NONFUNCTI ONALI ZED PCLY( ARYLENE ETHERS) _ - - :
TECHNI CAL FI ELD OF THE | NVENTI ON _ The present invention is directed
to.the field of poly(arylene ethers) 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 unctional i zed pol y(aryl ene ethers) which have utility as low dielectri.c
insulating layers in electronics applications and articles containing such
pol y(arylene ethers). BACKGROUND OF THE

| NVENTI ON The el ectronics fabrication I ndustry uses dielectric
materials as insulating |ayers between various circuits and |ayers of
circuits inintegrated circuits and related el ectronic devices. As the

el ectronics fabrication i nﬂmmﬂiL@r@gﬁkﬁ@&@%%ﬁﬁcui try with

finer circuit or line geonefry In nore patterns, the
dielectric constant requirenents of the insulating |ayers grows nore
demandi ng for | ower val ues. :

E \'4 N
The present invention is directed to the field of poly(arylene ethers) which do not
contain any functional or reactive groups in the polymer, such as a&ivated fluorine
substituents. More particularly, the present invention is directed to nonfunctionalized
poly(arylene ethers) which ha\)e utility as low dielectric insulating layers in electronics

applications and articles containing such poly(arylene ethers).

BACKGROUND OF THE INVENTION

The electronics fabrication industry 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 ;ralues.

Thérefore. there is a need in the electronic fabrication industry for the
replacement of silica-based, interlayer dielectric materials v&ith materials of lower
dielectric values. Silica and its modified versions have dielectric values on the order of
3.0 to 5.0 and usually 4.0 to 4.5. Polymeric materials used as replacements for silica as
interlayer dielectric materials can have values for dielectric constant in the range of 1.9 to
3.5, which values are highly dependent on the stnjcture of the polymeric materials. To
successfully replace silica-as an interlayer dielectric material, the properties of polymeric
materials must conform to the rigid manufacturing requirements for integrated circuits or

microchips in the electronic fabrication industry.



Therefore, there is a need in the electronic fabrication industry for the
repl acenent of silica-based, interdayer dielectric materials with nmaterials
of lower dielectric values. Silica and its nodified versions have

di el ectric values on the order of 3.0 tQ 5.0 and usually 4.0 to 4.5.
Polyneric materials used as replacenents<for silica as interlayer
dielectric materials can have values for dielectric constant in the range
of 1.9 to 3.5, which values are highly dependent on the structure of the

1.9 to 3.5, ut lent on the structu
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-2- ol Wéﬁg@hggj_yrre_rs have been proposed and utilized as dielectric
materi al s Poy ntegrated circuits, wherein such polyneric materials
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presence of fluorine in polynmeric dielectric materials was utilized to
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: poly(arylene ethers) which were proposed as substitutions for low dielectric materials
enhanced the synthesis of the fluorinated poly(arylene ethers) by activating the
appropriate sites in the polymer precursors as well as providing low dielectric values. In
addition, 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 “Flucrinated Poly(aryl
ethers): Low Dielectric Constant, Thermally Stable Polymers for Sub-Half Micron IMD
Applications” presented at the DUMIC Conference, February 21-22, 1995, pag;es
283-289, polymers of fluorinated poly(aryl elhérs) developed at Allied Signal provide low
dielectric constant, interlayer dielectric matenials. These fluorinated poly(aryl ethers)
were found to have low dielectric constants and extremely low levels of adsorption 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 'Developmeht of Low

Moisture Adsorbing Low Dielectric Constant Dielectrics for Multichip Module Fabrication”
in the proceedings of the Intemational Electronics Packaging bonference. Marborough,

Massachusetts, September 1990, pages 1042-1062, that various polyimides can be used



enhanced the synthesis of the fluorinated poly(aryl ene ethers) by
activating the appropriate sites in the polynmer precursors as well as
providing |ow dielectric values. In addition, polyimdes have been altered
with thermally unstabl e derivatives which decorrpose t o gaseous byproducts
to provide a self-foaning polyinde diele8tric material which has reduced
dielectric constants taking advantage of the |low dielectric constant val ue
of air vvhich is 1.00. Nei |l Hendricks, Brad Wan and Aaron Smith
reported in "Fluorinated Poly(aryl ethers): Low Dielectric Constant,
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Frank W. Mercer and Timothy D. Goodman in “Factors Affecting the Moisture
Adsorption and Dielectric Constant of Fluorinated Aromatic Polymers” appearing in
Polymer Preparation (American Chemical Sociely Division of Polymer Chemistry),

Vol. 32(2), 1991, pages 189-190, disclose that dielectric values of polyimides and
fluorinated poly(aryi ethers) are deﬁendent 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 polanzable groups was dtsclosed to have detrimental effects on dielectric
constants and moisture adsorptuon.

Raychem Corporation has patented various fluorinated poly(aryl ethers) which
may be crosslinked and/or end capped 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 5,179,188.

L. M. Robeson, A. G. Farnham 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 476-478, 1975, disclose the synthesis of various poly(ary! ethers), some



- 3- as dielectric materials for nultichip nodules by fluourinating the
polymers up to 20% fluorine by weight of the polynmer. The incorporation of
fluorine-containing groups produce a reduction in dielectric constant and

noi sture adsorption. Frank Mercer, David Duff, Janusz Wjtow cz and
Ti not hy Goodman in "Low Dielectric Constanf- Fluorinated Aryl Ethers
Prepared From Decafl uorobi phenyl "™ appearing in Polymer Mterial Science

Engi neering, Vol. 66, 1992, pages 198-199, report five new fluori nat ed

poly(aryl ethers). Polynmer No. 2 was produced using 9, 9-bis(4-

hydr oxypheny lof whigb haveesulfohe brdginggrospsandotberiwhich have ameg&ndgmgmmns gNof or

eI ectronic applications. Frank W Mercer and Tinothy D. Goodnan in
"Factors Aff patticigr uity Wﬁuggwtadfombssamlmﬁand Di el ectric Constant of

Fl uorinated Aromati c Pol yners” pearing in_Polymer Preparation (American
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fluorine in their chem structure.
linkages and cafban-t r%on chemlcalq:onds are also contemplated in replacement of

the sulfone bridging unit.

U.S. Patent 3,332,909 discloses polyarylene polyethers having various dihydric
dinuclear phenyls wherein R and R’ can be hydrocarbon radicals having 1 to 18 carbon
atoms, inclusive. The ultility of these polymers is recited to be for shaped and molded
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
Ulimann Condensation Reaction” appearing in Polymer Preprint, Vol. 28(11), 1967,
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 moistgre
adsorption relative to polyether sulfones, but no other utility is provided. )

The prior art haé synthesized various poly(arylene ethers) by the Uliman
condensation using cuprous catalysts. These poly(arylene ethers) have not been
identified with a particular utility other than as moldable or castable polyhers. The prior |
art has also suggested the use of fluorinated polyimides and fluorinated poly(arylene
ethers) produced by different syntheses for use as low dielectric materials in interlayer
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 water or high relative humidity, and in the case of fluorinated poly(arylene

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



presence of the polarizable groups was disclosed to have detrinental - _
effects on dielectric constants and noi sture adsorption. Raychem
Cor porati on has .patented various fluorinated poly(aryl ethers) which may.
be crosslinked and/or end capped to control polymer paraneters, which '
polynmers . are recited to have desirable properties for dielectric
materials used in integrated circuit fabgLcation. 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. Ptent 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 5,179, 188.

L. M Robesaie reéctivly of thetfluorinatdd groufss, dspéxialtytwithmétalst tie présedit inventiore on

t he Dynam ¢ Mechani cal Behavi or of Pol y(Aryl Ethers)" appearing in ACS
Pol ymer  Pr epvercomes thesel drawicks forjaamaterial@nd particalampa pdiyeer asefut 4sa synt hesi s
of various poly(ary ethers), sone of which have suifone bridging
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Pol y(Aryl Ethers)” |l i ed Pol P/rre mposi um No.
polanzable or rea ive functional groups, whxle prowdmg a low dlelectnc constant, high

thermal stability, and low hydrophilicity under high relative humidity conditions, as will be
set forth in greater detail below.

The present invention is a poly(arylene ether) comprising repeating units of the
structure:

1o ‘ O 0~ Ay
O

m n

. O— Arp —0O— Ars'—':""

whereinm=0.21t0 1.0;andn=1.0-m; and Ar{, Arz and Arg are individually divalent
arylene radicals.

Preferably, Arq, Ar2 and Arj are individually selected from the grdup consisting
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1975, pages 373-385, disclose poly(aryl ethers) with sul fone bridging
groups. Ether |inkages and carbon-to-carbon chem cal bonds are al so
contenplated in replacenent of the sulfone bridging unit. U. S.

Pat ent 3, 332,909 di scl oses pol yaryl ene polyethers having various dihydric
di nucl ear phenyls wherein R and R can be hydrocarbon radicals having 1 to
18 carbon atons, inclusive. The utility of these polyners is recited to be
for shaped and nolded articles in the p®eparation of filmand fiber
product s. M J. Jurek and J. EE McGath in "The Synthesis of

Pol y(Aryl ene Ethers) via the U I nmnn Condensati on Reaction"” appearing in
Pol yrmer Pr epr i g Z23(11), 1987, pages 180-183, disclose the cuprous
catal yst - doivbn cfindefpsatien-bet ween a hal ogenated nononmer and a di hydric
phenyl to protNge” QoA enegt pers). Hag _polyners are described as

havi ng enhanc tipQ stabil : Qi adsegpion rel ative
to pol yet her no ot ty/i s p } The prior
art has synt hgsi z& 2 pol y(ar et hers) & Qe Dy

condensati on usvhg cuprols catal ysts. ese pol y(aryl ef® et¥ers) have not
been identified wwth a particular utility other than as nol dabl e or

castabl e polyners. The prior art has al so suggested the use of
fl uori nat ed pol Riiefarably, m=@5{1.Qior i nat ed pol y(aryl ene et hers) produced by
different syntheses for use as low dielectric materials in interlayer

di el ectric nat ePretdrably,an=0.6taadna05d circuits and el ectroni c devices.
However, these two cl asses of polyners are not fully acceptable for

intertayer di el Atdrhativelyfine1iandAry isbiphéhylds@dicalcase of polyim des, to the
pol ari zabl e groups and the hydrophilicity of the materials in the

Further alternatively, m=1 and Ary is terpheny! diradical.

The present invention is also a method of synthesizing a poly(arylene ether)

having repeating units of the structure:

1 O
¢

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Ar4, Ar2 and Arg are individually divalent

O0— Ary —o0— Ary —O0~— Ars———
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presence of water or high relative humdity, and in the case of fluorinated
pol y(aryl ene ethers), the potential evolution of fluorinated byproducts
at el evated tenperatures and

-5 - the reactivity of the fluorinated groups, especially with nmetals.
The present invention overcones these drawbacks for a material and
particularly a polyner useful as a replacenent for silica-based dielectric
material by providing a novel conpositionzof a poly(arylene ether) which
does not have fluorinated substituents or significantly polarizable or
reactive functional groups, while providing a | ow dielectric constant, high
thermal stabili and_Jksy hydroph|I|C|ty under high relative humdity

conditions__a$ wi ljjl bg sd forth in greater detail bel ow
BRI EF SUMVARY &F * nt invention is a

pol y(aryl ene et} Qf il‘e struc'l lerr]

comprising contacting the alkali metal salt of 9,9-bis(4-hydroxyphenyl)fiuorene {or a

combination of that monomer with other recited arylene monomers in the diol form) with
one or more dihalogenated arylene of Ar{, and/or Arg in the presence of a cuprous
cataly.st iﬁ the presence of a solvent at an elevated temperature in the range of 100°C to
300°C and recovering the resulting poly(arylene ether) product.

Preferably, the 9,9-bi_s(4-hydroxypheny|)ﬂuorene is present in approximately a
stoichiometric amount in relation to the dihalogenated arylenes of Arq, and/or Arz

Preferably, the alkali métal salt of 9,9-bis(4-hydroxyphenyl)fluorene is synthesized
by reactihg 98,9-bis(4-hydroxyphenyl)fluorene in an appropriate solvent with an alkali |
metal hydroxide with removal of the formed water by azeotropic distillation of the water
and the solvent.

Preferably, the poly(arylene ether) product is recovered by cooling and :
precipitation from the solvent.

The present invention is also a multilayer electronic circuit article comprising (i) a
silicon, glass or ceramic subst;ate, (fi) a plurality of layers or regions of an insulating
material on a surface of the substrate, and (jii) at least one Iéyer or region of a conductive
material selected trom the group consisting of metals and semiconductive materials,
interposed between adjacent layers of the insulating material or within a layer of the
insulating material, the insulating material comprising a poly(arylene ether) comprising’

repeating units of the structure:



wherein m= 0.2 to 1.0; and n =1.0 - m and Ar[err], Ar[err] and Ar[err] "’
are individually divalent arylene radicals. Preferably, Ar[err],
Ar[err] and Ar[err] are individually selected fromthe group consisting
of; [err] -6 - Jerr]

Preferably, m=0.5-1.0. Preferably, m=0.5 and n=0. 5.
Alternatively, me1l and Ar[err] is biphenylgagdiradical. Furt her
alternatively, mel and Ar[err] is ter pheny? di radi cal . The present

Invention is also a nethod of synthesizing a poly(aryl ene et her) havi ng
repeating unitg of the structure [err]- -

heyes
gas
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m n

0— Arp, —O0— Arg—T1—

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Arq, Ar2 and Arg are individually divalent

arylene radicals selected from the group consisting of;
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Preferably, m=0.5-1.0.
Preferably, m=0.5 and n=0.5.
Alternatively, m=1 and Arq is biphenyl diradical.

Further altemnatively, m=1 and Arq is terphenyi diradical.

The present invention is further a multichip module comprising a substrate, a
plurality of semiconductor chips carried on the substrate and a multilayer interconnect

which electronically connects the semiconductor chips and comprises plural layers or



wherein m=0.2 to 1.0; and n =1.0 - m and Ar[err], Ar[err] and Ar[err] are
individually dival ent aryl ene- radlcals selected fromthe group consisting
of ; Q -B

-7 [err] conprising contacting the aIkaI| metal salt of

9, 9- bi s( 4- hydr oxyphenyl ) fl uorene (or a comnbination of that nonomer with
other recited arylene nononers in the diolqform) with one or nore

di hal ogenated aryl ene of Ar[err], -and/or Ar[err] in the presence of a
‘cuprous catalyst in the presence of a sol vent at an el evat ed tenperature in
the range of 100[err]Cto

regions of conductive material and plural layers or regions of a dielectric material,

wherein the dielectric material comprises a poly(arylene ether) comprising repeating units
- of the structure:

—1—0

o— Ary ] O0— Ar —0O—~— Arg ——p—

m n

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Ar{, Ar2 and Arg are individually divalent

arylene radicals selected from the group consisting of;
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Preferably, m=0.5-1.0.

Preferably, m=0.5 and n=0.5.
Alternatively, m=1 and Ary is biphenyl diradical.

Further alternatively, m=1 and Ar4 is terphenyl diradical.



300C and recovering the resulting poly(aryl ene ether) product.

Preferably, the 9, 9-bis(4-hydroxyphenyl)fluorene is present in
approximately a stoichionetric anmount in relation to the di hal ogenated
arylenes of Ar[err], and/or Ar[err] Preferably, the alkali netal
salt of 9,9-bis(4-hydroxyphenyl)fluorene is synthesized by reacting

9, 9- bi s(4- hydroxyphenyl )fl uorene in an appropriate solvent with an al kal
metal hydroxide with renoval of the forneggwater by azeotropic distillation
of the water and the solvent. Preferably, the poly(aryl ene ether)
product is recovered by cooling and precipitation fromthe solvent.

The present invention is also a nultilayer electronic circuit article
conprising (i) a silicon, BHIFFISES : NP ORAWINGE 1) a plurality of
| ayers or regions of an insulating material on a surface of the substrate,
and (iii) at | eaEijueneisiayrsph ofrthérmgil stabilfy ohpolgmersaf thecpresentdnventiors (PAEL ed
fromthe group consisting of netals and sem conductive material s,

i nt er posed dt& 4Yoompadédioapolyragraf sheoprior lad (PAE) ak 4503Cnter nittbgen within a
| ayer . of the insulating material, the insulating material conprising a
pol y(aryl enatmesphere asafpnmnmgﬁmeeﬂhamaigtahmm:smeasuraé bg percentweight loss.
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- 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 interlayer dielectrics, with their relatively high dielectric constants,
provide unacceptable levels of capacitance in interconnects. There is a need in the
integrated circuit (IC) industry for the replacement of silica based, interlayer dielectric
| (ILD) materials with materials of lower dielectric (¢) values. Silica 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
associated with integrating organic polymers are sighifncant. 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 temperatures. Some classes-of
polymers, notably polyimides and other polymers based largely or exclusively on
aromatic linking groups, appear to exhibit sufﬁcieni 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



[err]
Ar[err] and Ar[err] are indivi
fromthe group consisting of;
nmF0. 5- 1. 0. Preferably,

dual Iy dival ent
' [err]

m=0.5 and n=0. 5.
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vvherei"n m=0.2to 1.0; and n =1.0 - m and Ar[err],

aryl ene radicals selected
Pref erably,

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 panél 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 repiace sifica as an iLD, the properties of the

polymeric material must conform to the rigid manufacturing requirements for microchips.

Table 1 summarizes the requirements set by IC manufacturers.

* Thermal Stability

* Dielectric Constant

Moisture Absorption

Isotropic Dielectric Const.

* HighTg
* Adhesion to Cu, Al, SiO2
and Si

* Low stress:

* Must be pattemable

Must have thermal stability

>400°C in vacuum or forming gas

(N2 with 4% H2).

CVD Tungsten Deposition: 400-480 °C
CVD Copper Deposition: 250-275 °C

Below 3.0, preferably 2.7 or lower.

Less than 0.5 wt%.

No anisotropy. Perpendicular and paralie!
dielectric constants must be the same and
uniform across the wafer. _

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

This is a must but adhesion promoters
can be used.

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

Should be directionally etchable by RIE (reactive ion
etching). .



Alternatively, mF1 and Ar[err] is biphenyl diradical. Furt her
alternatively, nFl and Ar[err] is terphenyl diradical. The present
invention is further a nmultichip nodule conprising a substrate, a

plurality of sem conductor chips carried on the substrate and a nmultil ayer

I nt er connect whi ch el ectronically connects the sem conductor chips and
conprises plural |ayers or -9-

regi ons of conductive material and plural r§§érs or regions of a dielectric
material, wherein the dielectric material conprises a poly(arylene ether)
conprising repeating units of the structure: [err] wherein m =

g VoAl ya(er? 95?@9%"nggﬁaghigﬁpgdﬁggf;gﬁjﬁié‘cﬂ ﬁﬂgﬁ%ﬁiﬁéﬁ?ﬁﬁﬂst i ng

of; elevated temperatures; Solubility of Cu in some
polymers)
* No solvent absorption _ No swelling due to photoresist solvents.
* Compatibility with CMP Nécessary if Damacene process used.
- (chemical-mechanical
polishing)

The present invention is a non-functionalized poly(arylene ether) comprising

repeating units of the structure:

—t—o0

o— Any 0— Ar, —0~— Ars——}—

wherein m = 0.2 10 1.0; and n = 1.0 - m; and Arq, Ar2 and Arg are individually divalent
arylene radicals.

More preferably, the polymers of the present invention have repeating units of the

structure:

ReVe
X0

L. - - L N
m ] _ n

O— Ar, o) O— Ary—1—

m; and Arq and Arg are individually divalent arylene radicalis.
The monomers Arq, Aro andlor Arg, which represent one or more aromatic ring

structures can be selected from the following structures (usually in the dihalogenated, |



[err] Preferably, nr0.5-1.0. Preferably, ne0.5 and

n=0. 5. Alternatively, nrl and Ar[err] is biphenyl diradical.
Further alternatively, nm1 and Ar[err] is terphenyl diradical.
BRI EF DESCRI PTI ON OF THE DRAW NGS. Figure | is a graph of thernal

stability of polyners of the present invention (PAE-
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Arq and Arg, or potentially the dihydroxy form, Ara, prior to polymerization, preferably the
dibrominated form, Arq and Ars, or potentially for the dihydroxy form, the potassium,
sodium or lithium salt thereof, Arp, respectively, wherein the mix of monomers is such
that a dihalogenated monomer, Ar4 and/or Arg, and potentially a dihydroxy monomer,
Aro, are selected for co-etherification in the Ullman condensation; however it is possiﬁle
to have a diradical in which halogenated functionality and hydroxy functionality are both

present):

A - phenylene:

<

B - biphenyl diradical:

)

C - para4erphenyl diradical:
N\ /N 4/ \ 7
D - meta-terphenyl diradical:

E- ortho-terphenyl diradical:

v
W,




2 to' 4) conpared to a. polynmer of the prior art (PAE-1) at 450[err]C under .
nitrogen ‘atnosphere as a function of tinme. Thermal stability is nmeasured
by percent weight |oss. . Figure 2 is a graph of dynam c nechanical
property of the polyner of the present invention synthesized in accordance
wi th Exanple 3 and crosslinked in accordance with Exanple 6 wherein
modul us of a filmof the polynmer is plotted against increasing
t emper at ur e. ' DETAI LED, DESCRI PTI ON OF THE | NVENTI ON
As interconnect dinmensions in integrated circuits shrink well below
one-half mcron, traditional interlayer dielectrics, wth their relatively
hi gh diel ectric iradical OVi de unacceptabl e | evel s of capacitance in
i nterconneCts.FC'Fﬁgﬁtgalig@églmr?gg[j inthe integrated circuit (1C industry for
the repl acene silica based, interlayer dielectric (ILD) materials with
materi al s of di el ectric ([err]) values. Silica and its nodified
ver si-ons have val ues on the order of 3.0-5.0 (usually 4.0-4.5).

, In general, known to exhibit significantly | ower
dielectric co Mts than inorganic oxides and nitrides, and thus may be
considered as camndidates for the internetal dielectric in future integrated
circuits. Fbmqgggn E@ghéﬁl .ghges associated with integrating organic

pol ymers are S|gnﬁplcant. or exanple, the thermal and thernal-oxidative
stability of Qrganic polyners is far too lowto allow integration,

gi ven current e‘@’ back-end-of -the-1ine process tenperatures. Sone

cl asses of pol YWefs, notably polyinides and other polyners based |argely
or exclusively g romatic |inking groups, appear to exhibit sufficient
thermal stabili wi t hstand current

D

J -- 4,4'-diradical of dibenzofuran

The other monomer making up the basic repeat unit of the polymer of the present’

invention is 9,9-bis(4-hydroxyphenyl)fluorene, with a structure of:



back end processing tenperatures. Additional key requirenents in polyner
dielectric candidates include (a) low dielectric constants to- provide

significant reductions in capaci tance, and (b) extrénely
| ow | evel s of adsorption and/or outgassing of noisture during thernmal
pr ocessi ng. Pol ymeric materials can have [err] values in the range

of 1.9-3.5, which is highly dependent on the structure. The present
invention provides a new fam |y of polyrd6i-c materials that are superior to
the currently considered polyneric materials for this application and

ot her applications, such as multichip nodul e packagi ng, encapsul ati on and

fl at panel Kdogabisid-hybraxypbény)flugrereme et hers) of the present invention
exhibit an excellent conbination of thermal stability, |ow dielectric

constant, Lew npjsture gQsoigHion -and | ow noisture outgassing. In order to

repl ace si Iic @ he properties of the polynmeric material mnust

conformto theg acturing requirenments for mcrochips. Table 1
sumari zes the ts set by I C manufacturers.

Variations in Ar{, Aro and Ar3 allow access to a variety of properties such as
reduction or elimination of crystallinity, modulus, tensile strength, étc. while the 9,9-bis(4-
hydroxyphenyti)fluorene link provides a high glass transition temperature polymer. These
polymers are essentially chemically inert, have low polariiy. 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 phenyl monomer or multiplé phenyl radical or polynuclear
aromatic monomer, as well as the diphenol comprising 9,9-bis(4-hydroxyphenyl)filuorene,
the polymer of the present invention may also be crosslinked, either by crosslinking itseif,
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 can be homopolymers, consisting essentially of a single repeat unit,

such as one of the aforementioned phenylene or biphenyl diradical and the | structure
fluorene derivative combina_tion 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) polymers of
the present invention can be a copolymer of the eihgriﬁcation of bhenylene A with
9,9-bis(4-hydroxyphenyl)fluorene and bipheny! diradical B similarly etherified with the
named fiuorenylidene derivative K. Combinations of compounds A through J etherified

with the identified fluorenylidene derivative K are also possible.

1



Table 1. Summary of Low [err]. ILD Requi rements Set by I C Manufacturers *

Thermal Stability Must have thermal stability

>400[ err]C in vacuum or form ng gas (N2
with 4% Herr]). CVD Tungst en

Deposi ti on: 400-480 [err]C . CvD
Copper Deposition: 250-275 [errt®-* Dielectric Constant

Bel ow 3.0, preferably 2.7 or lower. * Moisture Absorption Less

than 0.5 % * Isotropic Dielectric Const. No anisotropy. Perpendicul ar
and parall el

be the sane andn a copolymer where repeat unit of this invention is c%}n%kﬂ%ﬁ%hﬁpégp%% %ﬁerrust
Y\ﬁ;ﬁr 2 50[ ;,f ;,i'a%hher-rtgpe of polymer, itis preferred thg{ a‘%"i‘etaesg 66 R%@%A{?n%éé §éei4r%l¥ [&5 raesgi er
and 51 8D moles o the et it arg i Solrhef e b AdliBh. R BHOTREF Ry, | 1,
ggaggf)g:n;d&%ﬁ%ﬁ{aﬁgawftﬂ@°e°@g§?leb'% for Sigerr]. * Must be pattenable
Sth gﬁ: g g? ? di T eGhle ¥R iners 6f il defitidh arBnbn-firk6ra iﬁ‘ihét%y_ais chemically inert
and they do not bear any functional groups that are detrimental to their application in the
fabrication microelectronic devices. They do not have carbonyl moieties such as amide,
imidé. 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 (perphenylated) or the oxygen of the
compound J, above. _
The polymers of the present invention may be used in a multichip module 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 is the polymer of the present invention. On the interconnects are mounted
semiconductor chips which are connected to each other by electrical conductors in the
interconnect. The substrate may also contain electrical conductors, for example, for
power and ground. Lead frames provide connections to extemal circuitry. in such
multilayer interconnects, layers of electrical connections are separated from each other
by the polymers of the present inventidn. The polymeré of the present invention can also
separate various régions of conductors, such as between various discrete odnductors in
a common layer. A via can provide connection bet_ween the various layers as necessary.
The interconnect is connected to an integrated circuit .chip by abond pad. The via can
beina stacked pillar design, although other designs conventional in the art, such as stair-
stepped or nested via designs, can be used. Other mutichip module designs in which

the polymers of the present invention can be used are known in the prior art.



* Chem cal Corrpat'i'bility No reactivity with metals (i.e. possible

reaction between Al lines and fluorinated

pol ynmers at el evated tenperatures; Solubility
of Cu in sone _ polymers) * No sol vent
absorption No swel I i ng due to photore5| st solvents. * Conpatibility
wth Cw -Necessary if Damacene process used. (chem cal - nechani cal

pol i shi ng) The present invention_iyg.a non-functionalized

poly(arylene ether) conprising repeating units of the structure: [err]

wherein m= 0.2 to 1.0; and n =1.0 - m and Ar[err], Ar[err] and Ar[err]
are individually divalent arylene radicals. More preferably, the
pol ymers of the Phepapfanienecethérshofttbe preseqtdaventian caniaiso e usedassintedayer e:

Lerr] 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 poly(arylene ether) .
polymer can also be used in conjunction with conventional silicon, where the polymer is
used.between the metal lines on a Iayér with silicon used as the dielectric material
between layers of conductor material.

The poly(arylene ethers) 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 ciwuit.cén be provided with a protective coating of the

| poly(arylene ether) of the present invention. Typically, an integrated circuit chip would be
mounted on a substrate and held in place with an appropriate adhesive. A coating of the
poly(arylene ether) 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.

The poly(arylene ethers) of the present invention can also be used as a substrate
(dielectﬁc material) in circuit boards or printed wiring boards. The circuit board made up
of the poly(arylene ether) of the present invention has mounted on its surface pattems for
various electrical conductor circuits. Thecircuit board may include, in addition to the
poly(arylene ether) of the present invention, various reinforcements, such as woven
nonconducting fibers, such as glass cloth. Such circuit boards may be single sided, as

well as double sided or multilayer.



n m and Ar[err] and Ar[err] are individually divalent arylene radicals.
The nmononers Ar[err], Ar[err] and/or Ar[err], which:-represent one or nore
aromatic ring structures can be selected fromthe follow ng structures
(usual ly in the di hal ogenat ed,

-13 -  Arferr] and Ar[err], or potentially the dihydroxy form Arf[err],
prior to polymerization, preferably the dibroninated form Ar[err] and
Ar[err], or potentially for the dihydroxy'&orm the potassium sodi um or
lithiumsalt thereof, Ar[err], respectively, wherein the m x of nononers is
such that a di hal ogenated nonomer, Ar[err] and/or Ar[err], and potentially

5 Pt o6y o for SRR U S8 e SR AL |, L1

?a:oﬁgﬁg f‘teﬁgph‘lf'é;ﬂni Qéi@tldgttg(cﬁ]gﬁg ﬁgxfﬂ)%ﬁ' srﬁﬂ?@i :sﬁﬂaéohﬂﬁb & ﬁ_sﬁ?ﬁt. Rith Bpincodting A
being preferred. Preferred solvents are 2-ethoxyethyl ether, cyclohexanone,
cyclopentanone, toluene, xylene, chlorobenzene, N-methyl pyrrolidinone,
N.N—dimethylformﬁmide, N.N-dimethylacetamide. methyl isobutyl ketone, 2-methoxyethyl
ether, 5-methyl-2-hexanone, y-butyrolactone, and mixtures thereof. Typically, the coating
thickness is between about 0.1 fo about 15 microns. As a dielectric interiayer, the film
thickness is less thah 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 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
major sources of potential contamination, which must be removed for the Uliman
condensation to be a viable synthesis. Those sources of contamination are oopber
catalyst, sodium from the salt of the hydroxy precursor and halogen such as bromine
frorﬁ the arylene precursor. It is surprising that the. p'reseht invention could be achieved
with the neceésary purities by the Uliman condensation. When appropriate purification

and coagulation/extraction procedures were identified which resolved this signiﬁcant _



[err] C - para-terphenyl diradical: [err] D - et at er pheny!

diradical: - * E - ortho-terphenyl diradical:
-14-  F - _napht hal ene diradi cal : . G- anthracene diradical:
-19 -

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) of the present invention
particularly useful in microelectronic applications because they can be readily applied
from solution and then converted into a solvent-resistant coating by heating.

The poly(aryi ethers) are prepared 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 Cu0 or Cu**. In oxidative coupling sysfems.
copper acts in a redox fashion, altemating between Cu** .and Cu*, and reactions occur at
relatively low temiperatures. Studies on the mechanism of the Ullman reaction odnclude
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 Uliman reaction, the order of ease of halide replacement
is |, Br>Cl>>F which is the reverse of the order observed for the activated halide fbr
polyether-forming reactions. The Uliman reaction requires high téthperature, such as
180 to 230°C. Solvent type is not critical as long as it is inert and is a solvent for the
polyether formed. By contrast, with active halide reactions, the solvent is critical and
restricted to a few solvents when low reaction temperatures aré employed. Therefore,
nucleophilic aromatic substitution of nonactivated aryl halides can be accon_lplished using
the Uliman condensation reaction.

It is contemplated to use one or more dihalogenated phenyl-based compounds of
the type A through J listed above, as Arq and/or Arg, in reaction with the

9,9-bis(4-hydroxyphenyl)fiucrene and potentially the alkali metal salt of the dihydroxy
form of a compound of the type A through J, as Ara.- Thus, the repeating unit of the



H - phenant hrene diradi cal : - | .-diradical of 9,9-di phenyl f 1 uor ene of

t he type: J - 4,4 -diradi cal of dibenzofuran - ' The

ot her nonomer meking up the basic repeat unit of the polyner of the present
invention is 9,9-bis(4-hydroxyphenyl)fluorene, with a structure of:

-20-

pély(arylene ether) polymers of the present invention may include one or more mixtures
of the arylene derivatives or polynuclear aromatics in a halogenated or alkali metai sait
diol precursor _identified with the structures A through J above.

Alternatively, aromaﬁé structures comprising one hydroxyl and one halogen on
the arylené diradical can be employed in the synthesis 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 hydroxyV/halogen ratio.

The poly(arylene ethers) of the pfesent invention can be preparedin a -
substantially equal molar reaction of a double alkali metal salt of the dihydric 9,9-bis(4-
hydroxyphenyl)ﬂuorehe. and potentially a dihydric form of 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)fiuorene derivative, or additionally
the dihydric form of a compound of type A through J, can be used as one of the |
reactants. For the purpose of this invention, to obtain a high molecuiar 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 9,9-bis(4-hydroxyphenyl)fiucrene derivative (or additionally other
dihyric compounds of the type A through J) and/or the dibromo arylene derivative of
structures A through J is partly soluble. Suitable solvents include benzophenone,
dipheriyl ether, benzonitrile, dialkoxy benzenes in which alkoxy group odntains 1to4
carbon atoms, trialkoxy benzenes in which each alkoxy group contains 1 to 4 carbon
atoms, diphenyl sulfone, dimethyisulfoxide, dimethylisulfone, diethylsulfoxide, |
diethyisulfone, diisopropylsulfone, tetrahydrothiophene, 1,1-dioxide (fetramethylene

sulfone or sulfolane), tetrahydr_othiophene-d monoxide, and the like.



-

K - 9, 9-bi s(4-hydroxyphenyl)fluorene [err] Variations in
Ar[err], Ar[err] and Ar[err] allow.access to a variety of properties such
as reduction or elimnation of crystallinity, nodulus, tensile strength,
etc. while the 9,9-bis(4- hydroxyphenyl)fluorene |link provides a high
glass transition tenperature polyner. These polynmers are essentially
chemcally inert, have |low polarity, have no additional functional or
reactive groups and are thermally stablegfo tenperatures of 400-450[err]C
in inert atnosphere. In addition to the basic phenyl nononer or
mul ti pl e phenyl radical or polynuclear aromatic nononer, as well as the
di phenol conprising 9, 9-bi s(4-hydroxyphenyl)fluorene, the polyner of the
present i nvent i The doapleciikali matalcsali of therdikydiric 8i3-bie(d-hygraxyphenyfiluoranei t sel f,
t hrough exposure to tenperatures of greater than approximtely 350[err]C,
or by prowedivativesgenerally. exists in the hydrate form which should be dehydrated séparately or
o in the reaction mass to insure anhydrous conditions. Similarly, the alkali metal salt can
be prepared in situ in the inert diluent by reacting the dihydric 9,9-bis(4-
hydroxyphenyl)fluorene derivative with an alkali metal, alkali metal hydroxide, 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. In the event other dihydric compounds of type A through J are
also used, similar treatment to that described is appropriate.
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, dimethyi
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 preferred reaction between the dibromo arylene structures A through J and
the alkali metal salt of the dihydric 9, 9-bis(4-hydroxyphenyl)fluorene derivative (with or
without additional diols of the structures 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.
Reaction temperatures above room temperature and generally above 106°C are

preferred. More preferred are temperatures between 180°C to 250°C. Higher



crosslinking agent as well as end capping the polyner with known end cap
agents, .such as phenyl ethynyl, benzocycl obutene, ethynyl and nitrile.

The pol yners can ‘be honopol yners, consisting essentially of a single repeat
unit such as one of the aforenentioned phenyl ene or biphenyl diradical and
the I structure fluorene derivative conbination or the polyners can be
copol yners conprising a repeat unit of the structure of the present -

i nvention in conbination with other repegg-units of polyols and phenyls
known in the art. -For instance, the poly(arylene ether) polyners of the
present invention can be a copolynmer of the etherification of phenylene A
with 9, 9-bis(4-hydroxyphenyl)fluorene and bi phenyl diradical B simlarly
et heri f i edempetaturae camieaddo tiegradation|or decemprsitionaf thecrepctanisbihe Poiyseer and
conpounds A through J etherified wth the identified fluorenylidene

deri vat i vdhiselventsiemplgyedsi bl e.

-16 - _In a copol yner ere repeat unit of this invention is
conbi ned with tH® pelyaefis mem\é\?f%ﬁﬁ H&“P? ass in 3y sARuenientmannesy, g¥eh r ed
Lni t s ar e SF MPPRRIRE euces bV alfave fenston s orbxasaA Eonsolypnt g’ -
al ternati e pﬁﬁ,ﬂ%?,n&r%e gc':lﬁﬁ:;%lymer can be recovered by stripping off the solvent at reduced
pressures or elevated temperatures. '
Since the polymerization reaction resuits in the formation of the alkali metal halide
(typically bromide) on each coupling reaction, it is preferred to either filter the salts from
the polymer solution or to wash the polymer to substantially free it from these salits.
Other synthesis techniques for the polymers of the present invention are possible
and are contemplated, such as potentially nickel catalyst coupling syntheses, as are
known in the art. See I. 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.
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Comparison of isothermal stability data (450°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 micro-

electronics. Figure 1 shows thermal stability as % weight loss versus time at 450°C in

nitrogen. The thermal stability of the polymers of the_ present invention are markedly

superior to the prior art polymer PAE-1.

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.



be in a stacked pillar design, although other designs conventional in the
art, such as stair- st epped or nested via designs, can be used. O her.
nultlch|p modul e designs in which “the polymers of the present invention
can be used are known in the prior art.

-17 - The poly(aryl ene ethers) of the present invention can also
be used as interlayer dielectrics in an igégrconnect associated with a
single integrated circuit chip. An integrated circuit-chip would typically
have on its surface plural |ayers of the poly(arylene ether) dielectric
and nul tiple layers of netal conductors. It can also include regions of

the poly(arylene ﬁ\@l%ént@rﬁk?ﬂ-iénbﬁcl@emﬁew#' Bcrﬁﬁatﬁ REPRceBaings Firs S or

regions of conductor in the sane layer or level of an integrated circuit.

The pol y(aryéfaminarDielectties YOPVLSE AOLSI agltilb¥el rterdonrigco Coltsrehsd (DUMIC),
conventional silicon, where the polynmer is wused between the netal Ilnes on

a layer wi thyges, thzaamsgpemmbwad Pﬂivﬁ!é’drthal ring fiasrinated, psty(andonel styer)s can
conductor materia The poly(aryl ene ethers) of the present

I nvention careactwitiha silicen sisfade caffordingiSiE4} at elevateditemgeratarest @regskilleddnci rcui t
chips for protection against al pha particles.

chemistry would also anticipate that these fluorinated polymers would also react with

métals, such as copper, aluminum, and tungsten, at elevated temperatures required for

microchip manufacture.

Example 1 (Comparative example)

A mfxture of 33.624 g (6.1000 mol) of 2,2-bis-(4-hydroxyphenyl)-1,1,1,3,3,3-
hexafluoropropane, 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 té 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 (l) chioride / quiholine 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 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 precipitate was isolated and placed in 2 L of boiling water for
8 hr. The precipitafe was first dried in an oven (100°C) then dissolved in 300 g of



Sem conduct or "devi ces are susceptible to soft errors when al pha particles.
emtted from radioactive trace contam.nants in the packagi ng or ot her
nearby materials strike the active surface. An integrated circuit can be
provided with a protective coating of the poly(arylene ether) of the
present invention. Typically, an integrated circuit chip. woul d be nounted
on a substrate and held in place with an-&propriate adhesive. A coating of
the poly(arylene ether) of the present invention provides an al pha .
particie protection layer for the active surface of the chip. Cptionally,

addi tional protectjon i VI ded enc, | ant made o for ex

epoxy ora qu g“"a" The'po y’ﬁ?fes"f%‘g? ;‘ﬁ%ﬁg ﬂ?—ﬁ“r%?%?'taé?‘;'f‘ﬁ @%ol

i nventi on can aI sp.be used,a strate ect mat er i aI in circuit
boar s or e piEGPIRIE RS (oyaRaE WaRES withmsttshol eG drefa R yEb h«

pol y(aryl enﬁosr, e(ll;\) Uﬁé t he present |nvention has nounted on its surface
patterns fo § ré ectrl cal conductor circuits. The circuit board may

ol ude, [0 addi 18O atdiiby 6K o BabiAF DAY, iy BOSSERUa hav et | On.

various reinforce such as woven such as gl ass
cloth. -SUChpl%'pEﬁi‘éhtlustQHﬁ{f'éblé?ﬁ. be single sided, as well as double sided or

mul til ayer. . . - 18 -
Example 2 (Comparative example)

The procedure of Example 1 was repeated except that the catalyst was prepared
as follows. Copper (1) chloride (3.00 g, 0.223 mol) was added to 20 g of freshly distilled
quinoline contained under a nitrogen blanket. The mixture was stirred at 25 °C for 48 hr.
A10mL po_rtion 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 (l) chioride was added to 20 g of
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)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 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 dehwmﬁon was ensured, the temperature of the

reaction mixture was increased to 200°C and the toluene was removed via'distillation.



Filnms or coatings of the poly(arylene ether) of the present invention can. .
be fornmed by solution techniques such as spraying, spin coating or -
casting, with spin coating being preferred. Preferred solvents are

2- et hoxyet hyl ether, cycl ohexanone, cycl opentanone, toluene, xylene,

chl orobenzene, N-nethyl pyrrolidinone, N, N-dinethylformam de,

N, N- di et hyl acet am de, nethyl isobutyl ketone, 2-nethoxyethyl ether,

5- met hyl - 2: hexanone, [err]-butyrol actone,-26d m xtures thereof. Typically,
the coating thickness is between about 0.1 to about 15 microns. As a
dielectric interlayer, the film thickness is less than 2 m crons.

Addi tives can be used to enhance or art artlcular target properties, as
is convent |Tbﬁaea0§|onxmmre|wa&mle§dppﬂg<ppaa¢ﬂ Zpaél(@d%"@[)z%ﬁbﬁzer s, flanme

retardants, pignments, plasticizers, surfactants, and the |ike. Oorrpatlble

or non- conp&lremebiphgnyhwas addad. Jhe reactionreixture was e beatedda ?P@& pAdSemty .
ol yrrer s oPot eroZ picawper (hBlarie { SubS iR s abded bé rartiol mistie
PL?S?LﬁESWat h@?@%%&ﬁ%@@h*ﬂ?ﬁ?%“@# *r‘m@aw?ﬁr@?aﬂ#t@ﬁ
Pur di théﬁ*f’??’gz%%%&ﬁ%ﬁb SysbsnfofiE hod 60R3 o bOupd, Nehié ol
than 1 ppm Perendirely @PEPQ%’@%"’?%WW@%@%‘?% toBfenmpRRES The rartc )
for diel ect migturd WaetHen\Rdiftaindd at 2004 Rir af aBAMSRA 24 Br.ON10 gIesrtiby of he Ul | man
condensation has three _
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 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 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 plasmé-atomic emission spectrometry) revealed that the copper and sodium

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

Example 4 (Monomer C)

The general procédure for Example 3 was followed for ihe coﬁdensation of
35.0421 g (0.1000 mol) of 9,9-bi$(4—hydroxyphenyl)ﬂuorene with 38.8104 g (0.1000 mol)
of 4,4"-dibromoterphenyl. With a total reaction time of 41 hr., the procedure afforded ca.
36.8 g of polymer which possessed the properties listed in Tables 2, 3, and 4. - |



maj or sources of potential contam nation, which nust be renoved for the

Ul man condensation to be a viable synthesis. Those sources of

contam nation are copper catalyst, sodiumfromthe salt of the hydroxy
precursor and hal ogen such as bromne fromthe arylene precursor. It is
surprising that the present invention could be achieved wth the necessary
purities by the Ul mn condensati on. When appropriate purification and
coagul ati on/ extraction procedures were idhtified which resolved this |

si gnificant -19. -
problemfor the first time, it was found that the U | nman condensati on coul d

?LSdESFy? ary en Lé#hiﬁgﬁ%%S@%bé@ﬁ{@w%hﬁiﬁ{)%E@F"ée e 58?%9"431%9 % so
a50[ orr] ¢ Moy Bifed iR oRuneFRGRPA tireler SatiE, 17 HaPe wab R

pol y(aryl eag oglsBesdhr. %A 16 ML &E)rﬁ&?ﬂftthé pﬁgd?ﬁéﬂ&u'&@ééﬁ{?ﬂ'a%réaiél eful in

m croel ectronrc applications because y can be readily applted from

oL o | BAS! Sbat oohE P BRI 8

proper 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 38.8104 g (0.1000 mol) of 4,4"-
dibromoterphenyl was added. The reaction mixture was then heated to 200°C. A 10 mL
portion of the copper () / quinoline catalyst was added to the reaction mixture. The
reaction mi*ture was maintained at 200°C for 17 hr. After which time, most of the
disodium salt of the 9,9-bis(4-hydroxyphenyl)fluorene had gone into solution. A0.15 g
portion of dry copper (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
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 of methanol. The precipitate was isolated
and placed in 2 L of boiling water for 8 hr._ ﬁe prepipitate was first dried in an oven
(100°C) then dissolived 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'pOIymer, it



modi fication of the Ulman reaction. Ulman first illustrated that copper
powder is a catalyst for nmaking aromatic ethers by this reaction. It has
been indicated that the cuprous ion is the active catalyst and not Cu[err]
or Cu[err]. In oxidative coupling systens, copper acts in a redox fashion,
alternating between Cu[err] and Cu[err], _3gd reactions occur at relatively
| ow t enperatures. Studies on the nechani smof the U Il man reaction concl ude
that Cu[err] is the active species and coordinates with the [err] system of
the aromatic halide, thus facilitating carbon-hal ogen cl eavage. This

schene is ewagidriedlin & vacudrrcoven(i00°C) overhighttThe propestidstaré raportedlint Tabibs

Ul man reaction, the order of ease of halide replacenment is 1, Br>C >>F
which is th@-4.everse of the order observed for the activated halide for

pol yet her-form ng reactions. The Ul man reaction requires high tenperature,
such as 180 to 230[err]C. Solvent type is not critical as long as it is
Inert and is a solvent for the polyether forned. By contrast, with active

hal i de reactions, the solvent i Sgﬁgdlbhﬁ(‘l\ﬂoﬁaﬁlersrﬁﬁ? ricted to a few sol vents
when | ow reaction tenperatures are enployed. Therefore, nucleophilic

aromati c substi t JtheQeneral prodedure furExdmple)3 wisiolisiesi forthelzondensation ofshed
using the Ul man condensation reaction. It is contenplated to

use one or rg5042dig{al 1000 nd)cd 9sisid-hydeoxyphengi)fiunrendwithf 15.6010ey (0Q500Amol)

through J |isted above, as Ar[err] and/or Ar[err], in reaction with the
9, 9- bi s( 4- hyod dptt-dibramgbiphenyicand8.4052 g(0t0800 mwi)l of 44 dibrdrkotieipheaylaWithhat  of
t he di hydroxy formof a conpound of the type A through J. as Arferr].
Thus, the r dptahteiagtiontime of#1 hridhe procedure afforded ca. 43.8 g of polymer, PAE-4, which
possessed the properties listed in Tables 2, 3 and 4.
In a 50 mL flask, 3.00 g, 0.223 mol) of copper (J) chloride was added to 20 g of
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 (o.iooo mol) of 9,9-bis(4-hydroxyphenyl)fluorene, 75 g of
toluerie. and 100 g of benéophenone 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 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) / ginoline
catalyst was added to the reaction rhixture. 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-
hydroxyphenyi)fluorene had gone into solution. A 0.15 g portion of dry copper (1) chloride



-20 - poly(arylene ether) polymers of the present invention may include
one or nore mxtures of the arylene derivatives or polynuclear aronatics
in a halogenated or alkali netal salt diol precursor identified with the
structures A through J above. ~ Alternatively, aromatic structures
conpri sing one hydroxyl and one hal ogen on the arylene diradical can be
enpl oyed in the synthesis procedure noted above. These structures can be
conbi ned with ot her nonohydr oxyVnonohal o®8nat ed structures, as well as,
di hydr oxyl and di hal ogenated aryl ene diradicals. The key to the desired
nmol ecul ar weight will, of course, be the hydroxyl/hal ogen ratiio.

The poly(arylene ethers) of the present invention can be prepared in

subst ant i aPWdesy(@siaddgd 1g thederstion miture, The fsaetion mixtyre wasdhens maintained "
Form of o 2o ansediihest 2 R 1d 6 R ofbrofibahgrra wrs e St A i
of & cupr ol 08 r4echpr RNV Y cpeleet B 1S 08 g0 g crdpiete wan plcady Te T o a1
2 ?Lnéf‘ﬁ?%%%ﬁﬂif@%tﬁéf%d%?& o RN e 05 25 g okl =B
oS ﬁidgﬁs nglng%dlﬁ %r fet gﬁ@c tﬁ\% ﬁec. itte WA i Mbcdd'in L BY6llind Watdr for?®t @1 N
hr. The precipitate was first dried in an oven (100°C) then dissolved in 300 g of
tetfahydrofuran; 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.



Is preferred to conduct the reaction under substantially anhydrous
conditions and in an oxygenfree atnosphere. Cenerally, the
reaction is carried out in an inert diluent in which the alkali netal

salt of the dihydric 9, 9-bis(4-hydroxyphenyl)fluorene derivative (or
additionally other di hyric conpounds of the type A through J) and/or the
di brono aryl ene derivative of structures A through J is partly soluble.
Sui t abl e sol vents include benzophenone, Hlpherlyl et her, benzonitrile,

di al koxy benzenes in which al koxy. group contains | to 4 carbon atons,

trial koxy benzenes in | t,0 4 car bon
atoms, di phenyl sul f ontRP! Eﬂ@@fﬁ?f‘@ﬂw&t ésq"ﬁt ?q{%x fleg
di et hy| sul f-oxi-de di nf hul sul-fone di--sop+ nn\leLlll frnn 5
tetrahydrotExamplent 1 1 dioy RQ'YMEEEHEEEQ*L&DE__&ME. NSy n
tetrahydrofhi ophene-1 nonoxide. and the like .
-21 - 1 The G net aI sal t of |t he {i20y080i|d@,700 258
9, 9- bi s(4-hydr oxyp JOTRNG at | Ogrreraljly, ejists intfie
hydrat e fof m which De denhydr S ately qr i n |ipoer filmact i on mags
to insure pnhydrou Si m ar e fal kalli- net gfforatihg cin
C CF 3 - molecular
PAE- weight

41,100 | 15,400 2.66
OGY@ good film
Y forming
FsC CF3 :

molecufar
PAE-1 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 { 25,700 2.95

good film
forming
molecular
weight

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




be prepared in situ in the inert diluent by reacting the dihydric
9,9-bis(4- hydroxyphenyl)fluorene derivative with an alkali netal, alkal
nmet al hydroxi de, alkali netal hydride, alkali netal hydroxide, alkal
netal carbonate or alkali netal al kyl conpound, and thereafter renoving
water, by distilling off a water-containing azeotrope fromthe reaction
mass or by like techniques, to obtain anhydrous conditions. Benzene,

xyl ene, hal ogenat ed benzenes, toluene, agf-other inert azeotrope formng
organic liquids are suitable for this purpose. In the event other dihydric
conpounds of type A through J are also used, simlar treatnent to that
described is appropriate. The cuprous catal yst enployed in the
reaction can be a cuprous salt, such as cuprous halide, for exanple,

cuprous chigbigs, emsammﬁmmﬁmmeqmgmwy(mleds emeiyspexampmemsj%s are
preferred ghéte@nihéEy DSE diidBy DyrhiieMethdhicabAhal@sis 61 Ui (Thefmdplastic)

al so be emmﬁedmemagé?pggmepuprous acetate, cuprous formate,
| i ke. The cuprous catalys

cuprous salts obtalned by

and t he

can al so be a conplex of any of the foregoing
conblnlng the cuprous salt mnth a coaneX|ng

agent suchfaspyrtd
n- met hyl ! s . vy e
can beyvg %‘Vm‘*&m t |§' 'T" Aot qu red P %'! e5 2 DA gf Sired Ralymer®
The pref er bed_Leact ,. a¥a¥a aY-Wla 29 a VIR~V RV IF-Y o) ot ruect uraoc A fhrru_lsih J
and the alkali nethl 'iaLt of the dLhydu(‘ 9
9- bi s( 4- hyHExamplech} | )Tﬂﬁuortlene derival8%e (with o without additional
diol s of tpRABt#Y uctbres A fhrouagh J) proceeds on &n_equal nol ar basis.
Vari at i ons| Exarhple 31pl e2871 a1 wei ght di&z8i bution can be obta29ed by vary{ng
t he rati os| PAEthe

Example 4 2n1 288

PAE-3

Example5| 273 289

PAE-4

a) Obtained with a Perkin Elmer 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 3. 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 8 and is called the loss modulus and is also

~ fllustrated in Figure 2. Tan 3 is E/E" and again is iliustrated in Figure 2.



di ol and the dibrom de. Reaction tenperatures above room
tenperature and generally above 100[err]C are preferred. Mre preferred
are tenperatures between 180[err]C to 250[err] C. Hi gher

-22 - tenperatures can | ead to degradation or deconposition of the
reactants, the polyner and the solvents enployed. . The polyner is
recovered fromthe reaction mass in any conveni ent manner, such as by
precipitation induced by cooling the reacg2on nmass or by adding a

nonsol vent for the polyner, or the solid polyner can be recovered by
stripping off the solvent at reduced pressures or elevated tenperatures.
Since the polynerization reaction results in the formation of the al kal
netal halide (typically brom de) on each coupling reaction, it is
preferred trable 4.nTendileMaeiulushEhermat Stabilityyrand Meishwé Absorptian for Examplest5nash
the polyner to substantially free it fromthese salts. Q her

synt hesi sqﬁechnl gquep for the p101 Y METHe asm“tpbesem | MoiStire ABsctbon®sdi bl e
n

and are cqgntenplatep, such as jpotentra ) [ NI CKET Ca} wf %GaihOupr 1 N0
synt heses,| as are

Tensile via Water wt % Gain
Modulus2 wt% Loss at |wt% Lossat |Immersion {at85°F/
Polymer | (dynesiem?) |400°C after |450°C after |at23°C 85 RH

Example2 [1.23x1010 |2hr 047 |2hr 1.45 |0.164

PAE-1 4hr 063 |4hr 238

6hr 072 |6hr 3.16
Example 3 [1.45x1010 [2hr 024 [2hr 048 [0.332 0.279
PAE-2 4hr 032 |4hr 073

6hr 036 {6hr 0.91
Example 4 [1.32x10T0 [2hr 031 {2hr 099 {0.325 0.301
PAE-3 4hr 047 |4hr 1.39

6 hr  0.57 6hr 1.65 '
Example5 [1.39x1010 |[2hr 042 |2hr 0.82 0.275
PAE-4 4hr 058 |4hr 1.10

6hr 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-lI 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.

¢) 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; U.S. Patent 3,332,909) with a 9.9-bis(4-hydroxyphenyl)ﬂuorehe linking
group (Examples 2, 3, and 4) that the glass transition temperature (Tg) is elevated by
90-100°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 these

- characteristics are needed for the successful incorporation of these polymers into



known in the art. See 1. Colon et al., J. Poly. Sci., Part A Poly. Chem
Vol . 28, pp 367- 383 (1990). Structures of specific poly(aryl ene
ether)s prepared are as follows. PAE-1 represents a conposition which is
enbodi ed by US Patent 3,332,909 and is used as a conparative exanple.

[err] PAE- 2
-23 -

. -33-

microchips. Thus, this inver;tion is an improvement over the compositions taught by U.S.
Patent 3,332,909. '

The synthesis of these polymers via Ullmann. _etﬁer synthesis affords non-
branched, linear polymers as indicated by the Mw/Mn values (2.66-3.98) listed in Table 2.
In order to have good success in g;ap—ﬁll between metal lines on a silicon wafer, good
control over polymer molecular weight and degree of branching is required. As taughtin |
Mercer, F.; Duff, D.; Wojtowicz, J.; Goodman, T; Polym. Mater. Sci. Eng. (1992) 66, 198-
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 fluorinated 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 températures has been reported by Hendricks, N. H.; Wan, B.;
Smith, A.; Proceedings First International Dielectrics for VLS / ULSI multilevel
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, with its low Mw/Mn ratios, is an improvement over the
compositions taught by Mercer, etal.

Finally, the data provided in Table 4 indicate that low moisture absorption is
observed for the polymers of this invention. Typically, polyimides have moisture
absorptions a magnitude greater, generally 1.5-3.0 wt% moisture absorption. Tﬁus, this

invention is an improvement over polyimidé compositions. -

A 10 wi% solution of the polymer of Example 3 (PAE-2) which was dissolved in
tetrahydrofuran was placed in the cavity of a 11 cm ID glass ring which was laid on a



[err] ' : PAE- 3
0.50 '

0.50 - PAE- 4 Conpari son of
i sothermal stability data (450C) (Table 4 and Figure 1) shows that the

poly(aryl ene ether) PAE-1 does not have the thermal stability that PAE-2,
PAE-

| glass plate. After solvent evaporation, a 35 microns thick, circular film was formed which
was easily lifted from the glass plate by placing in warm water (<50°C).' Residual solvent
in the free standing film was then removed by placing the film on a glass plate contained
in a vacuum oven (1.0 mm Hg) and heating the film first at 100°C for 17 hr., then 200°C
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 wi% residual solvent as determined by thermal
gravimetric analysis (T GA);

The polymer film was laid on a Pyrex glass plate contained in a muffie fumace.
Under a nitrogen atmosphere, the film was heated frém 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
thé film at temperatures above the polymer glass transition temperature (Tg), as
illustrated 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/cm2. From 350 to 450°C (above
the 272°C Tg of the polymer), the tensile modulus, E', was 2.7 x 107 dynes/cm?2 as
shown in Figure 2. E*, which can be calculated from E' and tan3, is the loss modulus of
the polymer and is illustrated in Figure 2. Tan 3, 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.



3, and PAE-4 have and which is required for interlayer dielectric
applications in micro- electronics. Figure 1 shows thermal stability as %
wei ght. 1 oss versus time at 450[err]Cin nitrogen. The thernmal stability of
the polyners of the present invention are nmarkedly superior to the prior

art pol yner PAE- 1. As shown in Table 3, PAE-1, has a nuch | ower
glass transition tenperature than the other poly(arylene ether)s covered
by the present invention. -35-

-24 - In a recent article (Hendricks, N. H; Wan, B.; Smith, A ;

Proceedings First International D el
| nt er connecti on Conf er erExampie Appli
provi ded that ring fluorinatiSilice aiers vaopinkoplingcan react with a

silicon surface, affording SiF4, at elevated tenperatures. One skilled in

cheni stry woul dA igeh sifiearcwafer was penteredndhe spipring ghuck oba Splitecspieratenl so
react with tals, such as. ¢ er, alum num and tungsten, at el evated
terrpelr at urEerTE%'ad'i' Plage V@rbaCKT'@?@%wum- rfé?ﬂif‘g’éﬂgr@ chamber, the atmosphere was -
Exanple 1 g&ﬁ{g@g& \%M‘I \é)?cﬁ%(e?(ggoﬁg. Approximately 1.0 mL of a 10 wi% polymer solution

ectrics for VLSl / ULSI nultilevel
: o1 g pdenmether)syi dence was '

PAS]
2 a 9

prepared from the polymer of Example 3 (PAE-2) and dissolved in cyclohexanone was
placed at the center of the wafer. The wafer was rotated at 500 rpm for 5-15 sec. During
this period, a slow, steady stream of the 10 wt% polymer solution was added to the
center of the wafer (requiring a total of ca. 5 mL of polymer.solution). The rate of wafer
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 2560-310°C in order to remove the last traces of solvent. _

This procedure afforded a uniform coating of the polymer on thé 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 had a film thickness of 2400 A and the wafer coated with
PAE-4 had a film thickness of 5000 A. The dielectric constant () 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 oonétants for both polymer films were then measured. The PAE-2 polymer
film had a dielectric constant of e = 2.41 at 1 MHz. and the PAE-4 polymer film had a
dielectric constant of € = 2.42 at 1 MHz.



A mxture of 33.624 g (0.1000 nol) of

2, 2- bi s- (4- hydroxyphenyl )-1,1,1, 3,3,3- hexafluoropropane, 75 g of toluene,
and 100 g of benzophenone was charged to a 500 ni, 3-necked,
round-bottoned flask fitted with a Dean-Stark trap, condenser, nitrogen
inlet, mechanical stirrer, and thernoneter. The m xture was heated to
60[err]C with stirring and a nitrogen atnosphere. After honogeneity had
been reached, 16.000 9 of a 50.00 w % addfeous sol uti on of sodi um hydroxi de
(0.2000 mol of sodium hydroxide) was slowy added over 10 min. The
reaction mxture was heated to ca. 140[er]C and the water azeotrope was

collected. After. 4 h a[nd C | et e dehydrati opn was ensured, the .
Compor atur e of (THE PPYASAPSHELE f Be BRSOt BN AR PO RSXBR P RERRE ok

Lol e e BN S il b vl AR et BBl
frosh ;’”ﬁ%&%ﬁbﬁ’ﬁ%@% A5 Bimbdaiscn 4 e visne sthef wiieh boSf o ey <.
0. 15 i e : ! j

vas ngﬁtg PAnaleisy Pt finich ) TRt Lo B il '{éﬁfaﬁr@%%t%é%ﬂg%%“é,as d
t208ngaof et 81 G@%@ﬁﬁiﬁcﬁn@?&?&iﬁﬁ%he r%‘?’;lé(i:,g OE mit%ljre e\i/gggtlﬁg%encheﬁ@ aan
rapidly st hightHerftdll yt‘abigtg. ability %o Selérosélink afid fsw Aydrbphiliciy UnderHighRiidtaeol . The

precipitate was isolat and placed in 2 L of boiling water for 8 hr. The
preci pi t at pumitdityiconditiorts. i@ pgoly(arylene @thers) WP livy presant irventich areclisceéadily 300 g

of _
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.

NNGLC\239APLNS.432



precipitated in 1 L of methanol. C;:ol)l/gtr:t mm‘m‘mnmmm '

with nethanol, then dried in a vacuum
Thi s procedure af forded 39.46 g of poI |ch possessed {he
properties listed in Tables 2. Exanpl e 2
(Conpar ati ve exanpl e) The procedure of Exanple 1 was repeated
except that the catal yst was prepared as3%ollows. Copper (I) chloride
(3.00 g, 0.223 nmol) was added to 20 g of freshly distilled quinoline.
cont ai ned under a nitrogen blanket. The m xture was stirred at 25 [err]C
for 48 hr. A 10 nL portion of the decanted liquid was used as catal yst.
The procedure afforded 37.15 g of polyner, PAE-1, which possessed the-
properties listed in Tables 2, 3 and 4. .

Exanpl e 3 (Mononer B) In a 5CLAIMS ask, 3.00 g, 0.223 nol) of
copper (I) chloride was added to 20 g of freshly distilled quinoline
cont ai ned dnder Aepoiy(arwnyeraﬂhﬂr)ammpnsmﬁmpaétmgwnnsntsthestnixctmed at 25 [err]C
for 48 hr. A 10 mL portion of the decanted i quid was used as catal yst.

=0, l l — Ary O— Arp —0— Ary —— —_

e - - -

m n

-25 - tetrahydrof'uran The poI yrrer ﬁoslgﬂgetﬁggﬁ faceﬁ red then

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Arq{, Ar2 and Arz are individually divalent

arylene radicals.

2. A poly(arylene ether) according to Claim 1 wherein Ar{, Ar2 and Arg are

individually selected from the group consisting of;

s <R
S v RS




A nmixture of 35.0421 g (0.1000 nol) of 9, 9- bIS(4Wﬁ€ﬂYI)TI Uor ene,

g of t ol uene, and 100 g of benzophenoné‘hwakeﬁ{aasgﬁqtqnﬁe(a 502““{““ Ilumum””“l
3-necked, round- bottomed flask fitted wi rk tr

nitrogen inlet, nmechanical stirrer, ander'M‘,mmﬂthe m xt Ur €

heated to 60[err]C with stirring and a nitrogen her e. After
honogeneity had been reached, 16.000 g of a 50.00 w % aqueous sol ution of
sodi um hydr oxi de (0.2000 nol of sodi um hy88exide) was slowy added over 10
mn. The reaction nmixture was heated to ca. 140[err]C and the water
azeotrope was collected. After 4 hr. and conpl ete dehydrati on was
ensured, ti& tendbpolgpfanylenecéthed accordingta Claim tihaving ceperting unitseefdhel structure:

200[ err] C and the tol uene was renoved via distillation.

-26 - The reaction m xture was cogéed"t 80[err]C and 31. 282 gA(0771000
nmol ) of 4,4-= ot as aoueT: gact | On SANAT e

heated to 200 brti on of |the -@ pri de / quj noline
catal yst was 3 ion m xtyre. RE. 8 I Xture

mai nt ai ned at 7 hr. After i ch nme of the dipgodium
salt of the 9 i axyphenyl ) fl uqr ene ' solution.] A 0.15
g portion of | oride pqugler Jhe reactipn

m xture. The _

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

radicals selected from the group consisting of;

aY] 3 @
“ ’

4. A poly(arylene ether) according to Claim 1 wherein m=0.5-1.0.

5. A poly(arylene ether) a'codrding to Claim 1 wherein m=1 and Arq is biphenyl. |

6. A poly{arylene ether) according to Claim 1 wherein m=1 and Arq is terphenyl.
7. A poly(arylene ether) according to Claim 1 which is crosslinked. |
8. A poly(arylene ether) according to Claim 7 which is self crosslinked.



m xture was then maintained at -200 [ C for an addltlonal

portion of bronobenzene was then a enBePinced t he remllmmlmnmmla"lm
was cooled to 100[err]C,and 200 g o ded. The*re&ct% o

m xture was then quenched in a rapidl utlon of 25 g of acetic
acid in 1000 g of nethanol. The preci pltate was |sol ated and placed in 2 L
of boiling water for 8 hr. The precipitate was first dried in an oven
(100[err]C) then dissolved in 300 g of t-@gr-ahydrofuran. The pol ymer
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 acetone. After collecting the _Iy was dried in a vacuum
oven (100[ 8 r] CA polyéanylenn ether) accordlng[tmcgalmr o algme:r@gshmﬂhgpawnmtm y
42 g of polyner which possessed the properties listed in Tables 2, 3 and
4. Anal ysi Sfosslinking agentner by | CP- AES (i nduct ively coupled plasnma-atonic

em ssi on s ectr nme reveal ed that t per and sodi um .contents in the
dry pol yne H@@Pﬁaﬁ )Zﬁfcﬂﬁ'ﬂgéﬂzﬁ {s end.gapped with @n end

Exanpl e 4 g?l\/bnorrer ) - The gener aI procedure for Exanple 3 was

fol 1 owed f&PPRMEA B densation of 35. 0421 g-(0.1 000 nol) of

9, 9- bi s(4- hydr oxyphenyl )fl uorene with 38. 8104 g (0.1000 nol) of

2 for ded ter@“ﬁ%&?%“@f?f&%#%@ﬁ@%@é@@%ﬁ sppnbernuk 87 2”1 °

Tabl es 2, §t""§

o O Q 0— Ary
- LC

wherein m = 0.2 o 1.0; and n = 1.0 - m; and Ary, Ar2 and Arg are individually divalent

u O0— Ar, —O— AI’3_'—'—'

m ' ' n

arylene radicals selected from the group consisting of;

~7 J @




—

-27 - - In a 50 nL flask, 3.00_g, 0.223 o) —of—coppe [ i

was added to 20 g of freshly distill egsehaetitiad BeagrapplAi ned 3‘“"."'""@!'!‘!]""'
nitrogen bl anket. The m xture was stir ' Cfor 48 he. A 10 *
portion of the decanted liquid was use ML A m xture of
35.0421 g (0.1000 nol) of 9, 9-bis(4-hydroxyp I orene, 75 g of

tol uene, and 100 g of benzophenone was charged to a 500 ni, 3-necked,
round- bottoned flask fitted with a DearfOSt ark trap, condenser, nitrogen
inlet, nechanical stirrer, and thernmoneter. The m xture was heated to
60[err]Cwith stirring and a nitrogen atnosphere. After honogeneity had

e eSS RS S bR s i
o pUGEN T i 4 i S f B gt <
oD ot Sl ARERRT e R LSO SR bR AL,

80[err] C aggvetit-af ﬁﬂ‘blél'afeﬁ-tﬁlgﬁgrafﬂi‘é Inhb réh%o%wﬁ" PG ‘aRd PEedvering tgided.

The reaction mxture was t heated to A 10 nL portion of “the

copper (l)résuﬁﬂg%(%ﬁébﬁensﬁmm added to the reaction m xture. The
S

reaction m xtur I ntai ned at 200[err]C for 17 hr. After which tine,
nost of the :

12.  The method of Claim 11 wherein the 9,9-bis(4-hydroxyphenyl)fluorene is present
in approximately a stoichiometric amount in relation to the dihalogenated derivatives of

Ar{and/or Arz.

13.  The method of Claim 11 wherein the alkali metal salt of 9,9-(4-
hydroxyphenyi)fluorene is synthesized by reacting 9,9-bis{4-hydroxyphenyl)fluorene in an
appropriate solvent with an alkali metal hydroxide with removal of the formed water by

azeotropic distillation of the water and the solvent.

14.. The method of Claim 11 wherein the poly(arylene ether) product is recovered by

cooling and precipitation from the solvent.

15. A multilayer electronic circuit article comprising (i) a silicon, glass or ceramic
substrate, (ii) a plurality of layers or regions of an insulating material on a surface of the
substrate, and (jii) at least one layer or region of a conductive materfal selected from the
group consisting of metals and semiconductive materials, interposed between adjacent
layers of the insulating material or within a layer of the insulating material, the insulating

material comprising a poly(arylene ether) comprising repeating units of the structure:



di SOdI um sal t of the 9.9 bi s(4- hydroxy edhad- gon ' '
solution. A 0.15 g portion of dry cop mmmgﬁﬁ e powder MﬂﬁEQMllqlﬂlllllll
the reaction nmixture. The reaction . mai nt ai n ol

[err]C for an additional 24 hr. A 10 g portion of bronobenzene was then
added. After 1 hr., the reaction m xture ‘wgg.cooled to 100C, and 200 g of
tol uene was added. The reaction mxture was then quenched in a rapidly
stirred solution of 25 g of acetic acid in 1000 g of nethanol. The

precipitate wag-isolated and pl aged in O”I@h Wer r 8 hr. The

precipitate (ONES 3a%vef rC) disso] véd in 300 g

of tetrahydrof diran. sol ut|o S flltered then precipitated in
ThelQr e piAgt g#was col | gqgt ed, dissolved in 300 g of

1 L of acetone.
tetrahydrofuran, thenlre)ecLpitated in L of acetone. After|collecti ng

t he pol yner, i - -28 -
was dried in ajvacu err] © ovigrnight The propertiep are
reported in Taljl es Exanpl e 5

(Mononers B/ C)

The general proce ure for Exanple 3 wag, foll owed for
t he condensati on of

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Ary, Ar2 and Arg are individually divalent

arylene radicals selected from the group consisting of;

16.  An article according to Claim 15 wherein m=0.5-1.0.
17.  Anarticle according to Claim 15 wherein m=1 and Ary is biphenyl.
18.  An article according to Claim 15 wherein m=1 and Arq is terphenyl.

19. A multichip module comprising a substrate, a plurality of semiconductor chips '

carried on the substrate and a multilayer interconnect which electronically connects the



35 ‘0421 g (0.1000 nol) of 9 9- bi s(4-nydroxyphenyl ) fl uorene

4m44+4u;4¥xu;4+_—_“_
(0. 0500 nol) of 4,4'-dibronobiphen 052 g (0.0500 '
4, 4" -di bronot erphenyl. Wth a tot alﬂls £ °§f 41 hr. ﬂ“l"mﬂ muumm“l
afforded ca. 43.8 g of polyner, PAE- sse the propérttest s
listed in Tables 2, 3 and 4. ask 3.00 g, 0.223 nol)
of copper (I) chloride was added to 20 g of freshly dlstllled qui nol i ne -
cont ai ned under a nitrogen bl anket. The m $ure was stirred at 25 [err]C
for 48 hr. A 10 nL portion of the decanted %cnud was used as catal yst.
A m xture of 35.0421 g.(0.1000 nol) of 9, 9-bis(4-hydroxyphenyl)fluorene, 75
g of toluene, and 100 g of benzophenone was charged to a 500 nl, 3-necked,

round- bottao R en
inlet, nmec han%%ﬂng@?éraf Iéljr"& Er‘fld %Hrﬁb ?r@%{“a?g% réén&%otjr%g \/\/as‘?f é}iéﬁ %ﬂ@
60[err]C wit ?‘%H?O % S

been reachedhb@%' I%%r@%r @%h%é? oﬁé‘t&g@u@n@%@m@?{g@g %ﬁ'um ﬁ%gr oxXl de
(0.2000 nol é&yé} Sorhpiing¥8eatih G stnpe: 10 m n. The
reaction mxture Was heatyed to cg 140[grr]C and the water azeotrope was
collected. After-4 hr. and conplete dehydggtion was ensured, the
tenperature o 3 At P WAR TTCT@ s Al TGO (‘9{7-'9 ¢ and the

t ol uene was rengved [ ion. The{reaction m-xture wag cooled to
80[err] C and 15. 6010 : ®l) of 4,41- dibronobi phenyl gnd 19.4052 g
(0.0500 nol) of ¥Dr obt erphenyl wer ¢ jadded. The reactior] m xture was
then heated to ¢00[e R portion|fef the copper (1) /- qinoline

catal yst was added t n mxturdgj The reaction m xturle was
mai nt ai ned at

- i - - -

m n
wherein m = 0.2 t0 1.0; and n = 1.0 - m; and Ary, Ar2 and Ara are individually divalent

arylene radicals selected from the group consisting of;

~J ES @

20. ° A module according to Claim 19 wherein m=0.5-1.0.
21. A module according to Claim 19 wherein m=1 and Ary is biphenyl.

22. A module according to Claim 19 wherein m=1 and Arq is terphenyl.



200eC for 17 hr. After which time, nost of the disodiumsalt of the o
9, 9- bi s(4- hydroxyphenyl)fl uorene had gone |nto solutlon A 0.15. g portion
of dry copper (l) chloride : '

-29 - powder was added to the reaction m xture. The reaction m xture was
then maintained at 200 'C for an additional 24 hr. A 10 g portion of

br onobenzene was then added. After 1 hr., the reaction m xture was cool ed
to 100[err]C, and 200 g of toluene was added. The reaction m xture was

t hen quenched in a rapidly stirred solution of 25 g of acetic acid in 1000
g of nmethanol. The precipitate was isolated and placed in 2 L of boiling
water for 8 hr. The precipitate was first dried in an oven (100[err] C

t hen di ssolved in 300 g of tetrahytfofuran. The pol yner 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 poIyner?‘T?‘ﬁé§‘ﬂTTed~rﬁ~a—vacuun1oven
(100[err]©) overnight. This Sheet Has Be

i iiii’“

Figure 1.
5
1 —e—PAE-1 (450C)
1 —©—PAE-2 (450C)
4 —| —>—PAE-3 (450C)
; —8-— PAE-4 (450C)
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Loss i
2 o
]
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i
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Time (hr)



-30 -

Table 2. Ml ecular Weight Di stribution for Exanpl es 1-5.

Exanpl e Pol ymer Structure MN err] Mnh[err] Mn/ IVh
1 [err] 20,000 7,700 2.58
poor film _ form ng
mol ecul ar PAE- 1 . wei ght 2
41, 100 15, 400 2. 66 good
film form ng
nmol ecul ar PAE- 1 wei ght 3
65, 300 20, 700 3.16 good
film ~form ng
nmol ecul ar PAE- 2 wei ght 4
[err] 45,400 11, 400 3.98
good film 2/2 f ormi ng
nol ecul ar PAE- 3 wei ght 5
[err] 75,800 25, 700 2. 95
"““““——~—-‘__ﬁ__~_
This Sheet Has g Replaceq
[T i
Fig. 2
10'° = 7
o 10°
~ 9 or
~_ 10 3 -
£ 5 I
3 Tand - ~
S 8 -1 ©
o 10 " -= 10 R
B E o E' = c
-~ 1®)
1 - -
10’ % i
EH |‘ | -2
a = 10
6 | =
10 Tan® d .
a |
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good film '.form'ng

nmol ecul ar wei ght [err]
PAE-4 a) Wi ght average nol ecul ar weight. b) Nunber average nol ecut ar
wei ght . -31 - Tabl e 3.

G ass Transition Tenperature (Tg) of Poly(arylene ether)s, Exanples 2-5, as
Det erm ned by DSC and by Dynam ¢ Mechani cal Anal ysis of Uncured

(Thernopl astic) and Cured (Thernos nmer .

Tg ([err]C) Pol yner Vi a Vi a Uncured Pol ymer[err] via DVA of
Cured Polyner[err] Exanpl e 2 166 182 PAE-1 166
182 Exanple 3. 257 275 291 PAE-2
288 _ NONFUNCTIONALIZED POLY(ARYLENE ETHERS)

The present invention is directed to novel poly(arylene ethers), their synthesis and
use in electronics applications as low dielectric insulaﬁng' layers such as spin-on

materials in integrated circuits. The polymers have repeating units of the structure:

0|

m - n

00— Ary H—o0— Arp —0— Ary——

wherein m = 0.2 10 1.0; and n = 1.0 - m; and Arq, Ar2 and Arg are individually divalent

< 9

(Figure 1)



Exampl e 4 s 271, 288 P A E -3 Exanple 5 273

289 PA*E='4 a) bt ai ned .vmth a Perkin Elmer DSC7.Differential Scanning .
Calorimeter. ,b) Sanpl es of PAE-1, PAE-2, PAE-3, and PAE-4 powders were '
conpr essi on rrbl ded in a 20 ml| 4" x 4" cavity nold a %et(P gt

300[err] C, PAE-2 at 350-375[err]C, PAE-3 and PAE-4 a‘é‘ég@ig%herr‘r%\'

dynam ¢ nechani cal properties were determ ned using a Rheonetrics RSA-11 in
the tensil'e node. The Tg was obtained fromthe tan [err]._E. _is the nodulus
of the polymers. the nodulus, E, of the polyner -of Exa EEPQ'ACEMENT SHEET

illustrated in Figure 2. E" is calcul ated- 37om E and ta ‘Rt—s—catted] |

the loss nmobdulus and is also illustrated in Figure 2 Ta [ler i a and
again is illustrated In Figure 2. ilﬁ JﬁLE“ﬁg

-32 - Tabl e 4. Tensile Mdulus, Thermal Stability, an isture
Absorption for—Exanples—2-5— , Ther mal
Stability[err] ‘“m ‘mlmm ption[err] _

w % Gain H“ ” Fl l ‘ ~via Water
w % Gain ¢ “Wolul & % Loss. at Wt % Loss at | nmersion at

85 [err]F/ Polynmner (dynes/cn{ err]) 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 063 4hr 2. 38 6 hr 0.72 6

hr  3.16 We claim:
1. A poly(arylene ether) consisting essenually of non-

- functional repeating units of the structure:

F ' b
—tQ O . _ O—Arl——fO—AIz—O‘-'Anj';
h ' 4™
wherein m=0.2 to 1.0; and n=1.0—m; and Ar,, Ar, and Ar,
- are individually divalent arylene radicals selected from the

group couopsisting of;

qé\a 233 -\
7/°I$H°lq



Example 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 0.3 2 hr 0.99 0. 325 0. 301 PAE-3 '

4 hr 0.47 4 hr 1.39 ' 6_@&&_&_@_&%{’%
Example 5 1.39 x 10[err] 2 hr 0.42 2 hr 0.82 . -
4hr 0.58  4hr 1.10 6 hr 0.65 6 hr 1.26 a)
Sanpl es of PAE-1, PAE-2, PAE-3, and PAE-4gpowders were conpression nol ded

ina20 ml 4" x 4" cavity nold at 300-400C. (PAE-1 at BOO[ﬁEFi gg@i ET

350-375[err]C, PAE-3 and PAE-4 at 375- 400[err]C)
e it ensi | e npde.

v2 On Jiibo1938

\\at er sor pti of
B¢ o after

equilibration in water at 23C as well as at : | Reatot.pack

Tenper at ur e- Huni di ty Chanber . It car_b#seen in Table 3 that

repl acenent of the hexafluoroisooropylldene l'in |ng group (Exanple 1; U S
Patent 3,332,909) wth a 9, 9{i hy e OXVTP -nyI) pe | inking group
(Exanples 2, 3, and 4) that the gla.s t ¢a } Epature (Tg) is

el evated by 90-1 00C. In Tablg 4. t C this sanme |inking
group replacenent al so enhances e hig e/ thermal stability of
t hese pol yners. Both of these acteristics are needed for the
successful incorporation of t gl yners into

= ¢ L M-s x

2. A poly(arylene ether) according to claim 1 having
repeating units of the structure:



- 33- m crochi ps. Thus, this invention is an inprovenent over the
conpositions taught by U S. Patent 3,332,909, The synt hesi s of
these polyners via Ul mann ether synthesis affords non- branched, |inear

pol ymers as indicated by the Mwv Mnh val ues (2.66-3. Q@UHsitﬁ@@dsﬁéth.abgg%@.g

In order to have good success in gap-fill between neta Ines on a silicon
waf er, good control over polyner nol ecul ar wei ght and degree of branching
is required. As taught in Mercer, F.; Duff, D.; Wjtowi cz, J.; Goodman, T;

0
|

poly(arylene ether)s via condensation of decafl uorobi pher
bi sphenol s affords polynmers with high degrees of variation ijn Mv My (3.0
to 39.38) H gh MV Mh val ues indicate branching in the pol ymérrroha:ml 199
maki ng them potentially difficult to fill small gaps. Furtjhgr e } i gh
Mv Mh val ues reported for the fluorinated poly(aryl ene etihé+ys—t+mercates
that the remaining fluorines on the aromatic rings are stjill susceptible

Polym WMater. Sci. Eng. (1992) 66, 198- 9939t-he'.preparatiﬁép{}mkmw SFI
i |

to nucl eophilic reaction. The reaction of these fluorines Wth silica at
hi gh tenperatures has been reported by Hendricks, N. H; Wan, B.; Smth,
A.; Proceedings First Interanional D electrics for VLSl /. ULSI multilevel
i nterconnection Conference (DUM C), 1995, pp 283-89.)-

; ! _ —TFhere+ay alrso be a
Pnrs'?g: e?ep\(/)\ns} [1' (r)ﬁécgl'lhﬁg, of these fluorines under the co ﬂ!‘ﬂl}“ﬂ‘!lﬂﬂ““!ﬂﬂ“ or

r 1
/O—Arl—*'—"

. —to O—Arzt—

L i
and _/_\_Y_'_L

wherein m=0 to 1.0; and n=1.0-m; and Ar; and Ac, are

individually divalent arylene radicals selected from the

group consisting of;



t he present ﬁnvention, wthits low MM Mh ratios, is an inprovenent over
the conpositions taught by Mercer, et al. Finally, the data
provided in Table 4 indicate that | ow noisture absorption is
the polyners of this invention. Typically, polyim desg: i
absorptions a magnitude greater, generally 1.5-3.0
Thus, this invention is an inprovenent over polyim de conposi
Exanple 6 Thermal Crosslinking of Poly(aryl ghe ether)s

sol ution of the polynmer of Exanple 3 (PAE-2 whi ch was di ssol |
tetrahydrofuran was placed in the caV|ty of a 11 cmID glass i
laid on a

gl ass plate. After solvent evaporp
was fornmed which was easily |
water (<50[err]C). Residual sol veN :
renmoved by placing the filmon a grass plate '
(1.0 mm Hg) and heating the filmfirst at 100[err]C
200[err]C for 24 hr., followed by 280C for 24 hrs.
was easily renoved from

hr., then
cooling, the film

O

g
O O~
- OOQ ”

e
LT T



the gl ass.plate and found to have <0.1 wt % residual solvent as determ ned
by thermal gravi rretrlc anal yS|s (T&A). The polyner filmwas |aid
on a Pyrex glass plate 'contained in a nuffle furnace. Under a nitrogen
atnosphere, the filmwas heated fromroom tenperat g ®stieutdoéiedtr-| Ve a
period of 15 min. The filmwas maintained at 350[err[C for 1 hr. then

cool ed. Renopval of the filmfromthe Pyrex glass plate [
the filmglass in boiling water for 4 hr. After which tji
coated with very thin sheets of glass whggh had conme frgmi the B
The thernmal treatnment of the polymer in this fashion res Iteﬁﬂa“&om fl
of the - polyner and adhesion of the polyner to the glass} ffhe adhesive
strength of the polymer to the glass was greater than the cohesive
strength of the glass. This thermal treatnent of the po

created crosslinking wt e pol structu £ as o y :ack
of -sol ubi I|ty of&h&@Qﬁ]{ﬂqmr%f) s{:' tHal t%ﬁ.&eﬁ

nodul us, Qrﬁ_g m at tenperatures above the pol ymer gl ass
tranS|t|onte t Tg); as illustrated in Figure2 In Figure 2, from

r2T§dL|ou§70|[Ele,rr]C bel owtgeéznl[err C‘/q%)gf Ithe B % %&a%O[fe?%%%ve
272 C E, 2.7

?LO[eerr] [S;L]es/%g‘r #@@%%iﬁ’hi"ﬁ ILregSIZ eEm) \l/J\hluih can ggscal cui(at ed

1 ustrated i n Fayuds BOLYGRTYERs ”c‘%’%ﬁi fecotdipd 1y BlaliE 1 SFbereiy,

for determni .tlh‘ilﬂg"ﬁf tiga wheﬁyqenperature (Tg), which as
re

| ass
ow

illustrated |n turs
~ 6. A poly(arylene ether) a.ccordmg to claim 1 which is
crosslinked.
7. A poly(arylene ether) according to claim 6 which is self
crosslinked.

8. A poly(arylene ether) according to claim 6 which is -
crosslinked with an.added crosslinking agent. -

9. A poly(arylene ether) aécording to claim 1 which is__;nd
capped with an end capping agent. '

10. A method of synthesizing a poly(a.i'ylene. ether) con-

— sisting essentially of non-functional repeating units of the
structure:
r 1
—0 O—Ar+—fO0—Ar;—O0—Ars;

LA K
A
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at 291 [erv]C - -35 -
Exanple 7 Application of Pol y(aryl ene ether)s

Silicon Wafers vi-a Spin-Coating A 6 inch silicon V\ELREPLAQE}\MHT
on the spinning chuck of a Solitec spin coater and %as‘athf ( SHEET

backsi de vacuum After closing the chanber, the at
wi th cycl ohexanone. Approxinmately 1.0 nL of a 10 wt % pol ymg
prepared fromthe polymer of Exanple 3 (PAE-2) and dissol v¢
cycl ohexanone was placed at the center of- g¢he wafer. The yafer was rotated
at 500 rpmfor 5-15 sec. During this period, a slow steat ,
10 wt % pol ynmer sol ution was added to the center of the wafer (requiring a
total of ca. 5 nL of polymer solution). The rate of wafer rotation was

then increased to 2500w8&@fk @R thhi.G; dndl @= @S RAdAL), Beg ahdArg period of

15-40 sec. After whi Chyk ifhvid hﬁﬁy\ﬁ'ﬁfaﬁ‘ht‘é@%&eﬂmi&‘ig deleRiBdl figmSE nner  and
dried in air ahotlgg Fﬁgin 80- 120C. The wafer was then placed in a

vacuum oven (<1 0 rrml—E) -310[err]C in order to renove the |ast -

A~




This procedure afforded a uniformcoating of the polynmer on the wafer with
a thickness of 1-5 mcrons. The coating was then thermally crosslinked by,
placing the wafer in a 400-450[err]C oven for 1 hr. with a nitrogen

at nosphere (< 1% oxygen). Pol ynmer s of Exarrplgg!g!gF{éEsIZ)‘ aplceis !)Z :
Example 5 (PAE-4) were individually spun onto sep

descri bed above and dried at 120 [err]C for 2 mn. The silicon wafer
coated with PAE-2 had a filmthickness of 2400 A and t|
PAE-4 had a filmthickness of 5000 A. The dred®etric c ' rQUF]
the PAE-2 filmwas then nmeasured with a Materi al Deveoﬂﬁgr& EMENTS&E
CSM 2 sem conductor mneasuring system (current/voltage| neter. with g
drop el ectrode). The PAE-2 polyner filmhad a dielectfif g&s‘ﬂ&nﬂg%f
= 2.28 at 1 MHz. Both polymer coated wafers were then|thernally. cured
450[err] C for one and one half hours in a quartz tube furnace. The
dielectric constants for both polyner filns were then
polymer filmhad a dielectric constant of [err] = 2.-41 at 1 MHz. and the

PAE-4 polyner filmhad a dielectric constant of [err] = 2.42 at 1 Miz.
-36 -
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0
comprising contacting the alkali metal salt of 9,9-bis(4-
hy%: X ohe,nyl)-ﬂuon:ene and zero or more alkali metal salts
of%ﬁenvatwe of Ar, with one or more dihalogenated
derivatives of Ar, and/or Ar, in the presence of a cuprous
.v,

catalyst in the presence of a solvent at an elevated tempera-
ture in the range of 100° C. to 300° C. and recovering the
. resulting poly(arylene ether) product.

11. The method of claim 10 wherein the 9,9-bis(4-
bydroxyphenyl)fluorene is present in approximately a sto-
ichiometric amount in relation to the dihalogenated deriva-
uves of Ar, and/or Ars.

12. The method of claim 10 wherein the alkali metal salt
of 9,9(4-hydroxyphenyl)fiuorene is synthesized by reacting
9,9-bis(4-hydroxyphenyl)fiuorene in an approprate solveat .
with an alkali metal hydroxide with removal of the formed
waler by azeotropic distillation of the water and the solveat.



The poly(aryl ene ethers) of t he present invention provide unexpected
properties as a materigl and particularly a polynmer useful as a

repl acenent for silica-baseddielectric material by providing a novel

or (ii) significantly polarizable functional groups, while p
)

;
f

conposition of a poly(arylene ether) which does not gﬁve: éig flugriggted
substituents which may be reactive especially with al
OV|d|ng a | ow

dielectric constant, high thermal stability, ability t

o\
<

| ow hydrophiliciy under high relative hum ghty condltllﬂﬁltﬁﬁs TﬁﬂJSHEEf

poly(aryl ene ethers) of the present invention are also synthe5| e?.
The present invention has been set forth with regard to s v§? BF“
hg d be

enbodi ments, however the full scope of the present inventilo
ascertained from the clainms which foll ow. N\ GLQ\ 239APLNe—432

- 37 -

13. The method of claim 10 wherein the poly(arylene
cther) product is recovered by coolmg and prcC1p1tat1on
from the solvent.

14. A multilayer electronic circuit article comprising (i) a
silicon, glass or ceramic substrate, (ii) a plurality of layers or
regions of an insulating material on a surface of the
substrate, and (ii1) at least one layer or region of a conductive
material selected from the group comsisting of metals and
semiconductive materials, interposed between adjacent lay-
ers of the insulating material or within a layer of the
insulating material, the insulating material comprising a
poly(arylene ether) cousisting essentially of non-functional
repeating units of the structure:

P : . b :
o —t+-0 ' O——Arl——-EO—'Arz—-O—A:g};

LA K
LI

wherein m=0.2 to 1.0; and n=1.0~m; and Ar,, Ar, and Ar,
are individually divalent arylengé radlcals selected from the
group consxstmg of;

d



W claim. 1. A poly(arylene ether) consisting essentially of non-
functd onal repeating units of the structure: [err] wherei n m=0. 2
to 1.0; and n=1.0-m and Ar{err], Ar[err] and Ar[err] are individually

di val ent aryl ene radical s sel ect ed fromthe group %1.%%&%{ Qhé)ét;- 19/7/99
- 38-
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[érr] ) 2. A poly(arylene ether) according to claiml
havi ng repeating units of the structure:

Substitute sheet - 19/7/99

- 46 -
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15. An article according to claim 14 wherein m=0.5-1.0.

16. An _articié according to claim 14 wherein m=1 and Ar,
1s biphenyl.

17. An article according to claim 14 wherein m=1 and Ar,
1s terphenyl. ' |

- 18. A multichip module comprising a substrate, a plurality
of semiconductor chips carried on the substrate and a
multilayer interconnect which electronically connects the
semiconductor chips and comprises plural layers or regions
of conductive material and plural layers or regions of a
diclectric material, wherein the dielectric material comprises
a poly(arylene ether) consisting essentially of non-
functional repeating units of the structure:



- 30-

[err]

Substitute sheet - 19/7/99
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wherein m=0.2 to 1.0; and n=1.0-m; and Ar,, Ar, and 3
are individually divalent arylene radicals selected from

group consisting of;

@/w‘

\\\\\\\\\\\\\\\\\\\\\\\l\\\\\\ O




and . Ar[err] wherein meO to 1.0; and n=1.0-m
and Ar[err] and Ar[err] are individually divalent arylene radicals selected

fromthe group consisting of; : - 40 - [err]

-41 - 3. A poly(arylene ether) - according to M&%@@lo
4. A poly(arylene ether) according to claim1 wherern n¥ an rierr] rs
bi phenyl . 5; A poly(arylene ether) according to claim1l wherei i

Ar[err] is terphenyl. 6. A poly(aryl ene ether) accorqIREPLtAQEMENTﬁﬁH ch |

' | i nked. —
is crosslinked _ 48 -

o |
O

SY<ANE
- O

and

Su®

19. A module according to claim 18 wherein m=0.5-1.0.

29. Amodule according to claim 18 wherein m=1 and Ar,
is biphenyl.

2].. Amodule according to claim 18 wherein m=1 and Ar,
is terphenyl.

T



7~ Apoly(arylene ether) according to claim 6 which is self crossli nked%/ 237 “f
8: A pol y(aryl ene ether) according to claim6 which is crosslinked wt Hf‘é(rﬁ’f‘/
added crosslinking agent. 9. Apoly(arylene ether) according to claim1
which is end capped with an end cappi ng ager&ubstltu‘ﬂwshdétnce‘?hmd\uafy 1997
synthesi zing a pol y(aryl ene ether) con- sistThg essenttarty of
non-functional repeating units of the structure: e+

-42 - wherein ne0.2 to 1.0; and n=1.0-¥- and Ar[e REPtA@EMENTM’Br[eH]

are individually div, icals sel ected|f fomthe group
consisting ot NN IERiHi I i | 09 JAN 997
* C L M § *

CLAIMS
1. A poly(arylene ether) comprising repeating units of the structure:

Y O
C

d -

m . n

-
Ar, O— Ar, —0— Ar3 =

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Ar{, Ar2 and Arg are individually divalent

arylene radicals.

2. A poly(arylene ether) according to Claim 1 wherein Arq, Arz and Arg are

individually selected from the group consisting of;

Y2 S @

\/'\—/ ) @@ l
O~ O<J

This Sheet Has Been
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-~43- | [err] conprising contacting the alkali metal
salt of 9,9-bis(4- hydroxyphenyl)-fluacene and zero or nore al kali metal
salts of dihydroxy derivative of Ar[err] with one or nore dihal ogenated

derivatives of Ar[er r’n}msesndrims Replededi n t heSybstitetecshadt -a7 clgnuans 1987al yst
in the presence of a s evated terrpera- ture 1n the range of
100[err] C to 300[err

or i n% t he
3. A poly(arylene ether) according to Claim 1 having repeating units of the structure:
o Ci O—Ar‘. g—/\fa—
m

whereinm=0to0 1.0; and n = 1.0 - m; and Arq and Ar2 are individually divalent arytene
radicals selected from the group consisting of; - -

~7

N4
R

o
ek
SINA
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4, A poly(arylene ether) according to Claim 1 wherein m=0.5-1.0.
5. A poly(arylene ether) according to Claim 1 wherein m=1 and Arq is biphenyl.

6. A poly(arylene ether) according to Claim 1 wherein m=1 and Arq is terphenyi.
7. A poly(arylene ether) according to Claim 1 which is crosslinked.
8. A poly(arylene ether) according to Claim 7 which is self crosslinked.

JE e — .
I ’!'I"cl m,ﬂ "'"”"'l' ” Im | [ THIS SHEET HAS BEEN

REPLACED




resul ting poly(aryl eme ether) product. 11. The method of claim 10
wherei.n-the 9, 9-bi s(4- llvdroxvphenyl)fl uorene is present in approxi mately a
sto- ichionetric anountj v A

Ar[err] and/or Ar[err].f

P ol
-"‘l

metal salt of 9, 9-(4-hydrjox 'rene S synt mesTzed by TEact Ty

9, 9- bi s(4- hydroxyphenylg)ff‘ SNAEBTRO AN | ag ropriate solvent wth an al kali
metal hydroxide with re ' vvater by azeotropic distillation
of the water and the |s¢ - 44-

13. The method of cl alm=lL pol y(aryl ene et her) product-
recoveredyby c C
mul til aye? el egga %g‘! Cl rcuﬁtdcg?wg tgrbcgélh%éﬁ's :.?J:%’s%ﬁﬁesq “Eéﬁ adé‘txgggl or
ceramc S%ﬁlfnﬁfn adent) @ plurality of Iayers or regions of an |nsul ating
material on a surfdce of the substrate, and (iii-) at |east one Iayer or
region of 4§ Cop h%n%r)ﬁcoﬁﬁ{ge@t@ﬁnﬂWﬁhﬁf?erﬁf&ﬁﬂe&%'aﬁtéﬁ?f
net al s and sem conductive materials, interposed between adjacent lay- ers
of the ingappmg &gertpterial or within a |ayer of the insul ating rraterlal
t he insul ati ng material conprising a poly(arylene ether) consisting
essentially of non-functional repeating units of the structure:

11. A method of synthesizing a poly(arylene ether) having repeating units of the

structure:

———"'O l ! Al'1 0— Ary —O— Arg —t—
- . J- .
m n

wherein m = 0.2 t0 1.0; and n = 1.0 - m; and Ary, Ara and Ars are individually divalent
arylene radicals selected from the group consisting of;

-7 < @
@Q
' mmmwmm

Adw by
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[err], ~ wherein m0.2 to 1.0; and n=1.0-m and Ar[err], Ar[err] and

Ar[err] are individually divalent arylene radicals selected fromthe group
consi sting of; - 45 - [err]

comprising contacting the alkali metal salt of 9,9-bis(4-hydroxyphenyi)-fluorene and zero

or more alkali metal salts of dihydric derivative of Ar with one or more dihalogenatéd
derivatives of Arqand/or Arg in the presence of a cuprous catalyst in the presence of a
solvent at an elevated temperature in the range of 100°C to 300°C and recovering the

resulting poly(arylene ether) product.

12. The method of Claim 11 wherein the 9,9-bis{4-hydroxyphenyli)fluorene is present

" in approximately a stoichiiometric amount in relation to the dihalogenated derivatives of

Arjand/or Ara.

13. The method of Claim 11 wherein the alkali metal salt of 9,9-(4-
hydroxyphenyi)fiuorene is synthesized by reacting 9,9-bis(4-hydroxyphenyf)fiuorene in an
appropriate solvent with an alkall metal hydroxide with removal of the formed water by

azeotropic distillation of the water and the soivent.

14. . The method of Claim 11 wherein the poly(arylene ether) product is recovered by

cooling and precipitation from the solvent.

15. A multilayer electronic circuit article comprising (i) a silicon, glass or ceramic
substrate, (ii) a plurality of layers or regions of an insulating material on a surface of the
-substrate, and (iii) at least one layer or region of a conductive materié.l selected from the
group consisting of metals anci semiconductive materials, interposed between adjacent
layers of the insulating .material or within a layer of the insulating material, the insulating

material comprising a poly(arylene ether) comprising repeating units of the structure:

REPLACEMENT SHEET
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m n

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Ar4, Ar2 and Arj are individually divalent
arylene radicals selected from the group consisting of;

REPLACEMENT SHEE"I

16.  An article according to Claim 15 wherein m=0.5-1.0. 09 JAN 1997

17.  An article according to Claim 15 wherein m=1 and Ary is biphenyl.
18.  An article according to Claim 15 wherein m=1 and Ary is terphenyl.

19. A multichip module comprising a substrate, a plurality of semiconductor chips

carried on the substrate and a multilayer interconnect which electronically connects the

———— e
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-~46 -. 15.© An article according to claim 14 wherein neQO 5-1.0.
16. An article accordin claiml4.wherein me1 and Ar[err] is biphenyl.
17. An article accordi &rein merl and Ar[err] is terphenyl.
18. Anul tichip nodule ¢ WEMJMEW@}:;% t'r'at Substitlite shedty- PiJaneang q9gICt or
chips carried on the sups ﬁimﬂﬁ mul t|l | ayer—Tntercommect—whr T
el ectronically connects]the uct’ r| chi ps and conprises plural I ayers
or regions of conductiv | ayers- or regions of a

c material conprises a

dielectric material, wh _
pol y(aryl ene ether) con of non- functional repeati ng

units of the structure; 47
semiconductor chips and comprises piural layers or reguons ‘of conductive material and

reln t he dlelectr

plural layers or regions of a dielectric material, wherein the dielectric material comprises a

poly(arylene ether) comprising repeating units of the structure: |

wherein m = 0.2 to 1.0; and n = 1.0 - m; and Ar{, Ar2 and Ar3 are individually divalent

O0— Ary ==0—Apy—1—

m ) n

arylene rad‘icals selected from the group oonsisting of;

7 3 @

Y

n arssesrgocanswesnnasis i

21. A module according to Claim 19 wherein m=1 and Aﬁ is E:iphenyI.

22, A module according to Claim 19 wherein m=1 and Arq is terphenyl

1Ny I llll -



lerr] wherein m0.2 to 1.0; and n=1.0 - and Ar[err], Arf[err]

and[ err] are individually divalent arylene radicals selected from

group
consi sting of; [err] - 48-
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Figure 1.
5
—e— PAE-1 (450C)
—&— PAE-2 (450C)
4 ——¥~— PAE-3 (450C)
—&— PAE-4 (450C)
3
wt %
Loss

o rf\'llr‘l\TTKKI‘TTT‘I“'Y\‘;TKK‘F‘
1 2 3 4 5 6

Time (hr)

This Sheet Has Been Replaced

L III




[err] 19. A nodul e according to claim 18 wherein n=0.5-1.0.
20. Anodul e according to claim 18 wherein nr=1 and Ar[err] is biphenyl.
21. Anodul e according to claim 18 wherein me1l and Ar[err] is terphenyl.
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