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or their derivatives.

Fractionation reduces the overall yield of a resin by removing low molecular
20 weight materials (such as unreacted monomers, dimers, trimers and intermediate
oligomers). Depending upon the functional properties needed for the final resist,
many fractionation techniques can be devised for the general removal of a broad
range of these lower molecular weight fractions and intermediate oligomers.
Economically, the cost of the raw material is directly related to the yield of useful
25 resin obtained from the fractionation steps. It would be desirable to selectively
remove those fractions that are known in a particular technical application to affect
functional properties of a final resist composition without substantial lowering the
overall yields of the film forming resin. The present invention affords such a
process for selective removal of oligomeric fractions of a film forming resin. For
30 example, in the preparation of resist devices, several high temperature baking
steps are used to a) remove solvents immediately after spin coating the liquid
resist composition onto a semi-conductor wafer and a post development bake

after the wafer is imaged through a photomask. Other heat treatment steps may



after the wafer is imaged through a photomask. O her heat treatnent steps
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Photoresist compositions are used in microlithography processes for
20 making miniaturized electronic components, such as in the fabrication of computer
chips and integrated circuits. Generally, in these processes, a thin coating of a
film of a photoresist composition is first applied to a substrate material, such as
silicon wafers used for making integrated circuits. The coated substrate is then
baked to evaporate any solvent in the photoresist composition and to fix the
25 coating onto the substrate. The baked coated surface of the substrate is next
subjected to an image-wise exposure to radiation.
This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam and
X-ray radiant energy are radiation types commonly used today in microlithographic
30 processes. After this image-wise exposure, the coated subsirate is treated with a
developer solution to dissolve and remove either the radiation-exposed or the

unexposed areas of the coated surface of the substrate.



30 processes. After this inmge-w se exposure, the coated substrate is
treated with a devel oper solution to dissolve and renpove either the

radi ati onwexpased or the unexposed areas of the coated sydag®1izsthe
substrate. WO 02/31011 PCT/ EPOL/ 11357 3 There are two types of photoresi st
conpositions, negative-working and positive- working. Wen negative-worKking
phot or esi st conpositions are exposed i nBge- wi se to radi ation, the areas of
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t he exposed areas of the coating e creation of a positive inmage in

t he phot opesticst ofcthatundgrlyingsiubsirate siafdaecen wbichitba phptemesistaerappgiting
substrate surface, ia uncovered. 20 After this devel opnent operation, the
now parti ¥3596RA5HE%ect ed substrate. rmay be treated with a

substrat e- et chayif 1§@lohéORand, WHRANPosiaFsworkiAg tiitotbidstst cohpositiommiaire
solution or plasnma gases etch that portion of the substrate where the
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the coating and the creation of a positive image in the photoresist coating. Again,
a desired portion of the underlying substrate surface is uncovered.
20 After this development operation, the now partially unprotected substrate.
may be treated with a substrate-etchant solution or plasma gases and the like.
The etchant solution or plasma gases etch that portion of the substrate where the
photoresist coating was removed during development. The areas of the substrate
where the photoresist coating still remains are protected and, thus, an etched
25 pattemn is created in the substrate material which corresponds to the photomask
used for the image-wise exposure of the radiation. Later, the remaining areas of
the photoresist coating may be removed during a stripping operation, leaving a
clean etched substrate surface. In some instances, it is desirable to heat treat the
remaining photoresist layer, after the development step and before the etching
30 step, o increase its adhesion to the underlying substrate and its resistance to
etching solutions.
Positive working photoresist compositions are currently favored over

negative working resists because the former generally have better resolution



remai ni ng photoresist |ayer, after the devel opnent step and before the
etching 30 step, to increase its adhesion to the underlying substrate and

its resi sy @s16@ etching solutions. Positive working phatcarnasigizs?
conpositions are currently favored over negative working resists because

the former generally have better resolution WO 02/31011 PCT/ EPQOL/ 11357 4
capabilities and pattern transfer char atteristics. Photoresist resolution
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solvent; @e ﬁ%qiumgbhﬁﬁmhgwﬁsm@éo a liquid/liquid centrifuge 15 and
feeding a C5-C8 al kane, water or aromatic hydrocarbon sol ve y\é,)lnto t he
b
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I t hot t Kk
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phot or esi 5} £REREBLSER to Cs-Cs alkane, water or aromatic solvent, of from 5:1 to 0.5:1;
d) rotating the liquid/liquid centrifuge containing the mixiure at a speed of at least
500 rpm and thereby separating the mixture into two phases, collecting the two
20 phases; e) optionally separating the lighter phase (L) into two second phases; f)
removing residual Cs-Cg alkane, water or aromatic hydrocarbon solvent from the
heavier phase (H) from step d) and leaving the novolak resin dissolved in the
photoresist solvent. A method is also provided in these references for producing
photoresist composition from such a fractionated novolak resin and for producing

25  microelectronic devices using such a photoresist composition.

Summary of the [nvention
The present invention provides a method for separating and isolating low

molecular weight oligomers of a film forming resin, said method comprising:
30 ©) providing a solution of the film forming resin in a first solvent system
comprising a photoresist solvent, and optionally a water-soluble organic
polar solvent, wherein the ratio of the photoresist solvent to the water

soluble organic polar solvent ranges from about 10/90 to about 100/0;



Summary of the Invention The present invention provides a nethod for
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e) rotating the mixture from step d) inside the liquid/liquid centrifuge at a
rotational speed sufficient to separate the mixture from step d) into two separate
phases, and then collecting the two separate phases, each from two separate
20 outlet ports, into two separate containers, wherein the heavier phase (H)
comprises higher molecular weight fractions of film forming resin, in the first
solvent system with a minor amount of the second solvent system, and the lighter
phase (L) comprises low molecular weight oligomers of the film forming resin
containing up to about ten monomeric repeat units in the second solvent system
25  with a minor amount of the first solvent system.

The present invention also provides a method for producing a photoresist
composition, said method comprising: providing an admixture of: 1) a fractionated
film forming resin comprising higher molecular weight fractions of the film forming
resin, said fractionated film forming resin produced according to the

30 aforementioned method; 2) a photosensitive component in an amount sufficient to
photosensitize a photoresist composition; and 3) an additional photoresist solvent

to form the photoresist composition.



The present invention also provides a nethod for producing a photoresi st
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fracti onatveha/sfibdim form ng resin conpri si ng higher nol eculpr/phgids7
fractions of the filmformng resin, said fractionated filmformng resin
produced according to the 30 aforenenti oned nethod; 2) a photosensitive
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comprising: a) providing any of the aforementioned photoresist compositions; b)
thereafter, coating a suitable substrate with the photoresist composition from step
a); c) thereafter, heat treating the coated substrate until substantially alf of solvent
20 is removed; image-wise exposing the coated substrate; and then removing the
imagewise exposed or, alternatively, the unexposed areas of the coated substrate

with a suitable developer.

Brief Description of the Drawings

25 Figure 1 shows the GPC traces of an unfractionated novolak resin (a), and
a fractionated novolak resin (b), obtained using a static mixer of the present
invention, and using hexanes as the second solvent system of the present
invention.

Figure 2 shows the GPC traces of an unfractionated novolak resin (a) and a

30 fractionated novolak resin (b) obtained without using a static mixture of the
present invention, and using hexanes as the second solvent system.

Figure 3 shows the GPC traces of low molecular weight oligomeric fractions

of a novolak resin collected in the light phase fraction of the liquid/liquid centrifuge



25 Figure 1 shows the GPC traces of an unfractionated novol ak resin (a),
and a fractionated novol ak resin (b), obtained using a static m xer of the
present Wwaov@mheqn, and usi ng hexanes as the second sol vericeymmigmsef the
present invention. Figure 2 shows the GPC traces of an unfractionated
novol ak resin (a) and a 30 fractionated novol ak resin (b) obtained w thout
using a static mxture of the_ present nventi on, ~and usi ng hexanes as the
second solofdhne psgsardrnventigor CWVeHans & KePCiraceruing hexanemagdhe serand

bhase. 1 racthant sroehESt t§ardit Ryl AV TS B S8 ke PRpo A s
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second solvent systemof the present invention, while curve (b) is a GPC
trace using 25% nethanol in water as the second solvent system 5 Detailed

Descri pti avent | raviding a solution of the filmform ng
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ilmformng resin is a polymer is useful in makin 15 phot oresi sts.
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New Yor k, 12479 i n Chapter 4. These resins are typically produced by a 20
condensat P8f*@-eact i on bet ween f or nal dehyde or a reactive equival ent
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conmpounds, such as cresol, p-cresol, 2,4- and 2, 5-di net hyl phenol,
3, 5- dilfret phopdresists, afdbniipdjrgr examples of suitable resins are novolak resins,

vinylphenol polymers and derivatives thereof. Novolak resins have been

commonly used in the art of photoresist manufacture as exemplified by "Chemistry

and Application of Phenolic Resins", Knop A. and Scheib, W.; Springer Verlag,

New York, 1979 in Chapter 4. These resins are typically produced by a

20 condensation reaction between formaldehyde or a reactive equivalent thereof,

such paraformaldehyde and formalin, and one or more phenolic compounds, such

as m-cresol, p-cresol, 2,4- and 2,5-dimethylphenol, 3,5-dimethylphenol, and 2,3,5-

trimethylphenol. The condensation reaction is preferably carried out in the

presence of an acid catalyst or a reactive equivalent of said acid catalyst. As used

25 herein, the phrase "reactive equivalent" of a material means any compound or

chemical composition other than the material itself which reacts or behaves like

the material itself under the reaction conditions. Thus reactive equivalents of a

carboxylic acid will include acid-producing derivatives such as an anhydride, an

acyl halide, and mixtures thereof unless specifically stated otherwise. Examples

30 of suitable acid catalysts include oxalic acid, maleic acid, or maleic anhydride, p-
toluenesulfonic acid and sulfuric acid.

Suitable examples of the photoresist solvent include without limitation

propylene glycol methyl ether acetate, 3-methoxy-3-methyl butanol, 2-heptanone



trimet hyl phenol. The condensation reaction is preferably carried out in the
presence of an acid catalyst or a reactive equivalent of said acid
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thereof. Suitable exanples of the water-soluble organic polar solvent
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one silbst anch as nyethanel, |, #ndaprepaR@lch as 20 pentane, hexane, and

hept ane) and/or (ii) at |east one aronmatic conmpound havi ng

(b) Providing a second solvent system
Another step of the present method involves providing a second solvent
system comprising (i) at least one substantially pure Cs-Cs alkane (such as
20 pentane, hexane, and heptane) and/or (ji) at least one aromatic compound having
at least one hydrocarbyl substituent and/or (jii) water/alcohol mixture provided that
alcohol content of the water/alcohol mixture is less than 50% by weight Examples

of suitable aromatic compounds include without limitation toluene,

dimethylbenzene, and dibutylbenzene.

25 As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl group” is
used in its ordinary sense, which is well known to those skilled in the art.
Specifically, it refers to a group having a carbon atom directly attached to the
remainder of the molecule and having predominantly hydrocarbon character.
Examples of hydrocarbyl groups include:

30 (1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and
alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein
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in its ordinary sense, which is well kndwn to thoae skilled in the art.
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the sol ut isppstitheRif e APdrocBmBElagNt from (b) in a static m xer Another
step of the present method |nvoI ves m xing the solution froma) and the

sol yethﬁ fromb) in a static mxer for a tinme period sufficient for
efficient (c) Mixing the solutions from (a) and the solvent from (b) in a static mixer

Another step of the present method invoives mixing the solution from a)
and the solvent from b) in a static mixer for a time period sufficient for efficient
mixing to form a mixture. The present invention envisions the use of both an in-

20 line and out-of-line motorized mixers; however in-line mixers are preferred, as
these offer the prospects of a continuous process.
In line mixers can be economical, long-lasting and more convenient than
most motorized mixers. In an inTline mixer, instead of mixing fluids with a
motorized mixer before pumping them through a pipe line, one can mix fluids as
25 one pumps them through a pipe line. In-line mixers prevent overmixing and
undermixing, and resist fouling in the pipes and tubes. They are virtually
maintenance free and need no spare parts.

In line mixers provide efficient mixing and can withstand large pressure
changes—up to 1500 psi with smallest sizes. Mixing elements in pipe and tube

30 mixers are securely attached to the mixer wall, so internal pressure changes
cannot collapse elements and stop flow. With in-line static mixers, the mixer does
not move through the fluid—the fluid moves through the mixer. Various types of
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t enpersat uramget fremdil @Y to L070ess than the boiling point of the lowest boiling water-

imiscible solvent. In one embodiment, the actual temperature of feeding is 70-

80°C.

In one embodiment, the mixture from ¢) and the solvent system from b) are

fed into the centrifuge by being pumped (such as using a peristaltic or metering

20 pump) through the inlet feed ports. The centrifuge can be any liquid/liquid
centrifuge capable of performing the specified steps. In one embodiment, the
fiquid/liquid centrifuge used is a CINC™ Model V-2 liquid/liquid centrifuge
(Available from CINC, Carson City, Nevada; web site: http://www.cinc-co.com).

This liquid/liquid centrifuge uses centrifugal force to separate immiscible liquids of

25 different densities. The unit is comprised of a metal housing and stand, with inlet
and outlet ports, an observation window, a rotor (its only moving part), and a motor
connected to the rotor via a flexible, direct coupling. An AC inverter drive
controller provides for precise control of the rotor speed. The fluids are

- homogenized in an annular mixing zone, and then directed by bottom vanes

30 towards a rotor inlet. For applications, where premixing is not beneficial, an inner
sleeve can be installed which limits contact of the fluids with the rotating rotor (i.e.

two different mixing heads corresponding to different shear forces are available for



80C. In one enbodi nent, the m xture fromc) and the solvent systemfrom b)
are fed into the centrifuge by being punped (such as using a peristaltic
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The unit FE&N té'g"l’ﬂﬁ'i sed of a metal housing and stand, with inlet and outlet
ports, an observation window, a rotor (its only noving part), and a notor
connected to the rotor via a flexible, direct coupling. An AC inverter
drive cop) riRvtating phemixtere indhesentiifege control of the rotor speed. The
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sol vens syatiems difngrs clinhers, td1|sarrhem/ peh’mmﬂerar hexamats, chep@mam ataperse a
m xture of oligonmers, 15 such as.dine rs, tetraners Qentamar
hexamer s, "RBR ﬁ%rag\d’ g@g%rng% contalnmg vénous mondmenc repeat” uni In on

embodiment, the dimers and trimers comprise at least 20%, and in one
embodiment at least 30%, and in one embodiment at least 40% by weight of the
low molecular weight oligomers.

20 In one embodiment, the mixture is rotated at a speed of at least 500
revolutions per minute (rpm), preferably from 500 to 50,000 rpm, most preferably
from 1,000 to 30,000 rpm.

In one embodiment, the second solvent system in the lighter phase (L) is
removed by distillation to afford the low molecular oligomers dissolved in the first

25 solvent. The solution of the low molecular weight oligomers in the first solvent
system can be used directly in the formulation of a photoresist composition.

In one embodiment of the present invention, the heavier phase (H)
comprising the higher molecular weight fractions of the film-forming resin in the
first solvent system is recycled through the centrifuge along with the second -

30 solvent system to improve the yield of the low molecular weight oligomers in the
isolated lighter phase. However, caution must be exercised in that additional
iterations of this recycling can cause the film forming resin to be further
fractionated. That is, further iterations of the recycling step can remove higher



nonanmers and decaners, containing various nononeric repeat units. In one
enbodi nent, the diners and triners conprise at |east 20% and in one

enbodi menivoagasheast 30% and in one enbodi ment at | east 4@Gmwproveight of
the |ow nol ecul ar weight oligoners. 20 In one enbodi ment, the mxture is
rotated at a speed of at |east 500 revolutions per mnute (rpm,
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weight fractions of the filmformng resin, said fractionated film form ng
resin pro@bc@de%l@f(mfﬂp@@“@@ the 10 aforenentioned method utilizing the
static mxer apgdt q Lf ASHdt R sist
conmponent in aﬁﬂgrﬁgﬁ%ﬁt H#/%{gfrg‘és% r%%? oéslg{ﬁegptgéi zfg‘a otor s}jlf st !

conpogit i @BmpaBsiion) s&d rﬁdmwlcvmﬂ)nsmhgztmovﬂdlr@tarsadmure ob 1)oa fiind flerming
phot or es| SréswC] 02 gsplhtolté)s%nsmve component in an amount sufficient to photosensitize the
photoresist composition; 3) a speed enhancing composition comprising low
molecular weight oligomers of a film forming resin made by the aforementioned
method involving the static mixing the liquid/iiquid centrifugation; and 4) a

20 photoresist solvent; to form the photoresist composition. As used herein, the
phrase "speed enhancing composition" refers to a composition that improves the
photospeed of a resist composition. Typically such compositions comprise low
molecular weight monomers and/or oligomers that improve the photospeed of the
photoresist composition.

25 The photosensitive component is well known to those of ordinary skill in the
art.  Suitable photosensitive compounds include o-quinone diazides, as
demonstrated by "Light Sensitive Systems", Kosar, J.; John Wiley & Sons, New
York, 1965 Chapter 7.4. Other examples of photosensitive compounds include
photoacid generators such as onium salts, hydroxymaleimide triflates and

30 diazonium sulfonates. The photoresist solvent can comprise any of those
disclosed hereinabove as the first solvent system.

The present invention also provides a method for producing a photoresist

composition, the method comprising providing an admixture of: 1) a film forming



The present invention also provides a nethod for producing a photoresi st
15 conposition, said nethod conprising: providing an adm xture of: 1) a
filmfornwameqi n;, 2) a photosensitive conponent in an gmaurde13uwshi ci ent
to photosensitize the photoresist conposition; 3) a speed enhancing
conposition conprising |ow nolecular weight oligoners of a filmformng
resin made by the aforenentioned nethd& I nvolving the static m xing the
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esterification reaction between the | ow nol ecul ar weight oligoners of the
film f6r mbng 9095 and ongne eimbgdiment frae WG| groups and the 10

di azonapht hoqui none sul fonyl chloride is typically a partial esterfication
reaction,

Optional Ingredients
Optional ingredients for the photoresist compositions of the present

invention include colorants, dyes, anti-striation agents, leveling agents,

20 plasticizers, adhesion promoters, speed enhancers, solvents and such surfactants

as non-ionic surfactants, which may be added to the solution of the film forming
resin, sensitizer and solvent before the photoresist composition is coated onto a
substrate. Examples of dye additives that may be used together with the
photoresist compositions of the present invention include Methyl Violet 2B (C.1.

25  No. 42535), Crystal Violet (C.I. 42555). Malachite Green (C.l. No. 42000), Victoria
Blue B (C.l. No. 44045) and Neutral Red (C.I. No. 50040) at one to ten percent
weight levels, based on the combined weight of the film forming resin and
sensitizer. The dye additives help provide increased resolution by inhibiting back
scattering of light off the substrate.

30 Anti-striation agents may be used at up to a five percent weight level,
based on the combined weight of the film forming resin and sensitizer.
Plasticizers which may be used include, for example, phosphoric acid tri-(beta-
chloroethyl)-ester; stearic acid; dicamphor; polypropylene; acetal resins; phenoxy



in which not all of the reactive hydroxyl groups are reacted with the acid
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cause a larger loss of photoresist coating from the unexposed areas.
The solvents may be present in the overall composition in an amount of up
to 95% by weight of the solids in the composition. Solvents, of course, are
20 substantially removed after coating of the photoresist solution on a substrate and
subsequent drying. Non-ionic surfactants that may be used include, for example,
nonylphenoxy poly(ethyleneoxy) ethanol; octylphenoxy ethanol at up to 10%
weight levels, based on the combined weight of novolak and sensitizer.

25 Method for Producing a Microelectronic Device
The present invention also provides a method for producing a

microelectronic device by forming an image on a substrate, said method

comprising:

a) providing a photoresist composition produced by the any of the
30 aforementioned methods, i.e. the aforementioned photoresist composition

comprising the fractionated film forming resin, the photoresist composition

comprising the speed enhancing composition, or the photoresist composition

comprising the ester.



sensitizer. Devel opnent speed enhancers that nmay be used include, for
exanple, 10 picric acid, nicotinic acid or nitrocinnamc acid up to a 20
per cent waigohiziégvel, based on the conbi ned wei ght of theditpmhsm ng
resin and sensitizer. These enhancers tend to increase the solubility of
the photoresist coating in both the exposed and unexposed areas, and thus
they are used in applications when spdéd of devel opnent is the overriding
consi derab on theeeatiern apatingne Sdégbleesmﬁstlﬁedm)lifh tae tphesgresist seamnpasiden;
i.e., {{e tgge exposed areas of the photoresist coating wll be dissolved
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heat treating the coated substrate until substantia ér all of solvent is
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| oper

15 can also be used.

The substrate may also comprise various polymeric resins, especially transparent
polymers such as polyesters. The substrate may have an adhesion promoted
layer of a suitable composition, such as one containing hexa-alkyl disilazane,
preferably hexamethyl disilazane (HMDS).

20 The photoresist composition can be applied to the substrate by any
conventional method used in the photoresist art, including dipping, spraying,
whirling and spin coating. When spin coating, for example, the resist solution can
be adjusted with respect to the percentage of solids content, in order to provide a
coating of the desired thickness, given the type of spinning equipment utilized and

25 the amount of time allowed for the spinning process. Suitable substrates include
silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon
nitride, tantalum, copper, polysilicon, ceramics, aluminum/copper mixtures; gallium
arsenide and other such Group I1l/V compounds.

The photoresist composition is coated onto the substrate, and the coated

30 substrate is heat treated until substantially all of the water-immiscible solvent is
removed. In one embodiment, heat treatment of the coated substrate involves
heating the coated substrate at a temperature from 70°C to 110°C for from 30
seconds to 180 seconds on a hot plate or for from 15 to 90 minutes in a



Substrates suitable for the present invention include silicon, alum num
polyneric resins, silicon dioxide, doped silicon dioxide, silicon nitride,

t ant al um wogceRRer,. pol ysilicon, ceram cs, al um nunf copper popdtpsigsssygal | i um
arsenide and 10 other such Goup IlIN conpounds. The photoresi st
conpositions produced by the described _procedure are particularly suitable
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t he coat edI substrate .i nvolves heatj n& g_ge g@@t ed ,su rate at a
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convection oven. This tenperature treatmént is selected in order to reduce
the todncsuitable maskef negaliveaasteseilsy éemplates, i@ phot or esi st conposi ti on,
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subjected to a post exposure second baking or heat treatment, either before or
after development. The heating temperatures may range from 90°C to 1200C,
more preferably from 1000C to 1109C. The heating may be conducted for from

20 30 seconds to 2 minutes, more preferably from 60 seconds to 90 seconds on a
hot plate or 30 to 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the
image-wise exposed areas (positive photoresists), or the unexposed areas
(negative photoresists), by immersion in an alkaline developing solution or

25 developed by a spray development process. The solution is preferably agitated,
for example, by nitrogen burst agitation. The substrates are allowed to remain in
the developer until all, or substantially all, of the photoresist coating has dissolved
from the exposed or unexposed areas. Developers may include aqueous
solutions of ammonium or alkali metal hydroxides. One preferred hydroxide is

30 tetramethyl ammonium hydroxide. After removal of the coated wafers from the
developing solution, one may conduct an optional post-development heat
freatment or bake to increase the coating’s adhesion and chemical resistance to
etching solutions and other substances. The post-development heat treatment



desires to mnimze the concentration of solvents and this first
tenperature 5 treatnment is conducted until substantially all of the

sol vent s Wave/gy@aporated and a thin coating of photoresi $iceErpasisti on, on
the order of one mcron in thickness, renmains on the substrate. In a
preferred enbodi nent the tenperature is from 85C to 95C. The treatnent is
conducted until the rate of change of ddlvent renoval becones relatively
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m nutes, nore preferably from 60 seconds to 90 seconds on a hot plate or
30 to 45 minutes by convection oven. The exposed photoresi st-coated
substrates are devel oped to renove the imge-w se exposed areas (positive
phot oresi sts), or the unexposed areas (negative photoresists), by
imer$Pon in an al kal i ne devel opi ng solution or 25 devel oped by a spray

devel opnent process. The solution is ably agitated, for exanple, by
ni trogen burst agitation. The substrE i l%e allowed to remain in the
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Unless otherwise specified, all parts and percents are by weight, all temperatures
are in degrees Centigrade, and all molecular weights are weight average
molecular weight. The unit "ml/min" indicates is an abbreviated form for

20  milliliters/minute.

Example 1
25 A static mixing assembly (about 4 feet long; tube diameter approximately

0.375 inch (0.952 cm) to about 0.5 inch (1.27 cm)) is set up and 2 parts of a 30%
of a novolak resin solution (made by dissolving 500 grams of a proprietary novolak
resin that is an acid-catalyzed condensation product of m-cresol, p-cresol and
2,3,5-trimethylphenol with formaldehyde in 2000 grams of ethyl lactate) and 1 part
30 of n-hexane is run through an in-line static mixing assembly (actual flow rates:
approximately 150 mi/min. for the resin solution; 118 ml/min for the hexane (ratio
of resin solution feed rate to hexane is 1:0.5 by weight). Based on the flow rates,
the mixing time in the static mixing assembly is about 24 seconds. The mixture



can conprise the oven baking of the coating and substrate bel ow t he
coating's softening point. In industrial applications, particularly in the
manuf act uywe @f3z1011 crocircuitry units on silicon/silicon dipgycehyae
substrates, the devel oped substrates nmay be treated with a buffered,

hydr of | uori c acid base etching solution. 5 The photoresi st conpositions of
the present invention are resistant to 1&ci d-base etching solutions and
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however, to limt or restrict the scope of the invention 15 in any way and
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wei ght, akiafiGRE@paEl I She dBAtrifllgelie@BBeIpRRnt i grade, and al | nol ecul ar

wei ghts are wei ght average nolecular weight. The unit "ml/mn" indicates

is an abbreviated formfor 20 mlliliters/mnute. Exanple 1 25 A static

m xi ng assenbly (about 4 feet |ong; tube dianmeter approximately 0.375 inch
(0.952 cm to about 0.5 inch (1.27 cn)) is set up and 2 parts of a 30% of
a novol ak resin solution (made by dissolving 500 grans of a proprietary
novolak resin that is an acid-catalyzed condensati on product of mcresol,
p-creddl and 2, 3,5-trinethyl phenol ﬁ@ﬂﬂ&'ﬁ@rm&l dehyde in 2000 grans of

ethyl |actate . - : ; i1 lid : tic
i ng acsont! Jedaht Biebe Sriihg BuPSKERId BRSSO IIEARpId iy BRtiod
resin sol g rérovd BdIventsti rmMHeoredulitinghsolignees{dust isodried uneler vasoumnt abB0T@ed
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centrilfuges gelegdrimgatiophatweniaibgiaphyr(GRE)) ceeasureownts indicated the weight
average molecular weight (My) to be about 600 (corresponding to about 6
repeating units, i.e., hexamer). The solid oligomeric material of Example 2 is
formulated into an i-line (365 nm) resist as an added speed enhancing material in
addition to the bulk phenol/formaldehyde resin used as the primary binder (film
20 forming resin). This resist is compared directly with a control resist formulation
containing the same resin and the same composition except that a standard
speed enhancing additive is used instead of the novolak resin oligomers, as

shown in Table 1 below.

25

30



I S n-hexane, which is fed into the liquid/liquid centrifuge at 59 m/mn.
The ratio of the feed rates on a weight basis for resin solution to hexane
(goi ng towiguziee 5 m xer) to hexane (going to the centri fpeggpog@iisesponds
to 1:0.5:0.25. The rotational speed of the centrifuge is 3500 rpm 10
Exanpl e 2 The light phase coming out of the liquid/centrifuge in Exanple 1
is distilled to renpve solvents. The ri&ulti ng solid residue is dried
under vacTailead- ameow@qmquramsm@@smeecbeemnmng §d9l'!w9er| zed into a

fine powder—and—dred—everni-ght——at—40C—and—ahout PASmmULY . Size
excl usi on chromat ography (al so I gel per%@ﬁ@&ormt ogr aphy
(GPC)) neasurenents indicated the g gm averlage nol ecul ar weight (MN) to
be about {600 (correspondingito abgut repeatiing units, i.e. h>xamar).

The solid ol i gngeadientsat eri al ofw is forr%ngwdlg to am i-line
(365 nm |resist_as_-an-added speed nnhﬂnmﬂg er+ j ti-of
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bul k pherhol /forNﬁI%yde resin used4®4 the pr| mary bi n"‘ttlgft (film ¢P0 form ng
resin). ThisTe zs—conpared—diT Yy Wit j@ controf gg€sist fornulation
cont ai ni ng the mé%drey n apd t he sz'(r??corrposition excegté t hat a|standard

speed enhanmm@,@@wrégw’e I s{used i ng&ad of the novol 48.82sin ol igoners, as
shown in|Tahle 1 helow 25 {30 WD 02/31011 PCI/EPQL/ 11357 19 Table 1- Use

of oligoneric fBlaﬁtSX)ns as a speed @dfanci ng additive “Fornul atign A
For nul atlun ) lrlngrcm ents Y% by wer ghit— 9% Dy ght—NK7280 4. 04
o 1NBHORREEE

4.04 NK 1 ‘r Novol ak resin 13.82 13.182 B126 'SX4 2.46 {-- Novol ak
resin ""ol%oﬁ@rs Exgraprr®) ( Exanpl e 2)
Ethyl lactate 66.30 66.30
n-butyl acetate 11.70 11.70

TA proprietary photoactive component (Nippon Zeon Chemical Co.) comprising a partially esterified
product made by reacting 1,2-diazonaphthoquinone 5-suifonyl chloride with a phenolic oligomer;
2same as NK 280 except that the degree of esterification is less than that of NK 280;

5  ®proprietary novolak resin as described in Example 1;
“a proprietary speed enhancer from Nippon Zeon that is a phenolic compound

10 Each formulation is spin coated onto hexamethyl disilazane treated silicon
wafers to the same coating thickness (normally 1 micron). When exposed through
a test mask and developed with an AZ® MIF developer, the wafers are compared
for photospeed, depth of focus and resolution. Formulation B shows comparable
photospeed (255 md/cm?® compared to 240 mJdlcm® for Formulation A),
15 comparable depth of focus (0.8um for both Formulations A and B) and resolution

(both formulations resolving lines down to 0.32 um).

20 Example 3
Fifteen grams of novolak resin oligomers in the form of dried solids from the

light phase extract of the centrifuge obtained according to the method of



Et hyl lactate 66.30 66.30 n-butyl acetate 11.70 11.70 1A proprietary
phot oacti ve conponent (N ppon Zeon Chem cal Co.) conprising a partially

esterifiego@ragict made by reacting 1, 2-di azonapht hoqui narg/EposaiFsonyl
chloride with a phenolic oligonmer; 2sanme as NK 280 except that the degree

of esterification is less than that of NK 280; 5 3proprietary novol ak resin
as described in Exanple 1; 4a propriet speed enhancer from Ni ppon Zeon
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This esterified resin of Example 3 is used as the photoactive component
(PAC) in a positive photoresist composition comprising 30% of formulation D and
70% formulation C of Table 2 and is directly compared to the control photoresist

20 composition (formulation C) with the components used at the same

concentrations.
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20-25 mm Hg and about 40-50C. About 14.8 grans of esterified resinis 15
obt ai ned. The cal cul ated degree of esterification was about 5-10% based
upon theywgfpisghionetry of the reactants for the esterifi Gglip4pa6t1 on.
This esterified resin of Exanple 3 is used as the photoactive conponent
(PAC) in a positive photoresist corrp05|2t|on conprising 30% of formulation D
and 70% on of Tabl d . i’s |re to caont rol
phot or esi &?[’%Econ‘ff QLS Y55 'HLFI"%??‘H%W ﬁ”q/ef‘fg%g'ﬁﬁgmﬁ%uge@ S the
sane congga{da%{,geg 2Rent30 WO 02/ 31011 PCT/ EPQO1/ 11357 21 Table 2-
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4566 footnotes from Table 1

The photoresist compositions comprising the mixture of Formulation C and
D are spin coated onto a hexamethylated disilazane treated silicon wafer and
imaged after drying the coating using ultraviolet exposure through a photomask
under identical conditions. When coated, exposed and developed, a usable
10 resist was obtained, indicating the usefulness of the oligomeric resin product as a

photoactive component.

Example 4
Figures 1 and 2 illustrates the advantages of the present invention

15 In Fig. 1 are shown GPC traces of an

employing an in-line static mixer.
unfractionated novolak resin (curve (a)) and the same resin when fractionated
(curve (b)) to remove low molecular weight oligomers according to the present
invention using hexanes as the second solvent system, and a weight ratio of resin
solution (20% in PGMEA) to hexanes of 1:1 used in static mixing. The novolak
20 resin used is a proprietary material comprising the condensation product of
formaldehyde and a mixture of m-cresol, p-cresol, 2,5-dimethylphenol and 2,4-

dimethylphenol in the presence of a catalytic amount of oxalic acid. The weight



phot oacti ve conponent. Exanple 4 Figures 1 and 2 illustrates the advant ages
of the present invention 15 enploying an in-line static mxer. In Fig. 1
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m xer . unfractionated resin. This indicates that the present process employing the static

mixer is more efficient in removing low molecular weight oligomers from the film

forming resin than the corresponding process not employing the static mixer.

20

- Example 5
Figure 3 also illustrates the utility of the present invention in selectively

removing dimers and trimers from a novolak resin using 25% methanol in water as
the second solvent system. The novolak resin used is the same proprietary resin
25 as that of Example 4. Curve (a) is a GPC curve of the low molecular weight
fractions collected in the light phase layer using the present method, employing
hexanes as the second solvent system and using a mixture of 20% resin solution
in PGMEA (first solvent system) and hexanes in the static mixer, the weight ratio
of the resin solution to hexanes being 1:1. Curve (b) is a GPC curve of the same
30 low molecular weight fraction, but employing 25% methanol in water as the

second solvent system, and using



20 Exanple 5 Figure 3 also illustrates the utility of the present invention
in selectively renoving diners and triners froma novol ak resin using 25%
met hanol Wwo ov@si@n as the second sol vent system The novolpdy/Emsissused is
the sane proprietary resin 25 as that of Exanple 4. Curve (a) is a GPC
curve of the |ow nol ecular weight fractions collected in the Iight phase
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except ¢ naTrRT e e vol ak rosin i s replaced with the fol i owing

novol ak resin. A novolak resin is synthesized by condensing formal dehyde
with a mxture of 55% neta-cresol and 45% para-cresol at a ratio of 0.7
nol e of fornmal dehyde to 1 nole of total cresols (neta cresol plus para
cresol). 20 The reaction is run wtiE@apme 0. 3% (by weight of solids) of an
oxalic acid catal yst.

15

Same as example 1, except that the proprietary novolak resin is replaced
with the following novolak resin. A novolak resin is synthesized by condensing
formaldehyde with a mixture of 55% meta-cresol and 45% para-cresol at a ratio of
0.7 mole of forfnaldehyde to 1 mole of total cresols (meta cresol plus para cresol).

20 The reaction is run with about 0.3% (by weight of solids) of an oxalic acid catalyst.
After reacting the mixture for about 6 hrs. at 90-95°C, the mixture is distilled at a
temperature up to about 200°C, and then at 200°C with 25-30 mm Hg vacuum, to
remove unreacted cresols. The molten novolak resin is then poured into a
crystallizing dish and allowed to cool. The solidified resin is then broken up and

25 powdered by grinding the resin with a mortar and pestle.

Each of the documents referred to above is incorporated herein by
reference in its entirety, for all purposes. Except in the Examples, or where
otherwise explicitly indicated, all numerical quantities in this description specifying
amounts of materials, reaction and process conditions (such as temperature, time,

30 pressure), feed ratios, rotational speeds of centrifuge, and the like are to be
understood to be modified by the word "about".



After reacting the mxture for about 6 hrs. at 90-95C, the m xture is
distilled at a tenperature up to about 200C, and then at 200C wth 25-30
nm Hg vacwigzier renove unreacted cresols. The nolten nowehakpoigssh 1S
then poured into a crystallizing dish and allowed to cool. The solidified
resin is then broken up and 25 powder by grinding the resin wth a
nortar and pestle. Each of the docunen referred to above is incorporated
herein by reference inits entirety, for all purposes. Except in the

Exanpl es, ,.qQr r ned se explicitly indicated, all numerical
T o1 WA QARSI 50 STy

guantitie I'ption specifying anounts of materials, reaction

and process coadnbkttsfor Sephratingtanprokitingdowtmoleculd® weigisiseligemersexfca
ratios, rotational speeds of centrifuge, and the |like are to be understood
to be nodfilm Mg remin.aRi¢ medned eOMPYUEING2/ 31011 PCT/ EPOL/ 11357 24 WHAT IS

CLAI 1S 1. . : i . W’ { ght

oli g(l\)/%r s%)f ap@@w?%rg%ﬂﬁﬁ’?’fggﬁﬁ%'@gﬁ %?ﬁ?&@@oﬁgﬁ gil%r;(ggblgé% %%ﬁ gi ng

a Sﬁ' ut i oaombrisihlg Ai ;E)Mtbw;m't ntg)_hvem{ lrandnoptictbriailgtaf\mateesolmes_toeganilc:op@arsi ng

a otoresi st solvent, and optlona a er-s upl e or.gani olLar .
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organi ¢ Q&}aﬁéo@ahv%e%wﬂﬁ%b&ﬁ%/@é??”abéﬁf P80/b0 about 100/0; b) providing
ol'vent "system conp t

a second resing at Teast one substantially 10 pure
C5- C8 al kene apavidingta Iseesd eokveat lsystean momprising at deastbene substantialiynd/ or

wat er/ C1-C4 al cohol, m xture prqvided that the Cl- al cohol conten f the
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steps c) - GhierkS-8W didhHol fikidke pm\iiwebcffr%ﬁrthe@-m Xice@ol Benteat vt i watsrom a)
and the second solvent system trom In a 15 static mxer for a tinme

peri od suCfiG eicohbbmietiife i$ ders thad 6% By Weighi;ngnd meridrsing stepso®-€) and

t he secong sol_vgﬁt sq/st.emfrom b) through two separate inlet ports into a
i qui df | | BECW IBIRE fFPYQNYRI OFM" of said inlet ports feeding the nixture from

c), the secondnjih§tin@Ydutfonedtdie 4)hand erendcand wilent systepmiforam)bh ant o
said liquid/liquidicentrifuge at a feed ratio of the m xture from20 c) to

t he se&tonstasiolnvizet fos wstiraenperiochsbificignt feroeffigieptimixing:oo to about 90/ 10, at a
d) feeding the mixture from c) and the second solvent system from b) through
two separate inlet poris into a liquid/liquid centrifuge, one of said inlet ports
feeding the mixture from c), the second inlet port feeding the second solvent
system from b) into said liquid/liquid centrifuge at a feed ratio of the mixture from

20 c) to the second solvent system from b) of from about 10/90 to about 90/10, at a
temperature of from about 0°C up to a maximum temperature that is less than the
boiling point of the lowest boiling solvent in the first or second solvent system;

e) rotating the mixture from step d) inside the liquid/liquid centrifuge at a
rotatiohal speed sufficient to separate the mixture from step d) into two separate

25 phases, and then collecting the two separate phases, each from two separate
outlet ports, into two separate containers, wherein the heavier phase (H)
comprises a fractionated film forming resin comprising higher molecular weight
fractions of the film forming resin, in the first solvent system with a minor amount
of the second solvent system, and the lighter phase (L) comprises low molecular

30  weight oligomers of the film forming resin in the second solvent system with a

minor amount of the first solvent system.



tenperature of fromabout OC up to a maxi numtenperature that is |ess than
the boiling point of the | owest boiling solvent in the first or second

sol vent sygt@mhord) rotating the mxture fromstep d) insideim®i/i1357
liquid/liquid centrifuge at a rotational speed sufficient to separate the
m xture fromstep d) into two separate 25 phases, and then collecting the
two separate phases, each fromtwo sepa?ﬁate outlet ports, into tw separate
cont ai ners, wherein the heavier phase (H) conprises a fractionated film
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with a niveight sligomersef thedilm fpgninggesivrdissglvedin thedirsiaaivent system.

PCT/ EPOL/ 11357 25 2. The process of claim1, further conprising renoving
the setond solvent systemfromthe lighter phase (L) fromstep e) and

| eavi ng the | othaohrReddIOf sleinyht wHarginnies fith fdn@irig Iresihoisnandedstsome

di ssolved in the first solvent system 5 3. The nmethod of claim1l wherein
the filmMemhery redledieds fom ea%)? orgsouprenpensisinGkct@ld fYiakhe 1§eBSp

consi st ng?}g{%@g)\{(%@hﬁ[{e%sé@s%ri\%ﬂbgg}ﬁcgrg styrenes and derivatives thereof.
clarm I'n

10 4. The ereln Stép a), the photoresist solvent
conpri ses a nonooxynonocarboxylic acid ester, a propylene glycol nethyl

ether acetate,_2- heptangne, a propyl ene gl ycol thyl .ether, or a mxture
of atlleadt twbhemeptbgd ofslaimplewhg H‘%i\e%@%aﬁﬁéﬁ% Jﬁtﬁoﬁ’ﬁnﬁf’@ﬁ‘pﬁ??sthe

wat er - sol LS A | t he
oroup cond g Bortaliyit sqic cuiph, 4 BRAIERE ONEINRENTF LBfer dbctielra
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of claim1 wherein in step b), the alkyl aromatic hydrocarbon 20 sol vent
is at |east one nenber selected fromthe group consisting of

di met hy| b§”2e”?hé?ﬁetﬂb@%fﬂé?ﬁ“?%@rﬁiﬁ in {yg @?&ﬁ@wa@ér-é“dl@ﬁl@pbnm\%rn i N
step ¢c), the stafic mxer in an in-line er.
15 at least one member selected from the group consisting of acetone,
dimethylformamide, dimethylsulfoxide, tetrahydrofuran, ethylene glycol, and a C;-

Cs alkyl alcohol.

6. The method of claim 1 wherein in step b), the alkyl aromatic hydrocarbon
20 solvent is at least one member selected from the group consisting of

dimethylbenzene and dibutylbenzene.

7. The method of claim 1 wherein in step c), the static mixer in an in-line
mixer.

25
8. The method of claim 1 wherein in step c¢), the time period sufficient for

efficient mixing is at least 6 seconds.

9. The method of claim 1 wherein in step d), the mixture from step c) and the
30 second solvent system from step b) are fed into the liquid/liquid centrifuge at a
temperature of from about 0°C to about 10°C less than the boiling point of the

lowest boiling solvent in the first or second solvent system.



25 8. The nethod of claim1l wherein in step c), the tinme period sufficient
for efficient mxing is at |least 6 seconds. 9. The nethod of claiml

wherein iwoshemod), the mxture fromstep ¢) and the 30 ggqormigodsyent
systemfromstep b) are fed into the liquid/liquid centrifuge at a

tenperature of from about OC to about 10C | ess than the boiling point of
the |owest boiling solvent in the fi r<0 or second sol vent system WO
02/ 31011 PCT/EPOL/ 11357 26 10. The nethod of claiml1 wherein in step e),
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phenolic conpounds, in the presence of an acid catalyst or a reactive
equi val ent of said catalyst. 10 12. The nethod of claim 11, wherein the

phenol § ¢ gomPOwRdS SARRr bE8afl CLRRbin Rl redlfimacs-ty bBRIGHiAgeno!

13. Th alm 11, "whetern e phenol1c conpounds conpri se
cresol , pfarfesdehyds, 4 pasafdmialGelydeet by | fomeadih. with ldne The maraéoghenott ai m
11 wherein the acid catalyst or its reactive eaui val eﬁt is at | e?st .(gne
menber seFREPEHNES oA t9ePEEBNEE ObRE 3¢P FAtAWSHRE R EaGHY]) SaHPN Of Rald)
mal ei c angéﬂgysge, p-tol uenesul fonic acid and sul furic acid. 20 15. The

met hod of "Cl'aim 13 wherein in step a), the first solvent system conprises
propyl ene glycol nethyl ether acetate, in step b), the second sol vent

system conprises 25% net hapol | ter, .and in step e), the |iaghter phase
cgrrpr 1 nég}c) hgThPOWemﬂE@EIC&r’meﬂgW e dgﬁeﬁ)}%e@'ct‘lg)ﬂin%wqd]% S?rrﬂ%ﬁ'aer'@g! n
conpri Sescfésg],é%b‘lre%oﬂfan.dg%‘tgﬂigin@ﬂq'lbﬁéﬁ@f s, that is at |east 20% by wei ght

of the |l ow no ul ar “wel 5 oli1gomers. 16. A nethod for producing a
phot oresi st conposition, said nethod conprising: providing an adm xture

vei gnt rddt i ongeanetiad Pl eIl i whSr e Bisripip ok, FBrBrRe 7 i ng
cresol, p-cresol, 2,4- and 2,5-dimethylphenol.
15
14. The methbd of claim 11 wherein the acid catalyst or its reactive equivalent
is at least one member selected from the group consisting of oxalic acid, maleic

acid, maleic anhydride, p-toluenesulfonic acid and sulfuric acid.

20 15. The method of claim 13 wherein in step a), the first solvent system comprises
propylene glycol methyl ether acetate, in step b), the second solvent system
comprises 25% methanol in water, and in step e), the lighter phase comprising the
low molecular weight oligomers of the film forming resin comprises a mixture of
dimers and trimers, that is at least 20% by weight of the low molecular weight

25 oligomers.

16. A method for producing a photoresist composition, said method comprising:
providing an admixture of: 1) a fractionated film forming resin comprising higher
molecular weight fractions of the film forming resin, said fractionated film forming
30 resin produced according to the method of claim 1; 2) a photosensitive component
in an amount sufficient to photosensitize a photoresist composition; and 3) an

additional photoresist solvent; to form the photoresist composition.



30 resin produced according to the nmethod of claim1; 2) a photosensitive
conponent in an anount sufficient to photosensitize a photoresist

conposi ti @iy 02A36113) an additional photoresist solvent; tgdosmhig;

phot oresi st conposition. WO 02/31011 PCT/EPOL/ 11357 27 17. A nethod for
produci ng a photoresist conposition, cesprising: providing an adm xture of:

Ut i cf ent /1 o BeBERHRr PRI HARERE nad AL E oo "0CC

enhanci ngpeATNAG dn dmixeurerofsiing filviormingoesiy; mEhbtosbhgidmcsnm‘onenti Im5
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1, wth a diazonapht hoqui none sul fonyl-chloride; and 4) a photoresi st

sol vent; 18, f oAmMetHodtfoe prituicinges photocasipiacompasitior], Tomprisingiod f or
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19. A method for producing a semiconductor device by forming an image on a
substrate, said method comprising:
a) providing the photoresist composition of claim 16;

20 b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantially all of solvent
is removed; image-wise exposing the coated substrate; and then removing the
imagewise exposed or, alternatively, the unexposed areas of the coated substrate

25 with a suitable developer.

20. A method for producing a semiconductor device by forming an image on a
substrate, said method comprising:
a) providing the photoresist composition of claim 17;

30 b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantially all of solvent

is removed; image-wise exposing the coated substrate; and then removing the



fromstep a); c) thereafter, heat treating the coated substrate until
substantially all of solvent is renoved; inmage-w se exposing the coated
substr at ewoangiéfien renovi ng the WO 02/ 31011 PCT/ EPOL/ 113%¢T1/E1h (930EeW se
exposed or, alternatively, the unexposed areas of the coated substrate
with a suitable devel oper. 21. A nethod _for producing a sem conductor

device by formng an image on a 5 substrate, said nethod corrprisbin%: a)
provi di nginagewretenesed or.cainsaaivelo ihe Hnexpesad greas)of the ceatedesubstidi® i ng a

sui tabl e %Hﬁéeé@{ Iéﬁ“diebel‘bB?hphOt oresi st conposition fromstep a); c)

t hereafter, reati ng e coated substrate until substantially all of
solvent 10 is renoved; inage-w se exposing the coated substrate; and then

renoving the inagew se exposed or, alternati vel,g, thfe upnexposed areas of
the coat edsubétingthod {gririodualing pianaicarRdgigpepvice by forming an image on a

5 substrate, said method comprising:
a) providing the photoresist composition of claim 18;
b) thereafter, coating a suitable substrate with the photoresist composition
from step a);
c) thereafter, heat treating the coated substrate until substantially all of solvent
10 is removed; image-wise exposing the coated substrate; and then removing the
imagewise exposed or, alternatively, the unexposed areas of the coated substrate

with a suitable developer.



