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(57) ABSTRACT 

The present invention relates to a composition and a process 
for preparing a composition that comprises: a) a novolak 
resin partially esteri?ed With from about 1 to about 7 Weight 
percent (further from about 3 to about 7 Weight percent) of 
a naphthoquinonediazidosulfonyl group; b) one or more 

dilution resins; c) at least one photosensitive component in 
an amount suf?cient to photosensitiZe said composition; and 
d) at least one solvent. 
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PHOTORESIST COMPOSITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/404,612, ?led Apr. 1, 2003, 
the contents of Which are hereby incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a light-sensitive 
photoresist composition and a process for producing such a 
composition. In particular, the subject invention relates to a 
photoresist composition comprising: a composition com 
prising: a) a novolak resin partially esteri?ed With from 
about 1 to about 7 Weight percent of a naphthoquinonedi 
aZidosulfonyl group (further from about 3 to about 7 Weight 
percent); b) one or more dilution resins; c) at least one 
photosensitive component in an amount suf?cient to photo 
sensitiZe said composition; and d) at least one solvent. Such 
a photoresist composition provides a positive photoresist 
that eXhibits loW absorption for thicker ?lms, good photo 
speed, adjustable contrast, good shelf life stability, loW 
outgassing potential, substantially no crystalliZation, eXcel 
lent coating properties and broadband sensitivity. 

[0003] Photoresist compositions are used in microlithog 
raphy processes for making miniaturiZed electronic compo 
nents, such as in the fabrication of computer chips and 
integrated circuits. Generally, in these processes, a thin 
coating of a ?lm of a photoresist composition is ?rst applied 
to a substrate material, such as silicon Wafers used for 
making integrated circuits. The coated substrate is then 
baked to evaporate any solvent in the photoresist composi 
tion and to ?X the coating onto the substrate. The baked 
coated surface of the substrate is neXt subjected to an 
image-Wise eXposure to radiation. 

[0004] This radiation eXposure causes a chemical trans 
formation in the eXposed areas of the coated surface. Visible 
light, ultraviolet (UV) light, electron beam and X-ray radiant 
energy are radiation types commonly used today in microli 
thographic processes. After this image-Wise eXposure, the 
coated substrate is treated With a developer solution to 
dissolve a and remove either the radiation-exposed (in the 
case of positive photoresist) or the uneXposed (in the case of 
negative photoresist) areas of the coated surface of the 
substrate. 

[0005] There are tWo types of photoresist compositions, 
negative-Working and positive-Working. When negative 
Working photoresist compositions are eXposed image-Wise 
to radiation, the a areas of the resist composition eXposed to 
the radiation become less soluble to a developer solution 
(eg 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 
non-exposed areas of the photoresist coating and the cre 
ation of a negative image in the coating thereby uncovering 
a desired portion of the underlying substrate surface on 
Which the photoresist composition Was deposited. 

[0006] On the other hand, When positive-Working photo 
resist compositions are eXposed image-Wise to radiation, 
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those areas of the photoresist composition eXposed to the 
radiation become more soluble to the developer solution 
(eg a rearrangement reaction occurs) While those areas not 
eXposed remain relatively insoluble to the developer solu 
tion. Thus, treatment of an eXposed positive-Working pho 
toresist 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. 

[0007] 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 devel 
opment. The areas of the substrate Where the photoresist 
coating still remains are protected and, thus, an etched 
pattern is created in the substrate material that corresponds 
to the photomask used for the image-Wise eXposure of the 
radiation. Later, the remaining areas of the photoresist 
coating may be removed during a stripping operation, leav 
ing a clean etched substrate surface. In some instances, it is 
desirable to heat treat the remaining photoresist layer, after 
the development step and before the etching step, to increase 
its adhesion to the underlying substrate and its resistance to 
etching solutions. 

[0008] Positive Working photoresist compositions are cur 
rently favored over negative Working resists because the 
former generally have better resolution capabilities and 
pattern transfer characteristics. Photoresist resolution is 
de?ned as the smallest feature that the resist composition 
can transfer from the photomask to the substrate With a high 
degree of image edge acuity after eXposure and develop 
ment. In many manufacturing applications today, resist 
resolution on the order of less than one micron is quite 
common. In addition, it is almost alWays desirable that the 
developed photoresist Wall pro?les be near vertical relative 
to the substrate. Such demarcations betWeen developed and 
undeveloped areas of the resist coating translate into accu 
rate pattern transfer of the mask image onto the substrate. 

[0009] Efforts have been previously been made to attach 
DNQ groups to novolak resins. HoWever, these efforts have 
been directed toWard providing a resin that functions as both 
the ?lm forming component and the photosensitiZer. This 
enables the production of single component photoresists 
because it is not necessary to add a separate photoactive 
component to photosensitiZe the photoresist composition. 
One of the ?rst patents relating to this technology Was US. 
Pat. No. 3,046,120. An ortho-cresol/formaldehyde novolak 
resin Was esteri?ed With a naphthoquinone-(1,2)-diaZide 
(2)-5-sulfonyl chloride to provide a single component pho 
tosensitive composition that useful for the production of 
printing plates. Other patents that relate to these attempts to 
combine a photosensitive compound With a phenolic resin 
are US. Pat. Nos. 3,635,709; 4,123,279 and 4,306,011. 

[0010] US. Pat. No. 5,178,986 relates to a light sensitive 
mixture useful as a positive acting photoresist. The mixture 
contains a compound that comprises the reaction product of 
a DNQ and an oligomeric phenol. More recent attempts to 
provide a photoresist composition comprising the esteri? 
cation product of a phenolic resin and a DNQ are described 
in US. Pat. No. 5,279,918. An ortho-quinone diaZide sul 
fonyl chloride Was condensed With a relatively loW molecu 
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lar Weight novolak resin, wherein from 40% to 90% of the 
phenolic hydroxy groups Were condensed With the DNQ 
groups. This provided a high concentration of DNQ moieties 
on the novolak resin backbone. 

[0011] In Us. Pat. No. 5,422,221 a photoresist composi 
tion is disclosed Wherein the novolak resin serves as both the 
alkali-soluble ?lm-forming resin and the photosensitive 
component of the composition. This is accomplished by 
replacing the hydrogen atom of a hydroxyl group in the 
novolak resin With a DNQ group in a proportion of 0.03 to 
0.27 mol per hydrogen atom (believed to be equivalent to 3 
to 27% esteri?cation). It Was disclosed that more than 0.27 
mol % [sic] substitution results in a novolak resin that is less 
soluble in the photoresist solvent and that less than 0.03 mol 
% [sic] substitution provides a novolak resin that is too loW 
in ?lm retentivity so that the resulting photoresist compo 
sition cannot be patterned and is, therefore, useless. 

[0012] Us. Pat. No. 5,529,880 discloses a photoresist 
composition comprising: 1) the esteri?cation product of a 
DNQ and a novolak resin having pendant phenol hydroxyl 
groups and 2) the esteri?cation product of a phenol having 
2 to 5 phenyl rings and at least 4 phenolic hydroxy groups 
With a DNQ having at least 50% of its phenol hydroxyl 
groups esteri?ed With the DNQ. The esteri?cation reaction 
to produce esteri?cation product 1) is controlled so that a 
maximum of 20% of the phenolic hydroxy groups are 
esteri?ed. 

[0013] U8. Pat. No. 5,723,254 discloses a positive acting 
photoresist composition containing a mixture of photoactive 
components. One component of the mixture is the esteri? 
cation product of a DNQ With a loW molecular Weight 
phenolic resin. Another component is the esteri?cation prod 
uct of a DNQ With a loW molecular Weight phenol having 
from 1 to 3 aryl rings and from 1 to 3 hydroxyl groups. A 
third photoactive component that may be present is the 
esteri?cation product of a DNQ With a relatively high 
molecular Weight polyhydric polynuclear phenol. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to a photoresist com 
position that comprises a composition comprising: a) a 
novolak resin partially esteri?ed With from about 1 to about 
7 Weight percent of a naphthoquinonediaZidosulfonyl group 
(further from about 3 to about 7 Weight percent); b) one or 
more dilution resins; c) at least one photosensitive com 
pound in an amount suf?cient to photosensitiZe said com 
position; and d) at least one solvent. 

[0015] The partially esteri?ed novolak for the claimed 
composition is a Water-insoluble, alkali-soluble, ?lm form 
ing phenolic resin preferably having a Weight average 
molecular Weight from about 1,000 to 30,000, preferably 
from about 1,500 to 10,000. The DNQ used for partial 
esteri?cation of the novolak resin contains quinonediaZide 
sulfonyl groups that replace the hydrogen atom of hydroxyl 
groups in the novolak resin. The one or more dilution resins 
dilute the amount of partially esteri?ed novolak resin in the 
composition to alloW for better solution, viscosity, and other 
physical and chemical bene?ts in the composition and the 
resulting photoresist. The solvent suitable for use in present 
invention may be any of those Well knoWn to those skilled 
in the art; solvent or solvent blends include those selected 
from 2-heptanone, either alone or in combination With 
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anisole; ethyl lactate, either alone or in combination With 
n-butyl acetate or propylene glycol methyl ether; or propy 
lene glycol methyl ether, either alone or in combination With 
ethyl 3-ethoxypropionate. 

[0016] The invention further relates to a process of form 
ing an image on a substrate. The substrate is coated With a 
?lm of the photoresist composition of the instant invention. 
The photoresist ?lm is imageWise exposed through a mask 
With ultraviolet radiation and processed in accordance With 
those steps knoWn to those skilled in the art. 

[0017] The invention further relates to a method for pro 
ducing a microelectronic device by forming an image on a 
substrate comprising i) providing an admixture of a photo 
resist composition comprising: a) a novolak resin partially 
esteri?ed With from about 1 to about 7 Weight percent of a 
naphthoquinonediaZidosulfonyl group; b) one or more dilu 
tion resins; c) at least one photosensitive component in an 
amount suf?cient to photosensitive said composition; and d) 
at least one solvent; ii) coating a suitable substrate With the 
photoresist composition of step i); and iii) heat treating the 
coated substrate of step i) until substantially all of the 
photoresist solvent is removed; image-Wise exposing the 
photoresist composition and removing the image-Wise 
exposed areas of such composition With a suitable devel 
oper. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention relates to a photoresist com 
position that comprises a composition comprising: a) a 
novolak resin partially esteri?ed With from about 1 to about 
7 Weight percent of a naphthoquinonediaZidosulfonyl group 
(further from about 3 to about 7 Weight percent); b) one or 
more dilution resins; c) at least one photosensitive com 
pound in an amount suf?cient to photosensitive said com 
position; and d) at least one solvent. 

[0019] The partially esteri?ed novolak for the claimed 
composition is a Water-insoluble, alkali-soluble, ?lm form 
ing phenolic resin preferably having a Weight average 
molecular Weight from about 1,000 to 30,000, preferably 
from about 1,500 to 10,000. The DNQ used for partial 
esteri?cation of the novolak resin contains quinonediaZide 
sulfonyl groups that replace the hydrogen atom of hydroxyl 
groups in the novolak resin. The one or more dilution resins 
dilute the amount of partially esteri?ed novolak resin in the 
composition to alloW for better solution, viscosity, and other 
physical and chemical bene?ts in the composition and the 
resulting photoresist. The solvent suitable for use in present 
invention may be any of those Well knoWn to those skilled 
in the art; solvent or solvent blends include those selected 
from 2-heptanone, either alone or in combination With 
anisole; ethyl lactate, either alone or in combination With 
n-butyl acetate or propylene glycol methyl ether; or propy 
lene glycol methyl ether, either alone or in combination With 
ethyl 3-ethoxypropionate. 

[0020] The invention further relates to a process of form 
ing an image on a substrate. The substrate is coated With a 
?lm of the photoresist composition of the instant invention. 
The photoresist ?lm is imageWise exposed through a mask 
With ultraviolet radiation and processed in accordance With 
those steps knoWn to those skilled in the art. 
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[0021] The invention further relates to a method for pro 
ducing a microelectronic device by forming an image on a 
substrate comprising i) providing an admixture of a photo 
resist composition comprising: a) a novolak resin partially 
esteri?ed With from about 1 to about 7 Weight percent of a 
naphthoquinonediaZidosulfonyl group; b) one or more dilu 
tion resins; c) at least one photosensitive component in an 
amount sufficient to photosensitiZe said composition; and d) 
at least one solvent; ii) coating a suitable substrate With the 
photoresist composition of step i); iii) heat treating the 
coated substrate of step i) until substantially all of the 
photoresist solvent is removed; image-Wise exposing the 
photoresist composition and removing the image-Wise 
exposed areas of such composition With a suitable devel 
oper. 

[0022] Solutions containing partially esteri?ed ?lm-form 
ing novolak resin With DNQ of the claimed composition are 
extremely viscous and are difficult to Work With in formu 
lating photoresist compositions. It has been found that by 
adding a dilution resin to a solution containing the partially 
esteri?ed novolak resin, viscosity and other physical and 
chemical properties of the composition improve and the 
composition becomes very useful in forming photoresist. 

[0023] The novolak resin that is partially esteri?ed accord 
ing to the present invention is prepared by subjecting a 
phenol or a substituted phenol to an addition-condensation 
reaction of a phenol or substituted phenol (or a combination 
thereof) and an aldehyde, including a formaldehyde gener 
ating source, or ketone (or a combination thereof), in the 
presence of an acid or a divalent metal salt catalyst, in a 
suitable reaction solvent, as are Well knoWn to one skilled in 
the art of photoresists. Suitable phenols include, but are not 
limited to, phenol, chlorophenols, ?uorophenols, m-cresol, 
o-cresol, p-cresol, m-ethyl phenol, o-ethyl phenol, p-ethyl 
phenol, m-butyl phenol, o-butyl phenol, p-butyl phenol, 
trimethylsilylphenol, chloromethylphenol, 2,3-xylenol, 2,4 
xylenol, 2,5-xylenol, 2,6-xylenol, 3,4-xylenol, 3,5-xylenol, 
3,6-xylenol, o-phenyl phenol, m-phenyl phenol, p-phenyl 
phenol, 2,3,5-trimethylphenol, 2,3,5-triethylphenol, 3,4,5 
trimethylphenol, 4-tert-butylphenol, 3-tert-butylphenol, 
2-tert-butylphenol, 2-tert-butyl-4-methyphenol, 2-tert-butyl 
S-methylphenol and other alkyl-substituted phenols; 
p-methoxyphenol, m-methoxyphenol, o-methoxyphenol, 
p-ethoxphenol, m-ethoxyphenol, o-ethoxyphenol, o-pro 
poxyphenol, p-propoxyphenol, m-propoxyphenol and other 
alkoxy-substituted phenols; o-isopropenylphenol, p-isopro 
penylphenol, 2-methyl-4-isopropenylphenol, 2-ethyl-4-iso 
prpenylphenol and other isopropenyl-substituted phenols; 
phenylphenol and other aryl-substituted phenols; 4,4‘-dihy 
droxybiphenyl, bisphenol A, hydroquinone, resorcinol, 
2-methyl resorcinol, S-methyl resorcinol, pyrogallol, cat 
echol, and others as are Well knoWn to those skilled in the 
photoresist art. These phenols may be used either alone or in 
an admixture of tWo or more, depending upon the dissolu 
tion rate desired. 

[0024] As for examples of the aldehyde, there may be 
used, either alone or in combination, those such as formal 
dehyde, paraformaldehyde, acetaldehyde, benZaldehyde, 
furfural, trioxane, propionaldehyde, butylaldehyde, trim 
ethylacetaldehyde, acrolein (acrylaldehyde), crotonalde 
hyde, cyclohexanaldehyde, furylacrolein, terephthalalde 
hyde, phenylacetaldehyde, ot-phenypropyladehyde, 
[3-phenylpropylaldehyde, o-hydroxybenZaldehyde, m-hy 
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droxybenaldehyde, p-hydroxybenZaldehyde, o-methylben 
Zaldehyde, m-methylbenZaldehyde, p-methylbenZaldehyde, 
o-chlorobenZaldehyde, m-chlorobenZaldehyde, p-chlo 
robenZaldehyde, cinnamaldehyde, salicylaldehyde, 2-chlo 
robenZaldehyde, 3-chlorobenZaldehyde, 4-chlorobenZalde 
hyde, 2-hydroxybenZaldehyde, 3-hydroxybenZaldehyde, 
4-hydroxybenZaldehyde, 2-methoxbenZaldehyde, 3-meth 
oxybenZaldehyde, 4-methoxybenZaldehyde, 2-nitrobenZal 
dehyde, 3-nitrobenZaldehyde, 4-nitrobenZaldehyde, propy 
laldehyde, phenylacetaldehyde, ot-phenylpropylaldehyde, 
[3-phenylpropylaldehyde, o-methylbenZaldehyde, m-meth 
ylbenZaldehyde, p-methylbenZaldehyde, p-ethylbenZalde 
hyde, para-n-butylbenZaldehyde, and the like and mixtures 
thereof. As a formaldehyde-generating source, used are 
formalin, trioxane, paraformaldehyde, and hemiformals 
such as methylhemiformal, ethylhemiformal, propylhemi 
formal, butylhemiformal, and phenylhemiformal. 

[0025] Examples of the ketones include acetone, methyl 
ethyl ketone, diethyl ketone and diphenyl ketone. Each of 
these ketones may be used singly or in combination. Further, 
an optional combination of any of aldehydes and any of 
ketones can be employed. 

[0026] As the acid catalyst, there may be utiliZed inorganic 
acids such as hydrochloric acid, nitric acid, sulfuric acid and 
the like, organic acids such as formic acid, oxalic acid, 
maleic acid and the like, and divalent inorganic metal salts 
of copper, cobalt, magnesium, manganese, nickel, Zinc and 
the like. The reaction solvent is normally a hydrophilic 
solvent, such as methanol or dioxane. Examples of alkali 
soluble, ?lm forming novolak resins include phenol-form 
aldehyde novolaks, cresol-formaldehyde novolaks, and phe 
nol-modi?ed xylenol-formaldehyde novolaks. 

[0027] According to the present invention, a novolak resin 
is partially esteri?ed by replacing from about 1 to about 7 
percent (further from about 3 to about 7 percent) of the 
hydrogen atoms of its hydroxyl groups With a compound 
containing a naphthoquinonediaZidosulfonyl (DNQ) group. 
Examples of suitable DNQ groups include a 1,2-naphtho 
quinonediaZide-4-sulfonyl group, a 1,2-naphthoquinonedi 
aZide-5-sulfonyl group, a 7-methyl-1,2-naphthoquinonedi 
aZide-4-sulfonyl group, a 2,1-naphthoquinonediaZide-4 
sulfonyl group, a 2,1-naphthoquinonediaZide-6-sulfonyl 
group, a 2,1-naphthoquinonediaZide-7-sulfonyl group, and a 
2,1-naphthoquinonediaZide-8-sulfonyl group. These DNQ 
groups may be utiliZed alone or in combination, but the 
1,2-naphthoquinonediaZide4-sulfonyl group and 1,2-naph 
thoquinonediaZide-5-sulfonyl group are particularly pre 
ferred. 

[0028] One or more dilution resins are added to the present 
composition. The dilution resins include, for example, the 
same novolak resins that are described above in a) except 
that they are not partially esteri?ed With DNQ. Some of 
these novolak resins include, among others, a condensation 
product betWeen trimethylphenol and formaldehyde and a 
condensation product betWeen acetone and pyrogallol. 

[0029] Other dilution resins include polyhydroxy phenol 
compounds such as, for example, 1,1-bis(4-hydroxyphenyl) 
1-[4-(4-hydroxybenZyl)phenyl]ethane, 1,1-bis(3,5-dim 
ethyl4-hydroxyphenyl)-1-[4-(4-hydroxybenZyl)phenyl] 
ethane, 1,1-bis (3,5 -dimethyl-2-hydoxyphenyl)-1-[4-(4 
hydroxybenZyl)phenyl]ethane, 1,1-bis(4-hydroxy-3 
methylphenyl)-1-[4-(4-hydroxybenZyl)phenyl]ethane, 1,1 
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(HO)]- (OH)k 

UYCQ (CH3)m (CH3), 
(OH)k 

(HO)]- (OH)q 

K) Y Y (I 
(CH3)H, (CHQI 

(CI-13):) 
(HO)j (OH)k 

X) Z Ci 
(CH3)H, (CH3), 

J (OH)q 

(CH3)I 

[0036] wherein Y is selected from —C—; —C(CH3)2—, 
or —O—; Z is selected from —C— or —C(CH3)2—; and 
each of j, k and q is independently an integer of 0 to 3 
(provided that all of j, k and q cannot be Zero), and each of 
m, 0 and r is independently an integer of 0 to 3 (provided that 
none of (j+m), (k+o) and (q+r) exceed four). 

[0037] The amount of the dilution resin that is added to the 
photoresist composition generally is from about 1.5 to about 
20 percent of the solids of the photoresist composition, 
generally depending upon the desired ?lm thickness. Gen 
erally, for ?lm thicknesses up to and including about 2 pm, 
the amount of dilution resin added to the photoresist com 
position is from about 1.5 to about 6 percent, further from 
about 2 to about 4 percent, of the solids of the photoresist 
composition. Generally, for ?lm thicknesses greater than 2 
pm, the amount of dilution resin added to the photoresist 
composition is from about 6 to about 20 percent of the solids 
of the photoresist composition. 

[0038] One or more photosensitive compounds are added 
to the present composition. Examples of photosensitive 
compounds include, for eXample, one or more of (1) a 
reaction product betWeen a naphthoquinonediaZidesulfonyl 
halide (for eXample, 1,2-naphthoquinonediaZide—5-sulfonyl 
halide, 7-methyl-1,2-naphthoquinonediaZide-4-sulfonyl 
halide, 2,1-naphthoquinonediaZide-4-sulfonyl halide, 2,1 
naphthoquinonediaZide-6-sulfonyl halide, 2,1-naphtho 
quinonediaZide—7-sulfonyl group, and 2,1-naphthoquino 
nediaZide-8-sulfonyl halide) or 
benZoquinonediaZidesulfonyl halide to react With a loW 
molecular or high-molecular compound having at least one 
functional group capable of condensation reaction With these 
sulfonyl halides. The functional group that can be condensed 
With a sulfonyl halide includes a hydroXyl group, an amino 
group, and the like. Among these, a hydroXyl group is 
particularly preferable and tWo hydroXyl groups are more 
preferred. The compounds containing a hydroXyl group 
include, for eXample, hydroquinone; resorcinol; phenol, 
p-methoXyphenol, dimethylphenol, bisphenol A, naphthol, 
pyrocatechol, pyrogallol monomethyl ether, pyrogallol-1,3 
dimethyl ether, gallic acid, partially esteri?ed or partially 
etheri?ed gallic acid and other phenols; 2,4-dihydroXyben 
Zophenone, 2,3,4-trihydroXybenZophenone, 2,4,6-trihy 
droXybenZophenone, 2,4,4‘-trihydroXybenZophenone, 2,3,4, 
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4‘—tetrahydroXybenZophenone, 2,2’,4,4’ 
tetrahydroXybenZophenone and 2,2‘,3,4,6‘ 
pentahydroXybenZophenone, 2,3’,4,4’,6 
pentahydroXybenZophenone, 2,2‘,3,4,4‘ 
pentahydroXybenZophenone, 2,2‘,3,4,5 ‘ 
pentahydroXybenZophenone, 2,3‘,4,5 ,5 ‘ 
pentahydroXybenZophenone, 2,3,3‘,4,4‘,5 ‘ 
heXahydroXybenZophenone and other 
polyhydroXybenZophenones; hydroXyphenylalkanes such as 
bis(2,4-dihydroXyphenyl)methane, bis(2,3,4-trihydroXyphe 
nyl)methane and bis(2,4-dihydroXyphenyl)propane; hydrox 
ytriphenylmethanes such as 4,4‘,3 “ ,4“ -tetrahydroXy-3,5 ,3‘, 
5‘-tetramethylphenylmethane and 4,4‘,2“,3“,4“ 
pentahydroXy-3,5,3‘,5‘-tetramethyltriphenylmethane; bis[3 
(3,5 -dimethyl-4-hydroXybenZyl)-4-hydroXy-5 - 
methylphenyl]methane, bis[3 -(3,5-dimethyl4 
hydroXybenZyl) -4-hydroXy-5-ethylphenyl]methane, bis[3 
(3,5 -diethyl-4-hydroXybenZyl)-4-hydroXy-5 -methylphenyl] 
methane, bis[3 —(3,5-diethyl-4-hydroXybenZyl)-4-hydroXy 
5 -ethylphenyl]methane and other terminal Xylenol linear 
tetranuclear compounds; 2,4-bis[2-hydroXy-3 -(4-hydroXy 
benZyl)-5-methylbenZyl]—6-cyclohexylphenol, 2,4-bis[4-hy 
droXy-3-(4-hydroXybenZyl)-5 -methylbenZyl]-6-cycloheXy 
lphenol and other linear pentanuclear compounds and other 
linear polyphenolic compounds; bis[2-hydroXy-3-(3,5 -dim 
ethyl-4-hydroXybenZyl)-5-methylphenyl]methane, bis[2-hy 
droXy-3-(2-hydroXy-5-methylbenZyl)-5 -methylphenyl] 
methane, bis[4-hydroXy-3 —(2-hydroxy-5 -methylbenZyl) —5 - 
methylphenyl]methane, bis[2,5-dimethyl-3-(4-hydroXy-5 
methylbenZyl)-4-hydroXyphenyl]methane, bis[2,5 - 
dimethyl-3—(4-hydroXybenZyl)-4-hydroXyphenyl]methane, 
bis[2,5 -dimethyl-3-(2-hydroXybenZyl) -4-hydroXyphenyl] 
methane and other linear tetranuclear compounds; 1, 1-bis(4 
hydroXyphenyl)-1 -[4-(4-hydroXybenZyl)phenyl]ethane, 1 ,1 - 
bis(3,5 -dimethyl-4-hydroXyphenyl)-1 -[4-(4 
hydroXybenZyl)phenyl]ethane, 1 ,1 -bis(3,5 -dimethyl-2 
hydoXyphenyl)-1 -[4-(4-hydroXybenZyl)phenyl]ethane, 1 ,1 - 
bis(4-hydroXy-3-methylphenyl)-1 -[4-(4 
hydroXybenZyl)phenyl]ethane, 1 ,1 -bis(2,6-dimethyl-4 
hydroXyphenyl)-1 -[4-(4-hydroXybenZyl)phenyl]ethane, 1 ,1 - 
bis(3,4-dihydroXyphenyl)- 1 -[4-(4-hydroXybenZyl)phenyl] 
ethane, 1 ,1 -bis(3,4,5 -trihydroXyphenyl)- 1-[4-(4 
hydroXybenZyl)phenyl]ethane, 1 ,1 -bis(4-hydroXyphenyl)-1 - 
[4-[1 -(4-hydroXyphenyl)-1 -methylethyl]phenyl]ethane, 1 ,1 - 
bis(3,5 -dimethyl-4-hydroXyphenyl)-1 -[4-[1-(4 
hydroXyphenyl)-1 -methylethyl]phenyl]ethane, 1, 1-bis(3,5 - 
dimethyl-2-hydroXyphenyl)-1 -[4-[1 -(4-hydroXyphenyl)- 1 
methylethyl]phenyl]ethane, 1.1 -bis(4-hydroXy-3 
methylphenyl)- 1-[4-[1 -(4-hydroXyphenyl)-1 -methylethyl] 
phenyl]ethane, 1 ,1 -bis(2,6-dimethyl-4-hydroXyphenyl)-1 - 
[4-[1 -(4-hydroXyphenyl)-1 -methylethyl]phenyl]ethane, 1 ,1 - 
bis(3,4-dihydroXyphenyl)- 1 -[4-[1 -(4-hydroXyphenyl)-1 - 
methylethyl]phenyl]ethane, 1 , 1-bis(3,4,5 - 
trihydroXyphenyl)- 1-[4-(1 -(4-hydroXyphenyl)-1 - 
methylethyl]phenyl]ethane, and other non-line ar 
tetranuclear compounds; bis(4-hydroXy-2,3,S-trimethylphe 
nyl)-2-hydroXyphenylmethane, 1 ,4-bis[1-(3,5-dimethyl-4 
hydroXyphenyl)isopropyl]benZene, 2,4-bis(3,5-dimethyl-4 
hydroXyphenylmethyl)—6-methylphenol, bis(4-hydroXy-3,5 - 
dimethylphenyl)-2-hydroXyphenylmethane, bis(4-hydroXy 
2,5 -dimethylphenyl) -2-hydroXyphenylmethane, bis(4 
hydroXy-3,5 -dimethylphenyl) -3,4 
dihydroXyphenylmethane, 1-[1 —(4 
hydroXyphenyl)isopropyl]4-[1 ,1 -bis(4 
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hydroXyphenyl)ethyl]benZene, 1 -[1-(3-methyl-4-hydroX 
yphenyl)isopropyl] -4-[1 ,1 -bis(3-methyl-4-hydroXyphenyl 
)ethyl]benZene, 2,6-bis[1 -(2,4-dihydroXyphenyl)isopropyl] 
4-methylphenol, 4,6-bis[1-(4-hydroXyphenyl)isopropyl] 
resorcin, 4,6-bis(3,5 -dimethoXy-4 
hydroXyphenylmethyl)pyrogallol, 4,6-bis(3,5 -dimethyl-4 
hydroXyphenylmethyl)pyrogallol, 2,6-bis(3-methyl-4,6 
dihydroXyphenylmethyl)-4-methylphenol, 2,6-bis(2,3,4 
trihydroXyphenylmethyl)-4-methylphenol, 1 ,1 -bis(4 
hydroXyphenyl)cycloheXane and other hydroXyaryls. 

[0039] Another example includes (2) the compounds 
shown in formulae (I) and (II) below: 

(I) 

n 

[0040] Wherein R3, R4 and R5 are independently selected 
from the group consisting of a hydrogen atom, a 1,2 
naphthoquinonediaZide-4-sulfonyl group, a 1,2-naphtho 
quinonediaZide-5-sulfonyl group, a 7-methyl-1,2-naphtho 
quinonediaZide-4-sulfonyl group, a 2,1 
naphthoquinonediaZide-4-sulfonyl group, a 2,1 
naphthoquinonediaZide-6-sulfonyl group, a 2,1 
naphthoquinonediaZide-7-sulfonyl group, a 2,1 
naphthoquinonediaZide-8-sulfonyl group, and miXtures 
thereof, and R3, R4 and R5 cannot be a hydrogen atom at the 
same time, R68, R?b, RGC, R73, R7b, R7c, and R7d are 
independently selected from a hydrogen atom or CL4 alkyl 
group, and n represents 1 or 2. 

[0041] Examples of compounds of formula (II) include 

(IIA) 

0R3 0R5 

I HO I I OH I 
CH3 CH3 CH3 CH3 

(IIB) 

CH3 CH3 

R30 I OH I I OH I 0R5 
CH3 CH3 
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-continued 
(IIC) 

CH3 CH3 

R30‘ _ OH F :OH ‘0R3 
CH3 CH3 CH3 CH3 

(IID) 
0R3 CH3 CH3 0R5 

OH OH i 
CH3 CH3 CH3 CH3 

[0042] 
[0043] Examples of the compounds of formula (II) include 

CH3 CH3 

H I I OH 

Where R3 and R5 are not hydrogen. 

i 0 

CH3 CH3 CH3 CH3 
DNQ—O O—DNQ 

I HO I I OH I 
CH3 CH3 CH3 CH3 

CH3 CH3 

I OH I I OH I 
CH3 CH3 

CH3 CH3 

I OH I I OH I 
CH3 CH3 CH3 CH3 

[0044] Where DNQ is 2,1-diaZonaphthoquinone-S-sulfo 
nyl-. 

[0045] Typically, the amount of the photosensitive com 
pound added to the photoresist composition generally is in 
the amount of from about 2 to about 6 percent, further from 
about 2.5 to about 5 percent, of the solids of the photoresist 
composition. 

[0046] The solvent utiliZed in the compositions of the 
present invention includes, for eXample, solvents such a 
glycol ether derivative such as ethyl cellosolve, methyl 
cellosolve, propylene glycol monomethyl ether, diethylene 
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glycol monomethyl ether, diethylene glycol monoethyl 
ether, dipropylene glycol dimethyl ether, propylene glycol 
n-propyl ether, or diethylene glycol dimethyl ether; a glycol 
ether ester derivative such as ethyl cellosolve acetate, m 
ethyl cellosolve acetate, or propylene glycol monomethyl 
ether acetate; carboxylates such as ethyl acetate, n-butyl 
acetate and amyl acetate; carboxylates of di-basic acids such 
as diethyloxylate and diethylmalonate; dicarboxylates of 
glycols such as ethylene glycol diacetate and propylene 
glycol diacetate; and hydroxy carboxylates such as methyl 
lactate, ethyl lactate, ethyl glycolate, and ethyl-3-hydroxy 
propionate; a ketone ester such as methyl pyruvate or ethyl 
pyruvate; an alkoxycarboxylic acid ester such as methyl 
3-methoxypropionate, ethyl 3-ethoxypropionate, ethyl 2-hy 
droxy-2-methylpropionate, or methylethoxypropionate; a 
ketone derivative such as methyl ethyl ketone, acetyl 
acetone, cyclopentanone, cyclohexanone or 2-heptanone; a 
ketone ether derivative such as diacetone alcohol methyl 
ether; a ketone alcohol derivative such as acetol or diacetone 
alcohol; lactones such as butyrolactone; an amide derivative 
such as dimethylacetamide or dimethylformamide, anisole, 
and mixtures thereof. Solvent or solvent blends can be 
selected from 2-heptanone, either alone or in combination 
With anisole; ethyl lactate, either alone or in combination 
With n-butyl acetate or propylene glycol methyl ether; or 
propylene glycol methyl ether, either alone or in combina 
tion With ethyl 3-ethoxypropionate. When used in combi 
nation, the mixing Weight ratio is usually from about 10:0 to 
about 0:10, more preferably from about 9:1 to about 7:3. 
Typically, the amount of solvent added to the photoresist 
composition is such that the total amount of solids ranges 
from about 2 percent to about 50 percent. 

[0047] According to the present invention, a novolak resin 
is partially esterifed With from about 3 to about 7 Weight 
percent of a DNQ group. The esteri?ed novolak resin is 
utiliZed as the ?lm-forming resin in a photoresist composi 
tion. With an addition of the dilution resins, the esteri?cation 
range of DNQ is generally reduced by up to about 20% 

[0048] In addition, in one embodiment of the present 
invention, the use of the photoresist solvent mixtures pro 
vides a photoresist composition capable of forming a ?lm of 
the desired thickness on a substrate at a much loWer solids 
level in the photoresist composition. The solids level 
includes the partially esteri?ed novolak resin, the one or 
more dilution resins, and optional solid additives. 

[0049] The photoresist composition may also contain vari 
ous ingredients Well knoWn to those skilled in the art, such 
as, colorants, dyes, photoactive compounds antistriation 
agents, leveling agents, plasticiZers, adhesion promoters, 
speed enhancers, solvents and such surfactants as nonionic 
surfactants Which may be added to the composition of the 
present invention before the composition is coated onto a 
substrate. Examples of dye additives that may be used 
together With the photoresist compositions of the present 
invention include Methyl Violet 2B (C.I. No. 42535), Crys 
tal Violet (CI. 42555), Malachite Green (C.I. No. 42000), 
Victoria Blue B (C.I. No. 44045) and Neutral Red (C.I. No. 
50040) 
[0050] The prepared composition can be applied to a 
substrate by any conventional method used in the photoresist 
art, including, for example, dipping, spraying, Whirling, spin 
coating, Myrad bar, gravure, doctor blade, slot coating or slit 
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(or die) coating, or similar devices. When spin coating, for 
example, the photoresist solution can be adjusted With 
respect to the percentage of solids content in order to provide 
coating of the desired thickness given the type of spinning 
equipment utiliZed and the amount of time alloWed for the 
spinning process. 

[0051] A microelectronic device can be formed by form 
ing an image on a substrate comprising i) providing an 
admixture of a photoresist composition comprising: a) a 
novolak resin partially esteri?ed With from about 1 to about 
7 Weight percent of a naphthoquinonediaZidosulfonyl group; 
b) one or more dilution resins; c) at least one photosensitive 
component in an amount suf?cient to photosensitiZe said 
composition; and d) at least one solvent; ii) coating a 
suitable substrate With the photoresist composition of step i); 
and iii) heat treating the coated substrate of step i) until 
substantially all of the photoresist solvent is removed; 
image-Wise exposing the photoresist composition and 
removing the image-Wise exposed areas of such composition 
With a suitable developer. 

[0052] Suitable substrates include silicon, aluminum, 
polymeric resins, silicon dioxide, doped silicon dioxide, 
silicon nitride, tantalum, copper, polysilicon, ceramics, alu 
minum/copper mixtures; gallium arsenide and other such 
Group IIIN compounds. The photoresist coatings produced 
by the above described procedure are particularly suitable 
for application to thermally groWn silicon/silicon dioxide 
coated Wafers such as are utiliZed in the production of 
microelectronic devices such as microprocessors and other 
miniaturiZed integrated circuit components. The photoresist 
compositions of the present invention are also useful in the 
manufacture of other microelectronic devices, such as ?at 
panel displays (for example and including, but not limited to 
liquid crystal displays, plasma display panels, thin ?lm 
electroluminescent displays, organic luminescent displays, 
plasma addressed liquid crystal displays and the like), used 
in, for example, computer display monitors, televisions, and 
the like. An aluminum/ aluminum oxide Wafer can be used as 
Well. The substrate may also comprise various polymeric 
resins especially transparent polymers such as polyesters. 
The substrate may have an adhesion promoted layer of a 
suitable composition such as one containing hexa-alkyl 
disiiaZane. 

[0053] The photoresist composition solution is then coated 
onto the substrate, and the substrate is temperature treated at 
from about 80° C. to about 110° C. for from about 30 
seconds to about 180 seconds on a hot plate or for from 
about 15 to about 40 minutes in a convection oven. 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 compo 
sition components. In general one desires to minimiZe the 
concentration of solvents and thus this ?rst temperature 
treatment is conducted until substantially all of the solvents 
have evaporated and a thin coating of photoresist composi 
tion, on the order of a micron in thickness, remains on the 
substrate. In a preferred embodiment the temperature is 
conducted at from about 85° C. to about 95° C. The 
treatment is conducted until the rate of change of solvent 
removal becomes relatively insigni?cant. The temperature 
and time selection depends on the photoresist properties 
desired by the user as Well as equipment used and commer 
cially desired coating times. The coating substrate can then 
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be exposed to actinic radiation, especially ultraviolet radia 
tion, at a Wavelength of from about 150 nm to about 450 nm, 
x-ray, electron beam, ion beam or laser radiation, in any 
desired pattern, produced by use of suitable masks, nega 
tives, stencils, templates, etc. 

[0054] The photoresist is then optionally subjected to a 
post exposure second baking or heat treatment either before 
or after development. The heating temperatures may range 
from about 90° C. to about 150° C., more preferably from 
about 110° C. to about 150° C. The heating may be con 
ducted for from about 10 seconds to about 30 minutes, more 
preferably from about 45 seconds to about 90 seconds on a 
hot plate or about 10 to about 30 minutes by convection 
oven. 

[0055] The exposed photoresist-coated substrates are 
developed to remove the imageWise exposed, non-image 
areas by spray developing using an alkaline developing 
solution. 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 tetram 
ethyl ammonium hydroxide. Asuitable developer is AZ 300 
MIF Developer available commercially from the Clariant 
Corporation, Somerville, N.J. After removal of the coated 
Wafers from the developing solution, one may conduct an 
optional post-development heat treatment or bake in 
increase the coating’s adhesion and chemical photoresis 
tance to etching solutions and other substances. The post 
development heat treatment can comprise the oven baking of 
the coating and substrate beloW the coating’s softening 
point. The industrial applications, for example in the manu 
facture of microcircuitry units on, for example, silicon/ 
silicon dioxide type substrates, the developed substrates may 
be treated With a buffered, hydro?uoric acid base etching 
solution. The photoresist compositions of the present inven 
tion are resistant to acid-base etching solutions and provide 
effective protection for the unexposed photoresist-coating 
areas of the substrate. The photoresist compositions of the 
present invention are also useful in the manufacture of other 
microelectronic units, such as ?at panel displays (for 
example and including, but not limited to liquid crystal 
displays, plasma display panels, thin ?lm electroluminescent 
displays, organic luminescent displays, plasma addressed 
liquid crystal displays and the like), used in, for example, 
computer display monitors, televisions, and the like. 

[0056] Examples of the present invention are set forth 
beloW, by Way of illustration and not limitation. Unless 
otherWise noted, all parts and percentages herein are by 
Weight; molecular Weight is Weight average molecular 
Weight, all temperatures are degrees Centigrade. 

Example A 

[0057] A meta-cresol/para-cresol novolak resin Was 
reacted With sufficient amount of 1,2-naphthoquinonediaZ 
ide-5-sulfonyl chloride under appropriate reaction condi 
tions to form a novolak resin that Was partially esteri?ed, at 
4.5%, With 1,2-naphthoquinonediaZide-5-sulfonyl groups. 

Example 1 

[0058] 9.55 grams of the resin from Example A Was 
blended With 0.2 grams of a dilution resin (a 1:1 ratio of 
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4,4‘-[1-[4-[1-(4-hydroxyphenyl)-1-methylethyl]phenyl]eth 
ylidene]bisphenol (TPPA) and an m-cresol:p-cresol:trimeth 
ylphenol (3:5:2 parts)/formaldehyde resin) and 0.25 grams 
of a photosensitive compound (reaction product betWeen 
DNQ and formula (IIB) above Where R3 and R5 are DNQ). 
The resulting blend Was then diluted to 30% active solids in 
2-heptanone. 

Example 2 

[0059] 9.1 grams of the resin from Example AWas blended 
With 0.4 grams of a dilution resin (a 1:1 ratio of 4,4‘-[1-[4 
[1-(4-hydroxyphenyl)-1-methylethyl]phenyl]ethylidene] 
bisphenol (TPPA) and an m-cresol:p-cresol:trimethylphenol 
(3:5:2 parts)/formaldehyde resin) and 0.5 grams of a pho 
tosensitive compound (reaction product betWeen DNQ and 
formula (IIB) above Where R3 and R5 are DNQ). The 
resulting blend Was then diluted to 30% active solids in 
2-heptanone. 
[0060] The compositions of Example 1 and Example 2 
Were individually applied to silicon Wafers at 4,000 rpm and 
then soft-baked on a proximity hotplate oven at 90° C. for 

about 60 seconds to form a ?lm thickness of 12,000 Actinic exposure Was applied using an ASML i-250 stepper, 

annular exposure, 0.6 NA, through a glass photomask con 
taining a resolution test pattern. The coated Wafers Were 
exposed at varying doses ranging from 210 mJ/cm2 to 260 
mJ/cm2 With nominal exposure for 5 pm is 180 mJ/cm2. 

[0061] After exposure, the Wafers Were post exposure 
baked on a proximity hot plate at 110° C. for about 60 
seconds. 

[0062] The Wafers Were subsequently developed With AZ 
300 MIF Developer using a single puddle at 23° C. for about 
60 seconds. 

[0063] The formulations of Example 1 and Example 2 
resulted in good lithographic performance With improved 
resolution and pro?le. 

[0064] While described in terms of the presently preferred 
embodiments, it is to be understood that the present disclo 
sure is to be interpreted as by Way of illustration, and not by 
Way of limitation, and that various modi?cations and alter 
ations apparent to one skilled in the art may be made Without 
departing from the scope and spirit of the present invention. 

1. A composition comprising: a) a novolak resin partially 
esteri?ed With from about 1 to about 7 Weight percent of a 
naphthoquinonediaZidosulfonyl group; b) one or more dilu 
tion resins; c) at least one photosensitive component in an 
amount suf?cient to photosensitiZe said composition; and d) 
at least one solvent. 

2. The composition of claim 1 Wherein a) the novolak 
resin is partially esteri?ed from about 3 to about Weight 
percent of a naphthoquinonediaZidosulfonyl group. 

3. The composition of claim 1 Wherein for a) the naph 
thoquinonediaZidosulfonyl group is selected from 1,2-naph 
thoquinonediaZide-4-sulfonyl group, a 1,2-naphthoquino 
nediaZide-5-sulfonyl group, a 7-methyl-1,2 
naphthoquinonediaZide-4-sulfonyl group, a 2,1 
naphthoquinonediaZide-4-sulfonyl group, a 2,1 
naphthoquinonediaZide-6-sulfonyl group, a 2,1 
naphthoquinonediaZide-7-sulfonyl group, and a 2,1 
naphthoquinonediaZide-8-sulfonyl group. 
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14. The composition of claim 1 wherein d) at least one 
solvent is selected from 2-heptanone, anisole, ethyl lactate, 
n-butyl acetate, propylene glycol methyl ether, propylene 
glycol methyl ether, ethyl 3-ethoxypropionate and mixtures 
thereof. 

15. The composition of claim 1 Wherein d) at least one 
solvent is 2-heptanone. 

16. The composition of claim 1 Wherein d) at least one 
solvent is a mixture of ethyl lactate and With n-butyl acetate. 

17. The composition of claim 1 Wherein d) at least one 
solvent is and propylene glycol methyl ether acetate. 

18. A process for preparing a composition comprising 
providing an admixture of: a composition comprising: a) a 
novolak resin partially esteri?ed With from about 1 to about 
7 Weight percent of a naphthoquinonediaZidosulfonyl group; 
b) one or more dilution resins; c) at least one photosensitive 
component in an amount suf?cient to photosensitiZe said 
composition; and d) at least one solvent. 

19. The process of claim 18 Wherein for a) the novolak 
resin is partially esteri?ed With from about 3 to about 7 
Weight percent of a naphthoquinonediaZidosulfonyl group. 

20. A process for forming an image on a substrate 
comprising coating a substrate With a composition according 
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to claim 1; imageWise exposing through a mask With ultra 
violet radiation; and developing the exposed photoresist 
composition With a developer. 

21. A method for producing a microelectronic device by 
forming an image on a substrate comprising: 

i) providing an admixture of a photoresist composition 
comprising: a) a novolak resin partially esteri?ed With 
from about 1 to about 7 Weight percent of a naphtho 
quinonediaZidosulfonyl group; b) one or more dilution 
resins; c) at least one photosensitive component in an 
amount suf?cient to photosensitive said composition; 
and d) at least one solvent 

ii) coating a suitable substrate With the photoresist com 
position of step i); and 

iii) heat treating the coated substrate of step ii) until 
substantially all of the photoresist solvent is removed; 
image-Wise exposing the photoresist composition and 
removing the image-Wise exposed areas of such com 
position With a suitable developer. 


