar[err], are selected for co-etherification in the

U | man condensation; and Ar[err], Ar[err], Ar[err] and Ar[err] together
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meta-terphenyl difigdiihers of this invention are non-unctional in that they-are chemically inert
and they do not bear any functional groups that are detﬁmentgl to their application in the
fabrication of micrbelectronié devices. They do not have darb_c;nyl moieties such as
amide, imide, and ketone, which promote adsorption of water. They do not bear
halogens such as fluorine, chlorine, bromine, and iodine which can react with metal
sources in metal deposition processes. They are composed of essentially aromatic
carbons, except for the bridging carbon in the 9,9-fluorenylidene group, which has much
of the character of aromatic carbons due to its proximity to aromatic structures. For
purposes of the present invention, that carbon is deemed to be a perphenylated carbon.

The polymer of the present invention can be used as coatings, layers,
encapsulants, barrier regions or barrier layers or substrates in microelectronic devices.
These devices may include, but are not limited to multichip modules, integrated circuits,
conductive layers in integrated circuits, conductors in circuit pattems of an integrated
circuit, circuit boards, as well as similar or analogous electronic structures requiring
insulating or dielectric regions or layers.

The polymers of the present invention dielectric material may be used in a
multichip miodule wherein a substrate typically made of silicon, glass or ceramic supports
high density, multilayer interconnects in which the dielectric material providing insulation
between the various layers contains the polymer of the present invention. On the
interconnects are mounted semiconductor chips or integrated circuits which are
connected to each other by electrical conductors in the interconnect. The substrate may
also contain electrical conductors, for example, for bower and ground. Lead frames
provide connections to extemnal circuitry. In such multilayer interconnects, layers of
electrical connecﬁons are separated from each other by the dielectric materials

containing the polymers of the present invention. The polymers of the preseht invention



-10- -E - ortho- t'erphenyl diradical : [err] .F - napht hal ene diradi cal :
G - anthracene diradical: o H - phenant hrene diradical:’ A

di radi cal of 9, 9d| phenyl fl uorene of the type: [err]

-13-

as dielectric material can also separate various regions of conductors, such as. between
various discrete conductors in a common layer. A via can provide connection between
the various layers as necéssary. '[he interconnect is connected to an integrated circuit
chip by a bond pad. The via can Ee in a stacked pillar désign, although other designs
conventional in the art, such as stair-stepped or nested via designs, can be- used. 6ther
multichip module designs in which the polymers of the present invention dielectric
material can be used are know_n in the prior art.

The poly(arylene ethers) of the present invention dielectric material can also be
used as interlayer dielectrics in an interconnect associated with a single integrated circuit
chip. An integrated circuit chip would typically have on its surface plural layers of the
poly(arylene ether) dielectric and multiple layers of metal conductors. It can also include
regions of the poly(arylene ether) dielectric between discrete metal conductors or regions
of conductor in the same layer or level of an integrated circuit. The pbly(arylene ether)
polymer can also be used in conjunction with conventional silicon, where the polymer is
used between the metal lines on a layer with silicon used as the dielectric material
between layers of conductor material.

The poly(arylene ethers) dielectric material of the present invention can further be
used as protective coatings on integrated circuit chips for protection against alpha
particles. Semiconductor devices are susceptible to soft errors when alpha particles
emitted from radioactive trace contaminants in the packaging or other nearby materials
strike the active surface. An integrated circuit én be provided w1th a protective coéting
of the poly(arylene ether) dielectric material of the present invention. Typically, an
integrated circuit chip \_Nould be mouhted on a substrate and held in place with an
appropriate adhesive. A coating of the poly(arylene ether) dielectric material of the
present invention provides an alpha particle protection layer for the active surface of the

chip. Optionally, additional protection is provided by encapsulant made of, for example,

epoxy or a silicone.



J - 4,4 -di‘radi cal of dibenzofuran ' Variations in Ar[err],
Ar[err], Ar[err] and Ar[err] allow access to a variety of properties such
as reduction or.elimnation of crystallinity, nodulus, tensile strength,
high glass transition tenperature polyner, etc.. These polyners are
essentially chemcally inert, have low polarity, have no additional
functional or reactive groups and are therhily stable to tenperatures of
400-450[err]C in inert atnosphere. In addition to the basic
pol ymer structure, the polymer of the present invention dielectric
material may al so be crosslinked, either bé‘crossl inking itself, through
_exposure to tenpbeaplykardens ethers) dislectricmatepalof sheRresan) invertioprGanaisae py
providing a crosslinkin ent. as, wel.l. as end.cappi ng the, pol yner with
known end c&ﬁe%ﬁ%ﬂtsg,gg@%% @%@é}"‘bﬂ’@ﬁ?‘?bﬂmﬁm,mﬁgﬁfbB?‘%F%H’UF‘Q%P?‘% h®y1 and
nitrile. . The pol s contajned.,n t dielectric material, gf the
present i nv&ﬁ?‘f"cﬂ?aé%ﬁ‘aag u}%‘ihﬁﬂﬂ?@ﬁg@e %&?fgﬁ? ﬂ'&sﬁ’gé@ﬁm'%ﬂ has 'BP“%?eg gl e
repeat unit, such as t f nt.i qned phenyl ene bi.phenyl .
di r adi cal aﬁasy\ﬁ%cel p@@ﬂ%c’?{ﬂ@ﬂﬁ? 3@?@%@&4@8& ?‘Vﬁ'ts'c "ﬁﬂﬁ’%ﬂdﬁw he _
pol yners ca C I LS| Ll A Lructure  of
t he present ﬂ}cﬂ'@ghﬁ%@@ﬁ t;é:m%&%ﬂgvﬁﬁ%fgﬁﬁ%?%géﬁéﬂenhﬂﬁgﬁ% pol yol s and
phenyl s k“?&Yﬁfo&&nﬁJ?{fs, Uik ad Rbvér WriRBAGucting bS8 slicA 2¥ gRIE clotH) SSUchRGIcUfTe" S
of the present 1 nventlon

boards may be single sided, as well as double sided or multilayer.

?ilms or coatings of the poly(arylene ether) dielectric material of the present
invention can be formed by solution techniques such as spraying, spin coating or casting,
with spin coating being preferred. Preferred solvents are 2-ethoxyethyl ether,
cyclohexanone, cyclopentanone, toluene, xylene, chlorobenzene, N-methyl pyrrolidinone,
N,N-dimethylformamide, N,N-dimethylacetamide, methyl isobutyl ketone, 2-methoxyethyl
ether, 5-methyl-2-hexanone, y-butyrolactone, and mixtures thereof. Typically, the coating
thickness is between ébout 0.1 to about 15 microns. As a dielectric interlayer, the film
thickness is less than 2 microns.

Additives can be used to enhance or impart particular target properties, as is
conventionally known in the polymer art, including stabilizers, flame retardants, pigments,
plasticizers, surfactants, and the like. Compatible or non-compatible polymers can be
blended in to give a desired property.

Adhesion promoters can also be used to adhere the poly(arylene ether) polymers
of the present invention dielectric material to the appropriate substrates. Such promoters
are typified by hexamethyldisilazane, which can be used to interact with available
hydroxyl functionality that may be present on a surface, such as silicon dioxide, which
has been exposed to moisture or humidity that creates such hydroxy! functionality.

Polymers for microelectronic applications desirably contain low levels (generally
less than 1 ppm, preferably less than 10 ppb) of ionic impurities, particularly for dielectric

interlayers. The synthetic procedure outlined by the Uliman condensation has three



can be a copolynmer of the etherification of phenylene A wth - :
9, 9- bi s(4- hydroxyphenyl ) fl uorene and bi phenyl diradical B simlarly

etherified with the named fluorene derivative.. Various conbinations of -
conpounds A through J are also possible, so long as if-the sane nononer
used it has differing isoneric structure. In a copol yner where
repeating units of this invention are comdPrred with the repeat unit of

anot her type of polymer, it is preferred that at | east 60 no
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problem for the first time, it was found that the Uliman condensation could produce high
purities of the polymers of the present invention. |

The poly(arylene ethers) show good high temperature stability. They also can be
crosslinked at elevated temperatures in the range of 350 to 450°C. The ability to
crosslink at elevated temperature makes the poly(arylene ethers) dielectric material of
the present invention particularly useful in microelectronic applications because they can
be readily applied from solution arid then converted into a solvent;resistant coating by
heating.

The poly(aryi ethers) dieleﬁtﬁc materials are prebared in high linear molecular
weight by proper modification of the Uliman reaction. Uliman first illustrated that copper
powder is a catalyst for making aromatic ethers by this reaction. It has been indicated
that the cuprous ion is the active catalyst and not Cu® or Cu**. In oxidative coupling
systems, copper acts in a redox fashion, alternating between CuN and Cu*, and
reactions occur at relatively low temperatures. Studies on the mechanism of the Ullman
reaction conclude that Cu® is the active species and coordinates with the x system of the

aromatic halide, thus facilitating carbon-halogen cleavage. This scheme is essentially a

nucleophilic aromatic substitution. With the Ullman reaction, the order of ease of halide

replacement is |, Br>Cl>>F which is the revérse of the order observed for the activated
halide for polyether-forming reactions. The Uliman reaction requires high temperature, -
such as 180 to 230°C. Solvent type is not critical as long as itisinertandis a solvent for

the polyether formed. By contrast, with active halide reactions, the solvent is critical and



The pol ynmer of the present i.nvention can be used as coatings, |ayers,
encapsul ants, barrier regions or barrier |ayers or substrates in S
m croel ectroni c devices. These devices may include, but are not linmted to
mul tichip nodules, integrated circuits, conductive layers in integrated
circuits, conductors in circuit patterns of an integrated circuit, circuit
boards, as well as similar or anal ogous ell€ctronic structures requiring
insulating or dielectric regions or |ayers. The pol yners of the
present invention dielectric material may be used in a mul ti chi p nodul e
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conduct ors, af@/ePAR THRE)HE Fepeating unit of the poly(arylene ether) polymer dielectric material
of the present invention may include one or more mixtures of the aryléne derivatives or
polynuclear aromatics in halogenated and alkali metal salts of diol precursors identified
with the structures A through J above.
Alternatively, aromatic structures comprising one hydrole and one halogen on
the arylene diradical can be erhployed in the syhthesis procedure noted above. These
structures can be combined with other monohydroxyl/monohalogenated structures, as
well as, dihydroxyl and dihalogenated arylene diradicals. The key to the desired
molecular weight will, of course, be the hydroxylhalogen ratio.
The poly(arylene ether) dielectric material of the. present invention can preferably
be prepared in a substantially equal molar reaction of a double alkali metal salt of the
dihydric 9,9-bis(4-hydroxyphenyl)fluorene, and potentially the alkali metal salt of the
dihydroxy for a compound of the type A through J, with preferably one or more dibromo
arylene derivatives of the structures A through J in the presence of a cuprous salt or
cuprous salt complex as a catalyst. Any alkali metal salt of the dihydric 9,9-bis(4-
hydroxyphenyl)fluorene derivative, or additionally the dihydric form of a compound of type
A through J, can be used as one of the preferred reactants. For tr_\e purpose of this-
invention, to obtain a high molecular weight polymer, it is preferred to conduct the
reaction under substantially anhydrous conditions and in an oxygen-free atmosphere.
Generally, the reaction.is carried out in an inert diluent in which the alkali metal

salt of the dihydric derivative and/or the dibromo arylene derivative of structures A



various discrete conductors in a common Iayér. A via can provi-de connection
between the various |ayers ‘as necessary. The interconnect is connected to
an integrated circuit chip by a bond pad. The via can be in-a stacked
pillar design, although other designs conventional in the art, such as
stair-stepped or nested via designs, can be,used. Qther multichip nmodule
designs in which the polyners of the prese i nvention dielectric material
can be used are known in the prior art. The pol y(aryl ene et hers)
of the present invention dielectric material can also be used as
interlayer diel 5641 partl SofBlel BURANOSNGEs FeRAEH fogn ' AéRdk
i nt egr at ed gr&%@ﬁglégﬂwggoineintegrated c?rcui? gﬁl ﬁ%ﬁ@&é?y%ﬁ%a;%? have
on its surf %z@hwé}'m&m@rb‘énz&nesmﬁwmenhmw o BorthiR€ ) do & caftRAtdrms,and
mul tiple layers of netal Conductors. It can also include regions of the
poly(aryle netﬁﬁﬁcbﬁ}&erﬁbﬁé@iﬁwﬁim é&hms@{ giokp 'cBhtRINEA e 4 @%ﬁl&érﬁéﬁdiﬂ_ﬁlgﬁiyﬁgl ons
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of conductor in e sane |ayer or lev of an integrated circuit.

pol y( aryl enegifohi dimethgis\ifoxide; dimettylsulibne, dietityisulfoXias) idietnisufonsyi t h

conventional silicon, where the polyner is wused between the netal |ines on
a layer wi t hdisoptopgisulfchesitetrahydrethidpldree;  it-dioXide (etramethytetievsttfoné oyer s of
conductor materi al. The poly(arylene ethers) dielectric nmateria

of the presesgdifolame); tetrahydrothioghene enorimaideyamtithe diker ot ecti ve coatings on
integrated circuit chips for protection agai nst al pha particles.
Seni conduct or devThedoublecalkalismetat $aiti of theodibydric derivative gemerallydxistsinthet i cl es
emtted fromradioactive trace contam nants in the gackaging or ot her
near by mat er hydrate ferm which sheuld,be dekydrated aeparately or in theg reaction oiass to insuten be
provided with a protective coating of the pol (arﬁlene ether) dielectric
mat eri al of amhydmussenditions, Similary, theyghialimmetyl salf ¢an be praparedda sitw indthednerhi p
woul d be nounted on a substrate and held in place with an apgrqprjate
adhesi ve. A disient byyregetingthe giwydrcderivative with.an gikali metal alkalmetal bydroxidgs ¢ he
alkali metal hydride, alkali metal hydroxide, alkali metal carbonate or alkali metal alkyl '
compound, and thereafter removing water, by distilling off a water-containing azeotrope
from the reaction mass or by like techniques, to obtain anhydrous conditions. Benzene,
xylene, halogenated benzenes, toluene, and other inert azeotrope forming organic liquids
are suitable for this purpose. '
The cuprous catalyst employed in the reaction can be a cuprous salt, such as
cuprous halide, for example, cuprous chloride, cuprous bromide or cuprous iodide.
Cuprous halides are preferred since they are highly effective, but other cuprous salts can
also be employed, for instance, cuprous acetate, cuprous formate, and the like. The
cuprous catalyst can also be a complex of any of the foregoing cuprous salts obtained by
combining the cuprous salt with a complexing agent such as pyridine, dimethyl
acetamide, quinoline, dimethylformamide, n-methylpyrrolidone, and the like. The quantity
of the complexing agent can be varied widely, but.is usually in excess of the cuprous salt.
The reaction between the dibromo arylene structures A through J and the alkali
metal salt of the dihydric derivative structures of A through J proceeds on an equal molar
basis. Variations in the molecular weight distribution can be obtained by varying the

ratios of the diol and the dibromide.



present invention provides an al pha particle protection |ayer for the
active surface of the chip. Optionally, additional protection is provided
by encapsul ant made of, for exanple, epoxy or a silicone.

-14- The poly(arylene ethers) dielectric material of the present

i nvention can also be used as a substrat¥®{dielectric material) in circuit
boards or printed wiring boards. The circuit board nade up of the
poly(aryl ene ether) of the present invention has nounted on .its surface
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pressures or elevated temperatures.

Since the polymerization reaction results in the formation of the alkali metal halide
(typically bromide) on each coupling reaction, it is preferred to either filter the saits from
the polymer solution or to wash the polymer to substantially free it from these salts.

Other synthesis techniques for the polymers of the present invention are possible
and are contemplated, such as potentially nickel catalyst coupling syntheses, as reported
in 1. Colon et al., J. Poly. Sci., Part A, Poly. Chem., Vol. 28, pp 367-383 (1990).

Structures of specific poly(arylene ether)s prepared are as follows. PAE-1

represents a composition which is embodied by US Patent 3,332,909 and is used as a

comparative example.




Addi tives can be used to enhance or inpart- particul ar .target properties, as
is conventionally known in the polyner art, including stabilizers, flane
retardants, pignents, plasticizers, surfactants, and the |ike. Conpatible
or non- conpatible polymers can be blended in to give a desired property.
Adhesi on pronoters can also be used to adhege the poly(arylene ether)
polymers of the present invention dielectric material to the appropriate
substrates. Such pronoters are typified by hexamet hyl di silazane, which can
be used to interact with available hydroxyl functionality that nay be
present on a surfacg; such as silicon dioxide, which has beenTexposed to

noi sture or hum dity ? droxyl functi Onal Ity.

Pol yners for mcroefe 3 TN evel s
(generally | ess than Hpm 9 _ ni c
impurities, particularly for dlelectrlc [ 28 s Aessyntheti c
procedure outlined '

- 15- maj or sourc¢s of potential contam natig be] renoved for
the Ul man condensation to be a viable synt heg rceg of

contami nation are cqpper catalyst, sodi um fromy 6f thel hydroxy
precursor and hal ogen such as brom ne fPABBthe arylene precursor. It is
surprising that the present invention could be achieved with the necessary .
purifies by the Ul nan condensati on. Wen appropriate pprification

—O—Q

PAE-4

Comparison of isothermal stability data (450°C) (Table 4 and Figure 1) shows
that the poly(arylene ether) PAE-1 does not have the thénnal stability that PAE-2, PAE-
3, and PAE-4 have and which is réquired for interlayer dielectric applications in hicro-
electronics. Figure 1 shows thermal stability as %.weight loss vs. time at 450°C in No.

As shown in Table 3, PAE-1, has a much lower glass transition temperature than
the other poly(arylene ether)s covered by the present invention.

in a recent article (Hendricks, 'N. H.; Wan, B.; Smith, A.; Procé_edings First

International Dielectrics for VLSI / ULSI multilevel Interconnection Conference (DUMIC),
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and coagulation/extraction procedures were identified which resolved this
significant problemfor the first time, it was found that the Ul man
condensation could produce high purities of the polyners of the present

i nventi on. The pol y(aryl ene ethers) show good high tenperature
stability. They also can be «crosslinked at el evated tenperatures in the
range of 350 to 450[err]C. The ability to20crosslink at el evated
tenperature makes the poly(arylene ethers) dielectric material of the
present invention particularly useful in mcroelectronic applications
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the [err] systemof the aromatic halide, thus facilitating carbon-hal ogen
cl eavage. This schene is essentially a nudeophilic aromatic substitution.

Wth the Ul man reaction, the order of ease of halide replacenent is 1,
Br>Cl >>F which is the reverse of the order observed for the activated

hal i de for polyether-form ng Exampleoh{ConiperatiVe édampleyacti on requires high
tenperature, such as 180 to 230[err]C. Solvent type is not critical as

long as it is in&niixtaredofi3s.624p{0VO00 nialy of 2,2vbisE{@+hydtoyphehypl)-1H(l,3,8,6-

contrast, with active halide reactions, the solvent is critical and
hexafiuoropropane, 75 g of toluene, and 100 g of benzophenone was charged to a 500
mL, 3-necked, round-bottomed flask fitted with a Dean-Stark trap, condenser, nitrogen
inlet, mechanical stirrer, and thermometer. The mixture was heated to 60°C with stirring
and a nitrogen atmosphere. After homogeneity had been reached, 16.000 g of a 50.00
wt% aqueous solution of sodium hydroxide (0.2000 mol of sodium hydroxide) was slowly
added over 10 min. The reaction mixture was heated to ca. 140°C and the water
azeotrope was collected. After 4 hr. and complete dehydration was ensured, the
temperature of the reaction mixture was increased to 200°C and the toluene was
removed via distillation. The reaction mixture was cooled to 80°C and 31.202 g (0.1000
mol) of 4,4'-dibromobiphenyl was added. The reaction mixture was then heated to
200°C. A 15 mL portion of a freshly prepared copper (1) chloride / quinoline solution
(containing ca. 0.15 g of copper (I) chloride, 1.00 mmol) was added and reaction mixture
was maintained at 200°C for 17 hr. A 10 g portion of bromobenzene was then added.
After 1 hr., the reaction mixture was ngled to 100°C, and 200 g of toluene waé added.
The reaction mixture was then quenched in a rapidly stirred solution of 25 g of acetic acid
in 1000 g of mett;anol. The precipitate was isolated and placed in 2 L of bbiling water for
8 hr. The precipitate was first dried in an oven (1 OO"C) then dissolved in 300 g of
tetrahydrofuran. The polymer solution was filtered then precipitated in 1 L of methanol.



-16- . restricted to-a few solvents when | ow reaction tenperatures are
enpl oyed. Therefore, nucleophilic . aromatic substitution of nonactivated
aryl halides can be acconplished using the Ul nman condensation reaction.
It is.contenplated to use one or nore di hal ogenated phenyl - based conpounds
of the type A through J |isted above, Ar[err] and/or Ar[err], in reaction
with one or nore of the alkali netal salt%f a di hydr oxyl at ed conpound of
the type A through J listed above, Ar[err] and/or Ar[err]. Thus, the
repeating unit of the poly(arylene ether) polyner dielectric material of
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Al ternatively, aromatiT structures conprising one hydroxyl and one hal ogen
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above. These structdres ca

monohydr oxyl bipBReg licted it afesa.r uctures, as well as, dihydroxyl and
di hal ogenated aryl ene diradicals. The key to the desired nolecular weight

will, of course, be the hydroxyl/hal ogen ratio. The pol y(aryl ene
ether) dielectric material of the present invention can preferably be

prepared in a substantially eq & b ingleydoubl e al kali et al
salt of the dihydric 9,9-bis(4-hy rox&%ﬁeﬁﬁigﬂ uorm, and potentially the -
al kali netal saltTRé pideBdureioREsrfpte 1ds ropeaten eiekpt BHat tHiccdtalpst whad prepared J.
with preferably one or nore dibrono
' as follows. Copper (I) chloride (3.00 g, 0.223 mol) was added to 20 g of freshly distilled

quinoline cdntained under a nitrogen blanket. The mixture was stirred at 25 °C for 48 hr.

A 10 mL portion of the decanted liquid was used as catalyst.

The procedure afforded 37.15 g of polymer, PAE-1, which possessed the

properties listed in Tables 2, 3 and 4.

Example 3 (Monomer B) |

In a 50 mL flask, 3.00 g, 0.223 mol) of copper (I} chloride was added to 20 g of
freshly distilied quinoliné contained under a nitrogen blanket. The mixture was stirred at
25 °C for 48 hr. A 10 mL portion of the decanted liquid was used as catalyst.

A mixture of 35.0421 g (0.1000 mol) of 9,9-bis(4-hydroxyphenyl)fiuorene, 75 g of
toluene, and 100 g of benzophenone was charged to a 500 mL, 3-necked, round-
bottomed flask fitted with a Dean-Stark trap, condenser, nitrogen inlet, mechanical stirrer,
and thermometer. The mixture was heated to 60°C with stirring and a nitrogen
atmosphere. After homogeneity had been reached, 16.000 g of a 50.00 wi% aqueous
solution of sodium hydroxide (0.2000 mol of sodium hydroxide) was slowly added over 10
min. The reaction mixture was heated to ca. 140°C-and the water azeotrope was
collected. After 4 hr. and complete dehydraﬁoﬁ was ensured, the temperature of the
reaction mixture was increased to 200°C and the toluene was removed via distillation.

The reaction mixture was cooled to 80°C and 31.202 g (0.1000 mol) of 4,4'-



aryl ene derivatives of the structures A through J in the presence of a
cuprous- salt or cuprous salt conplex as a cataflyst. Any alkali metal salt.
of the dihydric 9,9-bis(4- hydroxyphenyl)fluorene derivative, or S
additionally the dihydric formof a conpound of type A through J, can be
used as one of the preferred reactants. For_the purpose of this invention,
to obtain a high nol ecul ar wei ght polyner,‘?%'is preferred to conduct the
reaction under substantially anhydrous conditions and in an oxygen-free

at nospher e. Generally, the reaction is carried out in an inert

TheUSE oo BercBRn s .a?@ém%@%%tpﬁh%t“ﬁe Wad1dh hBaiddtd 460-C! % 36"
géﬁzaphetn(?rnz%?qdﬁshéfﬁhe"%ﬁoﬁy (7 EAi3He qurePBhdhy a 06S4 56 Hilaion my S,
al koxy group -faneasish mixtufe agﬁragﬁaa @&barﬂaoocfarﬁ'hko n#}fiﬂ&?ﬁﬁ? thst ¥ b

each al koxy group contal ns on atons, diphe one,

di net hyl sul f:}f{%&ﬁ, m SAPBHhY bBubis rohtisHienyfiordri@tad %o bﬂ‘tﬁ‘lyfA)BQS g

di | sopropyl s t et rahydr ot hi ophene, xb 1-di oxi de (tet ranme | ene

sul fone or syl raweoﬁp@P (IP&M&E@MBMQ&a&dé&B% réBctioRthixtuRe TheReaction

The doubl e al'kali netal salt of the dihydric derivative generally exists in

the hydrate rmhikture was tenshaintathetiat 26013C! for aa ddditiond 24 &r.yA 40 giporiidreofr eact i on
mass to insure anhydrous conditions. Simlarly, the alkali netal salt can

be prepared ibromobénzene Was thereadded. After 1 hr., the reaction mixture was cooled to 100°C,

and 200 g of toluene was added. The reaction mixture was then quenched in a rapidly
stirred solution of 25 g of acetic acid in 1000 g of methanol. The ﬁrecipitate was isolated
and placed in 2 L of boiling water for 8 hr. The precipitate was first dried in an oven
(100°C) then dissolved in 300 g of tetrahydrofuran. The polymer solution was filtered
then precipitated in 1 L of acetone. The precipitate was collected, dissolved in 300 g of
tetrahydrofuran, then re-precipitated in 1 L of acetone. After collecting the polymer, it
was dried in a vacuum oven (100°C) overnight.

This procedure afforded approximately 42 g of polymer which possessed the
properties listed in Tables 2, 3 and 4. Analysis of the polymer by ICP-AES (inductively
coupled plasma-atomic emission spectrometry) revealed that the copper and sodium

contents in the dry polymer were less than 3.40 ppm and 6.00 ppm, respectively.

Example 4 (Monomer C)

The general procedure for Example 3 was followed for the condensation of
35.0421 g (0.1000 mol) of 8,8-bis(4-hydroxyphenyl)fluorene with 38.8104 g (0.1000 mol)
of 4,4"-dibromoterphenyl. With a totai reaction time of 41 hr., the procedure afforded ca.
3> 36.8 g of polymer which possessed the properties listed in Tables 2, 3, and 4.
in a 50 mL flask, 3.00 g, 0.223 mol) of copper (I) chioride was added to 20_ g of
freshly distilled quinoline contained under a nitrogen‘blanket. The mixture was stirred at

25°Cfor48hr. A10mL bortion of the decanted liquid was used as catalyst.



diluent by reacting the dihydric derivative with an alkali netal, alkal
metal hydroxide, alkali nmetal hydride, alkali netal hydroxide, alkal
netal carbonate or alkali netal alkyl conmpound, and thereafter renoving
water, by distilling off a water-containing azeotrope fromthe reaction
mass or by |ike techniques, to obtain anhydrous conditions. Benzene,

xyl ene, hal ogenat ed benzenes, toluene, and other inert azeotrope formng
organic liquids are suitable for this pumgese. The cuprous
catal yst enployed in the reaction can be a cuprous salt, such as cuprous
hal i de, for exanple, cuprous chloride, cuprous brom de or cuprous iodide.
Cuprous halides are preferred since they are highly effective, but other

cuprous salts cahmixtlrecofh35.0421 ¢ Y&U000 mol) oh,8nir{é-hydropyphenybituorenes 75@uiof ous
formate, and the |like. The cuprous catal yst can also be a conplex of any
of the for doweneg andot0dg ofkanzophanoae was charged 40r8i5A0 ml-, Srneckehrourd-sal t wi t h
a conpl exi ng agent such as_pyridine, dinethyl acetam de, quinoline,

di net hyl f orbeftemed flask fited with arDean-Starkiran; eendenser, niregernrinietfnachanical stisrer, he
conpl exi ng agent- can be varied w del%{g but-is usually in excess of the

cuprous saland thermometer.THee midrewWas heaterkie S0t with sirpaand ANEENS r uct ur es
St Uct ur s MORPRSTBo AR DOPaREL bad Resm Racher. 179000 o AEPL Wb atiepre ns i n
the ol ecul ag el 9L b Stk Ritd @o00B a6 Sith Bfdkolile) ke By dlfiea ak 16°
-18 - min. The reaction mixture was heatéd to ca. 140°C and the water azeotrope was
collected. After 4 hr. and complete dehydration was ensured, the temperature of the
reaction mixture was increased to 200°C and the toluene was removed via distillation.
The reaction mixture was cooled to 80°C and 38.8104 g (0.1000 mol) of 4,4"-
dibromoterphenyl was added. The reaction mixture was thén heated to 200°C. A 10mL
portion of the copper (1) / quinoline catalyst was added to the reaction mixture. The
reaction mixture was maintained at 200°C for 17 hr. After which time, most of the
disodium salt of the 9.9-bis(4-hydroxyph§nyl)ﬂuorene had gone into solution. A0.15 g
portion of dry copper () chioride powder was added to the reaction mixture. The reaction
mixture was then maintained at 200 °C for an additional 24 hr. A 10 g portion of
bromobenzene was then added. After 1 hr., the reaction mixture was cooled to 100°C,
and 200 g of toluene was added. The reaction mixture was then quenched in a rapidly
stirred solution of 25 g of acetic acid in 1000 g bf methanol. The precipitate was isolated
and placed in 2 L of boiling water for 8 hr. The precipitate was first dried in an oven
(100°C) then dissolved in 300 g of tetrahydrofuran. The polymer solution was filtered
then precipi_tated in 1 L of acetone. The precipitate was collected, dissolved in 300 g of
tetrahydrofuran, then re-precipitated in 1 L of acetone. After collecting the polymer, it
was dried in a vacuum oven (100°C) overnight. The properties are reported in Tables

T 24,



Reaction tenperatures above roomtenperature and generally above 100[err]C
are preferred. More preferred are tenperatures between 180[err]C to

250[ err] C. H gher tenperatures can |ead to degradation or deconposition of
the reactants, the polynmer and the sol véhts enpl oyed. The pol yner
I's recovered fromthe reaction mass in any conveni ent manner, such as by
precipitation induced by cooling the reaction nass or by adding a

nonsol vent for the pol yner, oExamples3(MenomergB) can be recovered by
stripping off -the solvent at reduced ressures or el evated t,errprér at ures.
Since the pol ynEhe generd procegure; fef Ig 8 was followed fos thgeqnsiensationit o) kal i

or ef er rod 3504 1500 de) ofF Dl PeerpnanerHieraes yHETS5078 61BHShE MY v
Synt has o iduAiaBeDphrY pld 18 A 0 408 mal e dSubdmetemornt W % ossi bi ¢
Syt heses. DAl Magor fiog Of £ nE- B BHGRbR afbrdba 7445, 6 3 of pelinef Bk 4 Wiy
e el ot BT rapen gyl UL O spect i
gg%gf ;E oo ‘g{(‘;@% 50 mi’?ﬁgg'rfdo §%0.223 thdl) 6 lopperTnitide WAL dddied &°50 g%t AR 1
[err] freshly distilled quinoline contained under a nitrogen blanket. The mixture was stirred at
25 °C for 48 hr. A 10 mL portion of the decanted liquid was used as catalyst.
A mixture of 35.0421 g (0.1000 mol) of 9,9-bis(4-hydroxyphenyl)filuorene, 75 g of
toluene, and 100 g of benzophenone was charged to a 500 mL, 3-necked, round-
bottomed flask fitted with a Dean-Stark trap, condenser, nitrogen inlet, mechanical stirrer,
and thermometer. The mixture was heated to 60°C with stirring and a nitrogen
atmosphere. After homogeneity had been reached, 16.000 g of a 50.00 wt% aqueous
solution of'sodium hydroxide (0.2000 mol 6f sodium hydroxide) was slowly added over 10
min. The reaction mixture was heated to ca. 140°C and the water azeotrope was
collected. After 4 hr. and complete dehydration was ensured, the temperature of the
reaction mixture was increased to 200°C and the toluene was removed via distillation.
The reaction mixt;xre was cooled to 80°C and 15.6010 g (0.0500 mol) of 4,4'-
dibromobiphenyl and 19.4052 g (0.0500 mol) of 4,4"-dibromoterphenyl were added. The
- reaction mixture was then heated to 200°C. A 10 mL portion of the copper (1) / qinoline
catalyst was added to the reaction mixture. The reaction mixture was maintained at
200°C for 17 hr. After which time, most of the disodium salt of the 9,9-bis(4-
hydroxyphenyl)ﬂuorené had gone into solution. A 6..15 g portion of dry_oopper (1) chloride
powder was added to the reaction mixture. The reaction mixture was then maintained at
- 200 °C for an additional 24 hr. A 10 g portion of brpmobenzene was then added. After 1
hr., the reaction mixture was cooled to 100°C, and 200 g of toluene was added. The

reaction mixture was then quenched in a rapidly stirred solution of 25 g of acetic acid in



PAE- 2
PAE- 3
0. 50

-19 - J[err]
0. 50

-95.

1000 g of methanol. The precipitate was isolated and placed in 2 L of boiling water for 8
hr. The precipitate was first dried in an oven (100°C) then dissolved in 300 g of
teirahyd_rofuran. The polymer solution was filtered then precipitated in 1 L of acetone.
The precipitate was collected, dissolved' in 300 g of tetrahydrofuran, then re-precipitated -
in 1 L of acetone. After collecting the polymer, it was dried in a vacuum oven (100°C)

overnight.



PAE- 4 . Conmparison of isothermal stability data (450[err]C) (Table 4
and Figure 1) shows that the poly(arylene ether) PAE-1 does not have the
thermal stability that PAE-2, PAE- 3, and PAE-4 have and which is required
for interlayer dielectric applications in mcro- electronics. Figure 1
shows thermal stability as % weight loss vs. tine at 450[err]Cin Nerr].
As shown in Table 3, PAE-1, has a much Io¥€r glass transition tenperature
than the other poly(arylene ether)s covefed by the present invention.

in arecent article (Hendricks, N. H; Wan, B.; Smth, A.; Proceedings

First International gl ertybgsubveightbistridutibn (B Ekbmpies 114!t er connection

Conf erence (DUM C), -20
- 1995, RPp—283—89+—edence—was—prov-aea—t-hat—rrpe= 4o iunrertc -

pol y(aryl L"‘@%Mﬂﬂ?ﬁﬂ#ﬁl con—sur f AN o ding (WM o
el evated fenperatyres One skilled in chemstry ld ald40 anticilpate thpat
t hese. fl upti nat edipoly 26,000 { 7,708 as |@PPer,

al um num fand tungst em\at V, ¥S requiredjfor mdrochip
manuf act uf e. | : Exrrple 1 ( Cofpeorfiimvg exanpl g)
A mxturefof 33.624 g {0.1000 nol) o % forming
2, 2-bi s-( h hydr oxyphen¥l )-1, 1, 1, 3, 3, BsC CF3 molecular

PAE-1 weight

2
41,100 | 15,400 2.66

good film
forming
molecular
weight

65,300 | 20,700 3.16

good film
forming
molecular
weight

45,400 | 11,400 3.98

good film
forming
molecular
weight

75,800 125,700 2.95

good film
forming
molecular
weight

PAE-4 -
a) Weight average molecular weight. b) Number average molecular weight.




hexaf | uor opropane, 75 g of toluene, and 100 g of benzophenone was char ged
to a 500 nL, 3-necked, round-bottoned flask fitted with a Dean-Stark trap,
tondenser, nitrogen inlet, nechanical stirrer, and thernoneter. The

m xture was heated to 60C wiith stirring and a nitrogen atnosphere. After
honogenei ty had been reached, 16.000 g of a 50.00 w % aqueous sol uti on of
sodi um hydr oxi de (0.2000 nol of sodium hydroxide) was slowy added over 10
mn. The reaction nmixture was heated to-@4- 140[err]C and the water
azeotrope.was collected. After 4 hr. and conpl ete dehydrati on was ensured,
the tenperature of the reaction mxture was increased to 200[err]C and the
tol uene was renoved via distillation. The reaction m xture was cooled to
80[err]C and 31.202.g (0.1000 - nmol) of 4,4'-dibronobi phenyl was added. The
reacti on rablesd.cGlass Transitianctamperature (TghpEPely@ryleneigthen)s, fxamples 6. as
freshly prgtermsinedbyPSC 4rid bychyrnaniic Mechanical Analysisof Uncured (Thermoplasichg ca.
0.15 g of anageed (THermbbet) Pdlymet.. 00 nmol ) was added and reaction m xture
was nai ntai ned at 200C for 17 hr. A 10 g portion of bronpbenzene was then
added. After 1 hr., the reaction mxture was cooled to 100[err]C, and 200
g of tolu Was aiged.” The reaction m Xtgg ge@)as then quenched in a

rapi dly sgfrred—sojgtrormuf T ' The
pr eci piytat 'MH_?ri sajgéé d eu‘f!f M ou ° (o] ‘*‘%Mf’g‘ﬁu?%‘?%%%b- The
precipitate;gac it cidd in ; i 0g
of tetrahydrofurah. The golyner solution was filkered then precipitatdd in
1 L of ne}Example 2 166 182 -A1 -

PAE-1 .

Example3 | 257 275 291

PAE-2 :

Example 4 271 288

PAE-3 '

Example 5 273 289

PAE-4

a) Obtained with a Perkin Eimer DSC7 Differential Scanning Calorimeter.

b) Samples of PAE-1, PAE-2, PAE-3, and PAE-4 powders were compression molded in
a 20 mil 4* x 4" cavity mold at 300-400 C. (PAE-1 at 300°C, PAE-2 at 350-375°C, PAE-3
and PAE-4 at 375-400°C). The dynamic mechanical properties were determined using a
Rheometrics RSA-l in the tensile mode. The Tg was obtained from the tan 5. E'is the
modulus of the polymers. The modulus, E', of the polymer of Example 6 is illustrated in
Figure 2. E* is calculated from E' and tan  for that polymer and is known as the loss
modulus and is also illustrated in Figure 2. Tan § is EVE" and again is illustrated in Figure
2.



The precipitate was coll ected, washed with nethanol, then dried in a vacuum

oven (100[err]C) overnight. This procedure afforded 39.46 g of
pol ynmer, PAE-1, which possessed the properties listed in Tables 2.
Exanpl e 2 (Conparative exanpl e) : The procedure of Exanple 1 was

repeat ed except that the catal yst was preBred .as follows. Copper (1)
chloride (3.00 g, 0.223 nol) was added to 20 g of freshly distilled

gui nol i ne contai ned under a nitrogen blanket. The m xture was stirred at 25
[err]C for 48 hr. A 10 nL portion of the decanted |iquid was used as

cat al yst The procedure afforded 37.15 g of polyner, PAE-1, which
possessed tTable fr Deresile Moguluss TratmiahStabilitycandMoistuzendbsbrption for Examples 2-5.
Exanpl e 3 (Mononer B) : Ina 50 nL flask, 3.00 g, 0.223 nol) of
copper (I)[chlorrdel was added Jto 20”@@5!3{553] ganly di SMoishare Absofstibh® e |-
cont ai ned OMdera njtrogen DI gnket. Ine X ] w0l (att) fr] C
for 48 hr.} A 10 nL n of |t he decant? .
A m xture jof 35.042 000 ! e, 75
g of tol u@g and %&gﬁaﬁzbeﬁmﬁ%gﬁéﬁ {115y cked,
round- b 8 £1 4 S — chaensa gen
inlet, nmechanjical sfirrer thermonefer, The nmixture was theated fg
60[ err] C vjExample2 | ha3 a10'® ni2hrog@47 affbephdSe. |AL16& hondgeneity Had
been reacﬁ‘e‘eﬁE—]lG. 00p g of a 50.4Mr W0.68 aqyiébris2.380l Uti on of sddi um hydrjoxi de
(0.2000 nmoj of sodi im hydr oxi heB.781 opb ywr a@deéd gver 10
) Example 3 {1.45x 1010 [2hr 024 |2hr 0.48 0.332 0.279
PAE-2 4hr 032 |{4hr 073
6hr 036 |6hr 0.91 '
Example 4 [1.32x1010 [2hr 031 [2hr 099 [0.325 0.301
PAE-3 4hr 047 |4hr 139
: 6hr 057 |6hr 1.65
Example5 [1.39x1010 |[2hr 042 |2hr 0.82 0275
PAE-4 4hr 058 |4hr 1.10
6 hr_ 0.65 6hr 1.26

a) Samples of PAE-1, PAE-2, PAE-3, and PAE-4 powders were compression molded in
a 20 mil 4" x 4" cavity mold at 300-400°C. (PAE-1 at 300°C, PAE-2 at 350-375°C, PAE-3
and PAE-4 at 375-400°C). The dynamic mechanical properties were determined using a
Rheometrics RSA-ll in the tensile mode.

b) Obtained on a Perkin-Elmer TGA7 Thermogravimetric Analyzer with 100 mg'test
samples and conducted in an atmosphere of nitrogen.

c) Water sorption measurements were conducted by drying and weight measurement
after equilibration in water at 23 °C as well as at 85%RH at 29 °C in a Hotpack
Temperature-Humidity Chamber. -

It can be seen in Table 3 that replacement of the hexaﬂuoroisopropylidene linking
group (Example 1/2; U.S. Patent 3,332,909) with a 9,9-bis(4-hydroxyphenyi)fiuorene
linking group (Examples 3, 4, and 5) that the glass transition temperature (Tg) is
elevated by 90-1 00°C. in Table 4. it can be seen that this same linking group
replacement also enhances the high temperature, thermal stability of these polymers.
Both of theée characteristics are needed for the successful incorporation of these

polymers into microchips. Thus, this invention is an improvement over the compositions -



n.- The reaction m xture was heated to ca. 140[err]C and the water
azeotrope was collected. After 4 hr. -and conpl ete dehydrati on was ensured,
the tenperature of the reaction mxture was increased to 200C and the
t ol uene was renoved via distillation. The reaction m xture was cooled to
‘80[err]C and 31.202 g (0.1000 nol) of 4,4'- di br onobi phenyl
_was added. The reaction m xture was then heated to 200[err]C. A 10 niL
portion of the copper (1) chloride / qui+@284ne catal yst was added to the

reaction m xture,. The reaction m xture was maintained at 200[err] C for
17 hr. After which tinme, nost of the di sodium salt of the

9, 9- bi s(4- hédm%,é hen I)fluorene had gone into solution. A 0.15

portion of P 5 @T the-presen) invieplipndisclpsesadielgctrie utikty Uﬂ@'&@‘%@ﬂﬂn

m xture. TRe reaction m xture was then maintained at 200 [err]C for an
addi t i onal Na4PRIENt. A 10 g portion of br onobenzene was then added. After

1 hr t he reac

was ndded. Tho. Fhe Byt blndESdiiResiis Ourians Efﬁ-wﬂys%%ﬁtoﬁé’o Sl ??23
Pool at od _brafohgl hedithynferd 58 frf %t%fé?ﬂhﬁaﬁ’mm it port e iR TaPle 2.t o
ot ahyar oft 8raé tothadl gflé Bucoess i dubHhiienkéen H"S#‘&ﬂéé 8% ¥fiKoh Watetrodhe L o
[0 L L o aiichder cBlYindTRabdIrelgMdf SBploB S Brancting Wetfified "B Y

tetrahydrofuran, then re-precipitale acet one. er co

the pol ymeperder, F.; Duff/BS WojtoRitz] J); Goddrhah! T; Pofm. MAER 36l Eny. 1965y ) Hos-
99, the preparation of fluorinated poly(arylene ether)s via condensation of
decafluorobiphenyl with bisphenols affords polymers with high degrees of variation in
Mw/Mn (3.02 to 39.38) High Mw/Mn values indicate branching in the polymer chain,
making them potentially difficult to fill small gaps. Furthermore, the high Mw/Mn values
reported for the ﬂuorinatéd poly(arylene ether)s indicates that the remaining fluorines on
the aromatic rings are still susceptible to nucleophilic reaction. The reaction of these
fluorines with silica at high temperatures has been reported by Hendricks, N. H.; Wan, B.;
Smith, A.; Proceedings First International Dielectrics for VLSI/ ULSI muiltilevel
Interconnection Conference (DUMIC), 1995, pp 283-89.). There may also be a problem
with reaction of these fluorines under the conditions required for metal deposition. Thus,
the present invention, wuth its low Mw/Mn ratios, is an improvement over the
compositions taught by Mercer, et al.

Finally, the data provided in Table 4 iﬁcﬁcate that low moisture absorption is
observed for the polymers of the dielectric material of the present invention. Typlcally.
polyimides have moisture absorptions a magnitude greater, generally 1.5-3.0 wt%
moisture absorption. Thus, this invention is an improvement over polyimide compositions

used as dielectric materials.



Th|s procedure af f or ded apprOX|nater 42 g of pol ymer mhlch possessed the
properties listed in.Tables 2, 3 and 4. AnaIyS|s of the polyner by ICPLAES
“(inductively - coupl ed plasna atom c em ssion spectronetry) reveal ed -
that the copper "and sodi um contents in the dry polynmer were |ess than
3.40 ppm and 6.00 ppm respectively. -30-

Exanpl e 4 (Mononer C) The general procedure for Exanple 3 was
foll owed for the condensatlon of 35 0421 g (0.1 000 nDI) of

9, 9- bi s(4- hydr oxyphenyEX R : gof Poly(arvieneeth

4, 4" - di br onot er ph

afforded ca. 3 32%"&“’)’\1{5 IBB‘P Wé&em&ﬁgﬁtﬁl Saa nﬁ(ﬂ%%%r@ﬁh ggs &V%%Sgulrﬁ
Copper (1) chitaryHotyran was plaged in B caviyior a 11 orf 1 glads g Hpichivs 190iomA | ne
Cor as e "'AGlss piebd A SnEne AsBoraichica & Mok ek, Slokiek i, 8 tormeg hich
5,232 bi s(4-hy Eﬂ%ﬁ%@ 'mfﬁ)fﬁ“ t}%qua:s%jp’%e 59 8&%6@%@ ?”‘%8‘%’8" Rggpidual solvent
benzophenon s AAefhd fimvat ef el o U5 op RS0 Bife b

fitted with a condenser en i anl ca

Stirrer, ang, LUSEARTBET . ThA nbmreawmm%%&%%fiﬁhm thén ébb‘é i ng

and a nitrogen
for 24 hr., followed by 280°C for 24 hrs. After cooling, the film was easily removed from

the glass plate and found to have <0.1 wt% residual solvent as determined by thermal
gravimetric analysis (TGA).

The polymer film was laidon a Pyrex glass plate contained in a muffle furnace.
Under a nitrogen étmosphere, the film was heated from room temperature to 350°C over
a period of 15 min. The film was maintained at 350°C for 1hr. then cooled. Removal of
the film from the Pyrex glass plate required placing the film/glass in boiling water for 4 hr.
After which time, the film was coated with very thin sheets of glass which had come from
the glass plate. ' |

The thermal treatment of the polymer in this fashion resulted in some flow of the
polymer and adhesion of the polymer to the glass. The adhesive strength of the polymer
to the glass was greater than the cohesive strength of the glass. This thermal treatment
of the polymer film also created crosslinking within the polymer structure as evident by
the lack of solubility of the film in tetrahydrofuran and a substantial tensile modulus, E', of
the film at temperatures above the polymer glass transition temperature (Tg), as shown
in Figure 2. In Figure 2, from 25 to 270°C (below the 272°C Tg of the polymer), the

 tensile modulus (E') was 2.0 x 1010 dynes/cm?, From 350 to 450°C (above the 272°C

Tg of the polymer), the tensile modulus (E') was 2.7 x 107 dynes/cm2 as shown in Figure
2. E", the loss modulus, is calculated from E' and tan 8. Tan 8§, which is the ratio of EVE",

is useful for determining the glass transition temperature (Tg), which as illustrated in

Figure 2 occurs at 291°C.



at nrosphere. After honpgeneity had been reached, 16.000 g of a 50.00 wt %
aqueous sol ution of sodi um hydroxi de (0.-2000 m)l of sodi um hydr oxi de) was
slowy added over 10 min. The reaction m xture was heated to ca. 140[err]C
and the water azeotrope was collected. After 4 hr. and conplete
dehydration was ensured, the tenperature of the reaction mxture was

I ncreased to 200[err]C and the tol uene was renoved via distillation. The
reaction mxture was cooled to 80C and 3838104 g (0.1000 nol) of 4,4"-

di br onot er phenyl was added. The reaction m xture.was then heated to
200[err]C. A 10 nL portion of the copper (I) / qU| nollne catal yst was
added to the reaction nm gkathele 71 58 3 a affer)éai Nt ai ned at
200[err]C for 17 hr. After wgg , . 4 sodium salt of the

9, 9- bi s(4- hydroxyphenyl)fl uor ene gone |nto solution. A 0.15 g portion
of dry copper (|86 nhellicolewaianiias centeretiistetie ispinning chasictfi 8okt spinccoaldie
reaction mxture was then nmaintained at 200 [err]C for an additional 24 °
hr. A 10 gapdheiddn place vierhackside yacieimaAftértolosingitie ghamibers thelatmospheteavas
reaction m xture was cooled.to 100[err]C, and 200 g of toluene was added.
The react i saturated with cwehexaaqnquepwbﬁmatew h.0rralootia §0 wa%ipolymersolutionon of 25
g of acetic acid in 1000 g of nethanol. The precipitate was isolated and
pl aced i n prapared fsomthepolwaeeef Example ﬂl(PAE-Rbam dissqlvedinsyglobexanose was ed i n
an oven 00[err]C then dissolved in 300 g of tetrahydrofuran. The

pol ymer soPlﬁcﬁé at thecentar obthegvater, clhegvafer was 'é-‘tf%féd AkSQ0 !P“bf°f§c1§t§ﬁ$e Duyrirg

precipitate was.collected SSO v tetrahydrqfu t hen
re- preci pi thig Bﬁ"qqn ? a&&e‘ﬁ'@ﬁ@o iﬁ bqwg'ypgb!m sgjutionw P%’Pé{t othe \as
-?-;Lfgsl na V CeP 8' e wa er((lle%%%ngoavt% Io ca. 51:-11}160{) polym perrtso?uiloﬁ ELl'l'rleepa e oF wa*er

rotation was then increased to 2500-3500 rpm. This rate was maintained for a period of

15-40 sec. After which time, the wafer was removed from the spinner and dried in air on
a hot plate set at 80-120°C. The wafer was then placed in a vacuum oven (<1.0 mm Hg)
set at 250-310°C in order to remove the last traces of solvent. _

This procedure afforded a uniform coating of the polymer on the wafer with a
thickness of 1-5 microns. The coating was then thermally crosslinked by placing the
wafer in a 400-450°C oven for 1 hr. with a nitrogen atmosphere (< 1% oxygen).

Polymers of Example 3 (PAE-2) and Example 5 (PAE-4) were individually spun
onto separate silicon wafers as described above .and dried at 120 °C for 2 min. The |
silicon wafer coated with PAE-2 ﬁad a film thickness of 2400 A and the wafer coated with
PAE-4 had a film thickness of 5000 A. The dielectric constant (g) for the PAE-2 film was
then measured with a Material Development Corp. Model CSM/2 semiconductor
measuring system (current/voltage meter with a mercury drop electrode). The PAE-2
polymer film had a dielectric constant of € = 2.28 at 1 MHz. Both polymer coated wafers
were then thermally cured at 450 °C for one and one half hours in a quartz tube furnace.
The dielectric constants for both polymer films were then measured. The PAE-2 polymer
film had a dielectric constant of & = 2.41 at 1 MHz. and the PAE-4 polymer film had a

dielectric constantof e = 2.42 at 1 MHz.



-24 - _ ' Exanple 5 (Mononers B/ C) The
general procedure for Exanple 3 was followed for the condensation of
35.0421 g (0.1000 nol) of 9,9-bis(4-hydroxyphenyl)fluorene with 15.6010 g
(0.0500 nol) of 4,4 -dibronobi phenyl and 19.4052 g (0.0500 nol) of

4, 4" -di bronot er phenyl. Wth a total reaction tine of 41 hr., the procedure
afforded ca. 43.8 g of polyner, PAE-4, which possessed the properties
listed in Tables 2, 3 and 4. In-850 nL flask, 3.00 g, 0.223 nol)
of copper (1) chloride was added to 20 g of freshly distilled quinolne
cont ai ned under a nitrogen blanket. The m xture was stirred at 25 'C for

48 hr. A 10 nmL_portion of the decanted liquid was used as cat I.yst._

A n} xturle of 3§P‘94P2W(%ﬂ'@0? ff@lg!ﬁ)t%ﬂ): R!’Ps%!‘,tglvﬁpwrﬁyg?&??’fﬂ%ﬁ‘ﬁf? PPGB}eénei( 55
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t enper at Uhsn&érﬁ%é\}@:éaté&a&bbﬁéz WHIS proVRIING 8 IdvP alefRfiiR CohStar Righ'thérmaand t he

t ol uene was re ‘via distillation. ~The reaction m xture was cooled to

£, P70 105
conditions. The poly(arylene ethers) dielectric materials of the present invention are also
easily synthesized. .
The present invention has been set forth with regard to several preferred
embodiments, however the full scope of the present invention should be ascertained from

the claims which follow.



reaction m xture was then heated to 200[err]C. A 10 nL portion of the
copper (l) I ginoline catalyst was added to the reaction mxture. The
reaction mxture was maintained at 200C for 17 hr. After which time, nost
of the disodiumsalt of the 9,9-bis(4- hydroxyphenyl)fluorene had gone
into solution. A 0.15 g portion of dry copper (I) chloride powder was
added to the reaction mxture. The reaction m xture was then naintai ned at
200 [err]C for an additional 24 hr. A 103 portion of bronmobenzene was then
added. After 1 hr., the reaction m xture was cooled to 100[err]C, and 200
g of toluene was added. The reaction m xture was thendduenched in a

rapidlv stirred solution of 25 g of acetic acid in
-25 - 1000 g of methanol. The precipitate was isol ated l!ﬂljmllml,ﬂmn“““
of boiling water for 8 hr. The precipitate was first dr

(100[err]©) then dissolved in 300 g ofCLAIMS: ahydr of uran. The pol yner
solution was filtered then precipitated in 1 L of acetone. The precipitate
was col |l ected, dissolved in 300 g of tetrahydrofuran, then re-precipitated
in 1L of hcetof® Pfﬂﬁ%@ﬁn\fﬁaﬂ%@ta diglectic matenahprovided an-a minroelectroniadevicaum |
oven (100[err

n> the gleFectncgmatenal contains a poly(arylene ether) polymer comprising
repeatmg units of the structure:

{ 0 Ary @) Arz} { o) Ars (0] Ary }
m n

wherein m =0 to 1.0; and n = 1.0 - m; and Ar{, Ar2 , Ar3 and Ary4 are individually divalent

arylene radicals.

2. The invention according to Claim 1 wherein Arq, Ar2, Ar3 and Ar4 are individually

. divalent arylene radicals selected from the group consisting of;

5 g G
@Q

2&

but Arq, Ar2, Ar3 and Arg4, other than the diradical 9 ,9-diphenyifiuorene, are not isomeric
' equwalents

~
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-26- - Tabl e 2. Ml ecul ar Weight Distribution for Exanples 1-5.

Exanpl e Pol ymer Structure MM err] Mnh[err] Mn/ IVh
1 ' . 20, 000 77700 2.58

oor film formn
ol ecul ar ferr] et one HITNINTINIINA IIII
41,100 15, 400 2. 66 [err] * goo film
form ng nol ecaBér - PAE- 1
wei ght 3 65, 300 20, 700 3.16
good film

mol ecul ar 3 The invention according tq{«laim 1 wherein said dielectric mat%ﬂm regeatmg

45, 400 11 Whispof a strygture:
film
nol ecul ar
[err]
good film
nol ecul ar

good

wherein m =0 to 1.0; and n = 1.0 - m; and Ar4 and Ar3 are individually divalent arylene

radicals selected from the group consisting of;

~7 @ @

4. The invention according to Claim 1 wherein said dieleciric_ material has m=0.5-1.0.

5.  The invention according to Claim 1 wherein said dielectric material has m=1 and

Arq is biphenyl.

This Sheet Has Been Replaced -
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0.5
Nunmber aver

PAE-4 a) Wi ght -average ‘nol’ecul ar wei ght. b)

age nol ecul ar wei ght.

~ 27 - Table 3. dass Transition Terrperature (Tg) of Poly(aryl ene

ether)s, Exanples 2-5, as Determ ned by DSC and hy Dynam ¢ _Mechani cal

Anal ysi s of Uncured (Thernopl astiic) and Cured (Themﬁﬁ
ured

Tg ([err] ©

Pol yrer Vi a via DMA of Unc

Cured Polyner[err] DSCa Exanple 2 166 -

Exampl e 3
Example 4 -

PAE-4 a) pbtained wth a Perkin El nmer

257 275
271 288 Exanple

5 273

il -

291 PA E 2
289

DSC7 Differential Scanni ng

Cal ori met er 6. b) Tharipveation Acgarding to Claitn 1, witergin Saidalialediidmatepiel ks m=tand
nolded in a 20 ml| 4" x 4" cavity nold at 300-400 C. (PAE-1 at
PrEistemheByo. 375[ err] C, PAE-3 and PAE-4 at 375-400[err]C). The
hani cal properties were determ ned using a Rheonetrics RSA-11 in
node. The Tg vvas obtained fromthe tan [err]. E is t he nodul us

conpr essi on
300[err]C

dynam c nec
the tensile
of the poly
il lustrated

c;er . ﬂg?nvrg?u on acdor; |I'|g tc:O |alnt|1 % Vﬁ’lo erl

integrated circuit.

ner. of Ex
in said microe

%gp nic dewce is an

8. The invention according to Claim 7 wherein said integrated circuit has conductive

regions and said dielectric material is provided adjacent_ said conductive region.

9. The invention according to Claim 8 wherein said dielectric material is provided

between conductive regions.

10.  The invention according to Claim 9 wherein said conductive regions are

conductors and said dielectric material is provided between adjacent conductors.

11.  The invention according to Claim 10 wherein said dielectric material is a layer

between said conductors.

12.  The invention according to Claim 1 wherein said poly(arylene ether) polymer is

crosslinked.

_—
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Figure'z E' is calculated fromE - and tan [err] for that pol yirer and ié

known as the | oss nodulus and is al so |Ilustrated in.Figure 2. -Tan [err]
E/E' and again is illustrated in Figure 2. :
-28 - Tabl e 4. -Tensil e Modul us, Ther nal Stablllty, and Nblsture
Absorption for Exanples 2-5. Ther mal
Stability[err] Moi st ure Absorptlon[err]
Wt % Gin Tensil e L via Wat er
W % Gin - Modulusa =~ w2 % Loss at wt % Loss at Imersion  at

85 [err]F / Polyner (dynes/cnferr]) - 400[err]C after 450C after  at
23[err]C 85 RH Exanple 2 1.23 x 10[err] 2 hr 0.47 2 hr 1.45 0. 164

PAE- 1 4 hr 0.63 4 hr 2.38 6hr 0.72 6hr
3.16 Exanple 3 1.45 x 10[err] 2 hr 0.24 2 hr 0.48 . 0.332 . 0. 279
PAE- 2 - 4 hr 0.32 4 hr 0.73 : 6 hr
0. 36 6 hr 0.91 Exanple 4 1.32 x 10[err] 2 hr 0.31 2 hr 0.99 0. 325
0. 301 PAE-3 4 hr 0.47 4 hr 1.39 : 6 hr
0..57 6 hr 1.65 Exanple 5 1.39x10[err] 2 hr 0.42 2 hr 0.82

0.275 PAE-4 - 4 hr 0.58 4 hr 1.10

6 hr 0.65 6 hr 1.26 a) Sanples of PAE-1, PAE-2, PAE-3, and PAE-4 pomders
wer e conpr e 5 4ol ded in a 20 m| 4" x 4" cavity nmold at 300-400C. (PAE-1
at 300C, PAE-2Z2 at 350-375C, PAE-3 and PAE-4 at 375.400[err]C). The dynam c

mechani cal properties were determ ned using a Rheonetrics RSA-11 in the
tensile node. b) Obtai ged on_a Perkin-Floer TGA7 Therpopgravinetric

Anal yzer with 100 ng test $anples and conducted in an atnosphere of
nitrogen. c) Water sorptu)n Feag-tH- PIAEM S (8§0C¢) conducted by drying and
wei ght neasur enent 1 —e—PAE-2 (450C)
4 - —*—PAE3 (450C)
4 —8—PAE-4 (450C)
3 o
wt % 7
Loss i
2 -
1 —
0 Tll’lIlIli‘TllT‘lIII.‘IIII‘IIII
0 .1 2 3 4 5 6
Time (hr)
Been Replaced - I.

il

THIS SHEET HAS BEEN
REPLACED




after equilibration in water at 23 [err]C as well as at 85%RH at 29 [err]C
in a Hot pack Tenperature-Hum dity Chanber. It can be seen in
Tabl e 3 that replacenent of the hexafl uoroi sopropylidene |inking group
(Exanple 1/2; U S. Patent 3,332,909) with a

9, 9- bi s(4- hydroxyphenyl)fluorene |inking group (Exanples 3, 4, and 5) that
the glass transition tenperature (Tg) is elevated by 90-100[err]C 1In
Table 4. it can be seen that this sanme |inking group replacenent also
enhances the high tenperature, thermal stability of these polynmers. Both

of these characteristics are nee for the successful incorporation of
these polyners into m crochips. s, this invention is an inprovenent
over the conpositions

-29 - Pat ent 3, 332,909 and the present invention discloses a dielectric
utility undisclosed in that patent. The synthesis of these
polynmers via Ul mnn ether synthesis affords non- branched, |inear
polynmers as indicated by the Mv Mh val ues (2.66-3.98) listed in Table 2.
In order to have good success in gap-fill between netal lines on a silicon

waf er, good control over polymer nol ecul ar wei ght and degree of branching
is required. As taught in Mercer, F.; Duff, D.; Wjtow cz, J.; Goodman, T,
Polym Mater. Sci. Eng. (1992) 66, 198- 99, the preparation of fluorinated
poly(arylene ether)s via condensation of

Fig. 2
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decaf | uor obi phenyl w th bisphenols affords polyners with high degrees of
variation in Mv M (3.02 to 39.38) H gh Mv Mh val ues indicate branching in
the pol yner chain, rmaking thempotentially difficult to fill small gaps.
Furthernore, the high MV Mh values reported for the fluorinated

poly(aryl ene ether)s indicates that the remaining fluorines on the
aromatic rings are still suscepti nucl eophilic reaction. The reaction
of these fluorines with silica m t enmper atures has been reported by
Hendricks, N. H; Wan, B.; Smth, A ; Proceedings First International
Dielectrcs for VLS / ULSI nmultilevel Interconnecti on Conf erence (DULM Q),

1995, pp 283-89.). [chjtgfdl n%‘.'I‘l}'ﬁR 2ackier of these
fluori nes under the" condl [ or@&?%qgl rygo(a? dep05| ti on Thus, the

present invention, with its ow MV Vn ratios, is an inprovenment over the
conpositions taught by Mercer, et al. Finally, the data provided in
Table 4 indicate that |ow noisture absorption is observed for the polyners
of the dielectric material of the present invention. Typically, polyimdes
have noi sture g préddnPinvertionts dirédietitodl gialectric nieral plovided oh-a3. 0 Wt %

noi sture absorption. Thus, this invention is an inprovenent over polyimde
conposi ti ﬁﬂéroele&@ﬁhladeﬂc@kmas an inegratedhéircuit, wherein the dielectric material

-30 - Exanpl e 6 Thermal Crosslinking of Poly(aryl ene

ether)s contains apdiy{aniéresather) polymer canprising & repeatinitiof thepstrucRiréPAE- 2) whi ch
was di ssolved in

{o Ary o] Arz}{ 0— Ar; 0] Ar4}
m N

whérein m=0t01.0;andn=1.0-m; and A_r1. Ara , Ar3 and Ar4 are individually divalent

arylene radicals selected from the group consisting of;

RPN e

but Arq, Aro, Ar3 and Ar4, other than the dnradlcal g, 9-d|phenylﬂuorene, cannot be
isomeric equivalents.

(Figure 1)
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.t'etrahydrofuran was placed in the cavity of a 11 cm|ID glass ring which was
laid on a glass plate. After solvent evaporation, a 35 mcrons thick.
circular filmwas formed which was easily lifted fromthe glass plate by
placing in warmwater (<50[err]C). Residual solvent in the free standing
filmwas then renoved by placing.the film oSubstjtutessheedi-e 1€bdanuaryd1 997 a
vacuum oven (1.0 nm Hg) and heating the filmTfTirst at 100[errJC for 17 hr.
then 200[err]C for 24 hr., followed by 280[err]C for 24 hrs. After
cooling, the filmwas easily renmoved from the glass plate_and found to
have <0.1 wt % residual solvent as erm ned by thermal Y | T
analysis (TGA). The pol yne ilmwas.laid on a M@Eﬁ%ﬁrﬁi“ﬁ]’
contained in a nmuffle furnace. Under a nitrogen atnosphgrg, the filmwa
heated fromroomtenperature to 350[err]C over a periodjoff 1$0JAN 99E
filmwas maintained at 350[err]C for 1lhr. then cool ed. Rgnmyval of the f'I4n
fromthe Pyrex glass plate required placing the filmglags I n borrTTg-wet ef
for 4 hr. After which time, the filmwas coated with ve thin sheets of
gl ass which had cone from the glass plate. The thermal 1rearme
of the polynmer in this fashion resulted in sone flow of the polyner and
adhesi on of the polyner to the glass. The adhesive strength of the pol yner
to the gl #gureas. greater than the cohesive strength of the glass. This
thermal treatnment of the polyner filmalso created-crosslinking within the
pol ymer structure as evident by the lack of solubility of the filmin

tetrahydrofuran and a sulstaatial tensile modulus F' of the film at
ekﬁeratures above the pglyner glass transition tenperature (Tg), as showh
gure 2. In Figure 23 frewezb RAEQI?O@SOC)C (bel ow the 272[err] C Tg of
the pol ymer), the ten'si I'e 0 x 10[err] dynes/cnierr]. |
From 350 to 450[err] C (aBove t e é# g; g of the polymer), the tensije
nodulus (E!') was 2.7 IC[err] dyne PF as shown in Figure _
- PAE-4 (450C)
-] PAE-1
3 - _
wt % 1
Loss i
2 —
v 1=
— 4
0#‘![1Il.f‘lillflilIl’fl:['if‘illli‘
0 1 2 3 4 5 6
Time (hr)
B v . s ] e £ 3 ?9%

-
N W
,



3. E“ the 1 oss nodul us,
mhlch isthe ratio of E'/E"

transition tenperature (Tg),
291 err] C

is calculated fromFE

i s useful

and tan [err].
for determning the gl ass
which as illustrated in

Tan [err],

Figure 2 occurs at

-31
Exanpl e 7 Application of Poly(arylene ether Bubstitute sheet - 10 January 1997; ¢

Silicon Wafers via Spln Coat i ng
on t-he spinning chuck of a Solitec spin coater
backsi de vacuum After closing the chanber,
Approximately 1.0 nL of a 10 w % pol
prepared fromthe pol yner of Exarrplzreq 3 (PAE-2) and dissq
pl aced at the ce g

Duri ng

wi t h cycl ohexanone.

cycl ohexanone was
at 500 rpmfor 5-15 sec.

t ot al

cent er
The rate

and hel d
t he at nosphg

of the wafer.
this period, a slow, st
10 wt % pol ynmer sol ution was added to the
of ca. 5 nL of polyner solut’ion).

in-

EMENT,

A 6 inch silicon wafer was centered
| ace vi a

eqd

ed in
THe {wat 8rJAN S99t 4t ¢d
stream of

h

of thejwafer
of MﬂféL¥

(requrrrmg
rotation was

then increased to 2500-3500 rpm This rate was maintained for a period of

15-40 sec. After which tine,
dried in air on
vacuum oven (<1.0 nmm Hg)
traces of solvent.

pol ynmer on the wafer with a

thermal Iy crosslinked by placing the

Fig. 2
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t he wafer was renoved fromthe spinner and

a hot plate set at 80-120C. The wafer was then placed in a _
set at 250-310[err]Cin order to renove the |ast
This procedure afforded a uniformcoating of the
t hi ckness of 1-5 m crons.

10>

Tan (3) (a9

The coating was then



~wafer in a 400-4 . i 1 hr. wwth a nitrogen atnosphere (< 1%
oxygen) . - mﬁ [”m mlpl e; 3 (RAE-2) and Exanple 5 (PAE4) were
i ndividual ly spun*onto separate*silicon wafers as descri bed above and dried

at 120 [err]C for 2 nin. The silicon wafer_coated WGubstifte sheeid 9/10/08,
thi ckness of 2400 A and thg wafer coated With ~PAE-4 had a film thi ckness

of 5000 A. The dielectric &G il err for the PAE-2 fil m wag; -
nmeasured with a Materi al MBB%H&MM@W?MHGQ LA EMENT SH
rpde). The —

measuri ng system ( cur r enal digéatic matepiaband tiicroeleatronic deviicen whetein
PAE-2 polyner filmhad zheldileeticr matefiflnis iredidedf of @id icrodlec®orié | 1j MO OCT 199g
Bot h pol yner coat ed.vvaferdgvicgv%@d%h&?kgﬁgr o @%0 [eﬁé ] for'one

ot h pol ymer 111 were CHEY Pt colis® seaiiyof ag-fonfomplly 0 T
. dielectric constant of [WMI&Q" YOS and the PAE-4 polynmer film —
- had a dielectric constant of [err] = 2.42 at 1 MHz.

. -32-- The pol y(aryl ene d&trefsyOgtardgiOprasseftArdyent i on provi de
unexpected properties as a dielectric material and particularly a pol yner
useful as a replacement for silica-based dielectric material by providing

conpositions of a poly(aryl ene ethe é‘ ictr] do nof, hayve: (i) fluorinated

substituents which may bé V4 @%%ﬁm } e or '

material; (ii) significaﬁf‘f];: Y et chls ToRgthe ;  j )
(OOSHng

nonaromati ¢ or nonperph ®ons, while providing a low dielectric

constant, high thernal




T - _ .
stability, ability to INd | ow hydrophilicity under hlgh

relative humdity condiftions. @ﬁapoly aryl ene ethers) dlelectrlc
material s of the present i DO

ard dl so easily synthesized. T
The present invention been set_forftH with regar &_ég_u tlﬂﬁﬁeﬁlﬂe}m%ﬂ.&@ﬁd

enbodi nents, however the Tull scope of tlhe present invention should be
ascertained from the glaims which-fel-ewgs - -33-
we claim 1. An article of manufacture conprising a conbination of a
dielectric mateial and gceidmeel ectronic device, wherein FH@WGtelectrlc
material:is provided™ peel ectronic - devis
material contains a p \ et her) polyner cg
non-finction repeat i Mg 6f the structure: [er
1.0; and n=1.0-m. and Ar

I ndi vidual |y dival et Iene kcal s sélected fromtheg
of ; [err] ' : -
: o |

and mixwres thersof, but Ar,, Ar.. Ar, and Ac,, other than
the diradical 9,.9-dipheaylfiuarene, are aot isomeric equivas
lents.

2. The invention according o daim 1 wherein said
diclectric material has repeating units of a stnctre:

, 9§

wherein m=0 to 1.0z and n=1.0-m: and Ar, and Ac, are
mﬁwmnydwﬂmuyhumw&vmm

(LT




- 34 - caniinued

continued - and PEEF| but Ar[err] Ar[err], Ar[err} and
Ar[err] other than the J%MQ§MENqL EFylfuarene are not isomeric

equivg- 2. The inventién 5 CQ&? Béh c| ai m 1 wheSubstituts; sheets| H3Q/98
material has repentingjupi 3 vtFr [err] : wherein me0 to

1.0: and n=1.0-m and Af[ eLL and Arfefr e_indi vidual Iy dival ent
aryl ene radicals sel ect gd fron1group consj sting of: [err]

3. The invention according to claim 1 wherein said
diciecaic material has m=0.5-1.0.
4. The invention according to claim 1 whersin said
diclectric material has m=1 and Ar, is biphexyl
5. The inveation according to claim 1 whersin said
diclectric material has m=1 and Ar, is texphenyl |
6. The inventon according t©© claim 1 wherein said
- microelectronic device is an integrated circuit.
7. The invention according to claim 6 wherein said
- inregrated circuit has conductive regions and said dielectric
- material is provided adjacent said conductive region.
8. The invention according to claim 7 wherein said
dielectric material is provided between conductive regions.
9” The invention according to claim 8 wherein said
conductive regioas are conductors and said dxclecuic mate-
 dal is provided between adjacent conductors. . |
- 10. The invention according to claim 9 wherein saxd
diefectric material is a layer between said conductors.
-~ 1L The igvendon according to claim 1 wherein said
poly(acylene ether) polymer is crosslinksd.

0 g



+~o—etanl wherein said dielectric material has
ﬁﬂﬁﬁrrding to claiml wherein said

[grr] is bi-phenyl The invepti.
veo g g98i d |digel ectric mater L§Pbﬁﬂwtﬁx§?‘?§ﬁﬁ %QZQQ.}
I s terphenyl. 6. The invention gcqording to claim1l wherein said .
m cr oel ectroni c dgvi‘ee rted g1l atagd TRIAICaU t . 7. The invention
according to claim6 mhereln said iptégrated circuit has conductive regions
and said dielectric materrar 15 provi ded adj acent said conductive region. g
8. The invention accor SONFUNCTIONALIZEDh @O (3% YLEWES IBIHER )C TWc i 1é$
provi ded between conductive regions. 9. The invention according to claim:
8 wherein said conductive regions are conductors and said dielectric mate-
rial is provided between adjacent conductors. 10. The invention according
to claim9 wherein said dielectric material” is a |ayer between said
conductors. 11. The invention according to claim1l wherein said

Pol y(arylene e ri@ld & mantfichire comprising a dielectric material
on a microelectronic device. such as an integrated circuit,
wherein the dielectric material contains a poly(arylene ether)
polymer comprising a repeat unit of the structure: '

3 The |nvent|on
‘me0. 5- 1.0 4. T
dielectric materi
according to cl ai

$0— An-o—Arz-}—:—o—An—o-mi;

wherein m=0 to 1.0; and p=1.0-m; and Ar,, Ar, Ar; and Ar,
are individually divalent arylene radicals, but Ar,, Ar,. Ar;
and Ar,, other than a diradical 9.9-dxphenylﬂuarene. cannot
be isomeric eqmvalcnts.

(Flgure 1)



