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COMPQOSITIONS OF MAﬂE&R!‘ESIST STRUCTURES INCLUDING A
LAYER OF ELECTRICALLY CONDUCTIVE POLYMER HAVING
CONTROLLED pH AND METHODS OF FABRICATION THEREQF \/

FIELD OF THE INVENTION

_ .Th.e present invention is directed to electrically conductive compositions of matter
having contrdlled pH, structures fabricated therewith having a layer of energy sensitive
material and a layer of electrically conductive polymer having a controlled pH and
methods of fabrication thereof. More particularly the structures according to the
present invention are useful in fabricating electronic devices wherein the energy sensitive

material is a resist.

.BACKGROUND OF THE INVENTION

In many.industrial applications-a pattern is created in a layer at the surface of a
fabricated object. In particular, in midoelwtronim the various intricate patterns
necessary to form, for example, the various doped regions of silicon on a éhip or their
interconnections or the various interconnections on a package are delineated by
lithographic techniques. Lithography relies on energy sensitive materials generally

- called resists. An energy sensitive material is disposed on a surface. The layer of energy

sensitive material is exposed to a pattern of energy which alters the properties of the
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The priesent invention is directed to electrically conductive conpositions

of .matt er

having controlled pH, structures fabricated therewith having a

| ayer of energy sensitive material and a |ayer of electrically conductive
pol yner having a controlled pH and nethods of fabrication thereof. Mre
particularly the structures according to the present invention are useful

in fabricating electronic devices wherein

a resist.

the energy sensitive material is

2" In many industrial applications

BACKGROUND OF THE | NVENTI ON ~

a pattern is created in a layer at the surface of a fabricated object. In
particular, in mcroelectronics the various intricate patterns necessary
to form for exanple, the various doped regions of silicon on a chip or
their i ntdayesimaks $xpRscdoreeions s tirqt sither the 8xpeesd we sn¢xpasedorgianp£erdge are
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sensitive

i s di sposeqegidis thedxpbsederegibhe bl soRfblEWRIQY in negative acting resists the exposed

regions become insoluble. In either case a pattern has been generated in the resist or
energy sensitive layer. This pattern can then be transferred down to underlying layers

by various etching mechanisms.

~ Where the pattern of energy results in generation of electrical charge or carries an.

electrical charge, electrical charge can in turn accumulate at the energy sensitive layer
or in the u_ndprlying layers which can result in distortion of the pattern being created
inlth'g energy sehsitive layer. Such distortions create huge image placement varia.tion's.
and errors. -This occurs when a dielectric energy sensitive material such as a resist is |
e;ipo&;ed 10 a charged beam such as an electron beam or an ion beam. The dielectric '
energy sensitive layer accumulates charge from the beam. The accumulated charge
introduces electric fields which after rea_chiné a sufficient magnitude distorts the beam
and resilts in a misplacement gf the beam on the energy sensitive material. This creates

errors in the pattern being formed in the layer.

This can be avoided by disposing on, under or within the energy sensitive layer a layer
of electrically conductive material which can be used to drain off the accumulated

charge and remove or reduce the undesired electric field.

Electrically conductive organic polymers are a class of electronic materials that combine
the electrical properties of metals with the proéessabi!ity and mechanical properties
characteristic of metals. Examples of such polymers include polyparaphenylene

ﬁnylcns, polyparaphenylenes, polyanilines, polythiophenes, polyazines, polyfuranes,
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sensi.tive material is exposed to a pattern of energy.which alters the
properties of the . -2-
| ayer in the exposed regions so that either the exposed or unexposed

regi ons can be subsequently renoved to forma pattern in the energy
sensitive layer. In positive acting resists the exposed regi ons becone
sol ubl e whereas in negative acting resists the exposed regions becone
insoluble. In either case a pattern has béen generated in the resist or
energy sensitive layer. This pattern can then be transferred down to
underlying layers by various etching nechnisns. Where the pattern of

eNer gy T esubdSpdoidks BRIRGL R ndes pois-b phtyiens Sndes, potyhiinaptrenas
) polyacetylenes formed from soluble precursors, combinations thereof and blends thereof

with other polymers and copolymers of the monoi_nezs thereof.

These polymers are-conjugated systems which are made electrically conducting by
doping. The non-doped or non-conducting form of the polymer is referred to hérein as
the precursor to the electrically conducting polymer. The doped or conducting form of
the polymer is referred to hereip as the conducting polymer.

Conducting polymers can be utilized as thin charge dissipative coatings to prevent
charging in the application described above. In addition, they :have potential for a large
number of 6ther applications in such éreas as electrostatic charge/discharge (ESC/ESD)
protection, ¢lectromagnetic interference (EMI) shielding, resists, electroplating, corrosion
protection of metals and ultimately metal replacements, i.e. wiring, plastic microcircuits,

conducting pastes for various interconnection technologies (solder alternative) etc..

The polyaniline class of conducting pblymers has been shown to be one of the most
promising and most suited conducting polymers for a broad range of commercial
applications. The polymer has gxécllent environmental stability and offers a simp'le','
one-step synthesis. A number of soluble derivatives can be made. For example, we
previously disclosed a new family of water soluble conducting polyanilines in U.S.
patent 5,370 825 the teaching of which is incorporated herein by reference. These water
based polymers are ideally suited as spin applied charge dissipative layers. One problem
with these po]ymers as well as most of the doped polyanilines is that the doped polymer
is acidic, i.e. has low pH. - The acidic nature of these polymers poses a concern in many

applications. For example, if the polyaniline is used as a charge dissipative coating on



el ectrical charge, electrical charge can in turn accunul ate at the energy
sensitive layer or in the underlying |layers which can result in distortion
of the pattern being created in the energy sensitive |ayer. -Such

di stortions create huge inage placenent variations and errors. This occurs
when a dielectric energy sensitive material such as a resist is eposed to
a charged beam such as an el ectron beamor, an ion beam The dielectric
energy sensitive |layer accunul ates chargéAFronlthe beam The accunul at ed
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formed in the |ayer. This can be avoi ded by di'sposing on, under or

within the aolymygy isinplied oudo kpjastic 91 payessl, e agd cant pdse sighificars paoleny such
material which can . be used to drain off .the accunul ated charge and renove
or reduce tﬁé“lfﬁ’&%gﬁré‘g“%“eﬁ?‘(ﬁ’sé°nrr”8$d9 fourS"EI ectrically conductive organic
pol ymers are a class of electronic materials that conbine the electrical
properties of netals with the processability and nechani cal properties

char act | st & el 46EkSre (£48981e%D ShurdtGpAY VilSiched Bl diiing polymer

and to do so without impacting the conductivity. Herein conducting polymer
compositions with controlled pH and methods of fabricating such polymers are

described.
OBJECTS

It is an object of the present invention to provide an electrically conductive polymer
o _

having controlled pH.

It is an object of the presemnt invention to provide a method of forming an clectrically -

conductive polymer having controlled pH.

It is an object of the present invention to provide 2 method of fbrming an electrically
conductive polymer having controlled pH bu including acid neutralizing functionality

with the conductive polymer. e.

It is an object of the present invention to provide a method of forming an electrically
conductive polymer having controlled ph by treating said acidic conductive polymer

with a suitable base to neutralize the acid functionality to a controlled degrée.



vi nyl enes, pol yparaphenyl enes, pol yanilines, polythi ophenes, polyazines,

pol yf ur anes, ' - 3-

pol ypyrrol es, pol ysel enophenes, poly-p-phenyl ene sulfides,

pol yt hi anapt.henes, pol yacetyl enes formed from sol ubl e precursors,

conbi nat'i ons thereof and bl ends thereof with other polynmers and copol yners
of the nononers thereof. These pol yners_are conjugated systens which are
made el ectrically conducting by doping. The non-doped or non-conducting
formof the polymer is referred to herein as the precursor to the

el ectrically conducting polyner. The doped or conducting formof the

pol yrmer is r &fieaneljetiofltbe presera dntendon enphtodide A Gtrpaliyeriaving a surface containing

an electrically conducting pélymer_having controlled pH.

It is another object of the -prés'ent invention to provide structures having 'patterns of

electrically onductive polmers on a surface.

SUMMARY OF THE INVENTION -

A broad aspect of the present invention is an electrically conductive composition of -

matter having a controlled pH.

Another broad aspect of the present invention is a structure having a surface having |
i

theréon an electrically conductive polymer having a controlled pH.

A more particular aspect of the present invention is a structure having a surface having

a pattern thereon of on electrically conductive polymer having a controlled pH.

Another broad aspect of the present invention is a structure having: a surface; a
plurality of layers on the surface; at least one of the plurality of layers is formed from
an energy sensitive material; at least another layer is formed from an eleciric_ally
conductive polymer; the electrically oonductive polymer contains acid functionality; and

the electrically conductive polymer has a predetermined pH.

Another broad aspect of the present invention is a method of disposing on a surface an

electrically conductive polymer having a controlled pH.



Conducting polynmers can be utilized as thin charge dissipative coatings to
prevent charging in the application described above. In addition, they have
potential for a | arge nunber of other applications in such areas as

el ectrostati.c charge/ di scharge (ESC/ ESD) protection, electronmagnetic
interference (EM) shielding, resists, electroplating, corrosion

protection of netals and ultimtely netal replacenents, i.e. wring,
plastic mcrocircuits, conducting pastes 6r various interconnection
technol ogi es (solder alternative) etc.. The pol yaniline cl ass of
conducting pol ynmers has been shown to be one of the nost prom sing and nost
sui ted condu&riotier pairg pertsulapaspecbodthe presagcindntion isne rettak afEidposiag borss.
The pol yner has excel Jugé}%%envi ronmental stability and offers a sinple,
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suited as spin applied charge dissipative |layers. One problemwth these
pol ymers as weftrically eppductiye polymesdise g nredejerminedd i s that the doped
polynmer is acidic, i.e. has |low pH The acidic nature of these polyners
poses a concern in many applications. For exanple, if the polyaniline is

used as a charge di ssipative coati nég Qn
BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present invention will become apparent
from a consideration of the following detailed description of the invention when read in

conjunction with the drawing FIGs., in which:

Fig. 1 is a general formula for a polyaniline; (a) is the precursor form of the polymer or
the non-doped form of the polymer;-(b) is the doped form of the polymer or the
electrically conducting form of polyaniline; (c) is the actual structure for the doped

electrically conducting polymer consisting of a polysemiquinone radical cation.
Fig. 2 depicts the structure of the water soluble polyacid/polyaniline material.
Fig. 3 depicts electrically conducting polyaniline having excess acid functionality.

Fié. 4 depicts .25 um features delineated with UV3 containing polyaniliﬁe with a pH of
1.9 on top. The polyaniline was left in place during the resist post exposure bake. As
can be seen, severe thinning is observed due to acid contamination from the polyaniline

into the resist.
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-4- top of aresist, the acid functionality can contam nate the resist as
nost current resists are extrenely sensitive to acid. In addition, in

ot her applications where the conducting polyner is applied on to a plastic
or a netal, the acid can pose significant problens such -as induce
degradati on, corrosion, and so fourth. It is therefore desirable to be
able to control the pH of the doped conducting polynmer and to do so

wi t hout inpacting the conductivity. Her&fnh conducting pol yner conpositions
with controlled pH and net hods of fabricating such polyners are described.

OBJECTS  Figs. 5a, 5b 5¢c and 5d (for polyaniline, pH=1.9, pH=2.5 and pH =5.0, respectively)
depict .ISum features with polyaniline of various pHs on UV3 resist. The polyaniline
is removed before the PEB in all cases. Lithography of the resist looks good indicatin

that there is no oontammauon issues,

Fig. 6 depicts polyaniline with pH of 1.9 on UV3. The polyaniline is post apply baked
" at 80 C for.5 minutes. There is no effect on resist lithography is observed due to the

polyaniline bake.

'Fig. 7 depicts polyaniline with pH of 2.5 on UV3. The polyaniline is post apply pakéd
at 80 C for 5 minutes. There is no effect on resist lithography is observed due to the

polyaniline bake.
Fig. 8 depicts the shelf life of UV3 with and without polyaniline top coat. As can be

seen, the polyaniline extends the shelf life of the polymer.to 24 days at which time the

experiment was stopped.

DETAILED DESCRIPTION

The 'pre'sent invention is directed to electrically conducting polyzneﬁ having controlled
pH and to $tructures fabricated therewith. Examples of such polymers that can be used
to practice the present invention are of substiti_lted and unsubstituted
;Sc')lylbaraphenylénw, polyparaphenylevevinylenes, polyaniiines, polyazin'es,.
polythiophénes, poly-p-phenylene sulfides, polyfuranes, polypyrroles, polyselenophenes,
polyacetylenes formed from solublt; precursors and combinations thereof and

copolymers of monomers thereof. The general formula for these polymers can be found
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It is an object, of the present invention to provide an electrically

conductive polymer having controlled pH It is an object of the present
invention to provide a method of formng an electrically conductive polyner
havi ng control |l ed pH. It is an object of the present invention to

provide a nmethod of formng an electrically conductive polynmer having
controlled pH bu including acid neutralizing functionality with the
conductive polyner. e. It is an obj ect-of the present invention to
provide a method of forming an electrically conductive polyner having -
control l ed ph by treating said acidic conductive polymer wth a suitable
base to neuttrHiS. Pateny,198i183 taAaseieprullostey al gheyteaching o] Wideh isdpgosporated

herein by reference. The present invention will be described with reference to one type
of polymer which is a substituted or unsubstituted polyaniline or copolymers of
polyaniline having general formula shown in Fig-. 1 wherein each R can be H or any
organic or inorganic radical; each R can be the same or different; wherein each R! can
be H or any. organi_c or inorganic radical, each R! can be the same or different; x > 1;
preferably x > 2 and y ha$ a value from 0 to 1. Exampi&s of organic radicals are alkyl
or aryl radicals. Examples of inorganic radicals are Si and Ge. This list is exemplary

only and not limiting.

The precursor to the electrically conducting polymer fonh is shown in Fig. 1a. This is
the non-doped form of the polymér or the base polymer. Fig. 1b shows polyaniline
doped with a dopant. If the polyaniline base is exposed to cationic species QA, the
nitrogen atoms of the imine part of the polymer becomes substit_ilted with the Q + cation
to form an emeraldine salt as shown in Fig. 1b. Q- can be selected from H + and

organic or inorganic cations, for example, an alkyl group or a metal.

QA can be a protic acid where Q is hydrogen. When a protic acid HA is used to dope
the polyaniline, the nitrogen atoms of the imine part of the polyaniline are protonated.
* The emeraldine base form is greatly stabilized by resonance effécts. The charges
distribute through the nitrogen atoms and aromatic rings making the imine and amine
nitrogens indistinguishable. The actual structure of the doped form is a delocalized

polysemiquinone radical cation as shown in Fig. lc.

Polyaniline can exist in a number of oxidation states. The emeraldine form of the

polymer refers to the material that consists of approximately equal number &f benzenoid




It is an'object of the present invention to provide a structure having a
surface containing an electrically conducting pol yner. having control | ed pH
It is another object of the present - invention to provide structures having
patterns of electrically onductive polners on a surface. SUMVARY OF THE
| NVENTI ON A broad aspect of the present invention is an electrically
conductive conposition of matter havingga control |l ed pH

units and quinoid units (y== .5 in Fig. l)..' The emeraldine polymer can be reduced to
the leucoemeraldine polymer where y=1 in Fig. 1. The leucoemeraldine base form of
the polymer is ;10t stable in ambient conditions. The emeraldine polymer can be
oxidized to the pérnigraniliné form where y=0; however, the fully oxidized form of the
polymer also tends not to be stable. In p'rinéiple, other oxidation states intermediate
between y=0 and y=1 are possible. The emeraldine base form of the polyaniline is the
most stable form. Becausé of its environmental stability, it is the form of polyaniline
that has been the most abundantly studied and is the form that is suited for
technological applications. The most preferred embodiment of the present invention is

emeraldine base form of the polyaniline wherein y has a value of approximately 0.5. -

As can be seen from frém Fig. Ic, the doped polyaniline is acidic because it is generally
doped with a protonic acid.  The dopant can'consist of single molecules, oligoiners and

' polymers. For example, previously we d&sc‘ribed a series of water soluble polyanilines
that were made by polymerizing aniline in the presence of a polyacid which are
described in U.S. patent 5,370,825, the teaéhing of which is incorporated herein by
reference. As the polyaniiine forms during the polymerization reaction, it wraps around
the polyacid resulting in a blend of the polyaniline/polyacid (Figure 2). Examples of
polyacids are polystyrenesulfonic acid, polyacrylamidopropane sulfonié_ acid, and so
fourth as described in (PATENT #). In the final conducting polyaniline/polyacid blend,
the polyacid has functiorial sulfonic acid groups which are not used to dope the
polya:x_liline. Thus, there are free sulfonic acid groups rendering the polyaniline quitq:-
acidic. The number of free sulfonic acid groups determines the acidity or pH of the

polymer. As made, the polymer can be very acidic, pH=1 to 1.5.



Anot her broad aspect of the present invention is a structure having a
surface having thereon an electrically conductive polyner having a

controll ed pH. A nore particul ar aspect of the present invention is a
structure having a surface having a pattern thereon of on electrically
conduct i ve pol ynmer having a controlled pH. Anot her broad aspect of the

present invention is a structure having:. a surface; a plurality of |ayers
on the surface; at |east one of the pIur%ﬁlty of layers is fornmed from an
energy sensitive material; at |east another layer is formed from an
electrically conductive polymer; the electrically conductive polymer

cont ai ns gGgte BURBIcksON Briekal viedNsk a Hbﬁedeﬂo%%mnféﬂk%){g ERBEUR f\ﬁﬁc@&ia}é{iﬁr has a

predet erm ned pH. Anot her broad aspect™ of the present invention
met hod of Tdiisgd fargboen shesmlj'aa!@lmedncumtamdbabhth:@mdmammeo@mleydnpanthav| ng

a controlle . . . L. . . .
moqec%rc'. This excess acid poses significant concerns when the polyaniline is applied %n
to resists or acid sensitive plastics or metals. For examplé, in applying poiyaniline on

' top of resists to prevent charging during electron beam irradiation or SEM metrology,

the acid functionality of the polyaniline contaminates the resist.

Most resists in the industry are cﬁe'mically amplified (CA) consisting of a photoacid
gcneramr (FAG) and a polymer containing acid sens_itive deblockable grouj:_s. Upoii-
irradiation, the PAG fomis an acid. 'I_'his acid begins to deblock the acid sensitive
functional groups on the polymer. The key to the high performance of the CA resists
is that only a catalytic amount of acid is necessary to start a very efficient deprotection
reaction. The réason for this is that the acid which is formed upon irradiation is only a
catalyst. As it begins to deprotect the acid sensiti\}e functional groups, additional acid |
is released from the deprotection_.mechanism \which then acts as a catalystlfor
subsequent deprotection. Thus, one proton begins a cascade of reactions which are self
catalyzed. Because of this mechanism, CA fesists are very efficient and have very high
-sensiti_vity. At the same time, because of this sensitivity to acid, they are easily
contaminated by any traces of acid thereby destroying the excellent lithographic
performance of the resist. It is key therefore to be able to control the pH of any material
that is applied onfinjor below CA resisis. CA resists are also sensitive to terriperatur_c
since gcid diffusion can occur rendering unexposed regions exposed to acid. .
Temperature coupled with free acid can destroy the lithographic performance of CA

resists. -



Anot her nore particul ar aspect of the present invention is a nethod
of -di sposing on a surface a plurality of layers; at |east one of the

plurality

of layers is forned froman energy sensitive material; at

anot her layer is forned froman electrically conductive polyner; the
el ectrically conductive polyner contains acid functionality; and the
electrically conductive polyner has a predeterm ned pH. Mor e

specifically, there is provided accordiﬁU’to a first enmbodi nent of th

i nvention

a structure conpri sing: a surface; an electr

conductive polyner disposed on said surface; wherein said
el ectri cal |Aticwrgtaenal ¢an ¢asdlyremetad noradsios, degradation of plastidsiany ;so fourth. It wher ei n

e Lo T SARE b B  a Jn B AL A Bk e

conpri ses

e probiext to an electrically conductive polyner an

dopant, said dopant dopes said precursor to be electrically

In order to control the pH of the polyaniline materials, the acidic polyaniline is treated
with a neutralizing agent, such as a a suitable base, to neutralize some or all of the acid
groups. The base is added to the polyaniline in a quantity suitable to adjust the pH

from O to 14, preferably from 1 to 7 and most preferably from 1 to 5.

A list of suitable bases include: tetramethylammonium h_ydroXide, tetrdethylammonium
hydroxide, tetrabutylammonium hydroxide, triethylamine, pyridine, t-butoi;ide,

morpholine, pyrrolidiﬁone, potassium hj'droxidc, sodium hydroxide, iithium hydroxide;

triphenylsulfonium hyc_lroxidc, primary, secondary and tertiary amines, protén sponge,

sodium hydride, and so fourth.  This list is examplary only and not limiting.
EXAMPLES:

The unsubstitued polyaniline in the emeraldine fonﬁ is Synthesized by the chemical
oxidative polymerization of aniline in 1N HCI using ammonium peroxydisulfate as an

oxidizer. Polyaniline can also be oxidatively polymerized electrochemically as taught by

| east

e
ically

d a

W. Huang, B. Humphrey, and A.G. MacDiarmid, J. Chem. Soc. Faraday Trans. 1,82, -

2385, 1986. In the chemical synthesis, the conducting polyaniline hydrochioride
(emeraldine hydrochloride) salt precipitates from solution. The polymerizétion is
allowed to proceed for several hours after which the powder is filtered, washed with-
excess 1N hydrochloric acid. The emeraldine hydrochloride is then converted to the

non-conducting or non-doped emeraldine base by reaction with 0.IM amménium



conduti ve; wherein said electrically conductive polynmer conprises an

additive to provide said predeterm ned pH which is different than
the pH of said electrically conductive pol ymer without said
additive. . According to a second enbodi nent of the invention there is
provi ded a structure conpri sing: a surface; a plurality of

| ayers on said surface; at |least gne of said plurality of |ayers
conpri ses an energy sensitive material, ~1%- at | east another of said

| ayers conprises an electrically conductive pol ymner;

6a wherein said electrically conductive polynmer conprises a

precur sor tlgfdéqqd@. rqx@e&;lp'&ne base is then filtered, washed with ammonium hydroxide,
then washed with methanol and dried. The polymer at this stage is in the undoped

emeraldine base form as a powder.

Substituted (either on the aromatic ring or on the nitrogen) polyanilines in the
emeraldine form are synthesize_d in the same fashion as above but using the appropriate
substituted aniline monomer in the polymerization reaction. Copolymers are made by
the oxidative polyrﬁerization of 6ne or more monomers. Other acids can also be used in -

. the pélymeﬁzation reaction other than hydrochloric acid. Aqueous acetic acid, sulfuric
acid, organic sulfonic acids, such .as aqueous toluenesulfonic acid,

_ dodecylbenzenesulfonic acid, camphorsulfonic acid, and so on. | The o-ethoxy substitutgd
polyaniline was prepared by oxidative polymerization of o-ethoxy aniline in 1N
hydrochloric acid as described above. Copolymers having various amounts of o-ethoxy
‘content were synthesized by polymerizing o-ethoxyaniline anc.l ::miline in aqueous IN

hydrochloric acid. The amount of o-ethoxy content in the final polyrqcf was controlled

by varying the feed ratio of this monomer in the initial polymerization reaction.

The substituted and unsubstituted emeraldine base powder is generally processed by
dissolving the powder in an organic solvent. The unsubstituted efneraldine .bése was
dissolved in NMP at a 5-10% concentration or DMPU. The solution can be used to'
spin-coat films of the emeraldine base polymer on silicon wafers, quartz wafers, salt
platg_s, and so on. These films were on the order of 500 A to 1.0 um. Thicker films (611
the order of 50 t0-200 um) were made by solution casting techniques in which the |
solution was poured into an aluminum pan or glass dish and placed into a vacuum oven
at 60 C for 24 hours. The solution can also be used to process the material into a

structural part or into a fiber. The substituted emeraldine base such as the v-ethoxy
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conductive polynmer and a dopant conprising acid neutralizing functionality;
wherein said electrically conductive polynmer has a predeterm ned pH

provi ded by acid neutralizing functionality; wherein said pHis
predetermned to be in the range fromabout 1 to about 7; wherein
said energy sensitive material is selected fromthe group consisting of
hydr oxyst yrene/t - butyl net hacryl ate copol¥ rs,

hydr oxystyrene/t-butyl met hacryl ate terpofyners,

hydr oxystyrene/t-butyl net hacryl ate copol ynmers with styrene and

met hyl met hacryl at e, met hacryl ate/ acryl ate pol yners,

met hacr yl aselstitutod emeratting baseiwassnore soluble that tha ansubatititaicenydraldinepsdsy.ner s,

silicon containing resists, polybutanesul fone, organonetal|ic resists,
novol ak C%Pa?wr&a ﬁa@§°§f’5§0 P IheXriabaramgne 2Ry gk ap «thiljagtate and so

wher ei n salod 3¢kttt iriiinbdd HcycldfetdndRetsob Yollds) sl Mifs'sGihnibh Was W& & OUP

consi sting of
process films (thin and thick).

The polyanilines in the nondoped form can be treated with a dopant such as
hydrochloric acid, acetic acid, formic acid, polystyrenesulfonic acid, _
acrylainidopropanesulfonic acid, polyacrylic acid and so fourth to render the'mate;jial :

conducting.

The water soluble polyaniline was ma.de'gs described in US patent 5,-37_0,825, the
teaching of which is incorporated herein By reference. The polymer.as made has a pH
of 1.9. The pH was increased to 2.0 to 2.5 to 3.0 and 1o 5.0 by addition of a base such
as tetramethyl ammonium hydroxide. The polyaniline powder can be treated in the
solid state with a solution of the base. The polyaniline can be dissolved and treated with
the base in solution. The polyaniline can be made into a film or a structural part and
treated with a solution of the base. Furthermore, the polyaniline can be treated during
the synthesis as follows: thn. the polyaniline is isolated from the reaction mixture it

can be washed with a solution of the base.

Examples will be given where polyaniline was used as a dissipative coating on top of a

dielectric energy sensitive material both positive tone and negative tone resists.

Example 1: Polyaniline used on top of a positive tone resist, UV3



tetramet h'yI ammoni um hydr oxi de, tetraethyl ammoni um hydr oxi de,
t et rabut yl anmoni um hydroxi de, triethylam ne, pyridine, t-butoxide,

nor phol i ne, pyrrolidinone, potassium hydroxide, sodium hydroxide, lithium
hydr oxi de, tri phenyl sul foni um hydroxi de, primary, secondary and tertiary
am nes, proton sponge, and sodi um hydri de; wherein said electrically

conductive polyner is selected fromt heolgroup consi sting of substituted

and unsubstituted pol yparaphenyl enes, polyparaphenyl ene vinyl enes,

pol yani | i nes, pol yazi nes, polythi ophenes, poly-p-phenylene sulfides,
pol yfurane,z_ ggpl Rgﬂr,rol es, pol ysel enophenes, -pol yacetyl enes formed from
sol ubl e pr GBS PrEEEYsensitiye, piqtasesistoised ip Ship GYPCIBERIFRS Y Mér REAMMERH] ot her

S R R R

provi ded adsoainen®d e-beam sensitivity. The resist was spin coated at 4850rpm to get a thickness
of approximately 0.32um, and bakcd at 140°C for 3 minutes. The water soluble
polyaniline was applied by spin coating on top of the baked UV3 phdtoresist. Since
"UV3 is a chemically amplified photoresist, contamination from basic airborne
compounds or materials coated on top of the photoresist have the potential for impcding
the imaging properties of the r&s_ist. To address this lssue, :elecuiéally conductive coatings
of different pH’s were applied on top of UV3, -Addition;l experiments were done to
determine how processing conditions of the electrically conductive layer effeqt the
imaging properties of the photoresist. Iﬁ these @xpexiﬂients, baking the electrically
conductive layer after spin coating (PAB), and the abSence_/preseﬂoe of the electrically
conductive top coat during the post éxpésure bake step (PEﬁ) were examined. Exposures

were done on a 25KeV e-beam tool. '

The effect of the pH of the polyaniline on the lithogréphic properties of UV3 was
examined by patterning UV3 wafers that had been coated with polyaniline of pH l.l9
and pH S. In these experiments the polyaniline was not given a post apply bake. Since '
this bake is an additional process step, in a manufacturing environment this would
translate into a more costly pfdc&ss. In one set of experiments, the polyaniline was
rinsed off in water after the exposure but before the post exposure bake. In a second
set of experiments, the polyaniline was left in place during the post exposure bake and
was rinsed off immediately before development. Results of that experimcnt' can be seen

in table I.



conpri si ng: di sposing on a surface an electrically condutive pol yner;
wherein said electrically conductive polyner contains acid functionality;
wherein said electrically conductive polyner has a predeterm ned pH,
wherein said electrically conductive polynmer conprises a precursor to an
electrically conductive polynmer and a dopant, said dopant dopes said
precursor to be electrically conductive;__ wherein said electrically
conductive polymer contains an additive f@‘provide said predeterm ned pH
which is different than the pH of said electrically conductive polyner

w thout said additive. According to a fourth enbodi nent of the

i nvent i on Fran gheserasplesit gan be consludisd th prosgsgige and pH of peiyepdige figs 8n a

PurCoCe o B o8 ol Y mpty g B SRRk O
sai d | ayer gheER)thé ASisBiesHInRe i’ differeht/ dépRAGIHE bh ¥k fI0bY iR Mmiateiial. For the
low pH version, pH = 1.9, the resist thinned and the patterns were gone. This indicates
that the acid functionality in the polyaniline are diffusing into the resist during the bake
Step, caﬁsing deblocking of the polymer and thinning of the resist. (See Figure 4). For
‘ thie high pH material, pH*= 5, the resist did not develop if the polyaniline was left in
place during the PEB. This indicates that the base which was added to adjust the pH is
‘contaminating the UV3 photoresisﬁ The base is scavenéing the acid causing no
_ chemistry to océur in the resist. If the polyaniiine is removed before the PEB, it appears
to have no effect on the lithography of the resist. Excellent resolution and sensitivity is

‘attained (see Figure 5).

Additional experiments were conducted to determine if baking the polyaniline after it is
applied has any effect on the lithography. Tests were done using the 1.9 pH material
and 2.5 pH material with a 5 minute bake at 80°C. The polyaniline was rinsed off before
the PEB. Lithography was unchanged compared to the unbaked samples (Figures 6 &
7. '

Using the low pH material and rinsing before PEB, shelf life tests were conducted on
UV3. For both x-ray and optical mask applications, substrates are typically coated in
advance and stored until ready to use. With chemically amplified resists, the resist can
not be stored for too long due to environmental contamination. Top coats are sometimes
used to extend the shelf life of the resist from the time it is coated to exposure and from
exposure to PEB. Experiméms were done to determine if polyaniline was effective as a

top coat for UV3. In theses experiments, UV3 was coated with polyaniline and stored



said electiically conductive polymer contains acid functionality;

said el ectrically conductive polymer has a predeterm ned pH provided by
acid neutralizing functionality, said pHis different than the pH of said
el ectrically conductive pol ymer without said additive; : said pHis
predeterm ned to be in the range fromabout 1 to about’?; sai d
energy sensitive material is selected fromthe group consisting of

hydr oxyst yrene/ t - but yl net hacryl ate copoly}fers

hydr oxystryrene/t-butyl net hacryl ate terpol yners, hydroxystyrene/
t-butyl net hacryl ate copol yners with styrene and net hyl net hacryl ate,

6c  abicvatiepipRiRIRS oy vaticusnekivaesSumdeThagielf|lfd for Ak bsBi @as 5-8
derivati ves, met hacryl ate/ acryl ate pol yners,
days whereas with polyaniline it was extended to at least 22 days (Figure 8). At this

point the experiment was stopped.
Example 2: Polyaniline on Top of a Negative tone Photoresist CGR

Polyaniline was also found to be effectively coated on the negative resist CGR. It was
found to increase the shelf life of CGR from 4 hours to 24 hours. CGR is generally less

stable than the + tone UV3 resist.

Example 3 Polyaniline on Top of PMMA and SNR

Polyaniline was also tested on top of the electron beam polymethylmethacrylate
(PMMA) resist and on the - tone SNR resist. In both cases, it was found that

polyaniline did not contaminate the resist if it was removed prior to the PEB process.

Polyaniline has been found to be an effective top coat discharge layer. It can be applied
on the resist without degradation of the resist iithography if the processing conditions
and pH are \?Jell controlled. Best results are attained when polyaniline is removed before
the resist PEB. The pH did not seem to have a significant effect on the resist if it wa.s
removed before the PEB. If the polyaniline is left on during the PEB, the acxd in the
polyamlme contaminates the resist and if too much base is added to neutrahze the
polyaniline acidity, the base also can contaminate the resist. It is therefore important .. -
to control the pH of the polyaniline. For best results the pH should be between 1 and

5, more preferably between 1.5 and § and most preferably between 1.5 and 3.



silicon containing resists, polybutanesul fone, organonetallic resists,
novol al k contai ning resists and novol ak/ di azoqui none resi sts; sai d
acid neutralizing functionality is selected fromthe group consisting of
t et ramet hyl anmoni um hydr oxi de, tetraethyl amoni um hydr oxi de,
tetrabut yl ammoni um hydroxi de, triethylam ne, pyridine, t-butoxide,

nor phol i ne, pyrrolidinone, potassium hyq oxi de, sodi um hydroxide, |ithium
hydr oxi de, triphenyl sul foni um hydroxi de,” B‘ri mary, secondary and tertiary
am nes, proton sponge, and sodi um hydri de; said electrically

conducti ve pol yger, is se|lected fromthe group consisting of substituted
and unsubsfilistPREFsissIinuges JH¥x persid LB MASNplewn proghes gousifsing iofiy | enes,

oo oo BB Oy MRS B VBB PR ChAES

sol ubl e prpalymenzable urigFEhead storene,! hethglaiethablydiie snt 6 fewrth, Wi t h ot her

D e “Miethachytatdjacrylate polyshers Such a5 polymethyimetacrylate sad derivatives o O
thcrebf, SNR, CGR, KRS, Zep, silicon containing resists, PBS (polybutanesulfone),
organometallic resists,novolak containing resists, novolak/diazoquinone resists, and so
fourth. Th_e r@sist can be++ tone or - tone; it can be a single layer resist or multilayer
| resist; chemiéa_lly amplified and non chemically amplified.- The fonowing U.S. patents

' de;cribe resists useful to practice the present invention are incorporated herein by

reference: 5,580,694, 5,554,485, 5,545,509, 5,492,793, 5,401,614, 5,296,332, 5,240,812,
5,071,730, 4,491,628, 5,585,220, 5,5'61,194, 5,547,812, 5,498,765, 5,486,267, 5,482,817,
5,464,726, 5,380,621, 5,374,500, 5,372,912, 5,342,727, 5,304,457, 5,300,402, 5,278,010,
5,272,042, 5.266,444, 5,198,153, 5,164,278, 5,102,772, 5,098,816, 5,059,512, 5,055,439,
5,047,568, 5,045;431, 5,026,624, 5,019,481, 4,940,651, 4,939,070, 4,931,379, 4,822,245,
4,800,152, 4,760,013, 4,551,418, 5,338,818, 5,322,765, 5,250,395, 4,613,398, 4,552,833,
5,457,005, 5,422,223, 5,338,818, 5,322,765, 5,312,717, 5,229,256, 5,286,599, 5,270,151,
5,250,395, 5,238,773, 5,229,256, 5,229,251, 5,215,861, 5,204,226, 5,115,095, 5,110,711,
5,059,512, 5,041,358, 5,023,164, 4,999,280, 4,981,909, 4,908,298, 4,867,838, 4,816,112,
4,810,601, 4,808,511, 4,782,008, 4,770,974, 4,693,960, 4,692,205, 4,665,006, 4,657,845,
4,613,398, 4,603,195, 4,601,913, 4,599,243, 4,552,833, 4,507,331, 4,493,855, 4,464,460,
4,430,153, 4,307,179, 4,307,178, 5,362,599, 4,397,937, 5,567,569, 5,342,727, 5,294,680,
5,273,856, 4,980,264, 4,942,108? 4,880,722, 4,853,315, 4,601 ,969, 4,568,631, 4,564,57'5,_
4,552,831, 4,522,911, 4,46;4,458, 4,409,319, 4,377,633, 4,339,522, 4,259,430, 5,209,815,
4,2{1,834, 5,260,172, 5,258,264, 5,227,280, 5,024,896, 4,904,564, 4,828,964, 4,745,045,
4,692,205, 4,606,998, 4,600,683, 4,499,243, 4,567,132, 4,564,584, 4,562,091, 4,539,222,
4,493,855, 4,456,675, 4,359,522, 4,289,573, 4,284,706, 4,238,559, 4,224,361, 4,212,935, _



Further objects, features, and advantages of the present invention w
becone apparent froma consideration of the follow ng detail ed description
of the invention when read in conjunction with the drawing FIGs., in

whi ch:

pr ecur sor
t he doped
pol yani | i

Fig. 1 is a general fornula for a polyaniline; (a) ist

"formof the polynmer or the non-doped form of the polyner;

formof the polymer or the elggtrically conducting form of
ne; (c). is the actual structure tor the doped electrically

conducti ng polynmer consisting of a polysem qui none radical cation.
Fig. 2 depicts the structure of the water sol uble polyacid/polyaniline

mat eri al . 4,204,009, 5,091,103, 5,124,927, 5,378,511, 5,366,757, 4,590,094, 4,886,700 5,268,260 9. 3

depicts e

funct i onal 1331464, 5,115,040y 5,144,838

cont ai nin
I n place

|l ectrically conducti ng‘gol ani |l i ne havi ng excess acid
. 8 .

Polyaniline was also found to be a protective conducting coating enhancing the shelf life
of the resist. It basically functions by scavenging environmental contaminants that

would normally diffuse into the resist.

CGR stands a negative DUV chemically amplified resist. The chemical components
are poly hydroxy styfcne, MDT as the photo acid generator (PAG), and powderfink as
the crosslinker. SNR is a Shipley negative DUV cheniically amplified resist. SNR '
st?nds for Shipley Negative Resist. It is a poly hydroxy s.tyrene. It contains a melamine
crosslinker and a PAG. KRS is a positive deep-uv chemically amplified resist. KRS
stands for Ketal Resist System. The chemical components are poly hydroxy styrene,
and acetal protected poly hydroxy styrene as copolymers. The P_AG is tri phenyl
sulfonium triflate. UV3 is an IBM/Shipley positive DUV chemically amplified resist.
It contains poly hydroxy styrene and t-butly methacrylate copolymers. The PAG is
t-butyl phenyl iodonium champor~ sulfonate. ZEP is an e-beam .r&sist. It is not
chemically arripliﬁed. It contains alpha chloro methacrylate and alpha methyl styrene

copolymers.

he
(b)

5,115,490 735 405686012 416788 U e $43349. 41524126, V3
R R DL TR o 48l Vs AR L MR 11
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can be seen, severe thinning is observed due to acid contanlnatlon fromthe
polyaniline into the resist.

-7- Fi-gs. 5a,.5b 5¢c and 5d (for polyaniline, pH 1.9, pH =2.5 and pH
=5.0, respectively) depict .15[err]mfeatures with polyaniline of various
pHs on W3 resist. The polyaniline is renoved before the PEB'in all cases.
Li t hography of the resist |ooks good, indicatln that there is no

contam nati on issues. Fig. 6 depicts po!§anlllne with pHof 1.9 on UV3
The polyaniline is post apply baked at 80 C for. 5 mnutes. There is no
effect on resist lithography is observed due to the pol yaniline bake.

Fig. 7 depicts polyaniline with pHof 2.5 on UW3. The polyaniline is post
apply baked at 80[err]C for 5 mnutes. There is no effect on resist

| i thography is observed due to the pol yaniline bake.

TABLE 1:
pH of Polyaniline Rinsed Before PEB (Post Rinsed After PEB
. . Exposure Bake)
{Dosel/Lithography) Dase/lLithography)
No Polyaniline /Resist Only No Rinse 5.5 uCicm2; 0.25 um Images
{Controf) : Resoltved
.19 . L . 6 uC/cm2: 0.25 um Images | 6 uC/cm2: Resist Thinned:
' Resolved Patlerns Gone (Acid
5 : 6 uC/cm2: 0.25 um Images 6 uClem2; Pattern Did Not
' Resolved ' - Develop (Excess Base

Scavenged Acid from Resist- No
Chemistry .



Fig. 8 depicts the shelf life of UV3 with and wi thout polyaniline top coat.
As can be seen, the polyaniline extends the shelf |ife of the polyner to 24
days at which tine the experinment was stopped. DETAI LED DESCRI PTION  The
present invention is directed to electrically conducting pol ymers having
controlled pH and to structures fabricated therewith. Exanples of such

pol yners that can be used to practice the present invention are of
substituted and unsubstituted pol yparaphenyl enes, pol yparaphenyl ene

vi nyl enes, polyanilines, polyazines. pol4thiophenes, poly-p-phenylene

sul fides, pol yfuranes, polypyrroles, polysel enophenes, polyacetyl enes

formed from sol ubl e precuyrsars.and conbinatio applybers of
nononer s @%Q‘Sfpﬁsﬂt@n %ﬁ%’(‘ asfb(‘f?‘?‘r_ﬂfsﬁgg%{]w{dhéeséec%gqe é/‘%geheﬁc%g]n%bgﬂ % ound
numerous modifications, changes, and improvements will occur to those skilled in the

art without departing from the spirit and scope of the invention.



in US. Patent 5,198, 153 to Angel opoul os et al. the teaching of which is

i ncorporat ed—heretrrn—by—+ref erence. The present invention will be described
vvithr .of polyner which is a substituted or

unsubstfi ﬂﬁvaMVﬂﬁE ’“Fe or copol ynmers of polyaniline having general
formul a'ss wherein each R can be H or any organic or

i norgani c radi cal; each R can be the sa L or different; wherein each R can
be H or any organi c or inorganic radical each R can be the same or
different; x [err] 1; preferably x [err] 2 and y has a value fromO to 1.
Exanpl es of organic rad| cals are alkyl or aryl radicals. Exanples of
inorganic radicals are Si and Ge. ThiQLAIMS s exenpl ary only and not
limting. The precursor to the electrically conducting polymer formis
shown in Fig. la. This is the non-doped formof the polynmer or the base
pol ymer . L b, sho pol yani | ine doped with a dopant. If the polyaniline
base is ex‘ﬁ&‘gé tﬁﬁ'oni c species QA, the nitrogen atons of the imne
part of the pol yrrer beconmes substituted with the Q + cation to form an
eneral dine salt as shown in Fig. 1b, Q + can be selected fromH + and
organi c or inorganic cations, for exanple, an alkyl group or a netal.

1. A structure comprising;

a surfacé;

an electrically conductive polymer disi)osed on said surface;

said electrically cond'uctive polymer contains acid _fﬁnctionality; | |

said electrically conductive polymer'has a predetermined pH.

2. A structure according to claimr 1 wherein said electrically conductive polymer is onc

of a plurality of layers disposed on said surface,

3. A structure according to claim 3 wherein at least one of said plurality of layers
comprises an energy sensitive material and wherein at least another of said layers

comprises said electrically conductive polymer.

This Sheet Has Been Replaced
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QA can be a protic acid where Q is hydrogen. Wen a protic acid HA is used

to dope—t_he_pQ_Ly%he nitrogen atons of the imne part of the

pol yani | ine are protonate The eneral dine base formis greatly stabilized

by resojﬂmﬁguﬂ"lm m m charges distribute through the nitrogen atonms and
aromat i l” E imne and amne nitrogens indistinguishable. The
actual structufe »f the doped formis a dgl ocalized polysem qui none radical

cation as shown in Fig. 1c. Pol yani | i 1€ can exist in a nunber of
oxi dation states. The eneral dine formof the polyner refers to the material

t hat
. 9? Cozrs]{‘ f’?‘gﬁ u%ﬁ% % axm?&uﬂ['%l?lr’%xoae%“%ﬁcaaf%n%l}l%ﬁgﬁoey%ﬁeﬁr &l dtne

pol ynmer cgfmbd a gitegeon k4id sﬁh‘eod eucoener al di ne poI ynmer where y=1 in Fig.
1. The | eucoener al di ne base form of .

5.A structﬁre according to claim I wherein said pH is predetermined to be compatible

with said surface.

6. A structure according to claim 5 wherein said surface-is a resist material.

7. A structure according to claim 6 wherein said energy sensitive material is a resist.

8. a structure according to claim 7 wherein said resist is selected from the group

consisting of a positive and a negative resist.
9. A structure according to claim 7 therein said resist is a chemically amplificd resist.

10. A structure according to claim I wherein said energy sensitive material is sensitive
to energy selected from the group consisting of electromagnetic radiation and a particle

beam.

11. A structure .acoo;'ding' to claim 10 wherein said particle beam is selected from the

group consisting of an electron beam and an ion beam.

_—
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the polyner is not stable in anbient conditions. The eneral di ne pol yner can
be oxidized to the pernigraniline formwhere y=0; however, the fully

oxi dized formof the polynmer also tends not to be stable. In principle,

ot her omﬁnmg"mmm ernediate between y = 0 and y =1 are possi bl e.
The enera mmmf the polyaniline is the nost stable form
Because of *itS énvi*rofmental stability, it is the form of pol yaniline that

has been the nost abundantly studied and?#s the formthat is suited for
technol ogi cal applications. The nost preferred embodi nent of the present

I nvention | di_ne f or m of the I ani | i ne. wher el has. a val ue
of appr oxi #;{”e? cgurg accorgmgig % lbghﬁ"élérf FREY FLMF G’aufr(’:aq "%/ 85 ¥ped -
pol yani | i I"I@Slaﬁja’ﬁ‘dﬂjn@um Ise it is generally doped with a protonic acid.
The dopant can consi st of S|ngle nol ecul es, oligoners and pol yners. For
exanpl e, previously we described a series of water soluble polyanilines
that were made by polynerizing aniline in the presence of a polyacid which
are ‘descriddestiytuge gccqsding te clsim AowWigzen seif surfecgdhimeieetronihevice s

i ncorporated herein by reference. As the polyaniline fornms during the

pol ymeri zation reaction, it waps around the polyacid resulting in a blend

of the pol ya a#ﬂﬂrg%é@ﬂngtfﬁaﬂw e EXATBE Rnfl PR AOGIR U e

pol yst yr enes nic acl o yacrylam opropane su oni'c aci

fourth as ‘§e6s cofkRting bf éf&mm&)mc&m at;h@kign@ butagragys llllqﬂm crystal device
pol yani I'i ne/ pol yaci d bl end
and a light emitting diode.

15. A structure according to claim 7 wherein said resist is selected from the group '
consisting of hydroxystyrene/t-butylmethacrylate copolymers and terpolymers
hydroxystyrene/t-butylmethacrylate copolymers with styrene and methylmeihacrylate,
methacrylate/acrylate polymers, and derivatives methacrylate/acrylate polymers,

0

siliconcontaining resists, polybutanesulfone, organometallic resists,novolak containing

resists and novolak/diazoquinone resists;

16. A structure according to claim Iwherein said electrically conductive polymer

contains acids neutralizing functionality to provide said predetermined pH.

17. A structure acoording to claim 16 wherein said acid neutralizing functionality is
selected from the group consisting of tetramethylammonium hydroxide,
tetraethylammonium hydroxide, tetrabutylammonium hydroxide, triethylamine,
pyridine, t-butoxide, morpholine, pyrrolidinione, potassium hydroxide, sodium

" hydroxide, lithium hydroxide, triphenylsulfonium hydroxide, primary,secondary and

tertiary amines, proton sponge, sodium .hydride;

This Sheet Has Been Re'i aced
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t he polyacid-has functional sulfonic acid groups which are not used to dope

the polyaniline. Thus, there are free sulfonic acid groups rendering the

pol yani mummmmuuﬂﬂmuc The nunber of free sulfonic acid groups

determ i r pH of the polyner. As nade, the polyner can be
¢, p

very aci di ‘H 21 Sto*1. 5. |
- 10- Figure 3 depicts a general view of a doped pol yaniline having
excess acid functionality. This acid can-be on the pol yaniline backbone

and/ or on the counteranion of the dopant nol ecul e. This excess aci d poses
significant concerns when the polyaniline is aPpIied on to resists or
ric

aci d sensi & {eStpichEeiaceorging taclaig 1 whereinysaigsiesirically sosgRcHvEPOSENSFdhi | i ne on
selected from the group consisting of substituted and unsubstituted polyparaphenylenes,
pol}paraphenylwevinyleh&s, polyanilines, polyazines, polythiophenes, poly-p-phenylene
sulfides, polyfuranes, polypyrroles, poiyselenophenes, polyacetylenes formed from

soluble precursors and combinations thereof and blends thereof with other polymers and

copblymers_ of the monomers thereof.
19. A structure accofding to claim 16 wherein said acid neutralizing functionality is
selected from the group consisting of an additive to said electrically conductive polymer
and a constituent of said electrically conductive polymer.
20.: A structure comprising:
i
a surface;
a plurality of layers on said surface;
at least one of said plurality of layers comprises an energy Sensitive material;
at least another of said layers comprises an electrically conductive polymer;

said electrically conductive polymer contains acid functionality;

said electrically conductive polym_ér has a predetermined pH provided by acid

neutralizing functionality;

This Sheet Has Been Reilaced :
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top of resists to prevent charging during electron beamirradiation or SEM
nmet r ol ogy, the acid functionality of the polyaniline contam nates the

resist.. ¢ / ] in the industry are chemically anplified (CA)
consi stllmllmmmutﬂﬂ" generator (PAG and a polyner containing acid
sensitive*debl oekdbl &€ grroups. Upon irradiation, the PAG forns an acid.
This acid begins to deblock the acid sensjtive functional groups on the
pol ymer. The key to. the high performance'zé’r' the CA resists is that only a

catal ytic anmount of acid is necessary to start a very efficient

deprotection, eaction. The reason for this is that the_acid which is
f or med uponsai‘ngd?-qudStﬁ"P’éwgﬁ?seénthec’%i‘f‘&? {7am abowt 10 abaUt s t o deprotect the

acid sensitive functional groups, additional acid is released fromthe
deprot ecti on nmechani smwhich then acts as a catal yst for subsequent

depr ot ect ogid E'riwgiy,seﬁﬂﬁv@m@ie@mQ%ieﬂ&d@rd&ﬁ&@@ﬂﬁp%nﬁﬁﬁ@tdfons which are self
catal yzed. Because of- this nmechanism CA resists are very efficient and

have very hixgoxystyeans/ttiugylmethasrylatesopelymers andterpiyaerse of this sensitivity

to acid, they, are easil cqnt ani nated by any traces ,of acid thereb

dest r oyl ng DREERYERF LR TEGRIRA cPolyBis ShaheReqnd, RETPURrbATH Rt o ey

‘therefore t eﬁ’tﬁ%xzﬁkﬁaérﬂa&%l fibrs! A @éﬁﬂﬁv@nﬁetﬂ%&l&tﬁféayﬁ@%}yﬁrﬁpm i ed

on/in/or bel ow resi.sts. resists are also sensitive to tenperature
siliconcontaining resists, polybutanesulfone, organometallic resists,novolak containing

resists and novolak/diazoquinone resists;

said acid neutralizing fundionality is selected from the group consisting of
tetraméthylammonium hydroxide, .t'etraethylammoniuth hydroxide,
tetrabutylammonium hydroxide, triethylamine, pyridine, t-butoxide, morpholine,-
pyrrolidinone, potassium hydroxide, sodium hydroxide, lithium hydrbxide,

i

triphenylsulfonium hydroxide, primary,secondary and tertiary amines, proton sponge,

sodium hydride;

said electrically conductive polymer is selected from the group consisting of substituted
and unsubstitutcd polyparaphenylenes, polyparaphenylevevinylenes, polyanilines,
polyazines, polythiophenes, poly-p-phenylene sulfides, polyfuranes, polypyrroles,
polyselenophenes, polyacetylenes formed from soluble precursors and combinations
thereof and blends thereof with other polymers and copolymers of the monomers

th e}eof .

21. A method comprising:

This Sheet Has Been RTla
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since acid diffusion can occur rendering unexposed regi ons exposed to acid.

Terrperatnﬁe—coupfed—w'r—tﬁ—free acid can destroy the lithographic perfornmance
of CA Acid in general can catal yze nmetal corrosion,.

degr ad tlﬁal MI“!HE" Hﬂ and so fourth. It is therefore desirable to be
able t pH of a conducting polyner to prevent these
probl ens. In order to control the pH the polyaniline materials, the

acidic polyaniline is treated with a nedtralizing agent, such as a a
sui tabl e base, to neutralize sonme or all of the acid

disposing on a surface an electrically conductive polymer;
said electrically conductive polymer contains acid functionality;
said electrically conductive polymer has a predetermined pH.

22. A method according to claim 21 further including disposing at least another layer

on said surface to form a plurality of layers disposed on said surface.

23. A method according to claim 22 wherein at least one of said plurality of layers
comprises an energy sensitive material and wherein at least another of said layers

comprises said electrically conductive polymer.

24. A method according to claim 21 wherein said electrically conductive polymer is in

‘ the form of a pattern on said surface.

25. A method according to claim 21 wherein saxd pH is predetermined to be compauble

thh sald surface.

26. A method according to claim 25 wherein said surface is a resist material.
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groups to the polyaniline in a quantity suitable to
just the fromO to 14, preferably froml to 7 and nost preferably

from 1 Mlﬂiw“ MIMNJHMLSU| tabl e bases include: tetranethyl anmoni um

hydr oxi ni um hydroxide, tetrabutylamroni um hydroxi de,

triethyl am fe, pyridine, t-butoxide, norpholine, pyrrolidinone, potassium

hydr oxi de, sodi um hydroxide, lithium hyd% xi de, triphenyl sul fonium

hydr oxi de, primary, secondary and tertia '{/) am nes, proton sponge, sodium

hydride, and so fourth. This list is exanplary only and not limting.

EXAVPLES: upsubstitued polyaniline in the eneraldine formis

synt hesi 284 ’W“ﬁh%‘{]ﬁ%’gwl%ﬁ ‘g‘%‘gﬂg W@@“’Bb?%ﬁ"’re @'asf‘i’%ﬁ‘l"ed?atﬁﬂ?el 5 Adesist 1N HO

usi ng anmmoni um peroxydi sul fate as an oxidizer. Polyaniline can also be

oxi datively polynerized el ectrochem cally as taught by W Huang, B.

Hunphr ey, 2814l nfethod A&e6fdiny @ claim)27 GRE@In sa@Cresiktdis sdRied fr@ishe lgddp 2385,

1986. In the_chem cal synthesis, the conducting polyaniline hydrochloride

(eneral di ﬁ@SWGEQEHIPQﬂﬂU%?ﬂ%aFIFg%ﬂVéGm{ ates from sol ution. The

pol ynerization is allowed to proceed for several hours after which the

powder is filtered, washed with- excess 1 N hydrochloric acid. The

ener al di ngg Y Y Q8H Blchfing © AR F QoY EA6 dstis chemically amplified resist.

30. A method according to claim 21 wherein said energy sensitive material is sensitive -
to energy selected from the group consisting of electromagneuc radiation and a partxcle

beam

31. A method according to claim 30 wherein said particle b_eani is selected from the

group consisting of an electron beam and an ion beam.

32. A method according to claim 31 wherein said energy sensitive material is sensitive

to said acid functionality.
33. A method according to claim 31 wherein said surface is an electronic device.

34. A method according to claim 33 wherein said electronic device is selected from the
group consisting of an integrated circuit, a packaging substrate, a liquid crystal device

and a light emitting diode.
~ 35. A method according to claim 37 wherein said resist is selected from the group

consisting of hydroxystyrene/t-butylmethacrylate copolymers and terpolymers

hydroxystyrene/t-butylmethacrylate copolymers with styrene and methylméthacrylate,
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non- conducti ng or non-doped eneral di ne base by reaction wwth 0.1 M anmoni um
12 hydioxi de. The eneral di ne base is then filtered, washed w th ammoni um
hydr oxi de, ‘ it h et hanol and dried. The polymer at this stage
is in the |mgmmmllmn‘ue base formas a powder. Subst it ut ed
(either on the aromati€ ring or on the nitrogen) polyanilines in the

eneral dine formare synthesized in the sane fashion as above but using the

appropriate substituted aniline nonomer-28n the pol ynerization reaction.
Copol yners are made by the oxidation polynerization of one or nore

nononers. Qher | ds_can al,.so he d.in the ol ri zation reacti.
ot her than rﬂé}.ﬁ?%rgl%#ezarclr@ag:& oatf\mgauggqi(gergég\fef Cmg@?«ayl%%cbé%e'go 5[?6&§’C g?gani c
sul fonic a(‘eﬁliiﬁncoﬁtgiﬁing%s?éw%%u?ﬁ&lﬁf%ﬁ@}ﬁréaﬂ@h@taﬁﬁirﬁbists novolak containing

dodecyl benzenesul foni c aci d, - canphor sul foni ¢ aci d, and so on. The 0-ethoxy
subst i t ut ede§isss gadnovalak/diagoquirgrerresistiyy ' .

36. A method according to claim 21 wherein said electrically condusctive polymér

contains acids neutralizing functionality to provide said predetermined pH.

37.. A method according to claim 36 wherein said acid neuiralizing functionality 1s '
selected from the group consisting of ietramethylammonium hydroxide, -
tetraethylammonium hydroxide, tétrabutylammonium hydroxide, triethylamine,
pyridine, t-butoxide, morpholine, pyrrolidin_one, potassi;lm hydroxide, sodium
hydroxide, lithium hydroxide, triphenyls_ixlfonium hydroxide, primafy,‘secondary and
tertiary amines, proton sponge, sodium hydride; '

o
38. A structure according to claim 21 wherein said electrically conductive polymer is
selected from the group consisting of substituted and unsubstituted polyparaphenylenes,
polyparaphenylevevinylenes, po_lygnilines, polyazines, polythiophenes, poly-p-phenylene
sulfides, polyfuranes, polypyrrol.eg, polyselenophenes, polyacetylenes formed from
soluble precursors and combinations thereof and blends thereof with other polymers and

copolymers of the monomers thereof.

39. A structure according to claim 36 wherein said acid neutralizing functionality is
selected from the group consisting of an additive to said electrically conductive polymer

and a constituent of said electrically conduétive polymer.
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oxi dative polynerization of o-ethoxy aniline in IN hydrochloric acid as

descri bed above. Copolyners having various anmounts of o-ethoxy content
wer e synt hesi zed by polynerizing o-ethoxyaniline and aniline in aqueous IN

hydr ochl ori u l ﬂ“tMt.of o-et hoxy content in the final polyner was
controll edml\mn u “g ed ratio.of this mnononmer in the initial
pol ymeri zat i*on¢rehctTon® (- 0-" as used herein neans the ortho-ring ,
position). The substituted and ufSubstituted eneral di ne base powder
i's generally processed by di ssolving the powder in an organic solvent.
The unsubstituted eneral di ne base was di ssol ved in NWP

(N-met hyl pyrrolidinone) at a 5-10% concentration or DVPU

(di met hyl propyl ene urea). The solution can be used to spin-coat filns of

t he emer al di0néA methad coppusimgsr on silicon wafers, quartz wafers, salt

pl ates, and so on. These films were on the order of 500 Ato 1.0 [err]m
Thicker filns (on the order of 50 to 200 [err]m were nmade by sol ution

casting teqtggy- loSiHE 8n labutAELY phP RS Vr idyeRn Was poured into an al um ni um pan
or gl ass dish gngl pl aced Pntolg vacyﬁum oven at 60 C for 24 hours. The
sol ution can al so be

at least one of said plurality of layers comprises an energy sensitive material;
at least another of said layers comprises an electrically conductive polymer;
said electrically conductive polymer contains acid functionality; -

said electrically conductive polymer has a predetermined pH provided by acid

neutralizing functionality;
said pH is predetermined to be in the range from about 1 to about 7;

said energy sensitive material is selected from the group ccm;isting of
hydroxystyrene/t-butylmethacrylate copolymers and terpolymers
hydroxystyrene/t-butylmethacrylate copolymers with styrene and methylmethacrylate,
" methacrylatefacrylate polymers, and derivatives methacrylate/acrylate polymers,
siliconcontaining resists, polybu'tanesulfone,.organometallic resists,novolak containing

resists and novolak/diazoquinone resists;

said acid neutralizing functionality is selected from the group consisting of
tetramethylammonium hydroxide, tetraethylammonium hydroxide,

tetrabutylammonium hydroxide, triethylamine, pyridine, t-butoxide, morphaline,
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12a used to process the material into a structural part or into a fiber.
The substitut ed eneral dine base such as the o-ethoxy

-13- ammmm“m l e base was nore sol uble than the unsubstituted
eneral din I
a

r can be dissolved in cycl ohexanone,
t et rahydr of'ur &n, “et Ryl

ctate and so on. A solution was nmade in
cycl ohexanone (5% soI i ds) and this sol ut|3%n was used to

~ pyrrolidinone, potassium hydroxide, sodium hydroxide, lithium hydroxide,
triphenylsulfonium hydroxide, pnmary,seoondary and tertiary amines, proton spornge,

sodium hydride; -

said electrically conductive polymer is selected from the group cohsisting of sﬁbstituted
and unsubstituted polyparaphenylenes, polyparaphenylevevinyléncs, polyanilines,
polyaiins, polythiophenes, poly;p-phcnylene sulfides, polyfuranés, polypyrroles,-. '
polyseleﬁophen&s, polyacetylenes formeci from solubie 'precursors and combinations -
theréof‘ -and blends thereof with other pélymers_ and copolymers of the mpnqméré

thereof.

41. A method according to claim 23 further iﬁcluding heating said energy sensitive

material and removing said electrically conductive polymer prior to said heating.

42. A method according to claim 23 further including heating;

43. A method according to claim 42 wherein said conductive polymer is removed prior

to said heating.

44. A method according to claim 42 wherein said conductive polymer is removed after

said heating.

45..A method according to claim 23 wherein said electriéally conductive polymér is

removed during development of said energy sensitive material.
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process films (thin and thick). The polyanilines in the nondoped form
can be treated with a dopant such as hydrochloric acid, acetic acid, formc

acid, pol yStlmmﬁﬂﬂ](“mm“(um d, acryl ani dopropanesul foni ¢ aci d,

pol yacryli¢ Mt h to reader the material conducting. The
wat er sol ubl € pdl ydni I'i n& was made as described in US patent 5,370,825, the
teachi ng of which is incorporated herein by reference. The pol yner as nade
has a pH of 1.9. The pH was i ncreased t812.0 to 2.5 to 3.0 and' to 5.0 by
addi tion of a base such as tetranmethyl ammoni um hydroxi de. The pol yaniline
powder cadbbé metiad egcor¢ing teclaimn 23 vdierdinsaid elactrically condustive POYRET Base. The
pol yani |l ine can .be dissolved and treated with the. base in solution. The

pol yani | i r{%mg\éeﬁ lffzorﬁad%ég?ﬁ'ﬁl%ne????’flr?f‘?flgyéergt“rvﬁ&au"?.?fie part and treated with a
solution of the base. Furthernore, the polyaniliné can be treated during.
the synthesis as follows: Wen the polyaniline is isolated fromthe
reaction %%h‘k&\ﬁlc{\fmﬁ rdifig Y@&Qﬁ?l%hﬂeﬁa&ﬁ’dxﬂé hPBnerfy $nSitiv@RRterial Exanpl es
will be given ere polyaniline was used as a dissipative coating on top of
a di el ect rbetweznaaig)electrically comiuctive polginebaridsaprbsirface, sakleleetrinally negat i ve tone
resists. '

conductive polymer provides a protective top coat to said energy sensitive material

thereby increasing the shelf life of the energy sensitive material. .

48. A structure according to claim ¥ wherein said electrically:cotiductive polymer is -

~ water soluble.

50. A composition of matter comprising an clectricallj conductive polymer having a

bontrolled- pH. .

*

S1LA cbxriposition of matter according to claim 50 wherein said compc_)si;tion of matter

- further includes an additive to provide said controlled pH.

52. A composition of matter according to claim 51 wherein said additive is an acid

neutralizing additive.

53. A composition of matter according to claim 52 wherein said additive is selected from
the group consisting of tét_ramcthylammonium hydroxide, tetraetliylammonium
hydroxide, tetrabutylammonium hydroxide, triethylamine, pyridine; t-butoxide,

morpholine, pyrrolidinone, potassiuin hydroxide, sodium hydroxide, lithium-hydroxide,
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Exanpl e 1: Pol yanili .on top of a positive tone resist, UV3
- 14- The energy sensitive photoresist used in this experinent was U3, a

comer ci al y umnuml st nade by IBM Shipley. This material has well
known and Hmﬂmu m sensitivity. The resist was spin coated at
4850rpm'to getc a 't hi"ckfies§ of approximately 0.32um and baked at 140C for
3 mnutes. The water soluble polyaniling, was applied by spin coating on
top of the baked UV3 photoresist. Since 3 is a chemcally anplified
phot oresi st, contami nation from basic airborne conpounds or naterials
coated on twiphenylsufenismobyiresidss primery,setondpryt asdtersiaryf aminesypeoion gpokdee

| magi ng pros%&rti S oJ the resist To address this issue, electrically
conducti ve “Coatt ﬁ’é@" °of different pH s were applied on top of UWV3.
Addi ti onal experinents were done to -

54 A composition of matter according to claim 48 wherein said electrically conductive
polymer is selected from the gfou'p consisting of substituted and unsubstituted
. polyparaphenylenes, polypa}'aphenyle\'(evinylgns. poljranilixies_, polyazines,
'polythibp-henm, pqu-p—phenylergé sulfides, polj'furanes. polypyrroles, polyselenophenes,
! polyaoétylenes formed from soluble pfécuxsors and combinations thereof and blends

thereof with other polymers and wpolymefs of the monomers thereof.
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determ ne how processing conditions of the electrically conductive |ayer
effect the imaging properties of the photoresist. In these experinents,
baking the electrically conductive |ayer after spin coating (PAB), and the
absence/ presence of the electrically conductive top coat during the post
exposure bake step (PEB) were exam ned. Exposures were done on a 25KeV
e-beamt ool . The effect of the pH of Y€ polyaniline on the |ithographic
properties of UV3 was exam ned by patterning UV3 wafers that had been
coated with polyaniline of pH 1.9 and pH 5. In these experinents the

D T onal - SXOMBOSTERINS QEMAEERRS REHINY NERUATUR DV LUPING & JLAVER OF
IS | e oot o RSSO BIAND
ggpggﬂlr e bake. In a secondb@ﬁf@*ﬁ %?ﬁ%ﬁ?&lﬁﬁ@w. i ne was | ef Ito in
pl ace during the post exposure bake and was rinsed off |nned|ately bef ore
devel opnent ARSHRAGTof that experinment can be .seen in table 1.

The present invention is an electrically conductive polymeric composition having a
controlled pH and structures fabricated therewith_and methods of fabrication thereof
having: a surface; a plurality of layers on the surface; at least one of the plurality of
layers is formed from an energy sensitive material; at least another layer is formed from
an electrically conductive polymer, the electrically conductive polymer contains acid
functionality; and the electrically conductive polymer has a predetermined pH. The pH
is controlled by additives mixed in with the electrically conductive polymer or by
constituents on the electrically conductive polymer. The structures are useful for
lithography in microelectronic fabrication to avoid the effects of charging on resist from
electron beams, and in applications as static dissipation, electromagnetic interference
shielding, corrosion protection, electroplating, and wiring.

Fig 1C

This Sheet Has Been Reﬁlac




Fromthese results it can be concluded that the processing and pH
of polyaniline has a significant effect on the |ithography of the resist If
the polyaniline is left in place during the PEB, the resist response is '
di fferent depending on the pH of the material. For the |ow pH version, pH
= 1.9, the resist thinned and the patterns were gone. This indicates that
the acid functionality in the polyaniline are diffusing into the resist
during the bake step, causing debl ocking of the polymer and thinning of
the resist. (See Figure 4). For the high pH material, pH =5, the resist
did not develop if the polyaniline was leftygsin place during the PEB. This
-indicates that the base which was added to adjust the pHis contam nating
t he UV3 photoresist. The base is scavenging the acid causing no chem stry
to occur inthe resist. If the polyaniline is renoved before the PEB, it
appears to have no effect on the |lithography of the resist. Excellent
resolution and sensitivity is attained (see Figure 5).

B R R
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Addi tional experinments were conducted to determne if baking the

pol yaniline after it is applied has any effect on the |ithography. Tests
were done using the 1.9 pH material and 2.5 pH material with a 5 mnute
bake at 80[err]C. The polyaniline was rinsed off before the PEB.

Li t hography was unchanged conpared to the unbaked sanples (Figures 6 .& 7).
Using the |ow pH material and rinsing before PEB, shelf life tests were
conducted on WV3. For both x-ray and optical mask applications, substrates
are typically coated in advance and stored until ready to use. Wth .
chemcally anplified resists, the resiﬁé can not be stored for too |ong
due to environnental contam nation. Top coats are sonetines _used to extend
the shelf |ife of the resist fromthe tinme it is coated to exposure and
from exposure to PEB. Experinents were done to determne if paolyaniline
was effective as a top coat for UV3. In theses experinents, UV3 was -coated
with polyaniline and stored

/\l/\l/\l/\ POLYACID

A-H A-H AH"
1
ANILINE ' -
MONOMER - OXIDATIVE
. POLYMERIZATION - :
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-16- at roomtenperature for various periods of ti.nme. The shelf life for
the resist was 5-8 days whereas with polyaniline it was extended to at

| east 22 days (Figure 8). At this point the experinment was stopped.

Exanpl e 2: Polyaniline on Top of a Negative tone Photoresist CGR

Pol yaniline was al so found to be effectively coated on the negative resi st
CGER. It was found to increase the shelf |ife of CGR from4 hours to 24
hours. CGR is generally less stable than the + tone UV3 resist. Exanpl e
3: Polyaniline on Top of PMVA and SNR Pol yanil i ne was al so tested on top
of the_el ectron beam pol ynet hyl met hacryyg at e

- H
H H /
o/ N//.\_/~—-N/——/_Polyaniline
T~——N __/———"+ +_ Backbone
' + | A A.f7\+~’—__—*'

A

e
r H N ——
. N‘ ) : o4
- H A ___ ,H
A : '_\%4
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(PMMA) resist and on the - tone SNRresist. In both cases, it was found
that polyaniline did not contamnate the resist if it was renoved prior to
t he PEB process. Pol yani | i ne has been found to be an effective top coat
di scharge layer. It can be applied on the resist w thout degradation of
the resist lithography if the processing conditions and pH are well
controll ed. Best results are attai ned when polyaniline is renoved before
the resist PEB. The pH did not seemto have a significant effect on the
resist if it was renoved before the PEB. |f the polyaniline is left on
during-the PEB, the acid in the polyanilihe contanmi nates the resist and if
too nmuch base is added to neutralize the polyaniline acidity, the base al so
can contamnate the resist. It is therefore inportant to control the pH of
t he polyaniline. For best results the pH should be between 1 and 5, nore
preferably between 1.5 and 5 and nost preferably between 1.5 and 3.

UV3 with Polyaniline
No PAB, Rinsed after PEB

Ployaniline pH 1.9, 250nm fegyu_res




-17- A list of resists include: UVx series (IBM Shipley products
consisting of hydroxystyrene/t-butyl methacryl ate copol yners and

terpol ymers thereof with other polynerizable units such as styrene,

met hyl met hacryl ate, and so fourth, Methacryl ate/acrylate polyners such as
pol ynmet hyl net hacryl ate and derivatives thereof, SNR CGR KRSZep, silicon
contai ning resists, PBS (pol ybutanesul fone), organonetalli-c resistsnovol ak
containing resists, novol ak/ di azoqui none resists, and so fourth.. The
resist can be + tone or - tone; it can be a single layer resist or

mul tilayer resist; chemcally anplified @? non chemcally anplified. The
follow ng U S patents descri be resists us to practice the present

i nvention are incorporated herein by reference: 5, 580, 694, 5, 554, 485,
5,545,509, 5,492,793, 5,401, 614, 5, 296, 332, 5, 240,812, 5,071, 730,

4,491, 628, 5, 585, 220, 5,561,194, 5,547,812, 5,498, 765, 5, 486, 267,
5,482,817, 5,464,726, 5,380,621, 5,374,500, 5,372,912, 5,342,727,

5, 304, 457, 5, 300, 402, 5,278,010, 5,272,042, 5, 266, 444, 5,198, 153,

5,164,278, 5,102,772, 5,098,816, 5,059,512, 5,055,439, 5,047,568,

5,045, 431, 5,026,624, 5, B9, 070
4,822, 245, 4,800, 152, 4, 38, 818
5, 250, 395, 4,613, 398, 4, 2,223
5,322,765, 5,312,717, 5, %/ 0, 151
5,238,773, 5,229,@56, 5, 4, 226 %10, 71
1, 5,059,512, 5, le 358, , 981,

4,867,838, 4,816,312,

Ployan_iline _pH 1.9 -
. Eolyani_ﬁhé pH 5.0

UV3 with Polyaniline
No PAB, Rinsed before PEB, 150nm feat
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Control, No Polyaniline
Ployaniline pH 2.5




4,810, 601,
4, 665,006,
4,552, 833,
4,307, 178,
5,273, 856,
4,568, 631,

4,377, 633,.

5, 258, 264,
4,692, 205,
4,562, 091,
4,284, 706,
5,091, 103,
5, 268, 260,
4,678, 850,
4,398, 001,

4,808, 511,
4,657, 845,
4,507, 331,
5, 362, 599,
4,980, 264,
4,564, 575,
4,339, 522,
5,227, 280,
4, 606, 998,
4,539, 222,
4,238, 559,
5,124,927,

4,782,008, 4,770,974, 4,693,960, 4,692, 205,
4,613, 398, 4,603,195, 4,601, 913, 4,599, 243,
4,493, 855, 4,464, 460, 4,430, 153, .4,307, 179,
4,397,937, 5,567,569, 5,342,727, 5,294, 680,
4,942,108, 4,880,722, 4,853,315, 4,601, 969,
4,552,831, 4,522,911, 4,464,458, 4,409, 319,
4,259, 430, 5, 209, 815, 4, 211, 834, 5, 260,172,
5,024, 896, 4,904,564, 4,828,964, 4,745, 045,
4, 600, 683, 4,499, 245,
4,493, 855, 4,456,675, 4,359,522, 4,289,573,
4,224,361, 4,212,935,
5,378,511, 5,366,757, 4,590,094, 4,886, 727,

4,567, 132, 4,564, 584,

4,204, 009,

5,391, 464, 5,115,090, 5,114, 826, 4,886, 734, 4,568, 601,

4,543, 319, 4,524,126,

4,497,891, 4,414,314, 4,414,059,

4,389, 482, 4,379, 826, 4,379, 833, 4,187, 331.

UV3 with Polyaniline
PAB 5 minutes at 80°C

pH 1.9, 150nm features
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Pol yanil i ne was al so found to be a protective conducting coating enhanci ng
the shelf life of the resist. It basically functions by scavengi ng
environnental contam nants that would nornally diffuse into the resist.
CGR stands a negative DUV chemically anplified resist. The chem cal
conponents are poly hydroxy styrene, MDT as the photo acid generator

(PAG, and powderlink as the crosslinker. SNR is a Shipley negative DU
chemcally anplified resist. SNR stands for Shipley Negative Resist, It dis
a poly hydroxy styrene. It contains a nelamne crosslinker and a PAG KRS
is a positive deep-uv chemically anplifiggl resist. KRS stands for Ketal
Resi st System The chem cal conponents are poly hydroxy styrene, and
acetal protected poly hydroxy styrene as copolyners. The PAGis tri phenyl
sulfoniumtriflate. UV3 is an | BM Shipley positive DUV chemcally anplified
resist. It contains poly hydroxy styrene and t-butly nethacryl atc
copolyners. The PAGis t-butyl phenyl iodonium chanpor sulfonate. ZEP is

an e-beamresist. It is not

UV3 with Polyaniline
PAB 5 minutes at80°C -~

pH 2.5, 150nm features
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Wil e the present invention has been described with respect to preferred
enmbodi nemwseqmnﬁlerm@quﬂgufmmatpa@m inctheenpesy senaitive lapjor.olrepasitive aniihg occur

to those skilled in w
resists the exposed regions become soluble whereas in negative acung resists the exposed

regions become insoluble. In either case a pattern has been generated in the resist or
cnergy sensitive Jayer. This pattern can then be transferred down to underlying layers

" by various etching mechanisms.

Where thc_patterﬁ of 'energy results in generation of electrical charge or carries an

| electrical charge, electrical charge can’in turn accumulste at the energy sensitive la_yér
‘or in the underlying layers which can result in distortion of the pattern beixj1g crgau:d
in the er;crgy sensitive layer. Such distortions create huge image placement variations
2nd errors. ‘This occurs whea 2 dielectric cnergy scnsitive material such as a resist is
cxposed 10 a charged beam such as an electron beam or an jon beam. The dielectric
energy sensitive layer accumulates charge from the beam. The accumulated charge
introduccs electric fields Whi!;h after fe_achiﬂg a sufficicnt magnitude dis{orts the beam

_ anci rg:sulrs in 2 misplacement of the beam on the energy sensitive material. This creates

errors in the pattern being formed in the layer.

This can be avoided by disposing on, ufider or within the energy sensitive laycr a laycr
of clectrically conductive material which can be used to drain off the accumulated

charge and remove or reduce the undesired electric field.

Electrically conductive organic polymers are a class of electronic materials that combine
the electrical propertics of metals with the prodessability and mechanical properties

characteristic of polymers. Examples of such polymers include polyparaphenylene

vinylenes, polyparaphenylenes, polyanilines, polythiophenes, polyazines, polyfuranes,
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art without departing fromthe spirit and scope of the invent iREIPLACEMENT SHEET

VWhat is clainmed is: 1. - A structure conpri sing: a surtace,.
-an electrically conductive polymer disposedgon said surface; 14 2300
wherein said elec¢trically conductive polymer contains acid fyngti onarfj
wherein said electrically.conductive polyner-has a predeterm

ne |
Conpr 1 ses & pr scu aeperBors pacioul BT o reb iieni G £EB6H Shebipmetrectir
Jopant o I S2RA0 pRORGS of ByShsPEToat: S8 of e plirality oF oy r2's fhrmed from an energy
| sensitive material; at least anéthct layer is formed from an electrically conductive polymer;
the electrically conductive polymer contains acid functionality; and the electrically
conductive polymer has a predetermined pH.
More specifically, there is pfovided according to a first embodiment of the invention
a structure comprising:
a surface; .
an electrically conductive polymer disposed on said.surface;
wherein said electrically conductive polymer contains acid functionality;
wherein said elcctﬁcally conductive polymer has a predetermined pH to be .a
predetermined value; |
wherein said electrically conductive polymer comprises a precursor to an electrically
conductive polymer and a dc_spant, said dopant dopes said precursor to be electrically
condutive;
wherein said clectrically conductive polymer comprises an additive to provide said
predetermined pH which is different than the pH of said electrically conductive
polymer without said additive.
.According to 2 second embodiment of the invention there is provided a structure
comprisiné:
a surféce;
a plurality of layers on said surface;
at least one of said plurality of layers comprises an energy sensitive iﬁater{al;; | -. '

at least another of said layers comprises an electrically conductive polyrﬁgr;



wherein said electrically conductive pol yner conpri ses ah add iREP\LA(\EMENT SHEET

provi de said predeterm ned pH which is different than the pH of
said el ectrically conductive pol ygger without said eddl tfi WeFEB 2000
2 A structureaccording to claim1 wherein said electricaljly conductive

pol ynmer is one of a pl ural ity of Tayers di sposed on said surtace.

3.7 A structure agcordin wherejn at | east one of_said :
plurality of | aye?”glerem saug FFIF%@'SWQ UGEHE PG/ TeE RIIPTISFS 2rPERRUFSOAI0 ardleneay n
at | east another of said |ayers conprises said electrically conductive
pol ymer . canductive polymer ander dopent cdmpyising aaidynevtralizifg finatiomlify; 3 wher ei n
said electrically conductive polymer is in the formof a pattern on

sai d surface. wherein safd Slbéﬁlﬁilly@ndﬁﬁwe%l}%érﬁaﬁi‘g re@Etrriine € bE éﬁ@w
wherein said pHis predetermned to be conpatible with sai urface

6. A struct g&gn@gﬁgfﬂéﬁcture@ém 5 wherein said surface is a resist

mat eri al . A st cording to claim6 wherein said resist is

an energy sensiti V%epe% 23] pi-hs predetermined to be in the range from about 1 to about 7; -

wherein said energy sensitive material is selected from the group consisting of

hydroxystyrene/t-butylmethacrylate copolymers,

hydroxyst_yrcne/t-butylméthacxylate terpolymers,

hydroxystyrene/t-butylmethacrylate copolymers with styrene and
methylmethacrylate,

methacrylate/acrylate polymers, methacrylate/acrylate derivatives,

methacrylate/acr&late polmas, |

silicon containing resists, polybutanesulfone, organometallic resists, novolak
containing resists and novolék/diazoquinone resists;

wherein said acid neutralizing functionality is selected from the group consisting of
tetramcthylarnmonium hydroxide, tetracthylammonium hydroxide, tetrabutylammonium
hydroxide, triethylamine, pyridine, t-butbxidc, morpholine, p;'rrolidinone, potassium
hydroxide, sodium hydroxide, lithium hy&oxidc, triphenylsulfonium hydroxide, primary,
secondary and tertiary amines, proton sponge, and sodium hydride;

wherein said electrically conductivé polymer is selected from the group consisting of

substituted and unsubstituted polyparaphenylenes, polyparaphenylene vinylenes,

polyanilines, polyazines, polythiophenes, poly-p-phenylene sulﬁdes, polyfm'anes

polypyroles, polyselenophencs, polyacetylenes formed from soluble Precursors,
i s ey

combinations thereof, blends thereof with other polymers and copol«ym_ers of the mqﬁoﬁxgrs;

thereof.



8= A structure according to claim7 wherein said resist is'REPU‘\C MENT SHE ET

resist. 22 : 9. A structure according tqg dl ‘

wherein said resist is a chemcally anplifked resist. 1 FEBOZWK
structure according to any one of clains 1-5 wherein said sUrflace is
sensitive to energy selected fromthe group dqonsisting of

eFectromagneti c radi aj. |o tic

structure accordl‘ﬁ ﬁeﬁ%iﬁ"ﬁﬁ@ Lofstg?gwbx&fqnltgerrgls[}gg\r!ﬁd%agxgp@gt ed from
t he gr oup consi sting of an el ectron beam and an i on beam

12. A struct WOSRSIG ding to any one of clains 1-5 wherein said surface is
sensitive to . saird acid functionality. : 13. A
~structure accordldl@dsmgamyasurfecm elecmically tosdutive pelymesai d surface is an
“electronic devi ce. 14. A structure according
to clai m 13 wher ewRergiaisdideletidgailpcondietivepolymerxehtaisadid functicnhlkity;

group consisting of an integrated circuit, a packaging substrate, a liquid

crystal device angperein said electrically conductive polymcr has a predetermined pH;

wherein said electrically conductive polymer comprises a precursor to an electrically
con.ducti've polymer and a dopant, said dopant dopes said precursor to be ciectrically '
conductive;
wherein said electrically cohduc_tive polymer contains an additive to provide said
ﬁrcdetermined pH which is different than the pH of said electrically conductive polymer
without said additive.
According to a fourth embodiment of the 'mvention there is provided a method
comprising: | | |
disposing on a surface a plurality of layers;
at least oné of said plurality of layers comprises an energy sensitive material;
at least another of said layers comprises an electrically coxiductive polymer;
said electrically conductive polymer contains acid functionality;
said electrically conductive polymer has a predetermined pH provided by acid
neutralizing functionality, said pH is different than the pH of said electrically conductive
polymer without said additive;
said pH is predetermined to be in the range from about 1 to about 7
said energy sensitive material is selected from the group consisting gf S
hydroxystyrene/t-butylmethacrylate copolymers, R
hydroxystryrene/t-butylmethacrylate terpolymers, hydroxystyrene/

t-butylmethacrylate copolymers with styrene and methylmethacrylate,




a-light emtting diode. - 15. A structure accordin ' 918 o
wherein said resist is selected fromthe ggoup - CCJB mmfﬂ\éﬁ&f SHEE

hydr oxystyrene/t- 'but yl met hacryl at e copoal y $s and terpol ynmers

heydr oxystyrene/ t-butyl et hacryl ate copolymers with styrene and | { {1 FEB 2000
' nd

met hyl met hacryl at e, met hacryl at e/ acryl ate pol ynmers

dérivatives, net HB@P%@P@/“&W?F RP/MSE, ethestylate/aarylele derivatives,

cont ai ni ng resists, pol ybutanesul fone, organonetallic resists, [novol ak

cont ai ni ng resi stmemacrylate/acrylate polymmers, novol ak/ di azoqui none resi sts. .
16. A structure according to any one of clainms 1-15 wherein said additive

is an acid - silicon contamigﬂeﬁlétlslidlilﬁ:tafﬂéﬁﬂfdne rb%édxfo&heiaﬂl:@ﬂe@i‘s’ﬂs%ﬁf%ﬂ. 16
ai m

.predet erm ned pH. A structure according to c

wherein said &ﬁlltﬁlmﬂ?&gs{s@é dr@ ﬁ?%‘?’ﬁ@%‘ﬁ*@ﬂf’*@ sel ect ed

fromthe group consTsting o mroni dm hydrOX| de,

Loty et oyl ammon! Wd vk SelilRaind Bhi-ABAN AR0:S BomIGE Buh Sondidng o' 2™ M

_tetramethylammonium hyd:oxide, tetraethylammonium hydroxide, tetrabutylammonium
hydroxide, triethylamine, pyr.idine,- t-butoxide, morpholine, pyrrolidinone, potassium
hydroxide, sodium hydroxide, lithium hydroxide, triphenylsulfonium hydroxide, primary,
secondary and tertiary amines, proton sponge, and sodium hydride;

said electrically conductive polymer is sclécted from the groﬁp consisting of
substitutcd- and unsubstituted polyﬁaraphcnylénes, polyparaphenylene vinylenes,
polyanilines, polyazines; polythiophenes, poly-p-phenylene sulﬁ'dcs,l pélyfu:anes,
polypyrroles, polyselenophenes, polyacetylenes formed from soluble precursors,

, combinations thereof, blends thereof with other polymers and odpolymers of the monomers

thereof.
Brief Descriptioﬁ of the Drawings

. Further objects, features, and advantages of the present invention will become
apparent from a consideration of the following detailed description of the invention when
read in conjunction with the drawing FIGs., in which:

Fig. 1 is a general formula for a polyaniline; (a) is the precursor form of the polymer

or the non-doped form of the polymer; (b) is the doped form of the polymer or the
electrically conducting form of polyaniline; (c) is the actual structure for the dopcd

electrically conducting polymcr consxstmg ofa polysequumone radma.l catlon

Fig. 2 depicts the structure of the water soluble polyacxd/polxamhnematenal‘.’ T



t - but oxi de, norpholine, pyrrolidinone, pot assi um hydr oxi de, |} - }
hydr oxi de, |ithium hydroxide, triphenyl sulfoniurm hydroxide} ,MHHEJ@ENT SHEET

am nes, secondary amines, tertiary am nes, proton sponge, spdi um hydri de.

18. A structure according to any one of clains 1-17 wherein [s&i di 1 FEB 2060

el ectrically conductive polymer is sel ect 84 from the group lcdnsi sting of

substituted and unsubstituted polyparaphenyl enes, pol yparaghenyT ene

vi nyl'enes, pol yanilines, polyazines, polythiophenes, poly-p-phenylene

sul fides, polyfurgpesdepies leptricalecondpetingpelyenilint dadng exqess yuid hingtiendsy.

formed from sol ubl e precursors, conbinations thereof, blends thereof with

other pol ymer s angle CpRGLUTEISSur feahites AEHAATES Sith UV F@ntainihg polfasilibt Githatpl
i ace; ap fol

conpri si ng: urality o ayers on said surface;

Tmterial s o1 §ontehthhaabiberl b FAGEMRERR EIRHoR I I Ty |

conductive pol yner: L \ L -
can be seen, severe thinning is observed due to acid contamination from the polyaniline

into the resist.




whérein said electrically conductive polynmer conpri'ses a prec LACEWNT SHEET
electrically conductive-polynmer and a dopant conprising acid [ngt+aH—2+Re-
functionality; ‘wherein said electrically conductive poljyner ha?__ %
predeternm ned pH provided by acid neutralizing functionality;| - EB 2000
wherein said pH i predet er m ned tobe imy_ t he range from about} 1 to about -

7; ‘ wherein said energy sensitive material is selected ffromthe group
consi sti ng -of " hydroxystyrene/t-butyl met hacryl ate copol ykms-s— —

hydr oxyst yr%%ﬁﬁrmmma@fr mlmmhrteepﬁoﬂ IyQTmHs 2.5 and pH = 5.0, respectively)
hydr oxystyrene/ t.-butyl met ha ate. co ‘Wi t ~ene_and
g ot vot TPt gt RS AR ool Sasif pe'he (R rbite THR Potyanitine

met hacry! atl?féﬁdv% BLBr Gk PEY x'nVa‘?lsoascs L:thoé%phy of the resist looks good indicatin
met hacryl ate/ acryl ate pol yners _

that there is no contammanon issues,

—

(-r

-

Fig. 6 depicts polyaniline with pH of 1.9 on UV3. The polyaniline is post apply baked
at80C for.S minutes. There m no cffect on resist lithography is observed due to the

_polyaniline bake.

Fig. 7 depicts polyaniline with pH of 2.5 on UV3. The polyaniline ié post apply pakéd
at 80 C for 5 minutes. There is no effcct on resist lithography is observed due to the

polyaniline bake.
Fig. 8 depicts the shelf life of UV3 with and without polyaniline top coal. As can be
seen, the pdlyanilinc cxtends the shelf life of the polymer:to 24 days at which time the

éxperiment was stopped.

‘DETAILED DESCRIPTION

The present invention is dircctled to electrically conducting polymers having controlled
pH and to structures fabricatcd therewith. Examples of such polymers that can be used
to practice the present invention are of substituted and unsubstituted
polyparaphcnylenes, polyparaphenylene vinylenes, polyanilines, polyazines,
polythiophenes, po)y-p-phcnylene sulfides, polyruranes, polypyrroles, polyselenophcncs, '
polyacetylenes formed from solub)e precursors and combinations thereof and

copolymers of monomers thereof. The general formula for these polymers can be found




silicon containing resists, polybutanesul fone,- organonetallic R@iMEMENT SHEET
novol ak contai ning resists and novol ak/ di azoqui none rjs} sts;

wherein said acid neutralizing functionality is selected from thesgr R 2000 |
- qonsi sting of \ _ tetranet hyl amoni um1 dr oxi de, tetraethylnmoni um '
hydr oxi de, tetrabutyl ammoni um : hydr oxi de, triethyl am nf, “pyridire;

t «but oxi de, norpholine, pyrrolidi none, potassium hydrpxi de, sodi um

—

hydr oxi de, | hydroxigehyhe ememaiding baspiscthen Slierednvashedyih emrrm}% RgE, then
secondary and tertiary am nes, proton sponge, and sodi um hydr.i de;

wher ei n sai dwabledtwiticmkihgna@nd dried.vEhepdlymer atiths siepeistie thef undopedemeralding
consi sting of. substituted and unsubstituted pol yparaphenyl enes, .
poIyparaphenﬁkgqgnyhgyb@wgﬁ, _ ~ polyanilines, polyazines,

pol yt hi ophenes, pol y-p-phenyl ene sul fides, pol yfuranes,

pol ypyrrol es, po | 3 S §1 t ;
reour sors. | P SUALEEERARRS eRRIMBAE X8R OB Fer) PRt e
| Prglt Kgg ' i o?rB? F&%%&Ei%??&?n e?rg S}t'nQ}?es{TzD : ?rrxTFnréssame fashion ats gﬁéveeogxit using the app?o%ﬁaé

- substituted aniline monomer in the polymerization reaction. Copolymers are made by the

oxidation polymerization of one or more monomers. Other acids can also be used in the
polymerization reaction ofthc} than hydrochloric acid. Aqueous acetic acid, sulfﬁ:ic acid,
organic sulfonic acids, such as aqueous toluenesulfonic acid, dodecylbenzenesulfonic acid,
camphorsulfonic acid, and so on. Thg o-ethoxy substituted polyaniline was prepared by
oxidative polymerization of o-ethoxy aniline in IN hydrochloric acid as described above.
Copolymers having various amounts of o-ethox); content were synthesized by
polymerizing o-ethoxyaniline and aniline in aqueous IN hydrochloric acid. The amount of

" o-ethoxy content in thé final polymer was controlled by varying the feed ratio of this
monomer inhthe initial polymerization reaction (“-o0-“ .as used herein means the ortho-ring
position). | .

The substituted and unsubstituted emeraldiﬁe base powder is generally pro;:ess_ed by
dissolving the powder in an organic solvent. The unsubstituted emeraldine base Qas
dissolved ih NMP (N-methylpyrrolidinoné) ata 5-10% concenﬁaﬁbn or DMPU
(dimethylpropylene urea). The solution can be used to spin-coat films of the emeraldine
base ploymer on silicon wafers,' quartz wafers, salt plates, and 56 on. These films were on
the order of 500 A to 1.0 pm. Thicker films (on the order of 50 to 200 um) were made by'-.
solution casting tcchniqués in which the solution was poured into an alummmm panor

glass dish and placed into a vacuum oven at 60° C for 24 hours. The solution can also be :

-



dj sposing on a surface an el ectrically condutive polyner; IME&’LSHEET

wherein said electrically conductive polyner contains acid f
wherein said electrically conductive pol yner has a predeternj ned pH, o
wherein said electrically conductive polyner conprises a prepufsbri _t_FcEBaﬁﬁag :
electrically . conductive polyner apd a dopant, said pHopant dopes
said precursor t® be electrically conducti ve;
wherein said electrically conductive polynmer contains an additive to

provi de said - redet er,ni.ned pH which is, different than the pH of
sai d el ectri cWedio ETBFﬁfgél?q m@te{;@rﬂlymgmctural PaﬂONUE?]B'bsengIit}H Ségﬂﬁ“ﬂ?ge_ 25
21. A method according to claim20 further including disposing at |east

anot her | ayeremeraldingibasesnchas thetwethoxyn a plurality of |ayers di sposed on

said surface. 22. A nethod according to claim21 wherein at |east one of
said plurality of layers '




P—y
ot

conpri ses—an—energy Sensitive materl aI and wherein at |east another of said

pol yrmer

according to any one of clains 20-23 wherein said pHis predg
%’Eﬁlg sai'd surface. 25. A nethod according to ¢

be conpati bl
wherein said

a pattern on said surface. 24. A|ngthod

j“r m QEFEBC’Z%O

oSor nqmﬂ |$ mmféf 50, ﬁzcﬁﬂg‘rﬁ;}qviaf’ﬁ' et ri oal || REPLAGOMENTSHEET
|

o Sl e

‘é resist material. 26. A net hod accd

. " I .
rryg vtou-vraritn

25 wherein said reS|st Is an energy sensitive material.  27. JA nmet hod
aecordi ng to kl aiAstaetwesempnsiogi d resist is a positive resist. 28 A
- method according to claim26 wherein said resist is chemcally anplified

resist. 29.

A nmetsuefdcgccording to any one of clains 20-24 wherein said -

surface is sensitive to energy selected fromthe group consisting of

- el ectromagnetic rﬁ@lé&ﬁ&ﬂg%ﬂd\ﬁﬂ@ﬁt}l@@d@ﬁ&% on ?é?d sifgget hod according to

cl aim 29 wherein sai

par selected fromthe’ group consisting

of an electron b ew erg‘m%m%rlléc%ncaﬁﬁ %g}xductwc polymer contains acid funcnonahty,

wherein said clcctncally conductive polymer has a predetermmed pHtobea
predetermined value;
whereih said electrically conductive polymer comprises a precursor to an electrically
conductive 'poly-merla,nd a dopant, said dopant dopes said precursor to be elc;:trically
condutive; | |
whérein said electrically conductive polymer comprises an additive to provide said
predetermined pH which is different than the pH of said electrically conductive
. polymer without said additive.
2. A structure according to claim 1 wherein said electrically conductive polymer is one
of a plurality of layers disposed on said surface.
3. A structure according to claim 2 wherein at least one of said plurality of laye;'s
cornpriées an energy sensitive materiﬂ and wherein at least another_ of said layers
comprises said electrically conductive polymer. |
4, | A structure according to any one of claims 1-3 wherein said electrically conductive
polymer is in the form of 2 pattern on said surfaﬁe.
5. A structure according to aﬁy one of claims 1-4 wherein said pH is predetermined to
be compatible with said surface.
6. A structure according 10 claim 5 wherein said surface is -a-'resist_mateﬁal'.'
7. A structure according to claim 6 wherein said resist is an cncrgy %erisitivc__ material.

8. A structure according to claim 7 wherein said resist is a positive resist.



A met hod according to claim22 wherein said energy sensitive materi al

| s. sensi t“"ﬂl |'"J “l ﬂﬂl functionality. 2. A method according to claim
30 wherei -an el ectronic device. 33. A nethod according -

te claim 32 wherein sald el ectronic device is selected fromthe group

consi sting of gan | G{u?é W suhst
crystal devi ce an rHu% I'Tg togdr%'i ti nﬁnﬁfo e. ﬁ.&k"“'ﬂﬂeAkltﬁgt ﬁﬂ%ﬁacco&gﬁmﬁmmﬂ

cl aim 26 wher ald es el ected,.fyom rQu consi stin
yar oxoot yr endbt - SRS hebhedife o Gk Bt R 13 Siishh hig e ¥ selflu®t 1o
hydr oxystyrene/t - butyl nef hacyyl ate -copo] ynmers with styrene and

met hyl met hacr gheagx seléqied Hamithe aroup sepsistingof plsriyompanctiardiationiznd eipeaisle beam,
‘nmet hacryl ate/ acryl ate polyners, silicon containing resists,

pol ybut anesul flbne A singanoaepdihg to olasi ¥ whereinsaldaartiniebeem isrsglémé fonsthe
group E_:onsisting of an elcctronl beam and-an ion beam.
12. A structure accofding to any one of claims 1-5 wherein said surface is sensitive to
said acid functionality. |
13. A structure according 1o any one of claims 1-5 wherein said surface is an electronic
| device.
14. A structure according to claim 13 wﬁerein said electronic device is selected from the
. group consistihg ofan integrateﬂ circuit, a fackaging substrate, a liquid crystal .devic;e and
a light emitting diode. |
15. * A structure according to claim 7 wherein said resist is selected ﬁom the group
coﬁsisting of hydroxystyrene/t-butylmethacrylate copolymers aﬁd terpolymers
hydroxystyrene/-butylmethacrylate copolymers with styrene and methylmethacrylate,
methacrylate/acrylate polyrﬁers, and derivatives, methacrylate)acrylat'e polymers, silicon -
containing resists, polybutanesulfone, organometallic resists, novolak containing resists
and novolak/diazoquinone resists. |
16. A structure according to any one of claims 1-15 wherein said additive is an acid
neutralizing functionali@y to provide said predetermined pH.
17. A structure according to claim 16 wherein said acid neutralizing functionality is
selected from the group consisting of tetramethylammonium hydroxide,

tetraethylammonium hydroxide, tetrabutylammonium hydroxide, triethylamine, pxg_id_ine,

REPLACER NT SHEET
11 FEB zbem

e
{



and novol ak/ di azgqui none resists. 35. A f2t hod accorm“mm&l“ﬂ“u!“mlof
clains 20-34 wherein said electrically conductive pol [ d
neutralizing functionality.to r(f.\/l de sai d predeterninéd SH. " 3'6. A et hod
accordi'ng to THEPXifeanoR H’ienp)g'éﬂ $n0ne PRSHUmAYAEMIEE, FoRTBm;Rydeaxidey lithium

sel ected fromthe group consisting of tetranethyl amoni um hydroxi de,

t et r aet hyl anrhydraxide yiphsnylgelfoniwn hybiexide apriroary mmihesdscogndbey amiresttegtiagyri ne; -
pyridine, t- Dbutoxide, norpholine, pyrrolidinone, potassium hydroxide,

sodi um hydr oxdnsifies, prdttn spongé\sddiws Jkelrider | phenyl sul f oni um hydr oxi de, prinmary
am nes, secondary amnes, tertiary am nes, proton sponge, and sodi um

hydride. 37.1A %%W%‘Sgcfrgi%?o%@y grg%’o%' 9;1-1-‘7' @ﬁ%@né&d%@ecmeaﬁfigﬁ?cﬁ%hg?

electrically con ve ect elt? romt roup cons
e et S R B o Bl e SR
sul fides, polyfuranes, polypyrroles, polysel enophenes, polyacetylenes
forned from sealyparephspylensssprlyparaphenylang Vioplenesnpolywrtilings, polyazingser eof with
ot her pol.yners and copol yners of the nononers thereof. '
po]ythiophenes, poly-p-phenylene sulfides, polyfuranes, polypyrroles, polyselenophenes,
polyacetylenes formed from soluble precursors, combinations thereof, blends thereof with
other polymers and copolymérs of the monomers thereof.
19. A structure comprising: -
a surface;
a plurality of layers on said surface;
at least one of said. plurality of layers comprises an energy sensitive material;
at least another of said layers comprises an electrically conductive polymer:
wherein said electrically conductive polymer comprises a precursor to an electrically
conductive polymer and a dbpant comprising acid'neut:'alizing functionality;
wherein said electrically conductive polymer has a predetermined pH provided by
acid neutralizing funcﬁoﬁ;alitj'; -
wherein said pH is predetermined to be in the range from about 1 to about 7;
wherein said energy sensitive material is selected from the group consisting of
| hydroxystyrene/t-butylmethacrylate copolymers, |
hydroxysiyrene/t—butylmethacrylate terpolymers,
hydroxystyrene/t-butylmeﬂj.acrylate copolymers with styrene and

methylmethacrylate,

methacrylate/acrylate polymers, methacrylate/acrylate derivatives, | REP LACEM ENT SHEET

1471 FEB 2000 |




'38. A 1% ] di sposing o a surface a plurality of
| ayers"ﬂm“ﬂ"ﬂmm“mg“ one of said plurality of |ayers conprises an energy
sensitive nateridl ;% * - at |east. another of said |ayers conprises an

elcectrical l y conducti.ve I ; said electrically-conductive

pol ymer cont ai ns E’Ef}ﬁcrﬂfﬁ@f“ﬂﬁgﬂqwas’ 27 said electrically
-conduct.ive polymer,_has a predeterm ned pH provided by acid neutralizing
functionality, safHCoR-raniaipang fesisis,polyhulianesufora-orgrneraetgllisiresists.inoudley
conductive polynmer without said additive; said pH is predeterm ned
t o be in the centgmingresistsbodmovblakidiadoquinoie resists; sai d energy sensitive
material is selected fromthe group consisting of - ' '

hydroxystyrene/ t - baibid@idiasd Mbuttabizing FRAHERAIRY is selected from the group consisting of

tetraméthylammonium hydroxide, tetraethyiammonium hydroxide, 'tetrﬁbutylammonium
hydroxide, trie'thYlémine, pyridine, t-butoxide, morpholine. pyrrolidinont_z, potassium
hydroxide, sodium h}}droxidc, lithium hydroxide, triphenyisulfoniurﬂ hydroxide, primary,
secondary .and tertiary amines, proton sponge, and sodium hydride; |
wherein éaid elébn'ibally conductive polymer is selected from the group consisting of
~ substituted and unsubstituted polyparéphehylenes, polyparaphenylene vinylenes,
polyanilines, polyazines, polythiophenes, poly-p-phenylene sulfides, polyfuranes,

" polypyrroles, polyselenophenes, pdlyabetylencs formed from soluble precursors,
combinations there-of, blends thereof with other polymers and copolymers of the monomers
thereof.

20. A method comprising: '_

disposing on a surface an electrically condutive polymer;

wherein said electrically conductive polymer contains acid functionality;

- wherein said electrically conductive polymer has a brcdetermined pH;

wherein said electrically conductive polymer comprises a precursor to an electrically
conductive polymer and a dopant, said dopant dopes said precursor to be electrically
conductive;

wherein said electrically .conductive polymer contains an additive to provide said
predetermined pH which is different than the pH of said electrically conductive polymer

without said additive.
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'hydroxystryren TS ate terpol yjeers, hydroxystyrene/
t - but yl net hacrjl{lml me mi}l Hm Mith styreneand net hyl met hacryl at e,
¥l at 0

nmet hacryl at e/ ac ecLpokyners, nethacryl ate/ acryl ate derivatives,

met hacryl ate/ acryl ate pol yners, ) silicon containing resists, -

pol ybut anesul #bneA raetjashasrerding toclaizs? G fusthenipclutiag dispesingriiersy anathérdeyer and
novol ak/ di azoqui none resi sts; said acid neutralizing functionality -

is selected fsadsttfacedo form xplomlisy o6flgyers dispeded ansaidghefaseoni um hydr oxi de,
t et raet hyl anmoni um hydr oxi de, tetrabutyl anmoni um hydroxide, triethylam ne,

pyridine, t-bypoxiadReths®aeBedihgdd cliv 2 PivhEleRHOR Soostttle 3T Shil 'ﬂurﬁ‘l}‘t? &Zﬁy@?s

sodi um hydr oxi-de, -1ithium hydroxide, -triphenyl sul foni um hydrox primary,

secondary and 1. ' . . | .de:

sai d el eotr1 cgrpited eftheD Sehsisfe i A8 NBere B BN B o1 g

of substituted and unsubstityted pol yparaphenyl enes, pol yparaphenyl ene

vi nyl enes, psPryamqsiSh@g%Béﬂa ¥} SPMNSUVEBOlYIET. ophenes; pol y- p- phenyi ene

sul fides, polyfuranes, o ' '
23. A method according to any one of claims 20-22 wherein said electrically conductive

polymcr isin tﬁc form of a pétt‘ern on said surface.
24. A method according to any one of claims 20-23 wherein said pH is predetermined to
be _compatiﬁlc with said surface. |
25. A method according to clai_in 24 wherein said sﬁrface is a resist material.
26. A method according to claim 25 wherein said resist is an energy sensitive material.
27. A method according to claim 26 wherein said resist is a positive resist.

- 28. . A method according to claim 26 wherein said resist is chemically amplified resist.
29. A method accdrding to any one of claims 20-24 wherein said surface is sensitive to

. energy selected from the group consisting of ;lcctromagnetic readiation and a particle beam.
30. A method according to claim 29 wherein said particle beam is selected from_ the
group consisting of an ¢lectron beam and an ion beam.

31. A method according to claim 22 whcréin said energy sensitive material is sensitive to
said acid functionality.

32. A method according to claim 30 wherein said surface is an electronic device.

33, A method according to claim 32 wherein said electronic device is selected from the
group consisting of an integrated circuit, a packaging substrate, a liquid crystal device and
a light emitting diode.

34, A method according to olaim 26 wherein said resist is selected from the grpup

consisting of hydroxystyrene/t-butylmethacrylate copolymers and tcrpblyinéfs' .
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polypyrrol es, pol pol yacetyl enes formed from sol ubl e

pr ecursors, com“@mﬁmmwawf , bl ends tger.e_of wi th ot her polyners and
copol yners of t s eof. 28% 39. A method accor di ng to
claim 22 further.including heating. 40. A nmethod according to claim39
wherein said conductive polyner is renoved prior to said heating. 41. A

met’hod accor dhydroxystyrens/tnggimethacnilate sepodymers shithtstyreneandynosthy lirethaerpbate,d
after said heating. 42. A nethod according to claim22 wherein said

el ectrically ﬁﬁfﬁiU@Rdtéfécrf)hthéﬁ, mﬁ@éﬁvaiﬁleﬂ@ﬁiﬂ%rﬂ@t!ﬁb@megélyﬁxfers? idon
energy sensitive material. 43. A nethod according to claim 22 wherein said

el ectrical |y caRb iR HoHitankshifohe WoybLrRRHAY 256 RN ORREB aMing Ak ths

energy sensitive |

and novolak/diazoquinone resists.

~

35. A methd_d according t6 any one of claims 20-34 wherein said electrically conductive
polymer cphtains acid'neutralizi-ng' functionality to prévide said prcdct'crmii;cd pH

36. | A method according to claim 35 wherein said acid neutralizing functionality is
‘selected ffom the group consisting of tétramcthylammon_iﬁm hydroxide,
tﬁuaéﬂlylammonium hydroxide, tetrabutylammonium hydroxide. triethylamine, pyrid_ine, t-
butoxide, rﬁ_orpholine, pyrrolidinon;, potassium hydroxide, sodium hydroxide, lithium
hydroxide, t'ipﬁenylsulfonium hydroxide, primary amines, seéondary amines, tertiafy
amines, proton sponge, aﬁd sodium hydride..

37. A method according to any one of claims 20-36 wherein said electrically conductive
polymer is selected from the group consisting of substituted and unsubstituted
polyparaphenylenes,' polyparaphenylene. vinylenes, polyanilines, polyazines,
polythiophenes, poly-p-phenyl_cne sulfides, polyfuranes, polypyrroles, polyselenophenes,
polyacetylenes formed from soluble precursors, combinations thereof, blends thereof with
other polymers and copolymers of the monomers thereof.

38. A method comprising:

disposing on a surface a plurality of layers;

at least one of said plurality of layers comprises an energy sensitiﬁe material;

at Jeast another of said layers comprisés an electrically conductive polymer;

said electrically conductive polymer contains acid functionality;
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44. A structure ' - one of clainms 1 to 18 further including an
energy sensiti Hmlﬂulﬁl "lﬂeiﬂWen said el @¢trically conductive pol-ynmer and
said surface, sard ¢ eltectriealty conductive pol ynmer provides a protective
top coat to said energy sensitive material thereby increasing the shelf
life of the ener gyjdsdeuidallyeofiticRVe BblymefRas o prédetdtainddPIREHON N 'Bgéa&fa_ any
one of clains 1 to 17 wherein said electrically conductive polyher iIs

wat er sol ubl ¢ @zuﬁéf HRRRH | : Lgi . ical
conductive po e)‘/nrlrélr vu?lng am%#eaggﬁfelrs %Jéﬁ{‘gﬁg’ rm\;\%ér eca?galgg}egﬁgﬁﬁeimr}adggﬁ?
conductive pol ymer caonprises.a.precursor to an electrically conductive
pol ynmer and af’-%%%fn‘f‘%’%é?i?ﬁgg’d dopant dopes said-precursor to be
~electrically conductive; . Wherein said electrically conductive

pol yner conpri seseispRisdredeiesminedsp beiinithesanps fronpakared o abowsd: pH which is
~different than the pH of said electrically conductive polyner wi t hout
~said additive.  shid enfrayaensitivd materialfis szitdted franabe ghoap comsistingiofh 46 wher ei n
sai d conposition of matter - : _ S
hydroxystyrene/t-butylmethacrylate copolymers,

‘hydroxystryrene/t-butylmethacrylate tefp‘olymers, hydroxystyrene/
t-butylmcthacrylate copolymers with sfyrene and mcthylmethacryléfe, _

mémacrylate/acrylate polymers, mcthécrylate/acrylate derivatives,

m;thacrylatc/acrylate polymers,

silicon containing resists, po}ybufanesmfoﬁe; organometallic resisﬂs, novolak
containing resists and hovolalddiazoquinone rcsisté;

said acid neutralizing functionality is selected from the group consisting of
tctraméthylammonium Bydroxide, tetracthylammonium hydroxide, tetrabutylammonium
hyd:oxidé, triethylamine, pyridine, t-butoxide, morp'hol_inc, pyrrolidinone, potassiﬁm
hydroxide, sodium ﬁydroxide, lithium hydroxide, triphenylsulfonium hydroxidc, primary,
secondary and tertiary .amines, proton spdnge, and sodium hydride;

said electrically conductive polymer is selected from the group consisting of
substituted and unsubstituted polyparaphenylenes, polyparaphenylene vinylenes,
polyanilines, polyazines, polythiophenes, poly-p-phenylene sulfides, polyfuranes,
polypyrroles, polyselenophenes, polyacetylenes formed from soluble precursors,

combinations thereof, blends thereof with other polymers and copolymers of the monomers

thereof.
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further. includ | provi de sajgd controlled pH. 48. A
conposi.tion of Tmﬂﬂﬂ’ﬂlﬁﬂﬂﬁ\mﬂto claim 47° wherein said additive is an
acid neutralizi*ngtadtit?ve. "49. A conposition of matter according to

¢l aim 47 or claim48 wherein said additive is. selected fromthe group
consi sting of3%t etA methodaccording iteiclainy 32 Gxthibe includintg keatihg:| anmoni um hydr oxi de,
t et rabut yl anmoni um hydroxi de, triethylam ne, pyridine, t-butoxide,

-mor phol i ne, yr r i irdihddRCcorBingas blaiiiBh yehefoih S8d coHRULEVE ol wiherds einoveld iphiop M
hydr oxi de, -tri phenyl sul f oni um hydroxi de,” primary ani nes,. secondary arm nes,
tertiary amt@?ﬁdhgitﬁatgg’n sponge, sodi um hydri-de. 50. A structure according
to claim7 wherern sai®™d resist is a negative resist. 51. A structure

according to glaim 2 erei,n said.resi st i.s negat j.ve r,esi st. .
J 41. Ameamwnaccord{}xg 10 cldaxm%a wherein said Contuctive polymer is removed after

said heating.
42, A method according to claim 22 wherein said electrically conductive polymer 1s '
removed during development of said energy sensitive material.
43. A method according to claim 22'whcréin'said e‘lectri_cally conductive polymer is |
removed before dévélopment of said cnex;gy sensitive material. _
44. A structure according to é.ny one of claims 1 to 18 further including an energy
sensitive material between said electrically conductive polymer and said surface, said
electrically conductive polymer provides a protective top coat to said energy sensitive
material thereby increasing the shelf life of the cnergy sensitive material. |
45. A structure according to any one of claims 1 to 17 wherein said electrically
conductive polymer is water soluble.
46. A composition of matter comprising an electrically conductive polymer having a
-predetermined pH, wher-ein'said electrically conductive polymer comprises a precursor 1o
‘an electrically conductive polymer anﬁ a dopant, wherein said dopant dopes said precursor
1o be electrically conductive;
wherein said electrically conductive polyxﬁcr comprises an additive to provide said
predetermined pH whi?h is different than the pH of said electrically condubtivc polymer
without said additive.
47. A composition of matter according to claim 46 wherein said composition of matter

further includes an additive fo provide said controlled pH.
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| r - 48. A composmon of matter accordmc to claim 47 wherem said addmve is an acid

| | neﬁtralmng additive.

- 49. A composition of matter according to claifn 47 or claim 48 wherein _sﬁd additive is
selected ﬁom the grouj: consiéting of tetramethylammonium hydroxide,
tetraethylammonium hydroxxde tetrabutylammomum hydroxide, methylamme pyridine,
t-butoxxde morpholine, pynohdmone potassmm hydroxide, sodium hydrox1de hthmm
hydroxide, triphenylsulfonium hydroxide, primary amines, secondary amines, tertiary
amines, proton sponge, sodium hydride.

50. A structure accdrding to claim 7 wherein said resist is a negative resist.

51. ' A structure according to claim 26 wherein said resist is a negative resist.
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o COMPOSITIONS OF MATTER, RESIST STRUCTURES INCLUDING 4 -
| " LAYER OF ELECTRICALLY CONDUCTIVE POLYMER HAVING

CONTROLLED pH AND METHODS OF FABRICATION THEREOF

 ABSTRACT OF THE DISCLOSURE

The prscni invention .is an electrically conduct_ive polymeric composition of mé'ucr
having 2 controlled pH and structures fabricated therewith and methods of fabrication
thereof having: 2 surfaoe a plurality of layer on the surface; at least one of the plurality
of layers is formed frcm an encrgy sensxtwe matenal at least another layer is formed
from an clecmcally conductive polymen; thc electncal\y conductive polymer contains
acid functionality; and the clectrically conductive polymer has a predetermined pH. The
pH is controlled by additives mixed in with the electrically conductive palymer or by -
constituents on the clectrically conductive polymer. The electrically conductive polymer
is preferably a top layer. Thc structures are uscfu} for lithography in microclcctronic -
f:;;brication 10 avoid the effccls_. of charging on resist from clectron beams. " The
compositions arc also 'u.scful in applications as static dissipation, electromagnetic

interference shiclding, corrosion protection, clectroplating, and wiring.
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