PQSITIVE-WOQRKING PHOTQRESIST COMPOSITION
PCOSI Tl VE- WORKI NG PHOTORESI ST COVPOSI TI ON BACKGROUND OF THE | NVENTI ON The
present invention relates to positive photoresist conpositions which are
especi al 'y sengiade enil/8 f the spectrum containing a
m xture of - al k3 aving different dissolution rates

and to a process foﬂ'hprp?dsemtngvemttdh feiares ito Positiveopinaie fdsistidmpditigisewRith
I nvention also relates to a process for produci n% sem con- ductor devices

usi ng such a p8ts especiaiiveenstivein thending ange ehihessRackiyny kanignisg a
substrates W t hy{dies ey Bﬂ%ﬁn%dﬁ%létrw%@k%bfds%m@ﬁilnfrﬁg{ne &%ﬁ%ﬁ}ﬁom&ﬁ%s {

coating, inmaging and dev otoresists on rates
sem conduct or deprocess mrcpi'odadngssumg mmmqsrsbcoesm:tldﬂsotﬂn@gr@sent invention

O L On o faoriaiates To S Srodest HoPRABING SmesRdubiar Bl Letng oS =°¢
positive photoresist composition by coating suitable substrates with these
photoresist compositions, as well as the process of coating, imaging and
developing photoresists on suitable substrates and to semiconducto;' device's’-

_produced using such processes.

Photoresist compositions are used in microlithography processes for
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 photoreéist 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 solvent in the photoresist
composition and to fix the 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
expdsed areas of the coated surface. Visible light, uitraviolet (UV) light,
electron beam and X-ray radiant energy are radiation types commonly used
today in microlithographic processes. After this image-wise exposure, the
coated substrate is tréated with a developer solution to dissolve and remove
either the radiation-exposed or the unexposed areas of the coated surface of
the substrate.

Novolak resins are frequently used as a polymeric binder in liquid
photoresist formulations. These resins are typically produced by conducting a
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surface on which the photoresist composition was deposited.

On the other hand, when positive-working photoresist compositions are
exposed image-wise to radiation, those areas of the photoresist composition
exposed to the radiation become more soluble to the developer solution (e.g.
a rearrangement reaction occurs) while those areas not exposed remain
relatively insoluble to the developer solution. Thus, treatment of an exposed
positive-working photoresist with the developer causes removal of the exposed
areas of the coating and the creation of a positive image in the photoresist
coating. Again, a desired portion of the underlying substrate surface is
uricovered.

| 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 pattern is created in the substrate material
which corresponds to the photomask used for the image-wise exposure to the
radiatipn. 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
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vertical relative to the substrate. Such demarcations between developed and
undeveioped areas of the resist coating translate into accurate pattern transfer
of the mask image onto the substrate.

SUMMARY OF THE INVENTION

The prior art discloses photoresist compositions which contain mixtures of
two novolak resins with the same composition, but with different molecular
weights. Because the molecular weight distribution in these resins consists of
two different sub-distributions of molecular weight, such resins have been
characterized as bimodal.

The present invention relates to the surprising discovery that an
in:xpr_oved photoresist composition is obtained by utilizing a mixture of resins
having similar molecular weights and similar molecular weight distributions, but
each having a different dissolution rate. Although there is no known method
for measuring dissolution rate distribution in a manner which is analogous to
molecular weight distribution, the resins of the present invention may be
characterized as Bimodal Dissolution Rate (BDR) resins. BDR resins are
defined as resins having the following characteristics:

a) a film forming resins useful for photoresist compositions;
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of such reaction products. Molecular weight and molecular weight dlstnbutlon
as used above, are defined via a GPC versus polystyrene standard, not as’
absolute values.

The mixture of phenolic monomer(s)/formaldehyde resins enables one

. to formulate the photoresist compositions of the present invention which
display improved, or at least equivalent, thermal stability when compared to a
photoresist composition formulated using only the component resin having the
higher thermal stability. The photoresist compositions of the present invention
display improved thermal stability wﬁén compared to a photoresist composition
formulated using the component resin having the lower thermal stability.

The photoresist compositions of the present invention also provide
semiconductor devices having a very good pattern profile, a low degree of
scummlng, no standing wave and very good depth of focus. They also
provide a wide process window when producmg semi-conductor devices.

The present invention relates to radiation sensitive positive working
photoresist compositip_ns and particularly to photoresist compositions
containing a mixture df novolak resins having different dissolution rates. The
invention further relates to a process for producing semiconductor devices
using such photoresist compositions.

The subject invention provides a liquid, positive photoresist comprising
an admixture of:
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devel oped phot or esi ghe present invention provides a process for formulating a photoresist
| composition solution by providing an admixture of:

1) a photosensitive component in an amount sufficient to uniformly
photosensitize the photoresist composition;

2) a water insoluble, aqueous alkali soluble film forming novolak
resin in an amount sufficient to form a substantially uniform photoresist
composition, the novolak resin comprising a mixture of at least two novolak
resins, with the same or different chemical composition, for which the
molecular weight distribution of the component resins, normalized to the same
-area, show an overlap of at'least fifty percent (50%) and for which the
dissolution rates of the component resins differ by a factor of at least 2.0; and

3) a suitable solvent. '

_ The invention further provides a method for producing a semiconductor
devuce by producing a photo-image on a substrate by coating a suitable
substrate with a photoresist composition solution by:

a) formulating a photoresist composition solution by providing an
admixture of:

1) a photosensitive éomponent in an amount sufficient to
photosensitize the photoresist composition,

2) a water insoluble, aqueous alkali soluble fiim forming
novolak resin in an amount sufficient to form a
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solvent is removed; image-wise exposing the photosensitive composition and
removing the image-wise exposed areas of such composition with a suitable
developer, such as an aqueous alkaline developer. Optionally one may
perform a baking of the substrate either immediately before or after the
removing step.
The invention also relates to a semiconductor devices produced by
providing photo-image on a substrate by coating a suitable substrate with a
phdtoresist composition solution by:
a) formulating a photoresist composition solution by providing an
admixture of: ' '
1) a photosensitive component in an amount sufficient to
photosensitize the photoresist composition,
2)  a water insoluble, aqueous alkali soluble film forming
novolak resin in an amount sufficient to form a
substantiaily uniform photoresist composition, the novolak
resin comprising a mixture of at least two novolak resins,
with the same or different chemical composition, for which
the molecular weight distribution of the component resins,
normalized to the same area, show an overiap of at least
fifty percent (50%) and for which the dissolution rates ot
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Novolak resins have been commonly used in the art of photoresist
manufacture as exemplified by "Chemistry and Application of Phenalic
Resins", Knop A. and Scheib, W.; Springer Verlag, New York, 1979 in Chapter
4. Similarly, o-quinoné diazides are well known to the skilled artisan as '
demonstrated by “Light Sensitive Systems”, Kosar, J.; John Wiley & Sons,
New York, 1965 Chapter 7.4. These resins are typically produced by
conducting a condensation reaction between formaldehyde and one or more
multi-substituted phenols, in the presence of an acid catalyst, such as oxalic
acid. ‘

Suitable multi-substituted phenols are well known in the prior art and
include meta-cresol, para-cresol, 3,5-xylenol and 3,5-dimethylphenol.

The sensitizer which comprises a component of the photoresist
composition of the present invention méy be an ester of a multihydroxy
pﬁenolic or alcoholic compound, such as a tris-hydroxyphenylethane (THPE)
or a hydroxybenzophenone, and a sulfonic acid or sulfonic acid derivative
such as a sulfonyl chloride, such as described in U.S. Patents 3,106,465 and
4,719,167, which are incorporated herein by reference. The sensitizer
preferably has its hydroxy groups partically esterified by reacting from about
30 to about 100 percent of the hydroxy groups with one or more organic acid
group containing compounds. The organic acid group containing compounds
are preferably organic acid chlorides such as sulfonyl chlorides including 4-
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esterification ranging from 30 to 100%, preferably from 60 to 100%, most
preferably from '85 to 100%.

" In a more preferred embodiment, the photosensitizer is a polyhydroxy-
substituted aromatic compound of formula |, or a mixture of compounds of

" formula I

(OH)l

(OH)n
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where |, m and n are numbers in the range of 0 to 3 inclusive;

and where, if n > 0, R = hydrogen, alkyl (e.g. C, to C, alkyl), aryl (e.g. phenyl
naphthyl) or alkylaryl (e.g. C, to C, alkyl substituted phenyl or naphthyi);

and where, if n = 0,.R = hydrogen, alky! (e.g. C, to C, alkyl), hydroxyaryl (e.g.
phenyl, naphthyl), preferably monohydroxyaryl, most preferably 4-
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phot or esi st COpRAEEdLR TS 16! aBalt BSW Based bA the weight of the solid; i.e., non-
solvent photoresist components. In the preferred embodiment, the
photosensitizer is present in the photoresist in an amount of from about 10%
to about 30% preferably from about 15% to about 25%, based on the weight
of the solids photoresist components.

. Suitable solvents for such photoresists may include propylene glycol
mono-alkyl ether, propylene glycol alkyl (e.g. methyl) ether acetate, ethyl-3-
ethoxypropionate, ethyl lactate, mixtures of ethyl-3-ethoxypropionate and ethyl
lactate, butyl acetate, xylene, diglyme, ethylene glycol monoethyl ether
acetate. The preferred solvents are propylene glycol methyl ether acetate
(PGMEA) and ethyl-3-ethoxypropionate (EEP).

Other optional ingredients such as colorants, dyes, anti-striation agents,
|evelmg agents, plasticizers, adhesion promoters speed enhancers, solvents
and such surfactants as non-ionic surfactants may be added to the solution of
novolak resin, sensitizer and solvent before the photoresist composition is |
coated onto a substrate. |

The skilled artisa;n will know that dyes are often selected which absorb

_strongly at a wavelength corresponding to the wavelength of light used in.one
or more lithographic process steps, and particularly corresponding to the

wavelength of the exposing radiation.
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photoresist compositions of the present invention include Methyl Violet 28 (C.1I.
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conponent resi nshedid fear pdrcent weighievdls dbadethsn tie Gonfited weight of novolak
and sensitizer. The dye additives help provide increased resolution by
inhibiting back scattering of light oft the substrate. ‘

Anti-striation agents may be used at up to about a five percent weight

level, based on the combined weight of film forming resin and sensitizer.
Plasticizers which may be used include, for example, phosphoric acid tri-(beta-
chioroethyl)-ester; stearic acid; dicamphor; acetal resins; phenoxy resins; and
alkyl resins, at about one to ten percent weight levels, based on the combined
weight of film forming resin and sensitizer. The plasticizer additives improve
the coating properties of the material and enable the application of a film that
is smooth and of uniform thickness to the substrate. Adhesion
promoters which may be used include, for example, beta-(3,4-epoxy-
cyclohexyl)-ethyltrimethoxysilane; p-methyl-disilane-methyl methacrylate;
v!ny[trichlorosilane; and gamma-amino-propy! triethoxysilane up to about a 4
percent weight level, based on the combined weight of film forming resin and
sensitizer. Development speed enhancers that may be used include, for
example, picric acid, nicotinic acid or nitrocinnamic acid up to about a 20
percent weight level, based on the combined weight of film forming 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 speed of development is the overriding consideration even
though some degree of contrast may be sacrificed; i.e., while the exposed
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c) a suitable sgl yent present invention provides a process for
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cormponent  resi ngndibiehy BhyAedRehibn methd£dsdd i fhe Mbloresist an, 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 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 lI/V compounds.

The photoresist coatings produced by the described procedure are
particularly suitable for application to thermally grown silicon/silicon dioxide-
coated wafers, such as are utilized in the production of microprocessors and

" other miniaturized integrated circuit components. An aluminum/aluminum
oxide wafer can also be used. The substrate may also comprise various
polymeric resins, especially transparent polymers such as polyesters. The
substrate may have an adhesion promo_ted layer of a suitable composition,

- such as one containing hexa-alkyl disilazane.

The photoresist compaosition solution is then coated onto the substrate,
and the substrate is trBated at a temperature from about 70°C to about 120°C
for from about 30 seconds to about 180 seconds on a hot plate or for from
about 15 to about 90 minutes in a convection oven (Soft Bake). This
temperature treatment is selected in order to reduce the concentration of
residual solvents in the photoresist, while not causing substantial thermal



concentration of solvents and this first temperature treatment is conducted
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1 for i ng nBRSHR0 Cold ABpur 12 otk eRfbH seo RAFRY Rl f@mes Bt 2 ©
stantial |y uni gRamgebpEovent mevabesohiesreldtivelyimsignificantsiThectempeéraiurg a
m xture of at |east two ngvol ak resins, with-the sane or different chem cal
conposi tion, fapdlime ﬁemoﬂﬂeﬁéﬂﬁépwpd’ﬂm%@!sﬁi%ﬁ??@ﬁscﬁesﬂrﬁgebyom?dﬂﬁ%t
o ont (obns B&kil 8 WP oARIIEndH Bed I canYIEflIF Riekired'cdafifg iméd. Yhe
coating substrate can then be exposed to actinic radiation, e.g., ultraviolet
radiation, at a wavelength of from about 300 nm to about 450 nm, x-ray,
electron beam, ion beam or laser radiation, in any desired pattern, produceu
by use of suitable masks, negatives, stencils, templates, etc. . |
The photoresist is then optionally subjected to a post exposure second
baking or heat treatment (PEB) either before or after development. The
heating temperatures may range from about 80°C to about 120°C, more
preferably from about 80°C to about 120°C. The heating may be conducted
for from about 30 seconds to about 2 minutes, more preferably from about 60
seconds to about 90 seconds on a hot plate or about 30 minutes to about 45
minutes in a convection oven. -
The exposed photoresist-coated substrates are developed to remove
the image-wise exposed areas by immersion in an-alkaline developing solution
or developed by spray development process. The solution is preferably
ai;ita;ted, 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 areas. Developers may include
aqueous solutions of émmonium or alkali metal hydroxides. One preferred
hydroxide is tetramethyl ammonium hydroxide. After removal of the coated
wafers from the developing solution, one may conduct an optional post-
development heat treatment or bake to increase the coating's adhesion and
chemical resistance to etching solutions and other substances. The post-



3 f ﬁubstratn below the coating's softening point. In industrial applications,

-3- rates of the co nent, resin | ff b f f at

3) a suitabl e @@W/‘é'ﬂg Ileog@:nH Cg‘l"@u‘?{@[fi'/' 835‘6@33( ('r)‘ertg %aﬁ'PFQMé}'%pW&g st
conposi ti on; wghbsﬁﬁg@ e 8816068 Sdostriat rrﬁaye b@rﬁéétea%ﬁ{ aHutferby, all

of the sol vent s r enov | mage-wW se exposi ng the photosensitive
corrﬁoa tion andwydemfhmnmgamdé:asma@ehmgmlmﬁmnsﬁde auhem.reenfst saoipositiops if then
wWth a tabl e de
sul .a epresent invention are resistant to acid-base etching solutions and provide
effective protection for the unexposed photoresist-coating areas of the

substrate.

The following specific examples will provide detailed illustrations of the
methods of producing and utilizing compositions of the present invention.
These examples are not intended, however, to limit or restrict the scope of the
invention in any way and should not be construed as providing conditions,
parameters or values which must be utilized exclusively in order to practice
the present invention. | '

Example 1
Synthesis of Novolak Resin using m- | and 3.5-xvlenol 3 Ratio):
Into a two liter four necked flask equipped with a thermometer, stirring shatt,
condenser and a dropping funnel were added 162.12 grams (1.5 moles) meta-
cresol, 88.23 grams (0.722 moles) 3,5-Xylenol, 170 grams dipropylene glycol
methyl ether (DPGME) solvent and 0.625 grams oxalic acid (about 0.25% by
weight of total phenols). The flask was heated slowly from room temperature
using a heating mantle controlled by a thermo-watch. The contents of the
'ﬂésk were gently stirred. The reaction contents were heated to 95°C and
when the temperature was stablized at 95°C, 126 grams (37.28%)
formaldehyde solution was added by dropping funnel over a period of 90
minutes. The cresol_:formaldehyde ratio was 1:0.7. The condensation was
then carried out at 95°C for six hours. After condensation at 95°C, the
distillation was carried out at atmospheric pressure to remove water. The
temperature was increased up to 200°C and excess cresol and solvent were
removed ynder vaccum (35 mm Hg) at a temperature from 200 to 220°C. The



aluminum pan. The resin obtained had a viscosity of 10.7 (7.0% solution in
vel oper, such as an aqueous al kaline devel oper. Optional|y one may perform
a baki ng of thEyclohexanere)eia Gtassitransition Eeppseatyre (T %leﬁp)t RisspbRigdi ng

step. The invegtion I . ' '
provi di ng phot ?1‘%§g_ﬁ-bg‘§ %iﬁ%ﬁ?é@é@g%ﬁ?%@éq&, efg‘g@ ggﬁ@?ﬁg{?ﬂ \t/)\nyt h a
phot or esi'st copR@sslide TTHAHI ARBOG I Fajevietupar| atrelztive mobletolaesieight (RMW)

conposition solution by providing a dm xt f: 1 h siti
conponent in apf abouhﬂgsamfa@%Qﬂﬂelgcglﬁ?tvﬁ%igﬁgP?SIQGU%Q@agﬁ%@?@Biség-Vﬁ

conposition, 2) a r,i.psol ubke ' i b4 ok o g
novol ak resin in amﬁbaﬁg%sél |hcs|he‘%wgg@c@d> r# gﬁglgg_ﬂfag%égglﬁt'acjlh ybggﬁ?f‘g?rn%he
phot or esi st compoGiaki resin dhExaople dk ThesgraphostpwssthegPeakilntensity piotted asast
t wo novol ak resins, with the sane or different chem cal conposition, for
whi ch the nol edundtion,f theitirae 48 MIBUtESon of the conponent |

Into a 500 mi. four necked flgsk equipped with a thermometer, stirring shaft,
condenser and a dropping funnel were added 115.35 grams (1.0667 moles)
meta-cresol, 43.6 grams (0.35699 moles) 3,5-Xylenol, 76.13 grams diglyme

~ solvent and 1.588 grams maleic anhydride (2.0% by weight of total phenols).
The flask was heated slowly from room temperature using a heating mantle |
controlled by a thermo-watch. The contents of the flask were gently stirred.
The reaction contents were heated to 95°C. When the temperature was
stablized at 95°C, 87.9 grarhs (37.28%) formaldehyde solution was added by
dropping funnel over a period of one hour. The condensation was then
carried out at 95°C for four hours. After condensation at 95°C, the distillation
was carried out at atmospheric pressure to remove water. The temperature
was increased to 200°C and excess cresolland solvent were removed under
vaccum (35 mm Hg) at a temperature from 200 to 220°C. The vaccum was
released at 220°C and the moiten resin was poured into an aldminum pan.
The resin obtained had a viscosity of 8.4 (7.0% solution in Cyclohexanone), a
Glass transition Temperature (Tg = 92°C), a Dissolution Rate = 6.0 .
microns/minute using AZ 300 MIF developer, an RMW of about 10 and a GPC
Molecular Weight Distribution as shown in FIG. 2.



_ novolak resin of Example 2. The graph shows the Peak Intensu %l ;%Iotged as a
resins, normalized to the sanme area, show an overlap of | eas

percent (50% afugcfion ofthe timehia mintses.uti on rate of the corrponent resins
differ by a factor of at least 2.0, and 3) a suitable solvent; b) coating a
suitabl e substrate with-the photoresist conposition; c) heat treat| ng the
coated substrate until substantivity all gfamdie 3ol vent is renpved;

i mage-w se exposing the phot osenS| tive COMposi| t | on and rem)V| ng the _
i mage-w se expoSgnthesisef N : B solt ands cvlann .

such as an aque al. evel aop Ry form ‘ b ng

of the substrat @#%lataw i'teﬁﬁ%‘& nggq[?é#?&éj @?@P"(‘Er ﬁ??%éﬁ% rnﬁlrg@%sﬁah

Det ai | ed Descri géhdehser dndlea Brepend eshrigivasienmitied 162.12 grams (1.5 moles) meta-
cresol, 88.08 grams (0.722 moles) 3,5-Xylenol, 170 grams DPGME solvent
and 0.625 grams oxalic acid (0.25% by weight of total phenols). The flask

was heated slowly from room temperature using a heating mantle controlled
by a thermo-watch. The contents of the flask were gently stirred. The ‘
reaction contents were heated to 95°C. When the temperature was stablized
-at 95°C, 121.6 grams (37.28%) formaldehyde solution was added by dropping
funnel over a period of 90 minutes. The condensation was then carried out at’

* 95°C for six hours. After condensation at 95°C, the distillation was carried out
at atmospheric pressure to remove water. The temperature was increased up
to 200°C and excess cresol and solvent were removed under vaccum (35 mm
Hg) at a temperature from 200 to 220°C. The vaccum was released at 220°C
and the molten resin was poured into an aluminum pan. The resin obtained
had a viscosity of 9.0 (7.0% solution in Cyclohexanone),'a Glass transition
Temperature (Tg = 90°C), a Dissolution Rate = 4.5-6.0 microns/minute using
AZ300 MIF developer, a relative molecular weight (RMW) of about 8 and a
GPC Molecular Weight Distribution as shown in FIG. 3.

FIG. 3isa graph showing the GPC molecular weight distribution for the
novolak resin of Example 3. The graph shows the Peak Intensity plotted as a
function of the time in minutes. Based on FIG. 1, 2, and 3: 1) a combination
of the novolak resins of Examples 1 and 2 had an overlap of molecular weight
distribution of greater than about ninety percent (90%) and 2) a combination of
the novolak resins of Examples 1 and 3 had an overlap of molecular weight
distribution of greater than about eighty five percent (85%).



Photoresist compositions were produced by adding to a 500 ml. flask: 4.5
Novol ak [ h I d i t of phot | St
AR BB o L R VP R S DR L g L
Resins", Knop Ayingdiexysiitiplethihe pﬁléidémlftilzgﬁpm’bmwl?mg)tm%%@%é)W?hapter

4. Simlarly, o- ‘quinone diazides are we lown t'o the tisan as
denonstrat ed bygramisgiftPGMEA solventpaddhne follkyding ardoynts afithenhbegalk: résins, ofNew

York, 1985 Chapter 7.4. These sins, are typical Ly ,produced by. condycting. a
condensat i on r@%@ﬁ‘%ﬁs t}e‘méén ?ﬁ? HHF'&'&%@&’ﬁéﬁﬁ"SHea‘JP°%¥eé“9ﬁJ¥‘W§383?5’? ut ed
phenol s, in_ thehaterasise oRitions (awPér@@ﬁad;e@hre By Whight eptligs);aci d. Suitable
mul ti-substituted phenols are well known in the prior art and include

net a-cresol, para-cresol and 3,5-xy- lenol. The sensitizer which conprises

a conponent of the Wositith i nvention may be
an

A) 20.500 gm. (82%) @ e

B)  15.375 gm. (61.5%) 5.125 gm. (20.5%)
C)  10.250 gm. (41%) 10.250 gm. (41%)
D)  5.125 gm. (20.5%) 15.375 gm. (61.5%)
E) 20.500 gm. (82%)

The photoresist solutions were each coated on to a 4" silicon wafer at the
appropriate speed on a SVG éoat—development track system, then
preexposure baked on a hot plate for 60 seconds at 95°C, to obtain a 0.975
pm film. The film thickness is determined on a Autonanospec
(NANOMETRICS, model 215), an automated film thickness measurement
system, measuring 10 point across the entire wafer. The wafers were then
exposed to a NIKON i-line stepper (0.54 NA) with a NIKON resolution reticle.
An 11 x 21 focus/exposure matrix is used to print a pattern on the resist film.
The exposed wafer were post exposure baked (PEB) at 110°C for 60 seconds
on a hot plaie. The resists were subsequently spray-puddie developed for 45
seconds at 23.5°C, using TMAH AZ300 MIF developer (available from Hoechst
Celanese Corporation: Somerville, New Jersey). The developed resist pattern
were examined by a Hitachi S-4000 field emission scanning electron
microscope. The lithographic resuits of the samples are presented in the table
below where: '

This Sheet Has Been Replace
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the various feature sizes on the reticle

t f ltih h | oho h
'? ?i gr hgdr gx%heﬂﬁﬁg‘g{‘ﬁé ep( ?ﬂge‘} %H?augstﬁﬂ’B%ﬂéﬁ BH%Baége%ﬁ%sH‘haa%ul fonic

acid or sulfonic acid derlvatlg&w u@,ﬁ dMB nO&d o]
described in U S. Patents 3,106, 4 angﬁ 167xb &I Oé qjeea??l'%r psgjryat ed

herei n by ref erapth ofmeusensi=t=|tlze|expimg‘efrd@fbyuﬂémnoroes)mfdnhexqptg:abepsosure
partically esterified by reacti

fro 0,to ut ercent of
hydi oxy groups with one or %ng?@a‘ﬂﬁ]% @'ledreﬁf’%uﬁ)asgn aﬁnﬁl'ﬁ@?‘&ﬂrﬁﬁmgd
The organic acid group contai “pél%rﬁoﬁl’éﬂlénﬂﬁd WithirPEef0% W thle @Fifieal GimdPisibn
chlorides such as suftonyl chlorides including 4-chloro benzene sul fonyl
chl oride, 4-nethane sul fonyl cttB)AHU®E Bamaatol uene sul - fonyl chloride,

trifluoromethan | tonyl chlori u sul f onyl
chloride (F-sul 58@’“ chloride), ggﬁt n;leasr‘)ﬁ’f%aqw {:@% é%%%?dﬁ%@é&%ﬁ ?onyl

chl ori de (L-sulfonyl chl ori de) devalepmienthl ori de or benzoyl chloride. The
phot osensiti zer_prefe | 9 e preferably

between 50 and {L00% most Lithographic Performance of the Resist
Sample | E(nominal) Resolution(y) DOF(0.5p) Scum
A 240 mJ/cm? 0.35 1.4 ym no
B 200 | 0.40 1.4 ym no
c 210 . 035 1.4 pm no
D 200 0.35 1.4 ym slightly
E 160 . 0.35 1.4 uym yes

Sample A doesn't possess the process window needed to achieve the optimal
thermal flow temperature, exposure latitude, depth of focus or E

Example 5
Photoresist compositions were produced by adding to a 500 mi. flask: S0
grams of 70L/30F tririydroxyphenylethane photosensitizer (20% by weight of
the solids), 75 grams of PGMEA solvent and the following amounts of the
novolak resins of Examples 1 and 2. The mixtures were stirred at room
temperature to form photoresist solutions (all percentages are by weight ot

solids).
) ) This Sheet Has Been Replaced
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. by b A) 20.00 gm. (80%) 0.00 gm. (0%)
preferably between 70 and 100%,6 .of an esterificatjon product of a qui none
di azi de, prefe®nti dBQ0 Q“’Q,(%zg/ﬁi azonapf?t-ﬁ Q%Jg%@ne derivative, nost

preferentially 2, y-éié@?ggﬁ(l@m@qw nonef%@%lnﬁ_o(qgs/g:), a

2, 1- di azonapht hoqui none- onat e,
- di azonapht hoqu)none-4608 gni.oB8%), or a B.0@ignux(@4%e)bstituted 2,1

- di azonapht hoqui_none- 4-sul fonate, or any, pi xtur ereof, with a degree of
esterification E)angﬂr?goQt%‘?n °/‘So 100% %%@-a@%f rom60 to 100% nost

BLgI g;glrolls?/t T ;gp&)?g ;ﬁﬁ%‘gﬁﬁl’d 49)?953823 FL@@@%@W@L?N&G”?& formula 1,
or a mxture of conpounds of formula 1.

The photoresist samples of Example 5 were processed using the same

conditions described in Exémple 4, except the resist thickness used was 1.185

pm and the post exposure bake temperatures used were 95°C to 110°C.

Eectear = minimum dose'(millijoule.é./cm.z) required to dissolve 511
the resist at the exposed area upon developing, typically is
fraction of the E, mina

Exposure Latitude = percentage range of the exposure dose tolerated by the

" resist to print the pattern of a given feature size within +
. 10% of its Critical Dimension

DOF (0.5 pym) = depth of focus (microns) for 0.5 ym feature Eize,
determined by the method described in Exémple 4

Thermal Flow Temperature - = lowest temperature (°C) at which the resist

pattern start to flow or deform

The results (see FIGS. 4 to 8 contour plots) clearly showed the benefit of

using a novolak resin system comprising resin component with Bimodal

dissolution Rate, such as by blending various proportion of Example 2 novolak
with the Example 1 novolak.

FIG. 4 is a contour plbt of E,.mna Of the photoresist of Example 5 at Post
Exposure (P.E.) Bake Temperatures from 95°C to 110°C. The plot shows
E....a decreased (i.e., photoresist photosensitivity increased) as the PEB
temperatures decreased or the concentration of Example 2 novolak increased
from 0% to 50% by weight. It also clearly showed using Example 1 novolak



found to give a lower thermal flow temperature.
-4- Jerr] where 1, mand n are nunbers in the range of 0 to 3 inclusive;
and where, if n >0, R = hydrogen, alkyl (e.g. (Jerr] to (Jerr] al kyl),

Subst ! tuted phorgl S AGHIyloFSREkre (Exfo) Euyide b Ekan® 87

(e. ]9 CL Ierr] toalﬁ%teres]ustala:nﬂﬁa témoecaftymsyﬂroméélfg’ﬁ ughb‘r@*’lc mhtswbylb?(oxlus the
pref erably nonohydroxyaryl, nost - erabl y4- hydr ox nyl), .a ary
Ceo Gerr] T ookgasus Tathuge Srnabed sitRs EramunA fovgRecaptast jrcrebssn.” The
hydr oxysubstitu 65%“?

-ethylidene or é |sgp§)é géér]tgu%??%ggpﬁan’ggfa%%e era@cdﬁg&lﬂﬁm&,1 rovblak

4- hydr oxyphenyl Fegardlessmfmlpqlﬁﬁﬁtmnpemturetmd dene or net.hyl ene; and where
R is hydrogen, alkyl (e.g. (Jerr] to CJerr] alkyl), or cycloal kyl (e.g.
Cerr] to

FIG. 6 is a contour plot of the Depth of Forcus (DOF) of a 0.5u photoresist
pattern using the photoresists of Example 5 at PEB temperatures from 95°C to
110°C. Incorporation of some Example 2 novolak in the resin offered the best
DOF.

FIG. 7 is a contour plot of E,,,, of the photoresist of Example 5 having a
novolak resin content of 80% by weight of the solids in the photoresist
composition at PEB temperafures from 95°C to 110°C and soft bake (SB, i.e.
pre-expsoure bake temperatures of 80°C to 120°C. The development time
was 52 seconds using AZ 300 MIF developer. E,,,, increased as the SB and
PEB temperatures increase¢. : '

FIG. 8 is a contour plot of the thermal flow temperature of the photoresist of
Example 5 having a novolak resin content of 80% by weight of the solids in
tr—\e photoresist composition at PEB temperatures from 95°C to 110°C and SB
temperaturés of 80°C to 120°C. The development time was 52 seconds using
AZ 300 MIF developer. As clearly shown in this plot, higher SB and PEB
temperatures increaséd the pattern thermal flow temperature.

Example §
Photoresist compositions were produced by adding to a 500 mi. flask: 5.0
grams of 70L/30F trihydroxyphenylethane photosensitizer (18% by weight ot



novolak resins of examples 1 and 2. The mixtures were stirred at room

Formed by bl edt B T A TG, prtoRist ol Ao 5B agBS TR BBt ot e

enbodi - nent, solidslanount of novol ak resin in the photoresist preferably
ranges from 70% to about 90% and nore preferably from about 75%to about

85% based on the weight of the solid; i.e., non-solvent
phot or esi st comone%%%f errect i he photosensitizer is.
present in-the photore anount 10%to about 30%

preferably frdh ab@®00gwm.t1(82%&)out 25% 0Jo@sgre. '(m/o he wei ght of the solids

b opyl ene ol y & mIRIQORY (3R> pr opsReramg G e al kyl (e g. mathyl)
ot hyl - 3 ﬁéiﬁ?ég?ﬁ‘ﬁ? D et A I (P L o Sl ene di gl yre,
et hyl ene gl ycd) norde@hgm.dbRat%ncet at €6.00hgmp(24.6%)ed sol vents are
propylene glyesl 41500 gm. (49.2%) 8.00 gm. (32.8%)

F)  10.00 gm. (41%) 10.00 gm. (41%) .

The photoresist samples of Example 6 were processed using the same
conditions described in Example 4, except the resist thickness used was 1.185
pm and the post exposure bake temperatures used were 95°C to 110°C.

FIG. 9 is a contour plot of the Expo. Latitude of the photoresists of Example 6
at PEB temperatures from 95°C to 110°C. The piot showed the same trend as
those seen in FIG. 5 for Example 5. Incorporation of some of the Example 2
novolak improved the expo. latitude. Resists in this example contained lower
sensitizer concentration, as compared to those resists in Example 5.

FIG. 10 is a contour plot of the DOF of a 0.5y photoresist pattern using the
photoresists of Example 6. Similar to the results found in Example 5, DOF
improved with the incorporation of some of the Example 2 novolak.

Example 7

Photoresist compositions were produced by adding to a 500 mi. flask: various
amount of 70L/30F trihydroxyphenylethaane photosensitizer (20%, 19%, 18%
by weight.of solid), 75 grams of PGMEA solvent and the following amounts of



temperature to form photoresist solutions (all percentages are by weight of
met hyl et her aceilat (PGVEA) and et hyl - 3- et hoxypropi onate (EEP). O her
opti onal |ngre such as colorants, dyes, anti-striation agents,
| evel i ng agents, plasticizers, adhesion pronoters, speed enhancers,
sol vents and such surfactants as non-ionic surfactants nmay be added to the
sol uti on of novol &p.dsi n, sensiBxpz@r and sE)dpz@wt before t he phot oresi st
conposition is cogted, gnto a suggtrgtle skilled art w Il know t hat
dyes are often sel whi ch a tron a wave th correspondi ng
to the wavel enghyh f ghi @U%PSsed HPE%IT B dn!(bo%4)oar aBym (Bh9gess steps,
and particul arl corres ondi ng to the wavel ength of the exposing radiation.
Exanpl es of dyeg)adﬂl(ﬂf'/w)es t hat 28y(898)used ﬂdgéfa)her vmtS (Qﬂ%)photorem st

42559 Gryst b BORET ' 22e80M i e ALY, (BB f5000)
Victoria Blue D) 10:125 (40.5%) 0 (0%) 10.125(40.5%) 475 (19%)
E) 10.25 (41%) 0 (0%) 10.25 (41%) 4.5 (18%)
Lithographic Performance of the Resist
Sample E(nominal) Resolution(p) DOF(0.5y) | Scum

A 240 mJ/iem?® | 0.35 1.4 ym no

B 160 0.35 1.4 ym yes

C 190 0.35 1.4 pym no

D 160 035 1.4 pm no

E 170 0.40 1.4 ym no

Solution Vi ity - Relative Molecular Weight (RMW): -

The viscosity solution was prepared by dissolving 7 grams of novolak resin
in a 100 ml. volumetric flask, using cyclohexanone solvent. The solution was
filtered using a 5 micron pressure syringe filter. The viscosity was measured
using a Cannon-fenske #200 viscometer at 25°C The relative molecular
weight (RMW) was determined using the followmg equation:



11920), Curcumn (C A S. Reg. No. 458.37-7), rih 1 (C.A'S, Reg. No.
91.44-1), Coumarin 7 (C. A S. Reg. No. 2Z27425-55-4), umarin 314 (C A S
Reg. No. 55804-66-5), Disperse Yellow 9 (C.I. 10375), Alizarin Yellow GG
(C. 1. 14025), Alizarin Yellow R (C.I. 14030), Basic Yellow 1 (C . 49005).

and 3, 3' -carbonyl Q/iharé g %le(fog{%tghﬁm\}&ﬁ)gw%ﬁ iiﬁl)g/rg\p A.S. Reg. No. 63226-13-1)

at one to ten per-"Cenh eve ased“on the conbi ned wei ght of
novol ak and sensi tri zeviscobity oY/ resitlihi tyclebexariqmepr ovi de i NGl QASEHasBREH pibiedn

by inhibiting back scatter| ng)éof Ilgght off the substrate. ‘i
agents may be used'%hE VIgFASHY & SYFIORBKANRNer cent wei ght | ey “‘M‘ﬁ he
conmbi ned wei ght of filmformng resin and sensitizer. Plas
may be used include, for exanple, phosphoric acid tri-beta-chloroe-
t hyl ) -ester st Qigsotution BatelMeasurementacet al resins; phenoxy resins; and
al kyl resins, EtrabPut one to ten percent weight
" Dissolve 26% resin solids in PGMEA. Filter through a 0.2 ym disposatfe
Acrodisc filter.
Beference Standards:
S-Resin Stock #D9922A produced by Hoechst Celanese Corporation
(supplied in PGMEA solvent).

issol lent Pr

'
n
B (C.l. No. 44045), Neutral Red (Mrel= 1./05994(33‘5r‘rlsﬂjan orange (C. I,
u

1. Each sample was coated on a 4 inch silicon wafer, at the appropriate
speed, on an SVG coat-development track system, then baked on a hot
plate for 60 seconds at 90°C, to obtain a 1.29 pm fiim.

2. The film thickness was determined on an Autonanospec (NANOMETRICS,
model 215), an automated film thickness measurement system, measuring
10 points across the entire wafer. .

3. The Dissolution Rate was determined by measuring the film thickness
change with time using a laser end-point detection systemconsiéts of a
He-Ne laser (634 nm, 3 mW, ORIEL CORP., Model 79202) and a
photodiode. The development was performed at 23°C using AZ300 MIF
TMAH developer and the dissolution rate was calculated by the equation
at = A/2n '

_ where A is the wavelength of the laser, n is the index of reflection of the
film material at that wavelength and at is the change in thickness that



film during the dissolution process.

| evel s, based wmm mformng resin and sensitizer.
The pl asticize ng properties of the nmateri al
and enabl e the apfhecablezalarfweight bihehpdlymzrs,nwhtheamakight avirags Molecular
t hi ckness to the substrate. Adhesi onggrormt ers which may be used incl ude,

for exanple, beightaviw, %WW&V&@ meleewliar weighitMaxyere girasuged by gel
thyl -disii -

Garmac ant no- pr 8GRI RSB, (APLY derieFRed i A8 R0 A¥hs ofthe) oye

based on the cmtymmdnnvwetrghydmﬁurbnl (THFYr nThney actemsl appadatssnmnlw@d consisted

Devel t th b d | ude, f I
aci a, i coti ni &1 SONAGIS (WIIPB Rk EroguPa ipblecA HBGIATCcpastP BENaEHLM BUE
| evel , based 0%hH}ﬁadef%WE!oMﬁir%h&ntﬁfhefa'témahere{fbﬂ&rﬁﬁﬁl efActonfilgl L | €.

These enhancers tend to ircrease the solubility of e photoresi st coating
in both the exp‘oseactaddomsmnaw &R30A datd retiuetiarhsystamewitb edtcompanying

applications d of d eWt s the L di sideration even
t hough sone deépggag? ?Y:%ﬁfoina T J 5@2%88“ Q?'cg)ﬁ E%QJ' %39? Lﬁ!.e
refractometer used was a Waters model 410 and four chromatography
columns, 500 Angstrom, 1000 Angstrom, 10,000 Angstrom and 100,000
Angstrom (available from Waters) were connected in series. The system was

calibrated using multiple available polystyrene standards ranging in-molecular
weight as follows:

GPC CALIBRATION
Calibration Standard (Polystyrene) Mol Wt,
470,000
170,000

68,000
34,500
9,200
3,200
1,250

\lmq\-p.mm—-

The standards are essentially monodisperse, consisting substantially of a
single molecular weight. With the system thus calibrated the weight average
molecular weight (Mw), the number average molecular weight (Mn), and



with the Examples.

while the expagsd ’?fa‘?%;idﬁfTéthSm;St coating will be dissolved nore
qui ckly by th& geveroper, the nces wll also cause a larger | oss
of photoresist cGidssanhsition tévaperaturess@y) averadeterminéd biheifferdntiaht s may be

present in the overall conpositjon in an anount of up to 95% by wei ght of
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temperature by this method is generally defined as the point of intersection of

tangent lines about the point of first inflection of the heating curve of the
polymer.



The prepared photoresist conposition solutign, can he applied to a
substrate by ary AobRkifc Pesitiye HbP%Bs'ﬁggﬂmpﬁs'f‘ﬁea'bﬁthE& 8t art, including

di ppi ng, sprayi ng, wgyn'ow&r@mé@rﬂ%& tliR%n YMB0neRIMcPREd Pﬁiforfn‘?l

i
exanple, the resis utron can be adjusted wth respect to e pe?cent age
of solids content, iphatodensitive pneophdtoresisbearpgsitiént he desired t hi ckness,

' the t f ' ' . ' t utilized t t of ti o
21V owed Tor T he. sSImAWRISHITOUAS. Suwdcus akelisELpis i RN o sovplakTasin in
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nitride, tantalum copper, poly icon, ceram cs, al'um nunicopper m xtures;
gal I i um ar seni de andcompesitisocihecnovglak resiv cosmrising adsixturecofatdeastewost

appl i cation to-ther nEPY9RraaReorindBR Rarty Bo e ceftsLtonBbubeh Grcn
as are utilized in t{fidi @féUsiolellf waight ditisRRRsIthadbrapdRInt (Fesing;
normalized to the same area, show an overlap of at least fifty percent
(50%) and for which the dissolution rates of the component resins ditfer
by a factor of at least 2.0; and
c) a suitable soivent.

2. The photoresist composition of claim 1 wherein the novolak resins show
an overiap in molecular weight distribution of 60 to 100 percent.

3. The photoresist composition of claim 1 wherein the novolak resins show
an overlap in molecular weight distribution of 70 to 95 percent.

4. The photoresist composition of claim 1 wherein-the novolak resins have
dissolution rates which differ by a factor of 2.0 to about 6.0.

5. The photoresist compositioh of claim 1 wherein the amount of novolak
resin in the photoresist composition ranges from about 70 percent to about 90
percent, based on the weight of solids.

6. The photoresist composition of claim 1 wherein the photosensitive

component comprises an ester of a multihydroxy phenolic compound.



component comprises a sulfonic acid derivative of a tris-hydroxyphenylethane.

turized integrated circuit conmponents. An al um nunf al um num oxi de wafer can
al so be used. The substrate nmay al so conprise various pol yneric resins,

especial ly t r3nsﬂ'zh1|eemotprdsystmmnmmtﬁbraef plaineisivierein the nevBrkl rEmsEg have
an adhesi on pr

onpt of suitable c osition, such as one
cont ai ni ng he;&”&tﬁ%raa%&qq B toﬁ'?ﬂl W@s@%@ °68|ﬁ5d§0f3 gnltesubstitaled s
t hen coated o? @nble substrate, and the substrate is treated at a
tenperature fromabout 70[err]C to about 120[err]C for from about 30
seconds to about 180 seconds on a hot plate or for fromabout 15 to about

90 m nutes in_ a ction.qven (Soft Bake). This tenperature treatnment is
sel ected in orgdeﬁ%ﬁop UQRSIS tq‘?éné‘?ﬁ‘u Slla?rBri' whereiate seivest isselected t he

phot oresi st, wein %@gtro@pwéwguweﬁt BfB Q’Pés gswﬁlnoﬂs%gﬂ%hé?ﬁ g%w&?e

phot o- senS|t|zer In general, one desi mnimze e con ation of
sol vents and ghicsl metbyl etbapacauam eethyleﬁ-etfmnypreplcmtéuetm lactatel, mixtures of

substanti al | y al.v s, hav, va rate and a thipn coating of

phot or esi st ¢ gﬂ% 3% hg%ypr?prplqr}?gé And etﬁylelacpa? ures of ethy Q
ethoxypropionate and ethyl lactate, butyl acetate, xylene, diglyme and ethylene.
glycol monoethyl ether acetate.

10. The photoresist compbsitidn of claim 1 wherein the solvent comprises
either propylene glycol methy! ether acetate or ethyl-3-ethoxypropionate.

11. A process for formulating a photoresist composition solution by providing
‘an admixture of: | | '
1) a photosensitive component in an amount sufficient to uniformly
photosensitize the photoresist composition; |
2) a water insoluble, aqueous alkali soluble film forming novolak fesin in
an amount sufficient to form a substantially uniform photoresist
" composition, the novolak resin comprising a mixture of at least two
novolak resins, with the same or different chemical composition, for
which the molecular weight distribution of the component resins,
normalized to the same area, show an overlap of at least fifty percent
(50%) and for which the dissolution rates of the component resins differ
by a factor of at least 2.0; and

3) a suitable solvent.
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molecular weight distribution of 60 to 100 percent.
order of one mcron in thickness, remains on the substrate. In a preferred
enbodi nent the treatnent tenperature is fromabout 90[err]C to about

120(err] G Thed rag b%f%ﬁ#??%é#@ﬂﬂphtﬂ?vorﬁ?es‘?ﬁsW@%‘?o%néﬁwem

removal becones Ively 1 nsignificant. e tenperature

sel ecti on depeandecuolarweighhdistritesiostof pilolwedd |pesce)‘E!5| red by the user, as
wel | as the equi pnent used and commercially desired coating tinmes. The
coating substrate can then be exposed to actinic radiation, e.g.,

uttraviol et raflf athieProctissfkinl ¢nGiterein tfh@qm\a}mweﬁﬁsohawd?ss%gﬂ ed!™M

x-ray, electron beam 1on beamor |aser radiation, 1n any desi pattern,
produced by uswhioh diffen byadantesial 2.0dgabout6,0.stencil s, tenplates, etc. The
photoresist is then optionally subjected to a post exposure second baki ng
or heat treatnent (PEB) either before or after devel opnent. The heating

terrFer aL :Jr es Mg, T prodaserafaiait 18iesreinhecafbant oflRONAIEK Iésin TRt
refera
P Y photoresist composition ranges from about 70 percent to about 90 percent,

based on the weight of solids.

16. The process of claim 11 wherein the photosensitive component comprises
an ester of a muitihydroxy phenolic compound.

17. The process of claim 16 wherein the photosensitive compone'nt comprises
a sulfonic acid derivative of a tris-hydroxyphenylethane.

18. The process of claim 11 wherein the novolak resins are each the reaction
product of formaldehyde and one or more muiti-substituted phenols.

19. The process of clai'm 11 wherein the solvent is selected from the group
coﬁsiéting of: propylene glycol mono-alkyl ether, propylene glycol methyl ether
acetate, ethyl-3-ethoxypropionate, ethyl lactate, mixtures of ethyl-3-
ethoxypropionate and ethyl lactate, mixtures of ethyl-3-ethoxypropionate and
ethyl lactate, butyl aceiéte, xylene, diglyme and ethylene glycol monoethyl
ether acetate.

20. The process of claim 11 wherein the solvent comprises either propylene

glycol me@_hyl ether acetate or ethyl-3-ethoxypropionate. et Hias Been Replaced:
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image on a substrate by coating a suitable substrate with a photoresist

f rom about 90[@5&%{%@6’? ggﬁéug&o[err] C. The heating may be conducted for

from about 30 Sec 2 mnutes, nore preferably from about 60

seconds to about &0 fereanatiyg arprvtdekise c%hﬂ)déﬁncﬁpgé!hu@rqc aq}ggﬁgn@toana ou

mnutes in a convection oven. The exposed photoresist- : Ubstrates are
devel oped to rermveaﬂméxmﬁ%lgé'-wi se exposed areas by immersion in an

al kal i ne devel opi ng 480 ' Ldev Ing&j_%ﬂ spray devel gpment process. The
solution is prefer atﬁyé ?blbfgaélegémggﬁ : l?én aﬁf‘ﬁpp%@@ﬂgsmgﬁ agi tati on.
The substrates are al Immdséfmimmenpmmotégstd@mbw%n’unt| | all, or
substantially all, of the photoresist coating has dissolved fromthe

exposed areas. Deve!za)p%?’\@t V_%PW@I%@&%@U@@!@'E&'QM%WB’I tefrmémgrooiolak aesin
Pydr oxi de. After 1 emova oRMIRar s M5 o SiaEal Aok piFtemaRt on
one may conduct an optéampositiontthdencaiotakasin bemiprisinga MiRfure 'of Akgast two
novolak resins, with the same or different chemical composition, far
which the molecular weight distribution of the component resins,
normalized to the same area, show an overlap of at least fifty
percent (50%) and for which the dissolution rates of the component
resins differ by a factor of at least 2.0, and
3) a suitable solvent;
b) coating a suitable substrate with the photoresist composition;
c) heat treating the coated substrate until substantially all of the solvent is
removed, image-wise exposing the photosensitive composition and
removing the image-wise .exposed areas of such composition with a
suitable developer, such as an aqueous alkaline developer.

22. The method of claim 21 further comprising heating said coated substrate
from a temperature of from about 90°C to about 150°C for from about 30
seconds to about 180 seconds on a hot piate or from about 15 minutes to
about 40 minutes in an oven after the exposure step but before the removing
step.

23. The method of claim 21 further comprising heating said coated substrate
at a temperature of from about 90°C to about 150°C for about 30 seconds to
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minutes in an oven after the removing step.

to increase the coating' s adhesion and chem cal resistance to etching
sol utions and other substances. .The post-de- vel opment heat treatnment can

conprise the mnTﬁmmwbo@fofTc@mc@ﬁwmelﬂ%@%@éétrr%ect%?ﬁbr?ér’]ést ﬁﬁe %‘P?ﬁ gy’ S

softening point. In Industrial application articul ar e manu acture
of microcircuiSHYPHRALS sglecied frophihg QI’WCQNSDSGI%M ?b@omummﬂtum.t palymiehie

et chi ng. soi ut renTeriea shio ey Hicah it S, Ay sadBl, averon

are resistant amd polrydrllbanse et ching solutions and provide effective pro-
tection for the unexposed photoresist-coating areas of the substrate. The
foll ow ng specific exanples will provide detailed illustrations of the

SRR T e S U I T N

These exanples are n I nten owever I
the i nvention maolesoiarwesighhdistributibd of@0 toe100per¢emd as provi ding
condi tions, paraneters or values which nust be utilized
26. The process of claim 21 wherein the novolak resins who an overlap in
molecular weight distribution of 70 to 95 percent.

27. The process of claim 21 wherein the novolak resins have dissolution rates
which differ by a factor of 2.0 to about 6.0.

28. The process of claim 21 wherein the amount of novolak resin in the
photoresist composition ranges from about 70 percent to about 90 percent,

based on the weight of solids.

29. The process of claim 21 wherein the photosensitive component comprises
an ester of a multihydroxy phenolic compound.

30. The process of claim 29 wherein the photosensitive component comprises
a sulfonic acid derivative of a tris-hydroxyphenyiethane.

31. The process of claim 21 wherein the novolak resins are each the reaction
product of formaldehyde and one or more muiti-substituted phenols.

i
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_ _consisting of: propylene glycol mono-alkyl ether, propylene glycol methyl ether
exclusively in order to practice the present 1nvention. Exag)1e 1 Sy¥1t hesi s

of Novol ak~ Reshoetate,reihyr3eiuypsenionats, £ihvbiratates migtugesat e8W-3tnto a two

liter four necked flask ' | t | o

condenser ?nd:?mxasﬁqsw‘?ﬁé'ﬁﬁ&egw&l lesdlg AFRIBEEEPemyba difoffbraiBhite and
met a- cr esot | , | Geataro) S, di d.eth \

gl ycol nethyl e%rﬁ]zr&?%%s@sg?f sol E/egﬁtﬁ,g%r& 0. g%rh%ragnsetogg??::gwgil glq(nggmlene

0. 25% by wei ghethgr aegtate. phenol s). The flask was heated slowly fromroom

tenperature using a heating nmantle controlled by a therno-watch. The
contents of the

33. The method of claim 21 wherein the solvent comprises propylene glycol
monomethyl ether acetate or ethyl-3-ethoxy propionate.

34. A semiconductor device produced by providing photo-image on a
‘substrate by coating a suitable substrate with a photoresist composition.
solution by:

a) formuiating a photoresist composition' solution by providing an
admiixture of:

1) a photosensitive component in an amount sufficient to
photosensitizé the bhotoresist composition, -

2) a water insoluble, aqueous alkali soluble film forming novolak resin
in an amount sufficient to form a substantialiy uniform photoresist
composition, the novolak resin comprising a mixture of at least two
novolak resins, with the same or different chemical composition, for

~ which the molecular weight distribution of the component resins,
This Sheet Has Been Replaced

normalized to the same area, show an overlap of at least fifty

percent and for which the dissolution rates of the component resins
differ by a factor of at least 2.0, and
3) a suitable solvent;
b) coating a suitable substrate with the photoresist composition;
c) heat treating the coated substrate until substantially all of the solvent is
removed; image-wise exposing the photosensitive composition and removing
the image-wise exposed areas of such composition with a suitable developer.



from the group consisting of silicon, aluminum, polymenc resins, silicon
-6 flask re nt | tirred,. e reaction co ts were heated to 95[err]C
v whon 1+ Pl upbed kB ighds: bADEE Seeblbe Brpan 1Bl goEABUNdS. S )
f | dehyd
or mal dehy %‘tﬁabuﬁn%?gfﬁzg?g@ﬁ fddws.mso%p%%@egm@ afiiRhuA/ R e?‘?m @rggs

m nutes. The creso rati o was CONaehSal I
than carried out at 95[err]C for six hours. After condensation at 95[err]C,

the distillatl s carri.e at.nospheri c pressure to renove water.
The tenper agg gnr\ﬁa ement 84 & ym 4?"%‘%@[@?&”@52{?}& has eagaqhesion peypeted| vent
wer e renovedyHgdgr 4665 PA vaccum (35 nmm Hg) at a tenperature from 200 to

220[err] C. The vaccum was rel eased at 220[err]C and the nolten resin was
poured into an al um num pan.--The resin obtai ned had a viscosity of 10.7

(7,0% S0l Ut 7 QulcBRGHBRP Bebice o AR 34Tkl (B ASIERSH FAUS ohdd an

overlap in molecular weight distribution of 60 to 100 percent.

38. The semiconductor device of claim 34 wherein the novolak resins who an
overlap in molecular weight distribution of 70 to 95 percent.

39. The semiconductor device of claim 34 wherein the novolak resins have
dissolution rates which ditfer by a factor of 2.0 to about 6.0.

40. The semiconductor device of claim 34 wherein the amount of novolak
resin in the photoresist composition ranges from about 70 percent to about 90
percent, based on the weight of solids.

41, The semiconductor device of claim 34 wherein the photosensitive
component comprises an ester of a multihydroxy phenolic compound.

42. The semiconductor device of claim 41 wherein t'he photosensitive
component comprises a sulfonic acid derivative of a tris-hydroxyphenylethane.

43. The semiconductor device of claim 41 wherein the novolak resins are
each the reaction product of formalde-hyde and one or more multi-substituted
phenols.
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_ _ Positive-Working Photoresi mposition _
Dissolution Rate = 1.8 to 2.7 mcroneters (mcrons)/ mnute using 2.38%
Tetra Met hyl Anmoni um Hydr oxi de (TMAH) AZ[err] 300 M F devel oper arelative

ol ecular veL ol My (IR o E RBP4 o

di stri buti onphtosthsitive cehiones ) miktufxafat Rabt tWd aodbRIRYeSHRVWEItHh e Peak
intensity pl ated as a function of the tine in mnutes. Exanple 2 Synthesis

of Navol ak Rewleculasi wgight gistditiomeaveriap ol atigast $a% anadhamag dysolutiem a 500

co’ndra(rjlgrar ngﬁ%ﬁgsy roppl ﬁ%?:‘b&p%q?%’; Bfeata%%gj@%‘gga S}S"Q%r@ M?%ﬁ’es) s
met a- cr esol , mé3hdd tiraped(Bindhlh aphemredish- Xk gresentiAvdRiclr aB. thWviass

sol -
semiconductor devices produced using such a photoresist composition and a

method for producing such semiconductor devices.

FIGURE 1

Sheet Has Been Replaced

R



vent and 1.588 grans nal ei c anhydride (2.0% by wei ght of total

phenol s).

The flask was heated slowy fromroomtenperature using a heating mantle
controlled by a thernmp-watch. The contents of the flask were gently

stirred.

tenperature was stabilized at 95[err]C, 87.9 grans (37.

sol ution was added by droppi ng funnel over a period of
condensati on was then carried out at 95[err]C for four
condensation at 95[err]C, the distillation was carried
pressure to renove water. The tenperature was increase
excess cresol and solvent were renoved under 4665 PA v
tenperature from 200 to 220[err] C. The vaccum was rel e

the reaction contents were heated to 95[err]C. Wen the

28% formal - dehyde
one hour. The

hours. After

ut at atnospheric
to 200[err] C and
ccum (35 mm Hg) at a
ed. at 220[err]C and

the nmolten resin was poured into an alum num pan. The flesin obtai ned had a
viscosity of 8.4 (7.0%solution in Cycl ohexanone), a transition
Tenperature (Tg = 92[err]C), a Dissolution Rate = 6.0 'ééoneters
(m cronsym nute using AZ[err] 300 M F devel oper, ags !
| Q
¢
'3'_ N_4t
o' Ld
L] ﬁ. [
* | Bl m
G < 5
. -
t
- Q
WW‘
0 O
8 2 8 8 °
PEAK INTENSITY
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RMW of about 10 and a GPC Mol ecul ar Weight Distribution as shown in FIG 2.
FIG 2 is a graph showi ng the GPC nol ecul ar wei ght distribution for the
novol ak resin of Exanple 2. The graph shows the Peak Intensity plotted as a
function of the time in mnutes. Exanple 3 Synthesis of Novol ak Resin using
m cresol and 345-xylenol (6,23:3 Ratio): Into a two liter four necked flask
equi pped with a thernoneter, stirring shaft, condenser and a dropping
funnel were added 162.12 grans (1.5 noles) neta-cresol. 88.08 grans (0.722 .
nol es) 3,5-Xylenol, 170 grans DPGQVE sol vent and 0.625 granms oxalic acid
(0.25% by wei ght of total phenols). The flask was heated oWy fromroom
tenperature using a heating mantle controlled by a therno-jpatch The
contents of the flask were gently stirred. The reaction cdptents

N E <
[ h’ :
O - 2
0 Wl
| =
-

\AMEASE S AL SRS ILALELIL A JLALELALAE S AL AN |

"8 98Kk e °

PEAK INTENSITY
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were heated to 95 C. Wien the tenperature was stablized at 95[err]C, 121.6
grans (37.28.% formal dehyde sol ution was added by dropping funnel over a
period of 90 m nutes. The condensation was then carried out at 95[err]C for
six hours. After condensation at 95[err]C, to distillation was carried out
at atnospheric pressure to renove water. The tem perature was increased up
to 200[err] C and excess cresol and solvent were renoved under 4665 PA
vaccum (35 mm Hg) at a tenperature from 200 to 220[err] C. |{The vaccum was
rel eased at 220[err]C and the nolten resin was poured intlg an al um num pan.
The resin obtained had a viscosity of 9.0 (7.0% sol ution fjjn Cycl ohexanone),
a Gass transition Tenperature-(Tg = 90[err]C), a Dissol uffion Rate =
4.5-6.0 microneters (mcrons)/mnute using AZ300 M F deve]toper, a relative
mol ecul ar wei ght (RMA of ~about 8 and a GPC Mol ecul ar Weildht Distribution
as shown in FIG. 3. FIG 3 is a graph showi ng the GPC noljdcul ar wei ght
distribution for the novol ak resin of Exanple 3. The grapft

s |l "
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g2 A o2
5 S z
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shows the Peak intensity plotted as a function of the tine in mnutes.
Based on FIG 1, 2. and 3: 1) a conbination of the novol ak resins of
Exanples 1 and 2 had an overlap of nolecul ar weight distribution of greater
t han about ninety percent (90% and 2) a conbination of the novol ak resins
of Exanples 1 and 3 had an overlap of nolecul ar weight distribution of
greater than about eighty five percent (85% . Exanple 4 Photoresist
conpositions were produced by adding to a 500 m. flask: 4.5 granms of 70%
L-sul fonyl chloride/30% F-sul fonyl chl Qg ( 40L/ 30F)

tri hydroxyphenyl et hane photosensitizercﬁait; weignt ot the solids), 75

granms of PG
E NOMINAL
|
o p—nor b
v

PE. BAKE TEMP.

r .
20 S0
% EXAMPLE 2 NOVOLAK RESIN
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-7- MEA solvent anc the follow ng amounts of the novol ak resins of Exanples
1 and 2. The mxtures were stirred et roomtenperature to form photoresi st
solutions (all percentages are by weight of solids): Exanple 1 Novol ak
Exanpl e 2 Novol ak A) 20.500 granms (gm) (82% B) 15. 375 granms (gm)
(61.5% 5.125 granms (gm) (20.5% O 10. 250 grams (gm) (41%

10.250 grams (gm) (41% D) 5.125 grans m 20.5% 15. 375 grans
(gm) (61.5% FiG.5

EXPO. LATITUTUDE

110 4— e —— !
5

o
16
|

100

PE. BAKE TEMP

3
95 ! T T T
o) 10 20 30 40 50

% EXAMPLE 2 NOVOLAK RESIN
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E) : 20.500 granms (gm) (82% The photoresi st

sol utions were each coated on to a 10,2 centineter (4') silicon wafer at

t he appropriate speed on a SVG coat -devel opnent track systens, then
preexposure baked on a .hot plate for 60 seconds at 95[err]C, to obtain a
0.975 [err]mfilm The filmthickness is determ ned on a Autonanospec
(NANOVETRI CS, nodel 215), an automated filmthickness neasurenent system
measuring 10 point across the entire wafer. The wafers were then exposed to
a NNKON i-line stepper (0.54 NA) with a resolution reticle. An 11 X
21 focus/exposure matrix is used to prin 589 ern on the resist film The
exposed waf er were post exposure baked (PEB) at 110C for 60 seconds on a

hot plate. The resists were subseque arR P’ dl e devel oped for 45
seconds at 23.5C, using TMAH AZ[ err]%%bl\/l F ?é'\g'lf)l'per (avail able from

Hoechst Cel a ﬂ rparat| and Soneprvillb  New ler dey) The dével oped rdsi st
pattern vverer‘g;gm' *a H Tachi—| 50— /
.50 1.50 140 130 120
= 105 -
-
W /
X
<
@m
w
a
100
95 —

% EXAMPLE 2 NOVOLAK RESIN
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S-4000 field em ssion scanning el ectron mcroscope. The |ithographic
results of the sanples are presented in the table bel ow where: Enom nal =
m ni nrum dose (mllijoules/cm[err]) required to replicate 1:1 the various
feature sizes on the reticle Resolution = smal | est feature size
[mcrometers] (mcrons) opened with an ctﬁgn |l e pattern profile (pattern
edge acuity > 80) Depth of focus = the extehd of defocus [m croneters]
(mcrons) of the optical exposure systemwhere the resist is able to

mai ntain an acceptable pattern profile and within 10% of the critical

di mrension (CD) at the Enominal ScumgE CLEAR resist residue left at the
exposed areas after devel opment. o

1SO
| 145 \ P
1O - \ 140 "
| 135 :
, ' 130
a
& 120 125
Ef \ IS
W 100 — ' o : B
X 108
<
E .
8 100
D o0 - _
s
80 : T 1 ' 1 '
80 90 100 110 120

PE. BAKE TEMP.
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Li t hographi ¢ Performance of the Resist Sanple E(nom nal) Resol uti on

[err]([err]) DOF O.5[err]m([err]) Scum A 240 mi/cnferr] 0. 35
1l.4[err]m no B 200 0. 40 1.4 [err]m
no C 210 : 0. 35 1.4[err]m no D

200 0. 35 1.4 [err]m slightly E - 160

0. 35 1.4 [err]m yes Sanple A doesn't possess the process

wi hdow needed to achi eve the opti rral tFet@l 8I ow t enperature, exposure
| atitude, depth of focus or Enom nal

THERMAL FLOW TEMR

120 1 | | ( P
110 I8 120
& e
w 2 4 |
= o
: 108 '
%‘ 100 — -
E 106
§' | 104 .
90 \ 102 _
100
N
1 98
80 l T T
. 80 90 100 1o 120

PE. BAKE TEMP
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Exanpl e 5 Phot oresi st conpositions were produced by adding to a 500 ni .
flask: 50 grams of 70L/30F tri hydroxyphenyl et hane photosensitizer (20% by
wei ght of the solids), 75 grams of PQGVEA sol vent and the foll owi ng anounts
of the novol ak resins of Exanples 1 and 2. The m xtures were stirred at

roomtenperature to form photoresist solutions (all percent- ages are by
wei ght of solids). - 8-

EXPO. LATITUDE

110 4= 1 L I L
——
—
—
\
. \r
\‘
o %
Wl
-
T1]
x
<
@
g 100 ~

% EXAMPLE 2 NOVOLAK RESIN

This Sheet Has Been Replaced

AT




A) 20.00 grans (gm) (80%) 0.00 grans (gm) (0Oa) 5)

18.00 grans (gn.) (72% 2.00 gram (gm) (8% O 16. 00
grans (gm) (84% 4.00 grans (gm) (169 O0) 14. 00 grans
(gm) (58% 8.00 grans (gm) (249 E) 12.00 grans (gm)
(48% 6.00 grams (gm) (32% F) 10.00 grans (gm) (40%
10.00 grans (gm) (40% The photoresist sanples of Exanple 5 were processed
usi ng the sanme conditions described in Exanple 4, except the resist

t hi ckness used was 1.185 [err]mand the stthqﬁure bake tenperatures

used were 95[err]C to 110[err]C. Eclear m ni num
dose (mllijoules/cm([err]) required to.dissolve all the resist at the
exposed 0.5um
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and remove eifher the radiation-exposed or the unexposed areas of the coated surface of the substrate.

Novolak resins are frequently used as a polymeric binder in fiquid photoresist formulations. These resins are typ-
ically produced by conducting a condensation reaction between formalidehyde and one or more multisubstituted phe-
nols, in the presence of an acid catalyst, such as oxalic acid. There are two types of photoresist compositions, negative-
working and positive-working. When negative-working photoresist compositions are exposed image-wise to radiation,
the areas of the resist composition exposed to the radiation become iess soluble to a developer solution (e.g, a cross-
linking reaction occurs) while the unexposed areas of the photoresist coating remain relatively soluble to such a solution.
Thus, treatment of an exposed negative-working resist with a developer causes removal of the rion-exposed areas of
the photoresist coating and the creation of a negative image in the coating. Thereby uncovering a desired portion of
the underlying substrate surface on which the photoresist composition was deposited.

On the other hand, when positive-working photoresist compositions are exposed image-wise to radiation, those
areas of the photoresist composition exposed to the radiation become more soluble to the developer solution (e.g. a
rearrangement reaction occurs) while those areas not exposed remain relatively insolubie to the developer solution.
Thus, treatment of an exposed positive-working photoresist with the developer causes removal of the exposed areas
of the coating and the creation of a positive image in the photoresist coating. Again, a desired portion of the underlying
substrate surface is uncovered. - :

Atter 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
stili remains are protected and, thus, an etched pattern is created in the substrate material which corresponds to the
photomask used for the image-wise exposure to the radiation. Later, the remaining areas of the pohotoresist coating
may be removed during a stripping operation, leaving a clean etched substrate surface. In some instances, itis desirable
to heat treat the remaining photoresist layer, after the development step and before the etching step, to increase its
adhesion to the underlying substrate and its resistance 10 etching solutions.

Positive working photoresist compositions are currently favored over negative working resists because the former
generally have better resolution capabilities and pattem transfer characteristics. Photoresist resolution is defined as
the smallest feature which the resist composition can transfer from the photomask to the substrate with a high degree
of image edge acuity after exposure and development. In many manufacturing applications today, resist resolution on
the order of less than one micron are necessary. In addition, it is almost always desirable that the developed photoresist
wall profiles be near vertical relative to the substrate. Such demarcations between developed and undeveloped areas
of the resist coating translate into accurate pattern transfer of the mask image onto the substrate.

US-A-4 988 601 discloses a mixture of a 2,5-xylenol/cresol novolak with a 3,5-xylenol/cresol novolak wherein the
solubility characteristics with respect to an alkaline developing agent are largely different from each other.

SUMMARY OF THE INVENTION

The prior art discloses photoresist compositions which contain mixtures of two novolak resins with the same com-
position, but with different molecular weights. Because the molecular weight distribution in these resins consists of two
different sub-distributions of molecular weight, such resins have been characterized as bimodal.

The present invention relates lo the surprising discovery that an improved photoresist composition is obtained by
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The photoresist compositions of the present invention also provide semiconductor devices having a very good
pattem profile, a low degree of scumming, no standing wave and very good depth of focus. They aiso provide a wide
process window when producing semiconductor devices.

The presant invention relates to radiation sensitive positive working photaresist compositions and particularly to
photoresist compositions containing a mixture of novolak resins having different dissolution rates. The invention further
relates 10 a process for producing semiconductor devices using such photoresist compositions.

The subject invention provides a liquid, positive photoresist comprising an admixture of:

a) a photosensitive component in an amount sufficient to uniformly photosensitize the photoresist composition;

b) a water insoluble, agueous alkaii soluble film forming novolak resin in an amount sufficient to form a substantially

uniform photoresist composition, the novolak resin comprising a mixture of at least two novolak resins, with the

same or different chemical compostion, for which the molecular weight distribution of the component resins, nor-
" malizéd to the same area, show an overlap of at least fifty percent (50%}) and for which the dissolution rates of the

component resins differ by a factor of at least 2.0; and

¢) a suitable soivent,

The present invention prcwrdes a process for formulating a photoresist composition solution by providing an ad-
mixture of: .

1)a photosensitive component in an amount sufficient to uniformly photosansitize the photoresist composition;
2) a water insoluble, aqueous alkali soluble film forming novolak resin In an amount sufficient to form a substantially
uniform photoresist compossition, the novolak resin comprising a mixture of at least two novolak resins, with the
same or different chemical composition, for which the molecular weight distribution of the component resins, nor-
malized to the same area, show an overlap of at least fifty percent (50%) and for which the dissolution rates of the
component resins differ by a factor of at least 2.0; and

3) a suitable solvent.

The invention further provides a methaod for producing a semiconductor device by producing a photo-image on a
substrate by coating a suitable substrate with a photoresist composition solution by:

a) formulating a photoresist composition solution by providing an admixture of:

1) a photosensitive component in an amount sufficient to photosensitize the photoresist composition,

2) a water insoluble, aqueous alkali soluble film forming novolak resin in an amount sufficient to form a sub-
stantially unitorm photoresist composition, the novolak resin comprising a mixture of at least two novolak resins,
with the same ar different chemical compasition, for which the molecular weight distribution of the component
resing, normalized to the same area, show an overiap of at least fifty percent (§0%) and for which the dissolution
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3) a suitable solvent;

b) coating a suitable substrate with the photoresist composition;

c) heat treating the coated substrate until substantivity all of the solvent is removed, image-wise exposing the
photosensitive composition and removing the image-wise exposed areas of such composition with a suitable de-
veloper, such as an aqueous alkaline developer. Optionally one may perform-a baking of the substrate either
immediately before or after the removing step. .

Detailed Description of the Preferred Embodiments

Novolak resins have been commonly used in the art of photoresist manufacture as exempilified by “Chemistry and
Application of Phenolic Resins®, Knop A, and Scheib, W.; Springer Verlag, New York, 1979 in Chapter 4. Similarly, o-
quinone diazides are well known to the skilled artisan as demonstrated by "Light Sensitive Systems®, Kosar, J.; John
Wiley & Sons, New York, 1985 Chapter 7.4. These resins are typically produced by conducting a condensation reaction
between formaldehyde and one or more mukltisubstituted phenols, in the presence of an acid catalyst, such as oxalic
acid. .

Suitable muiti-substituted phenols are well known in the prior art and include meta-cresol, para-cresol and 3,5-xy-
fenol. -

The sensitizer which comprises a component of the photoresist composition of the present invention may be an
ester of a multihydroxy phenclic or alcoholic compound, such as a tris-hydroxyphenylethane (THPE) or a hydroxyben-
zophenane, and a sulfonic acid or sulfonic acid derivative such as a suffonyl chloride, such as described in U.S. Patents
3,106,485 and 4,719,167, which are incorporated herein by reference. The sensitizer preferably has its hydroxy groups
partically esterified by reacting from about 30 to about 100 percent of the hydroxy groups with one or more organic
acid group containing compounds. The organic acid group containing compounds are preferably organic acid chiorides
such as sulfonyl chlorides including 4-chloro benzene sulfonyi chloride, 4-methane sulfonyl chioride, para-toluene sul-
fonyl chloride, triflucromethane sulfonyl chioride, 1,2-naphthoquinone diazide~4-sulfonyl chloride (F-sulfonyl chioride),
1,2-naphthaquinone diazide-5-sutfonyl chioride (L-sulfonyl chioride); acety! chloride or benzoyt chioride.

The photosensitizer preferably contains between 25 and 100%, more preferably between 50 and 100%, most
preferably between 70 and 100%, of an esterification product of a quinone diazide, preferentially a 2,1-diazonaphtho-
quinone derivative, most preferentially a 2,1-diazonaphtoquinone-5-sulfonate, a 2,1-diazonaphthoquinone-4-sul-
fonate, a 2,1-diazonaphthoquinone-6-sulfonate, or a 7-methoxy-substituted 2,1-diazonaphthoquinone-4-suffonate, or
any mixture thereof, with a degree of esterification ranging from 30 to 100%, preferably from 80 to 100%, most preferably
from 85 to 100%.

in a more preferred embodiment, the photosensitizer is a polyhydroxysubstituted aromatic compound of formula
I, or a mixture of compounds of formula |. '
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R = hydrogen, alkyl (e.g. C, to Cg alkyl), hydroxyaryl (e.g. phenyl, naphthyl), preferably monohydroxyaryl, most pref-

erably 4-hydroxyphenyl), alkylaryt (e.g. C, to Cg alkylphenyi or alkyinaphthyl), preferably hydroxysubstituted and bound

to the aromatic ring by a methylene, a 1-ethylidene or 2-isopropylidene bridge, most preferably 4-hydroxyphenyl-2-iso-

propylidens, -1-ethylidene or methylene; and where R' is hydrogen, alky! (e.g. C; to Cg alkyl), or cycloalkyl (e.g. C4 to

Cs cycle, C1 tO-Cs alkyl).

The photoresist composition is formed by blending the ingredients in a suitable solvent. In the preferred embodi-
ment, the amount of novolak resin in the photoresist preferably ranges from 70% to about 90% and more preferably
from about 75% to about 85% based on the weight of the solid; i.e., non-solvent photoresist components. In the preterred
embodiment, the photosensitizer is prasent in the photoresist in an amount of from about 10% to about 30% preterably
from about 15% to about 25%, based on the weight of the solids photoresist components.

Suitable solvents for such photoresists may include propylene glycol mono-alkyl ether, propylene giycol alkyt (e.
g. methyi) ether acetate, ethyl-3-ethoxypropionate, ethyl lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate,
butyl acetate, xylene, diglyme, ethylene giycol monoethyl ether acetate. The preferred solvents are propylene glycol
methyl ether acetate (PGMEA) and ethyl-3-ethoxypropionate (EEP).

Other optional ingredients such as colorants, dyes, anti-striation agents, leveling agents, plasticizers, adhesion
promoters, speed enhancers, solvents and such surfactants as non-ionic surfactants may be added to the solution of
novolak resin, sensitizer and solvent before the photoresist composition is coated onto a substrate.

" The skilled artisan will know that dyes are often selected-which absorb strongly at a wavelength corrasponding to
the wavelength of light used in one or more lithographic process steps, and part;cularly corresponding to the wavelength
of the exposing radiation.

Examples of dye additives that may be used together with the photoreslst compositions of the present invention
include Methy! Violet 28 (C.I. No. 42535), Crystal Violet (C.I. 42555), Malachite Green (C.l. No. 42000). Victoria Blue
B (C.l. No. 44045), Neutral Red (C.l. No. 50040), Sudan Orange (C.I, 11920), Curcumin (C.A.S. Reg. No. 458.37-7),
Coumarin 't (C.A.S, Reg. No. 91.44-1), Coumarin 7 (C.A.S. Reg. No. 27425-55-4), Coumarin 314 (C.A.S. Reg. No.
55804-66-5), Disperse Yellow 9 (C.I. 10375), Alizarin Yellow GG (C.l. 14025), Alizarin Yellow R (C.I. 14030), Basic
Yellow 1 (C.l. 49005), and 3,3"-carbonylbis (7-diethylaminocoumarin) (C.A.S. Reg. No. 63226-13-1) at one to ten per-
cent weight levels, based on the combined weight of novolak and sensitizer. The dye additives help provide increased
resolution by inhibiting back scattering of light off the substrate.

Anti-striation agents may be used at up to about a five percent weight level, based on the combined weight of film
forming resin and sensitizer. Plasticizers which may be used include, for example, phosphoric acid tri-(beta-chloroe-
thyl)-ester; stearic acid; dicamphor; acetal resins; phenoxy resins; and alkyl resins, at about one to ten percent weight
levels, based on the combined weight of film forming resin and sensitizer. The plasticizer additives improve the coating
properties of the material and enable the application of a film that is smooth and of uniform thickness to the substrate.
Adhesion promoters which may be used include, for example, beta-(3,4-epoxy-cyclohexyl)-ethyitrimethoxysilane; p-
methyl-disiiane-methyl methacrylate; vinyltrichlorosilane; and gamma-amino-propyl triethoxysilane up to abouta 4 per-
cent weight level, based on the combined weight of film forming resin and sensitizer. Development speed enhancers
that may be used include, for example, pioric acid, nicotinic acid or nitrocinnamic acid up to about a 20 percent weight
level, based on the combined weight of film forming 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
speed of development is the overriding consideration even though some degree of contrast may be sacrificed, i.e.,
while the exposed areas of the photorasist coating will be dissolved more quickly by the developer, the speed enhances
will also cause a larger loss of photoresist coating from the unexposed areas.
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The photorasist composition solution is then coated onto the substrate, and the substrate is treated at a temperature
from about 70°C to about 120°C for from about 30 seconds to about 180 seconds on a hot plate or for from about 15
to about 90 minutes in a convection oven (Soft Bake). This temperature treatment is selected in order to reduce the
concentration of residual solvents in the photoresist, while not causing substantial thermal degradation of the photo-
sensitizer. In general, one desires to minimize the concentration of solvents and this first temperature treatment is
conducted until substantially all of the solvents have evaporated and a thin coating of photoresist composition, on the
order of one micron in thickness, remains on the substrate. In a preterred embodiment the treatment temperature is
from about 90°C to about 120°C. The treatment is conducted until the rate of change of solvent removal becomes
relatively insignificant. The temperature and time selection depends on the photoresist properties desired by the user,
as well as the equipment used and commercially desired coating times. The coating substrate can then be exposed
to actinic radiation, e.g., ultraviolet radiation, at a wavelength of from about 300 nm to about 480 nm, x-ray, electron
beam, ion beam or laser radiation, in any desired pattern, produced by use of suitable masks, negatives, stencils,
templates, etc.

The photoresist is then optionally subjected to a post exposure second baking or heat treatment (PEB) either
before or after development. The heating temperatures may range from about 80°C to about 120°C, more preferably
from about 80°C to about 120°C. The heating may be conducted for from about 30 seconds to about 2 minutes, more
preferably from about 60 seconds to about S0 seconds on a hot plate or about 30 minutes to about 45 minutes in a
convegction oven. :

The exposed photoresist-coated substrates are developad to remove the'image-wise exposed areas by immersion
in an alkaline developing solution or developed by 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 areas. Developers may include aqueous solutions of
ammonium or alkali metal hydroxides. One preferred hydroxide is tetramethyl ammonium hydroxide. After removal of
the coated waters from the devoloping solution, one may conduct an optional post-development heat treatment or bake
to increase the coating's adhesion and chemical resistance to etching solutions and other substances. The post-de-
velopment heat treatment can comprise the oven baking of the coating and substrate beiow the coating's softening
point. In Industrial application, particularly in the manufacture of microcircuitry units on silicon/silicon dioxide-type sub-
strates, the developed substrates may be treated with a buffered, hydroflucric acid base etching solution. The pho-
torasist compositions of the present invention are resistant to acid-base etching solutions and provide sffective pro-
tection for the unexposed photoresist-coating areas of the substrate.

The following specific examples will provide detailed illustrations of the methods of producing and utilizing com-
positions of the present invention. These examples are not intended, however, to limit or restrict the scope of the
invention in any way and should not be construed as providing conditions, parameters or values which must be utilized
exclusively in order to practice the present invention.

Example 1

Synthesis of Novolak Resin using m-cresol and 3,5-xylenol (6,23:3 Ratio);

Into a two liter four necked flask equipped with a thermomater, stirring shaft, condenser and a dropping funnel
were added 162.12 grams (1.5 moles) meta-cresol, 88.23 grams (0.722 moles) 3,5-Xylenol, 170 grams dipropylene
glycol methyl ether (DPGME) solvent and 0.625 grams oxalic acid (about 0.25% by weight of total phenols). The flask
was heated slowly from room temperature using a heating mantie controlled by a thermo-watch. The contents of the



obtained had a viscosity of 10.7 (7.0% solution in Cyclohexanone), a Glass transition Temperatura (Tg = 105°C),

th Dispayien A < 1.9, 27 mizrenetors{merorainia ion . 596 Tav ey & o T
torper at 3»%2% YO SPUR PP WD O AL 11 b e NG R TRTetent
the Ex ! | ) y
from 9§?ersﬁ&ﬁg?h§§fi i h ARl bl SR & 1 Bl e SPRIC! Wildhon, |

FIG 5 for Exanple 5. Incorporation of sone of the Exanple 2 novol ak

i nproved Ekemoepo. |atitude. Resists in this exanple contained |ower
sensitizer concentratlon as corrpared to those re5| sts in Exanple 5. FIG 10
I S a cont &YEnegs githay , 3ien A iphotoreS|st pattern

usi ng the photo S|Zts of Exa I m | ar to the

re U
rovorak. TRy b ﬁ"”’é‘s 1;@699 ’?ﬁef m?fé'%e %
500 m. f |té%§@tu?é%§uhé)é’§eaﬁtmﬁ\hi nairoI?E mhﬁﬁt? éﬁqug( 5t the ﬂask were gently stirred. the

reaction contents were heatad 10 95°C. When the temperature was stabilized at 95°C, 87.9 grams (37.28%) formal-
dehyde solution was added by dropping funnel over a period of one hour. The condensation was then carried out at
95°C for four hours. After condensation at 95°C, the distillation was carried out at atmospheric pressure to remove
water. The temperature was increasad to 200°C and excess cresol and solvent were removed under 4665 PA vaccum
(35 mm Hg) at'a temperature from 200 to 220°C. The vaccum was reieasad at 220°C and the moiten resin was poured
into an aluminum pan. The resin obtained had-a viscosity of 8.4 (7.0% solution in Cyclohexanone), a Glass transition
Temperature (Tg = 92°C), a Dissolution Rate = 6.0 micrometers (micronsyminute using AZ® 300 MIF developer, an
RMW of about 10 and a GPC Molecular Weight Distribution as shown in FIG. 2.

FIG. 2 is a graph showing the GPC molecular weight distribution for the novolak resin of Exampls 2. The graph
shows the Peak Intensity plotted as a function of the time in minutes.

Example 3

Synthesis of Novalak Resin using m-cresol and 8.5-xylenol (6,23:3 Ratio):

Into a two liter four necked flask equipped with a thermometer, stirring shaft, condenser and a dropping funnel
were added 162.12 grams (1.5 moles) meta-crasol. 88.08 grams (0.722 moles) 3,5-Xylenol, 170 grams DPGME solvent
and 0.625 grams oxalic acid (0.25% by weight of total phenals). The flask was heated siowly from room temperature
using a heating mantle controlled by a thermo-watch The contents of the flask were gently stirred. The reaction contents
were heated 1o 95°C. When the temperature was stablized at 95°C, 121.6 grams (37.28.%) formaldehyde solution
was added by dropping funnel over a period of 90 minutes. The condensation was then carried out at 95°C for six
hours. After condensation at 95°C, to distillation was carried out at atmospheric pressure to remove water. The tem-
perature was increased up to 200°C and excess cresol and solvent were removed under 4665 PA vaccum (35 mm
Hg) at a temperature from 200 to 220°C. The vaccum was released at 220°C and the molten resin was poured into
an aluminum pan. The resin obtained had a viscosity of 9.0 (7.0% solution in Cyclohexanone), a Glass transition
Temperature (Tg = 90°C), a Dissolution Rate = 4.5-6.0 micrometers {(microns¥minute using AZ300 MIF developer, a
relative molecular weight (RMW) of about 8 and a GPC Moalecular Weight Distribution as shown in FIG. 3.

FIG. 3 is a graph showing the GPC molecular weight distribution for the novolak resin of Example 3. The graph
shows the Peak intensity plotted as a function of the time in minutes. Based on FIG. 1, 2, and 3: 1) a combination of
the novolak resins of Examples 1 and 2 had an overlap of molecular weight distribution of greater than about ninety
percent (90%) and 2) a combination of the novolak resins of Examples 1 and 3 had an overlap of molecular weight
distribution of greater than about eighty five percent (85%).

Example 4

Photoresist compositions were produced by adding to a 500 ml. flaskc 4.5 grams of 70% L-sulfonyl chloride/30%
F-sulfonyl chioride (7OL/30F) trihydroxyphenylethane pholosensitizer (18% by weignt ot the solids), 75 grams of PG-
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from Hoechst C_elanese Corporation, Scmemlle. New Jersey) The developed resist pattem were exammed byaHitachi

$-4000 field emission scanning electron microscope. The lithographic results of the samples are presented in the table

below where:
Enominat = minimum dose (millijoules/cm.?) required to replicate 1:1 the various feature sizes on the reticle
Resolution = smallest feature size [micrometers] (microns) opened with an acceptable pattem profile (pattern

edge acuity > 80°)
Depth of focus =  the extend of defocus [micrometers] (microns) of the optical exposure system where the resist is
able to maintain an acceptable pattern profile and within £ 10% of the critical dimension (CD) at

. the Eqeminal
Scum = resist residue left at the exposed areas after development.
Lithographic Performance of the Resist
Sample | E(nominal) { Resoiution um(u)- | DOF 0.5 um(u) Scum
A 240 mJd/cm? 0.35 1.4 um no
8 200 0.40 1.4 um no
C 210 0.35 1.4 um no,
D 200 0.35 1.4 pum slightly
E 160 0.35 1.4 pm yes

Sample A doesn't possess the process window needed to achieve the optimal thermal flow temperature, exposure
latitude, depth of focus or E,gminalr

Example S

Photoresist compositions were produced by adding to a 500 ml. flask: S0 grams of 70L/30F trihydroxyphenylethane
photosensitizer (20% by weight of the solids), 75 grams of PGMEA solvent and the following amounts of the novolak
resins of Examples 1 and 2. The mixtures wers stirred at room temperature to form photoresist solutions (all percent-
ages are by weight of solids).
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Rel ative Weepﬁz%rgsrist s\éﬁxplgs otf E){amm were processed using the same conditions described in Example 4, except

the resist thickness used was 1.185 um and the post exposure bake temperatures used were 95°C to 110°C.

Ecoar = . minimum dose (millijoules/cm.2) required to disscive all the resist at the exposed
- area upon developing, typically is fraction of the Eominal
Exposure Latitude = percentage range of the exposure dose tolerated by the resist to print the pattern
of a given feature size within £ 10% of Its Critical Dimension
DOF (0.5 ym) = depth of focus [micrometars] (microns) for 0.5 um feature size, determined by the

method described in Example 4

“Thermal Flow Temperature = lowest temperature (*C) at which the resist pattem start to flow or deform

The results (see FIGS. 4 to 8 contour plats) clearly showed the benefit of using a novolak resin system comprising
resin component with Bimodal Dissofution Rate, such as by blending various proportion of Example 2 novolak with the
Example 1 novolak.

FIG. 4 is a contour plot of Epgmina ©f the photoresist of Example 5 at Post Exposure (P.E.) Bake Temperatures
from 95°C to 110°C. The plot shows E,,minas deCreased (i.e., photoresist photosensitivity increased) as the PEB tem-
peratures decreased or the concentration of Example 2 novolak increased from 0% to 50% by weight. It also clearly
showed using Example 1 novolak alone would not offer low E,ominai 8Ven at a lower PEB temperature, which was
found to give a lower thermal flow temperature.

FIG. § is a contour plot of Exposure (Expo.) Latitude of the Example 5 photoresists at PEB temperatures from
95°C to 110°C. This plot shows the exposure latitude increased as the Example 2 novolak content increased. The
optimal exposure latitude is not achievable using 100% Example 1 novolak regardless of the PEB temperature used.

FIG. 8 is a contour plot of the Depth of Forcus (DOF) of a 0.5 micrometer (u) photoresist pattem using the pho-
toresists of Example 5 at PEB temperatures from 95°C to 110°C. Incorporation of some Example 2 novolak in the resin

- offered the best DOF.

FIG. 7 is a contour plot of E,,,,, of the photoresist of Example 5 having a novolak resin content of 80% by weight
of the solids in the photoresist composition at PEB temperatures from 95°C to 110°C and soft bake (SB, i.e. pre-
exposure bake temperatures of 80°C to 120°C. The development time was 52 seconds using AZ 300 MIF developer.
E.iear increased as the SB and PEB temperatures increased.

FIG. 8 is a contour plot of the thermal flow temperature of the photoresist of Example 5 having a novolak resin
content of 80% by weight of the solids in the photoresist composition at PEB temperatures from 95°C to 110°C and
S8 temperatures of 80°C to 120°C. The development time was 52 seconds using AZ®300 MIF developer. As clearly
shown in this plot, higher SB and PEB temperatures increased the pattem thermal flow temperature.

Example 6

Photoresist compositions were produced by adding to a 500 ml. flask: 5.0 grams of 70L/30F trihydroxyphenylethane
photosensitizer (18% by weight of the solids), 75 grams of PGMEA solvent and the following amounts of the novolak
resins of Examples 1 and 2. The mixtures were stirred at room temperature to form photoresist solutlons (all percent-

ages are by welght of solids).
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equat i on110°C. THe@lot showidd @le 8ame trend as those seen in FIG. 5 for Example 5. Incorporation of some of the Example
2 novolak improved the expo. latitude. Resists in this example contained lower sensitizer concentration, as compared
to those resists in Example 5.
FIG. 10 is a contour plot of the DOF of a 0.5um() photoresist pattem using the photoresists of Example 6. Similar
to the results found in Example 5, DOF improved with the incorporation of some of the Example 2 novolak.

Example7 .

Photoresist compositions were produced by adding to a 500 mi. flask: various amount of 70L/30F trihydroxyphe-
nylethaane photosensitiser (20%, 19%, 18% by weight of solid), 75 grams of PGMEA solvent and the following amounts
of the novolak resins of Example 1, 2and 3. The mixtures were stirred at room temperature to form photoresist solutions
(all percentages are by weight of solids)

Exp. 1 Novolak Exp. 2 Novolak Exp. 3 Novolak PAC
A) 20 grams(gm) (80%) 0 grams(gm) (0%) 0 grams(gm) (0%) 5 grams(gm) (20%)
8) 0 grams(gm) (0%) 20 grams(gm) (80%) | Ograms(gm) (0%) 5 grams(gm) (20%)
C) 10grams(gm) (40%) 0 grams(gm) (0%) 10 grams(gm) (40%) 5 grams (gm) (20%)
D) 10.126 grams (gm) 0 grams (gm)(0%) | 10.125 grams (gm)(40.5%) | 4.75 grams(gm) (19%)
(40.5%)
E) 10.25grams (gm){41%) 0 grams (gm){0%) 10.25grams (gm)(41%) 4.5 grams(gm) (18%)

Lithographic Performance of the Resist
Sample | E(nominal) Resolutionum(y) | DOFO0.5um () | Scum
A 240 mJ/fem? 0.35 ) 1.4um no
B 160 0.35 1.4 um yes
] 190 0.35 1.4 um no
D 160 0.35 1.4 um no
E 170 0.40 1.4um no

Solution Viscosity - Relative Molecular Weight (RMW):

The viscosity solution was prepared by dissolving 7 grams of novolak resin in a 100 mi. volumetric flask, using
cyclohexanone solvent. The solution was filtered using a 5 micrometer (micron) pressure syringe filter. The viscosity
was measured using a Cannon-fenske #200 viscometer at 25°C. The relative molecular weight (RMW) was determined
using the following equation:



c = conmieration of resining/m. n = viscosity of resin in cycl ohexanone
no = viscosity of cycl ohexanone Di ssol ution Rate Measurengnt. i
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solutlor Qgte gleasurement

Formulations:

Dissolve 26% resin solids in PGMEA. Filter through a 0.2 um disposable Acrodisc filter.

Reference Staridards:

S-Resin Stock #09922A produced by Hoechst Celanese Corporation (supplied in PGMEA solvent).

Dissolution Rate Measurement Procedure:

1. Bach sample was coated on a 14 inch silicon wafer, at the appropriate speed, on an SVG coat-development

track system, then baked on a hot plate for 60 seconds at 90°C, to obtain a 1.20 um film.

2, The film thickness was determined on an Autonanospec (NANOMETRICS, model 215), an automated film thick-

ness measurement system, measuring 10 points across the entire wafer.

3. The Dissolution Rate was determined by measuring the film thickness change with time usinga laser end-point

detection systemconsists of a He-Ne laser (634 nm, 3 mW, ORIEL CORP., Model 79202) and a photodiode. The
_development was performed at 21°C using AZ®300 MIF TMAH developer and the dissolution rate was calculated

by the equation '

= A2n

where ) is the wavelength of the laser, n is the Index of reflection of the film material at that wavelength and At is
the change in thickness that occurs in the time span between maxima (or minima) interference of the film during
the dissolution process. .

Molecular Weight Data (Mw and Mn):

The molecular weight of the polymers, whether weight average molecular weight Mw, or number average molecular
weight Mn, were measured by gel permeation chromatography (GPC) performed on dilute solutions of the polymer in
tetrahydrofuran (THF). The actual apparatus employed consisted of a Waters (Millipore Corp.) programmable automatic
sampler, vacuum pump, chromatography columns with heater, and a differential refractometer connected to a Shimadzu
CR 30A data reduction system with accompanying software (version 1.1, Shimadzu part No. TN 22301309-81). The
refractometer used was a Waters model 410 and four chromatography columns. 500x104 micrometers (Angstrom),
1000x104 micrometers (Angstrom), 10,000x10*# micrometers (Angstrom) and 100,000x104 micrometers (Angstrom)
(available from Waters) were connected in series. The system was calibrated using multiple available polystyrene
standards ranging in molecular weight as follows:
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The photoresist composition of any of claims 1-3 whersin the amount of novolak resin in the photoresist composition
ranges from about 70 percent to about 90 percent, based on the weight of solids.

The photoresist composition of any of claims 1-4 wherein the photosensitive component comprises an ester of a

" multihydroxy phenolic compound.

The photoresist composition of claim 5 wherein the photosensitive component comprises a sulfonic acid derivative

T of a tris-hydroxyphenylethane.

Z

The photoresist composition of any of claims_1-6 wherein the solvent is selected from the group consisting of:
propylene glycol mono-alkyl ether, propylene glycol methyl ether acetate, ethyl-3-ethoxypropionate, ethy! lactate,
mixtures of ethyl-3-ethoxypropionate and ethy! lactate, mixtures of ethyl-3-ethoxypropionate and ethyl lactate, butyl
acetate, xylene, diglyme and ethylene glycol moncethyl ether acetate.

The photoresist composition of claim 7 wherein the solvent ccmprises gither propylena glycol methyi ether acetate
or athyt-3-athoxypropionate.

A process for formulating a photorasist compasition solution by providing an admixture of:

1) a photosensitive companent in an amount sufficient to uniformly photosensitize the photorasist compaesition;
2) a water insoluble, aqueous alkali soluble film forming novolak resin in an amount sufficient to form a sub-
stantially uniform photoresist compasition, the novolak resin comprising a mixture of at least two novolak resins,
for which the GPC molecular weight distribution of the componant resins, determined versus a polystyrene
stancdard normalized to the same area, show an averlap of at least fifty percent (5§0%) and for which the dis-

~solution rates In AZ300 MIF TMAH developer of the component resins differ by a factor of from 2.0 to 6.0, said
novolak resins being the reaction products of formaidehyde with a mixture of meta-cresol and 3.5-xylenol, and
3) a suitable solvent.

10. The process of claim 9 incorporating the features of any of claims 2-8.

11. The process of claim 9 ar 10 wherein the novolak resins have dissolution rates which differ b); afactorof 2.0106.0.
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The method of claim 12 wherein the developer is an aqueous alkaline developer.

The method of claim 12 or 13 further comprising heating said coated substrate from a temperature of from 80°C
to 150°C for trom 30 seconds to 180 seconds on a hot plate or from 15 minutes to 40 minutes in an oven after the
exposure step but before the removing step.

The method of claim 12 or 13 further comprising heating said coated substrate at a temperature of from S0°C to
150°C for 30 seconds to 180 seconds on a hot plate or for from 15 minutes to 40 minutes in an oven after the
removing step.

The method of any of claims 12 to 15 wherein said substrate comprises one or more components selected from
the group consisting of silicon, aluminum, polymeric resins, silicon dioxide, doped silicon dioxide, silicon nitride,
tantaium, copper and polysilicon.

The method of any of claims 12 to 16 wherein the novolak resins have dissolution rates which differ by a factor of
20t06.0. ’

A semiconductor device produced by providing photo-image on a substrate by:

a) coating a suitable substrate with a photoresist composition in accordance with any of claims 1 to 8 or
produced by the process of any of claims 9 to 11;

b) heat treating the coated substrate until substantially all of the solvent is removed;

c) image-wise exposing the photosensitive composition and

d) removing the image-wise exposed areas of such composition with a suitable developer.

The semiconductor device of claim 18 wherein the substrate is selected from the group consisting of silicon, alu-
minum, polymeric resins, silicon dioxide, doped silicon dioxide, gallium arsenide, Group llI/V compounds, silicon
nitride, tantalum, copper, polysilicon, ceramics and aluminum/copper mixtures.

The semi-conductor device of claim 18 or 19 wherein the substrate has an adhesion promoted surtace.
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POSITIVE-WORKING PHOTORESIST COMPOSI1ITI1ION

Cal i bration Standard (Pol ystyrenel Mol. W. 1 470,000 2
170, 000 3 The %2 £ d 34, gﬁﬁh
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wei ght . Vvﬁ9x£9§e53§t§€]least two novolak resins with a molecular
weight distribution overlap of at least 50% and having
dissolution rates which differ by a factor of at least
2.0, and a suitable solvent and a method for produc1ng
such a photoreSLst The present invention also prov1des
semlconductor devices produced using such a photoresist
composition and a method for producing such.semiconductor
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devices.

Figure 1.
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Claims 1. Aliquid, positive photoresist conprising an adm xtu ~.a) a
phot osensitive conponent in an anmount sufficient to uniformy

phot osensitize the photoresist conposition; b) a water insoluble, aqueous
al kali soluble filmform ng novolak resin in an amount sufficient to forma
sub- stantially uniform photoresist conposition, the novolak resin
conprising a mxture of at |east two novol ak resins foff which the GPC

nol ecul ar wei ght distribution of the conponent resins, gdeterm ned versus a
pol ystyrene standard normalized to the sanme area, showjan overlap of at

| east fifty percent (50% and for which the dis- solutffon rates in AZ300
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novol ak resins being the reaction products of formal dehyde with a m xture
of nmeta-cresol and 3,5-xylenol, and c) a suitable solvent. 2. The

phot oresi st conposition of claim1l wherein the novol ak resins show an
overlap in nol ecular weight distribution of 60 to 100 percent. 3. The

phot oresi st conposition of claim2 wherein the novol gk resins show an
overlap in nolecular weight distribution of 70 to 95fjpercent. 4. The
phot or esi st conposition of any of clains 1-3 whereinfjt he anount of novol ak
resin in the photoresist conposition ranges from aboljt 70 percent to about
90 percent, based on the weight of solids. S. The phgtoresi st conposition
of any of clains 1 -4 wherein the photosensitive congonent conprises an

ester of a ;
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mul ti hydr oxy phenolic conmpound. 6. The photoresist conposition of claimb5
wherei n the photosensitive conponent conprises a sulfonic acid derivative
of a tris-hydroxyphenyl ethane. 7. The photoresi st conposition of any of
clainms 1-6 wherein the solvent.is selected fromthe group consisting of:
propyl ene glycol nono-al kyl ether, pgsgxgp gl ycol methyl ether acetate
et hyl - 3- et hoxypropi onate, ethyl lactate, M Xxtures of
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9. A process for fornulating a photoresi st conposition solution by

provi ding an adm xture of: 1) a photosensitive conponent in an anpunt
sufficient to uniformy photosensitize the photoresist conmposition; 2) a
wat er insol ubl e, aqueous al kali sol uble f'Ffmoai ng novol ak resin in an
amount sufficient to forma sub- stantial ¢ & m phot or esi st
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resins, determned versus a;polystyrene standarq nornmalized to the same

area, show ah' G ‘I"" '!’?: ; -—w——ﬁ‘im- W :he
di s- solution ratje YAVAEL S $VAR JEeLoper~of~tte—Tompereni—LEI NS

differ by a factor_e O T ot —cero23V
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10. The process of claim9 incorporating the features of any of clains 2-8.
11. The process of claim9 or 10 wherein the novol ak resins have

di ssolution rates which differ by a factor of 2.0 to 6.0. 12. A et hod
for producing a sem conductor device by producing a photo-inage on a
substrate by coating a suitable substrate with a photoresi st conposition
solution by: a) formulating a photoresPlso osition in accordance with
any of clainms 1-8 or produced by the p¥otddewdf any of clains 9-11;

0.5um D.O.F.
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b) coating a suitable substrate with the photoresist conposition; c) heat
treating the coated substrate until substantially all of the solvent is
renoved; image-w se exposi ng the phot osengg j onposi tion and renovi ng

t he i mage-w se exposed areas of such con{Fs‘Ggfwith a suitabl e devel oper.
13. The method of claim 12 wherein the devel oper is an aqueous al kali ne
devel oper. 14. The method of claim 12 or 13 further conprising heating said

coated substrate froma tenperature of fr@:rt%%err]c to 150[err]C for from
30 seconds to 180 seconds on a hot pl &e m 15 mnutes to 40 m nutes

In an oven af %r t he exposure sktep but before the renoving step. 15. The
met hod of cl al @O ZTor—=210 IO 0)010) @ ISYR V(SRR ICTE U AL I ST U C0 (\UOSpe e
at a tenperature of from98 err]C td “ ‘
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150[err] C for 30 seconds to 180 seconds on a hot plate or for from15
mnutes to 40 mnutes in an oven after the renoving step. 16. The net hod of
any of clainms 12 to 15 wherein said substrate conprises one or nore
conponents selected fromthe group consisting of silicon, alum num

pol yneric resins, silicon dioxide, dop?!ﬁe[aon di oxide, silicon nitride.
tantal um copper and pol ysilicon. od of any of clains 12 to 16
wherei n the novol ak resins have dissolution rates which differ by a factor

of 2.0 to 6.0. 18. A seni coPHERMAUevi cFROWIUCEEMP provi di ng phot o-i mage

on a substrate by: a) coating a suitable subitrate with a photore5| st
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produced by the process of any of clains 9 to 11; b) heat treating the
coated substrate until substantially all of the solvent is renpved; c¢)
| mage-w se exposi ng the photosensitive conmposition and d) renoving the
| mage-w se exposed areas of such corrpFl\ﬁo ith a suitable developer. 1
9. The sem conductor device of claim1l8 er¥in the substrate is selected
fromthe group consisting of silicon, alu- mnum polyneric resins, silicon
di oxi de, doped silicon di oxi deegyai ump A& wglg Goup II11/V conpounds,
silicon nitride, tantalum copper, polySilicon, ceranics and
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