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ABSTRACT 

A composition useful for a thick-?lm negative resist com 
prising a mixture of at least one epoXidiZed polyfunctional 
bisphenol A formaldehyde novolak resin and at least one 
photoacid generator in a coating solvent, a majority amount 
of said coating solvent being cyclopentanone. 
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FAST DRYING THICK FILM NEGATIVE 
PHOTORESIST 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to photoimageable 
epoxy compositions useful as photoresists for applications 
requiring thick ?lms. In particular, this invention relates to 
speci?c composition useful for that purpose that contains 
cyclopentanone as a solvent, at least one epoXidiZed poly 
functional bisphenol A formaldehyde novolak resin and at 
least one photoacid generator. 

[0003] 2. Brief Description of Art 

[0004] Advanced packaging applications requiring solder 
bumps having a high aspect ratio (i.e., ratio of the ?lm 
thickness or height to the Width of the developed imaged 
feature) and applications involving the fabrication of micro 
electromechanical machines (MEMS) require photoresists 
Which are capable of producing uniform layers by spin 
coating, providing high aspect ratio images up to thicknesses 
of several hundred microns. Conventional positive resists 
based on diaZonaphthoquinone-novolak chemistry are not 
suitable for applications for Which the thickness is required 
to be above about 50-60 microns. This thickness limitation 
is primarily caused by the relatively high optical absorption 
of the diaZonapthoquinone-type photoactive compound at 
the near-ultraviolet Wavelengths (350-450 nm) Which are 
typically used to expose the resist. Optical absorption nec 
essarily reduces the radiation intensity as it traverses from 
the top to the bottom of the ?lm, such that if the optical 
absorption is too high, the bottom of the ?lm Will be 
undereXposed relative to the top, causing a tapered or 
otherWise distorted pro?le of the developed image. 

[0005] A negative spin-coating thick-?lm resist of the 
chemically ampli?ed type, Which has very loW optical 
absorbance at Wavelengths in the 350-450 nm range has 
been described in the literature (N. LaBianca and J. D. 
Gelorme, Proc. SPIE Vol. 2438, page 846 (1995). This resist 
comprises a solution in a coating (casting) solvent of a 
polyfunctional epoXy novolak resin EPON® SU-8 from 
Shell Chemical and a triphenyl sulfonium heXa?uoroanti 
monate salt (PAG), such as CYRACURE UVI 6974 from 
Union Carbide. The EPON SU-8 has a high functionality 
Which results in ef?cient cross-linking, so the resist is 
capable of forming images having a high aspect ratio in ?lms 
Which may be 300 microns or more thick. The PAG is added 
at a concentration of less than 10% of the total solids. The 
disclosed coating solvent uses a miXture of gamma-butyro 
lactone (GBL) and methyl ethyl ketone (2-butanone). The 
resulting photoresist solution may be spin-coated onto a 
Wide variety of substrates, pre-baked to evaporate the sol 
vent, leaving a solid photoresist ?lm of up to several 
hundred microns thickness depending on the solids content 
of the solution. Apattern is transferred to the photoresist by 
eXposing the ?lm through a mask to near-ultraviolet radia 
tion by contact, proximity, or projection eXposure. Subse 
quent immersion in developer solution dissolves aWay the 
uneXposed regions, leaving behind a high resolution three 
dimensional negative image of the mask. 

[0006] A further reference Y. Lee, N. LaBianca, S. A. 
Rishton, J. D. Gelorme, J.ShaW and T. H. P. Chang, J. Vac. 
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Sci. Technology B 13(6), 1995) discloses similar spin 
coating photoresist compositions, in Which the solvent is the 
single solvent gamma-butyrolactone. 

[0007] Previous disclosures of thick-?lm negative photo 
resist compositions containing SU-8 resin, and a solvent are 
as folloWs: 

[0008] US. Pat. No. 4,882,245, assigned to International 
Business Machines Corp. discloses preferred photocurable 
compostions suitable for use in a printed circuit board Which 
contain up 88% by Weight of SU-8 resin, CYRACURE 
PAG, a reactive diluent epoXy resin and methyl ethyl ketone 
or methyl isobutyl ketone (4-methyl-2-pentanone) or miX 
tures thereof as the solvent. The preferred solvent Was 

methyl ethyl ketone alone. These compositions are applied 
to a cured epoXy resin substrate by means of a doctor-blade 

and not by the spin-coating method of the present invention. 

[0009] US. Pat. No. 5,026,624, assigned to International 
Business Machines Corp. discloses a preferred photocurable 
compositions suitable for use as a solder mask Which contain 

up 90% by Weight of SU-8 resin, CYRACURE PAG, a 
reactive diluent epoXy resin and a solvent selected from 
gamma-butyrolactone, N-methyl pyrrolidinone, 2-ethoXy 
ethyl acetate, propylene carbonate, 2-methoXyethanol, pro 
pylene glycol monomethyl ether or propylene glycol 
monomethyl ether acetate. The preferred solvent Was pro 
pylene glycol monomethyl ether acetate. These composi 
tions are applied to a cured epoXy resin substrate by means 
of curtain coating and not by the spin-coating method of the 
present invention. 

[0010] Negative photoresists based on the above disclosed 
compositions Which are suitable for spin-coating, in Which 
the solvent is gamma-butyrolactone alone, are sold by 
MicroChem Corp., NeWton, Mass., USA and used commer 
cially, especially in the fabrication of MEMS devices. For 
eXample, a typical product offered by MicroChem Corp., 
“SU8-50” can be spin-coated at 1000-3000 rpm to produce 
?lms of thickness in the range 30-100 microns, Which after 
eXposure and development according to a standardiZed 
process can produce images having an aspect ratio greater 
than 10:1 at ?lm-thicknesses greater than 100 microns. 
Higher or loWer solids versions eXtend the ?lm-thickness 
range obtainable by a single coat process to beloW 5 microns 
and above 200 microns. Gamma-butyrolactone is selected as 
the solvent for these photoresist compositions primarily 
because of its high solvency of the SU-8 epoXy bisphenol A 
resin, and because it is non-?ammable. Additionally, the 
viscosity of a solution containing a high concentration of 
solids required for a very thick ?lm resist can reduced 
substantially by heating to a moderate temperature, thus 
making it practical to be ?ltered under reasonable pressure 
to remove particles or gels. 

[0011] The choice of the coating (casting) solvent is 
critical. The use of a loW boiling point high volatility coating 
solvent, such as methyl ethyl ketone, Which has a vapor 
pressure of 100 mm at 25° C., may cause the photoresist ?lm 
to dry too quickly resulting in an uneven surface. The mask 
pattern to be imaged cannot then be transferred uniformly 
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across the area of the ?lm. If the ?lm is not dried suf?ciently, 
the surface Will remain tacky, in Which case the ?lm Will 
stick to the mask if contact printing is used to transfer the 
pattern. Additionally, a stable image may not be formed. It 
is thus generally preferable to use a relatively high boiling 
point loW volatility coating solvent With a vapor pressure of 
less than about 10 mm for photo resists Which are to be 
deposited as uniform ?lms by spin-coating. 

[0012] HoWever, the drying time, Which increases rapidly 
With ?lm-thickness, may become rather long if a loW vola 
tility solvent is used for a thick-?lm forming resist compo 
sition. This makes the resist unsuitable for use in production 
processes in Which high throughput is important. In the case 
of the above disclosed compositions using as the solvent 
gamma-butyrolactone Which has an extremely loW vapor 
pressure of 0.3 mm, the drying time at practical bake 
temperatures (typically beloW about 100° C.) is in the range 
of 10-90 minutes for ?lm-thicknesses in the 20-100 micron 
range. Furthermore, the coating uniformity tends to be poor 
toWards the outer edge of the substrate due to the formation 
of a rather large edge-bead, and the resist solution may not 
Wet the surface of the substrate suf?ciently resulting in 
uneven spreading, de-Wetting or pulling-back of the ?lm 
from the edge of the substrate after spin-coating or after soft 
bake. This occurs particularly on substrates such as bare 

silicon, silicon nitride, glass, or certain metals such as 
copper. Although the Wettability of the substrate may be 
improved, for example, by treating bare silicon by means of 
sulfuric acid/hydrogen peroxide folloWed by hydro?uoric 
acid etching (piranha etch), or by using a selected primer, 
this adds to the complexity of the coating process, and in the 
case of certain primers can lead to additional problems such 
as lifting-off of imaged features during development. 

[0013] Reducing the drying time by mixing a high vola 
tility solvent With gamma-butyrolactone is possible; hoW 
ever, this is undesirable because the composition of the 
solvent mixture can change during mixing With the solid 
resist components due to loss by evaporation of the highly 
volatile solvent, Which makes the manufacture unnecessarily 
complex. Furthermore, the solubility may decrease and a 
higher solids content may be required to achieve the same 
?lm thickness as Would be obtained using gamma-butyro 
lactone alone. Furthermore, solvents of high volatility have 
?ash points beloW room temperature. Such mixtures in 
Which methyl ethyl ketone is the volatile solvent are not used 
commercially because methyl ethyl ketone is a knoWn toxic 
substance. 

BRIEF SUMMARY OF THE INVENTION 

[0014] Therefore, the present invention is directed to a 
composition useful for a thick-?lm negative resist compris 
ing a mixture of at least one epoxidiZed polyfunctional 
bisphenol A formaldehyde novolak resin, at least one pho 
toacid generator, and Wherein cyclopentanone comprises at 
least the majority amount (i.e., at least 50% by Weight) of the 
casting solvent. 

[0015] The resulting mixtures having a Wide range of total 
solids content, may be applied by spin-coating in a single 
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coating step to a variety of substrates, and baked to produce 
tack-free non-brittle ?lms having a range of thickness up to 

several hundred microns. 

[0016] An advantage of the present invention is the fast 
drying time, Which is afforded With uniform coatings and 
With no increase in cracking of the ?lm during the drying 
process or during the post-exposure bake. 

[0017] Another advantage is the improved Wetting 
obtained on different substrates such as bare silicon, glass, 

silicon nitride and other surface coatings commonly used for 
MEMS applications. 

[0018] Yet another advantage is that cyclopentanone may 
be used Without a co-solvent. 

[0019] Yet another advantage is that only a small increase 
in the solids concentration is required to achieve the same 

?lm thickness as Would be obtained using gamma-butyro 

lactone. Furthermore, cyclopentanone solvent is not knoWn 
to be toxicologically haZardous and has a ?ash point above 

room temperature. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] As stated above, the present invention is directed to 
a composition comprising: 

[0021] (a) at least one particular polyfunctional 
epoxy resin Which is capable of undergoing ring 
opening polymeriZation under the in?uence of a 
strong acid catalyst. 

[0022] (b) at least one particular photoacid generator 
Which releases a strong acid under the in?uence of 

ultraviolet light, 

[0023] (c) cyclopentanone as the major component of 
a solvent Which is capable of dissolving all ingredi 
ents. Optionally, a surfactant may be added to further 

improve coating uniformity. 

[0024] The term “epoxidiZed polyfunctional” as used 
herein to describe bisphenol Aformaldehyde novolak resins 
includes any and all resins of this class that contain suf?cient 

epoxy functionalities to be useful as a thick-?lm negative 

photoresist. The preferred epoxy resin contains an average 
of eight epoxy groups, consisting of the glycidyl ether of the 
novolak condensation product of bisphenol A and formal 
dehyde, With an average molecular Weight of about 1400 

gram/mole, With an epoxy equivalent Weight of about 215 
gram/mole. Such a resin is commercially available from 
Shell Chemical under the trade name EPON® Resin SU-8. 

The structure of the most common component of the resin 

having an epoxy functionality of eight is shoWn in 
Formula (1) 
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(1) 

[0025] The preferred photoacid generator consists of a 
triaryl sulfonium salt With structure shown in Formula (2), 
Where Ar represents a mixture of aryl groups. Such a 
material is commercially available from Union Carbide 
under the trade name CYRACURE® Photoacid Generator 
UVI-6974, Which consists of a 50% solution of the triaryl 
sulfonium salt of Formula (2) dissolved in propylene car 
bonate. 

(2) 

Ar 

[0026] Cyclopentanone may be used as a single solvent or 
as the major component being not less than 50% in a mixture 
With a co-solvent capable of dissolving the solid compo 
nents. Suitable co-solvents are polar solvents such as dim 
ethylformamide and N-methyl pyrrolidinone, ketonic sol 
vents such as, cyclohexanone, heptanone, methylamyl 
ketone and methyl isopropyl ketone, cyclic ethers such as 
1,3-dioxolane and tetrahydofuran, hydroxylic polar solvents 
such as tetrahydrofurfuryl alcohol, ethyl lactate, propyle 
neglycol methylether, propyleneglycol methylether acetate, 
methylmethoxy propionate, 2-ethoxyethyl acetate, propy 
lene carbonate, 2-methoxyethanol, ethylethoxypropionate 
and the like. More preferably, the coating comprises either 
all cyclopentanone or about 70%-95% cyclopentanone and 
about 5-30% by Weight of one or more of those cosolvents. 

[0027] Other additives, Well knoWn to those skilled in the 
art, Which may be optionally used to improve the coating 
quality of a spin-coating resist formulation include leveling 
agents, Wetting agents and adhesion promoters, such a 
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nonionic surfactants may be preferably added at about 0.02 
to 0.1% by Weight. One suitable nonionic surfactant is 
FC430 from 3M. 

[0028] A solution of the components suitable for spin 
coating is formed by dissolving the polyfunctional epoxy 
bis-phenol A novolak resin, the photoacid generator and 
other additives if used in the selected coating solvent system 
comprising as the major component cyclopentanone. The 
resin is typically dissolved in the solvent system to a 
concentration of about 30-to 80 Wt %. The photoacid gen 
erator (as a solid), is typically present in an amount of about 
2 to 6 parts per hundred of the resin, or as a solution in 
propylene carbonate in an amount of about 4 to 12 parts per 
hundred. The solution is ?ltered through a polypropylene or 
Te?on ?lter to remove particulate matter. The pore siZe 
varies from about 2 to about 10 microns depending on the 
total solids content of the solution. The photoresist coating 
is formed by spin-coating the solution onto a substrate to 
form a uniform thick-?lm of thickness of at least about 20 
microns, preferably 20-300 microns. 

[0029] The types of substrates can be, but are not limited 
to, silicon, glass or ceramic Which may have deposited on 
their surface other materials such as silicon oxide, silicon 
nitride, various metals such as gold, copper or nickel, or 
alloys. 

[0030] No special pre-treatment is necessary; optionally, a 
pre-bake may be performed to remove absorbed moisture. 
The resulting photoresist solution may be applied to a 
substrate by spin-coating, consisting of dispensing the liquid 
resist onto the substrate, accelerating to a constant rotational 
speed, and holding the rotation speed constant to achieve the 
desired coating thickness. Spin-coating may be performed 
With variable rotational velocity in order to control the 
thickness of the ?nal coating. After spin-coating, a bake is 
performed to evaporate the solvent; typically 1 minute at 65 ° 
C. folloWed by 5-15 minutes at 95° C. depending on the 
?lm-thickness. The solid photoresist coating can then be 
photoimaged using an exposure tool With near-ultraviolet 
radiation from a medium- or high-pressure mercury lamp 
through a photomask containing a pattern of opaque and 
transparent regions. Contact, proximity, or projection print 
ing may be used, preferably contact printing. FolloWing 
exposure, a post-exposure-bake is carried out in order to 
accelerate the acid catalyZed polymeriZation reaction in the 
exposed regions of the coating; typical bakes are carried out 
for 1 minute at 65° C. and 5-20 minutes at 95° C. depending 
on the ?lm-thickness. The coating is then developed in an 
organic solvent developer in order to dissolve aWay the 
un-polymeriZed regions, typically for 2-10 minutes depend 
ing on the ?lm-thickness. Suitable developer solvents 
include, but are not limited to, propylene glycol methyl ether 
acetate, gamma-butyrolactone, diacetone alcohol and ethyl 
lactate. Optionally, a post-bake may be performed on the 
resulting image to more fully harden the material. 

[0031] The resulting three dimensional structures obtained 
in the described fashion may be used for electroplating 
molds, microelectromechanical systems (MEMS) devices, 
micro?uidic devices, and other applications apparent to 
those skilled in the art. 

[0032] The present invention is further described in detail 
by means of the folloWing Examples and Comparative 
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Examples. All parts or percentages are by Weight and all 
temperatures are in degrees Celsius unless explicitly stated 
otherwise. 

EXAMPLE 1 

[0033] A composition comprising a mixtures of EPON 
SU-8 resin obtained from Shell Chemicals, present in an 
amount of 66.8% of the total Weight of components, and 
CYRACURE 6974 photoacid generator (6.7 Wt % of the 
total Weight of components), and 26.5 Wt % of cyclopen 
tanone, Was prepared by placing the mixture in an amber 
glass bottle and rolling on ajar roller under moderate heat 
(about 50-70° C. ) until all the solids Were completely 
dissolved (about 4 hrs). The hot solution Was ?ltered through 
a 5 micron te?on membrane ?lter. About 5 m/s of the 
solution Was dispensed by pipette onto a bare silicon Wafer 
mounted on the chuck of a BreWer Science CEE spin-coater 
Which Was ramped quickly from an initial speed 500 of rpm 
to a maximum spin-speed of 3000 rpm and held for 30 
seconds: The resulting partially dry ?lm Was visually 
inspected and found to be free of striations or ridges. The 
coated Wafer Was transferred to a hot-plate at an initial 
temperature of 65° C. The temperature Was increased to 95° 
C. The drying time to achieve a tack-free surface of the ?lm 
Was determined as folloWs: At intervals of one to ?ve 
minutes depending on the ?lm-thickness, the coated Wafer 
Was removed from the hot-plate, alloWed to cool to room 
temperature and a metal probe brought into contact With the 
surface. The tack-free condition Was attained When the ?lm 
no-longer adhered to the probe tip. The procedure Was 
repeated as required to obtain a more accurate determina 
tion. 

[0034] The drying time determined by the above proce 
dure Was found to be 7 minutes and during the bake process 
no bubbling or pitting of the ?lm surface Was observed to 
occur and the dry ?lm thickness Was found to be 68.7 
microns. The resulting dry ?lm Was visually inspected and 
had not pulled-back from the edge or otherWise de-Wetted 
from the substrate. 

[0035] The ?lm thickness Was measured using either a 
Zeiss light-section microscope for thickness values above 
about 30 microns and by means of a NanoSpec interferom 
eter for thickness values beloW about 30 microns. 

[0036] The dry photoresist ?lm Was exposed to patterned 
near-ultraviolet radiation having a principle Wavelength of 
365 nm through a chromium-on-quartZ resolution mask 
Which Was placed in contact With the surface of the ?lm. 
After a suitable exposure time determined by trail-and-error, 
as that required to transfer the mask pattern as accurately as 
possible to the resist ?lm, the exposed areas Were cross 
linked by a post-exposure bake at 95° C. for 6 minutes. The 
unexposed un-crosslinked areas Were dissolved by immer 
sion in a bath containing propyleneglycolmethylether 
acetate, resulting in a negative image of the mask. The 
developed resolution patterns Were examined through a 
microscope and the aspect ratio de?ned as the ratio of the 
?lm-thickness to the Width (at the bottom of the photoresist 
?lm) of the smallest completely resolved feature Was found 
to be 981. 

EXAMPLE 2 

[0037] The method according to Example 1 Was repeated 
except that the maximum spin-speed Was 1000 rpm and the 
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post-exposure bake time Was 15 minutes. The ?lm shoWed 
complete absence of de-Wetting, surface striations or ridges, 
and no bubbling or pitting Was observed during the bake. 
The drying time Was 35 minutes, the ?lm-thickness Was 181 
microns, and the aspect ratio Was 9:1. 

EXAMPLE 3 

[0038] The method according to Example 1 Was repeated, 
except that the resin Was present in an amount of 60.5 Wt % 
and cyclopentanone Was present in an amount of 33.5 Wt % 
and the post-exposure bake time Was 3 minutes. The ?lm 
shoWed complete absence of de-Wetting, surface striations 
or ridges, and no bubbling or pitting Was observed during the 
bake. The drying time Was 3 minutes, the ?lm-thickness Was 
19.3 microns, and the aspect ratio was 481. 

EXAMPLE 4 

[0039] The method according to Example 3 Was repeated, 
except that the spin speed Was 1000 rpm and the post 
exposure bake time Was 5 minutes. The ?lm shoWed com 
plete absence of de-Wetting, surface striations or ridges, and 
no bubbling or pitting Was observed during the bake. The 
drying time Was 6 minutes, the ?lm-thickness Was 51.4 
microns, and the aspect ratio Was 5:1. 

EXAMPLE 5 

[0040] The method according to Example 1 Was repeated, 
except that the resin Was present in an amount of 50 Wt % 
and the solvent in an amount of 45 Wt % and the post 
exposure bake time Was 2 minutes. The ?lm shoWed com 
plete absence of de-Wetting, surface striations or ridges, and 
no bubbling or pitting Was observed during the bake. The 
drying time Was 2 minutes, the ?lm-thickness Was 8.3 
microns, and the aspect ratio Was 3:1. 

EXAMPLE 6 

[0041] The method according to Example 5 Was repeated, 
except that the spin-speed Was 1000 rpm and the post 
exposure bake time Was 2 minutes. The ?lm shoWed com 
plete absence of de-Wetting, surface striations or ridges, and 
no bubbling or pitting Was observed during the bake. The 
drying time Was 2 minutes, the ?lm-thickness Was 17.2 
microns, and the aspect ratio Was 3.4:1. 

EXAMPLE 7 

[0042] The method according to Example 4 Was repeated, 
except that the substrate Was polished borosilicate glass. The 
?lm shoWed complete absence of de-Wetting, surface stria 
tions or ridges, and no bubbling or pitting Was observed 
during the bake. The drying time Was 6 minutes and the 
?lm-thickness Was about 50 microns. 

EXAMPLE 8 

[0043] The method according to Example 4 Was repeated, 
except that the substrate Was silicon nitride deposited onto 
silicon. The ?lm shoWed complete absence of de-Wetting, 
surface striations or ridges, and no bubbling or pitting Was 
observed during the bake. The drying time Was 6 minutes 
and the ?lm-thickness Was about 50 microns. 

COMPARATIVE EXAMPLE 1 

[0044] The method according to Example 1 Was repeated 
except that the solvent Was gamma-butyrolactone. The ?lm 
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showed the complete absence of surface striations or ridges 
but had pulled back from the edge of the substrate. No 
bubbling or pitting Was observed during the bake. The 
drying time Was 75 minutes, the ?lm-thickness Was 93.8 
microns and the aspect ratio Was 9:1. 

COMPARATIVE EXAMPLE 2 

[0045] The method according to Example 3 Was repeated 
except that the solvent Was gamma-butyrolactone. The ?lm 
shoWed the complete absence of surface striations or ridges, 
but had pulled back from the edge of the substrate and 
de-Wetted in several other areas. No bubbling or pitting Was 
observed during the bake. The drying time Was 15 minutes, 
the ?lm-thickness Was 37.5 microns and the aspect ratio Was 
5 :1. 

COMPARATIVE EXAMPLE 3 

[0046] The method according to Comparative Example 2 
Was repeated except that maximum spin-speed Was 1000 
rpm and the post-exposure bake time Was 10 minutes. The 
?lm shoWed the complete absence of surface striations or 
ridges but had pulled back from the edge of the substrate. No 
bubbling or pitting Was observed during the bake. The 
drying time Was 90 minutes, the ?lm-thickness Was 101.6 
microns and the aspect ratio Was 9:1. 

COMPARATIVE EXAMPLE 4 

[0047] The method according to Example 3 Was repeated 
except that the solvent Was methyl ethyl ketone. After 
spin-coating and prior to baking, the ?lm surface Was 
uneven shoWing the presence of pronounced ridges. The ?lm 
Was not suitable for pattern transfer. 

COMPARATIVE EXAMPLE 5 

[0048] The method according to Example 3 Was repeated 
except that the solvent Was 2-pentanone. After spin-coating 
and prior to baking, the ?lm surface Was uneven shoWing 
pronounced striations. The ?lm Was not suitable for pattern 
transfer. 

COMPARATIVE EXAMPLE 6 

[0049] The method according to Example 3 Was repeated 
except that the solvent Was methyl isobutyl ketone. After 
spin-coating and prior to baking the ?lm surface Was uneven 
shoWing pronounced ridges. The ?lm Was not suitable for 
pattern transfer. 

COMPARATIVE EXAMPLE 7 

[0050] The method according to Example 3 Was repeated 
except that the solvent Was pinacolone. The ?lm surface Was 
free of striations and ridges. During the bake, severe bub 
bling and pitting Was observed. The ?lm Was not suitable for 
pattern transfer. 

COMPARATIVE EXAMPLE 8 

[0051] The method according to Example 3 Was repeated 
except that the solvent Was methyl isopropyl ketone. The 
?lm surface Was free of striations and ridges. During the 
bake, a slight amount of bubbling and pitting Was observed. 
The drying time Was less than tWo minutes and the ?lm 
thickness Was 13.2 microns and the aspect ratio Was 3.5 :1. 
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COMPARATIVE EXAMPLE 9 

[0052] The method according to Comparative Example 8 
Was repeated except that the spin-speed Was 1000 rpm. The 
?lm surface Was free of striations and ridges. During the 
bake, a slight amount of bubbling and pitting Was observed. 
The drying time Was less than three minutes and the ?lm 
thickness Was 24.6 microns and the aspect ratio Was 5:1. 

COMPARATIVE EXAMPLE 10 

[0053] The method according to Example 3 Was repeated 
except that the solvent Was a mixture of gamma-butyrolac 
tone and methyl ethyl ketone in the ratio of 85:15 parts by 
Weight. The ?lm shoWed the complete absence of surface 
striations or ridges but had pulled back from the edge of the 
substrate. No bubbling or pitting Was observed during the 
bake. The drying time Was 5 minutes, the ?lm-thickness Was 
25.6 microns and the aspect ratio Was 4:1. 

COMPARATIVE EXAMPLE 11 

[0054] The method according to Comparative Example 10 
Was repeated except that the spin speed Was 1000 rpm and 
the substrate Was silicon nitride deposited on silicon. The 
?lm shoWed the complete absence of surface striations or 
ridges but had pulled back from the edge and de-Wetted from 
other areas of the substrate. No bubbling or pitting Was 
observed during the bake. The drying time Was 11 minutes, 
the ?lm-thickness Was 62.1 microns and the aspect ratio Was 
9:1. 

[0055] Examples 1-8 and Comparative Examples 1, 2, 3, 
10 and 11 shoW that cyclopentanone as a single solvent 
produces even coatings having a Wide range of ?lm thick 
ness, free from de-Wetting on bare silicon, glass and silicon 
nitride, and after patterning produce photoimages Which 
have aspect ratios comparable to those produced from 
coatings prepared With gamma-butyrolactone or a mixture of 
gamma-butyrolactone and methyl ethyl ketone as the sol 
vent. In all cases the drying time is signi?cantly faster than 
coatings of comparable thickness prepared using gamma 
butyrolactone or a mixture of gamma-butyrolactone and 
methyl ethyl ketone as the solvent, and the Wetting on bare 
silicon, and silicon nitride is superior. 

[0056] Comparative Examples 4-7 shoW that selected 
ketones (having a relatively loW boiling points and high 
vapor pressures) are unsuitable due to the surface uneven 
ness resulting from rapid drying. 

[0057] Comparative examples 8 and 9 shoWs that methyl 
isopropyl ketone as a solvent reduces the ?lm thickness 
obtained under the same spin-coat conditions to less than 
one half of that obtained using cyclopentanone at the same 
total solids concentration. 

[0058] While the invention has been described above With 
reference to speci?c embodiments thereof, it is apparent that 
many changes, modi?cations, and variations can be made 
Without departing from the inventive concept disclosed 
herein. Accordingly, it is intended to embrace all such 
changes, modi?cations and variations that fall Within the 
spirit and broad scope of the appended claims. All patent 
applications, patents and other publications cited herein are 
incorporated by reference in their entirety. 
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What is claimed is: 
1. A composition useful for a thick-?lm negative resist 

comprising a mixture of at least one epoXidiZed polyfunc 
tional bisphenol A formaldehyde novolak resin and at least 
one photoacid generator in a coating solvent, a majority 
amount of said coating solvent being cyclopentanone. 

2. The composition of claim 1 Wherein the at least one 
epoXidiZed polyfunctional bisphenol A formaldehyde 
novolak resin is one epoxy resin having an average of about 
eight epoXy groups and having an average molecular Weight 
of about 1400 gram/mole and having an epoXy equivalent 
Weight of about 215 gram/mole. 

3. The composition of claim 1 Wherein the photoacid 
generator is a triphenyl sulfonium heXa?uoroantimonate 
salt. 
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4. The composition of claim 1 Wherein the coating solvent 
is solely cyclopentanone. 

5. The composition of claim 1 Wherein the coating solvent 
comprises about 70% to about 95% by Weight cyclopen 
tanone and from about 5% to about 30% by Weight of a 
cosolvent, said cosolvent selected from the group consisting 
of dimethyl formamide, N-methyl pyrrolidinone, cycloheX 
anone, heptanone, methylamyl ketone, methyl isopropyl 
ketone, 1,3-dioXolane, tetrahydrofuran, tetrahydrofurfuryl 
alcohol, ethyl lactate, propyleneglycol methylether, propy 
leneglycol methylether acetate, methylmethoXy propionate, 
2-ethoXyethyl acetate, propylene carbonate, 2-methoXyetha 
nol, and ethylethoXypropionate. 

* * * * * 


