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zobenzoanthrone, p-nitrodiphenyl, and the like. The coupler resin and
photosensitizer are dissolved in This invention is concerned with negative
common organic solvents such as lower alcohols, photoresist systems. It is
particularly concerned    ketones, dimethylformamide, tetrahydrofuran, pyr-
with negative photoresists, films formed from the    5   idine, benzene,
toluene, mixtures thereof and the negative photoresists (that is to say the
negative  like. In general, any number of organic, non-reac- photoresist
systems themselves), and processes      ting solvents in which the coupler
resin and for forming an image involving said systems.
photosensitizer are soluble and which can act as an Negative-acting
photoresists, commonly re-      effective vehicle for the deposition of a
photoresist ferred  to  as negative resists, are useful in  to  film on a
surface can be employed. photolithographic and photomasking operations in
While a number of these negative resists have fabricating microelectronic
devices, printed circuits,  been employed in manufacturing semiconductor
semi-conductors, printing plates, dies and the like.  and integrated
circuit devices, the limitations of Negative resists typically contain a
coupler resin  these systems have become increasingly more ap- and a
photosensitizer compound dissolved in an   15  parent. Because of the
increasing miniaturization of organic solvent. The negative resist film is
depos-  circuitry, the need for image resolution on the order ited from the
solvent on the surface of a suitable   of a few micrometers, preferably as
low as one to substrate, for example by spin casting, dipping,     two
micrometers, is required. Most conventional spraying or screen printing. In
microelectronic ap-  negative resists are not capable of achieving such
plications, the substrate is typically a silicon or   20  high image
resolutions because the organic solvent modified silicon plate or wafer
and, in printed cir-  developers utilized tend to swell the crosslinked
cuit applications, a metal-clad plastic. After the film  resist thereby
reducing image resolution. The or- is deposited and the solvent is removed,
for exam-   ganic solvents used in depositing and developing ple by
evaporation by the application of elevated    conventional negative resists
also present potential temperatures ("softbake"), a portion of the film is
25  health, environmental and flammability problems. exposed to a source of
radiation, such as ultraviolet  Conventional negative resists also suffer
from inad- light, through a photomask. The photosensitizer in   equate
resistance to the high temperatures encoun- the resist is selected because
of its ability to ab-  tered in semi-conductor processing. sorb the
exposing radiation and cause the coupler       Thermal stability of the
resist is important in resin to become insoluble in a solvent that will  30
achieving high image resolution when the resist is dissolve the unexposed
portions of the resist film.  processed. If the processing temperature
exceeds The conversion of the exposed film is typically     the glass
transition temperature of the crosslinked caused by a crosslinking reaction
of the coupler     coupler resin, the exposed resist layer will begin to
resin with the activated photosensitizer compound.   melt or flow. Flow of
the resist layer leads to The unexposed portion of the film is then removed
35  reduced image resolution. The resist must also by the application of a
solvent, known as a devel-   possess good resistance to etching
accomplished oper, to form an image on the surface. The imaged    either by
wet etching, utilizing buffered aqueous surface may then be treated, for
example by etch-    hydrofluoric acid solutions containing hydrogen flu-
ing, ion implantation or other processes useful in   oride and ammonia, or
dry plasma or reactive ion the production of a functional integrated
circuit.  40  etching. Following this treatment, the remaining exposed
By practice of the present invention there may resist film may be removed
or stripped by a suit-    be provided one or more of the following:- able
solvent.                                          (i) a negative resist
which solves the problems Many different types of coupler resins have
encountered by those skilled in the art of nega- been proposed for use in
negative photoresists.  45    tive resists; Conventional polymeric coupler
resins include          (ii) a negative resist which is capable of deposit-
cyclized  polyisoprene  (U.S.-A-2,852,379  and         ing an adhesive,
high quality, stable film on a 2,940,853) chloromethylated polystyrene,
N-allyl       substrate surface which provides high image maleimides
(U.S.-A-3,832,187;  3,902,920  and         resolution and etch resistance;
3,905,820), n-halocyclic imides (U.S.-A-3,702,766)   50    (iii) negative
resists that minimize and eliminate and mixtures of N-maleimides and
triallyl cyanurate    the need for organic solvents to deposit and
prepolymers (U.S.-A-4,072,524). Photosensitizers       develop negative
resist films; and which have been found useful in negative photores-
(iv) negative photoresist systems containing im- ists include organic
solvent soluble compounds         idized acrylic polymers which possess
high ther- such as Michler's ketone (4,4'-bis dimethylamino   ss  mal
stability, etch resistance and image resolu- benzophenone),
2,6-bis-p-azidobenzal-4-methyl        tion. cyclohexanone,
2-tertbutyl-9,10-anthraquinone, 1,2-      According to the present
invention there is 



benzo-9,10-anthraquinone, 2-keto-3-methyl-1,3-dia-   provided a negative
photoresist comprising poly- 2    3                 EP 0 149 553 B1
.4 glutarimide and negative-acting photozensitizer dis-  of polymethyl
methacrylate, with ammonia, primary solved in solvent, and wherein said
polyglutarimide  amines or mixtures thereof. Polyglutarimides can comprises
at least 5 weight percent glutarimide     be prepared so that they are
soluble in aqueous units of the formula:
solutions when at least about 20 mole percent and 5   preferably 50 mole
percent or more of the [err] R                                substituent
of the glutarimide units are hydrogen. [err]
This can be accomplished when the acrylic poly- mer is imidized with
ammonia or with equal amounts of ammonia and an alkyl amine. It is 10
preferable to prepare the polyglutarimides by im- CH  -
idizing polymethyl methacrylate with ammonia to obtain the optimum degree
of aqueous solubility. Mixtures of ammonia-derived and alkyl amine-de-
rived polyglutarimides can be prepared and used 15  to adjust the other
physical properties of the photoresist. where [err] and [err] independently
are hydrogen,        The polyglutarimides may be prepared by a
unsubstituted or substituted alkyl, aryl, aralkyl or  continuous extrusion
process, for example, as de- alkaryl hydrocarbons having from one to twenty
scribed in U.S.-A-4,246,374. The degree of im- carbon atoms, or mixtures
thereof.             20  idization of the polyglutarimide can be adjusted
by In one embodiment of the present invention,     varying the process
conditions such as residence when the polyglutarimide  is completely func-
time, pressures and temperatures. Polyglutarimides tionalized by reacting
the R3 hydrogen substituents  with from about 80 to about 95 percent
imidization with an unsaturated compound which is one or        can be
readily achieved by converting the ester more of alkenyl halides and
alkenyl aromatic  25   moieties of the acrylic polymer to glutarimide
units. halides, leaving less than 20 mole percent [err] hy-       The
physical properties of the photoresist film drogen substituents, the
negative acting photosen-  resulting from the use of the negative
photoresist of sitizer may be omitted.                             the
present invention can also be adjusted by vary- It is surprising that
imidized acrylic polymer-  ing the molecular weight of the polyglutarimide.
based negative resists can be formulated and de-   30   Typically, the
molecular weight of the poly- veloped with aqueous solvents eliminating the
need  glutarimide is equal to, or approximates, the molec- for organic
solvents while maintaining high image   ular weight of the precursor
acrylic polymer. There- resolution, excellent adhesion, thermal stability
and  fore, by selecting an acrylic polymer of known etch resistance.
molecular weight, the film properties of the nega- We have found that
imidized acrylic polymers,  35  tive resist can be optimized for each
admixture of referred to herein as polyglutarimides, can be
polyglutarimide and photosensitizer dissolved in mixed with negative-acting
photosensitizers and     selected solvent. Typically, the molecular weight
of dissolved in selected solvents to form  a novel     the polyglutarimides
useful in the negative resists negative photoresist useful for depositing
an adher-  of the invention range from about 2,000 to about ent, thermally
stable, high quality film on a sub-   40  500,000 weight average molecular
weight, and strate surface, and that such a film is capable of  more
preferably, from  about 5,000 to about producing high quality images.
200,000 weight average molecular weight. Journal of Applied Photographic
Engineering,        One of the distinguishing characteristics of Vol. 7,
No. 2, April 1981, pages 37 to 43, discusses  polygluratimides which makes
them especially use- developments in polymeric resist materials and   45
ful in photoresist systems is their high degree of mentions that polymers
containing glutarimide       thermal stability. The thermal stability of a
poly- groups may be useful in. positive resists. No men-  glutarimide
increases with increasing percent im- tion is made, however, to the
possibility of using  idization. A 95 percent imidized polyglutarimide,
such materials in negative photoresists.            derived from ammonia,
has a glass transition tem- The polyglutarimides of the negative photores-
so  perature (Tg) of about 250 C and a Tg midpoint of ist of the present
invention include the imidized   231 C as determined by Differential
Scanning acrylic polymers described in U.S.-A-4,246,374 to   Calorimetry
(DSC). A nearly completely imidized 



Kopchik, the disclosure of which is incorporated in  polyglutarimide (95%
imidization) derived from n- pertinent part by reference herein.
methylamine has a Tg of about [err]. Depending Polyglutarimides may be
formed by reacting   55  on the process conditions, the ratio of ammonia to
an acrylic polymer containing units derived from    alkyl amine, and the
type of acrylic polymer pre- esters of acrylic or methacrylic acid, such as
poly-  cursors and the extent of imidization, the thermal methyl
methacrylate homopolymer or copolymers       stability of the
polyglutarimide, as determined by 3    5                 EP 0149 553 B its
glass transition temperature or VICAT softening  such as potassium
carbonate. The fraction of the point (ASTM  Dl 525-70), can range from
about       [err] substituents which are substituted by the un- [err] to
about [err]. It is preferable to use      saturated compound may be
controlled either by polyglutarimides which are at least 80 percent im-
varying the percentage of the hydrogen R3 sub- idized with a Tg of at least
[err], preferably up to    5   stituents in the polyglutarimide starting
material or about [err], and in certain cases, as for example  by adjusting
the ratio of unsaturated compound when reactive ion etching is utilized,
even more    reactant to hydrogen [err] substituent. If fewer moles
preferably up to about 240 C. The thermal stability  of the unsaturated
compound are used than the of the polyglutarimide is important when high
im-   moles of hydrogen [err] substituent then the result- age resolution
of less than four micrometers is  10  ing substituted polyglutarimide will
still contain desired. Thermally stable photoresist films prevent  some
unsubstituted hydrogen [err] substituents. flow of the film when the film
is exposed to high       Partially functionalized polyglutarimides, con-
surface temperatures such as when ion implanta-     taining at least about
20 mole percent unsubstitut- tion or reactive ion etching is utilized. Ion
doping or  ed hydrogen R3 substituents after partial func- implantation of
the silicon wafer surface is used to  15  tionalization, can be mixed with
water soluble nega- improve the electrical conductivity of the silicon
tive photosensitizer compounds, such as those de- wafer. Doping of the
silicon is achieved by im-     scribed in U.S.-A-3,917,794 and dissolved in
an plating conductive ions, such as phosphorus or      aqueous base
solution  to form  the negative boron ions, into the exposed silicon wafer
surface.  photoresist. This  aqueous-formulated  negative The rate at which
such ions can be implanted into  20  photoresist can be deposited on a
substrate to the silicon surface is a function of the thermal    form an
adherent, high quality film which can be stability of the photoresist
layer. Ion implantation  exposed and developed using an aqueous base leads
to high film surface temperatures which can   developer.  This
aqueous-formulated  negative lead to deformation of the images. If the
photores-  photoresist completely avoids the need for any ist film begins
to flow during ion implantation, the   25  organic solvent to either
formulate the negative level of doping and electrical properties of the
resist or to develop the exposed film deposited wafer, as well as image
resolution, will suffer.    therefrom. The aqueous base developer does not
In addition, reactive ion etching also requires a  induce swelling of the
exposed film, which would highly thermally stable photoresist film. Poly-
result in reduced image resolution, and the poly- glutarimide resist films
are highly resistant to reac-   30  glutarimide assures high temperature
stability and tive ion etching and allow the substrate to be      etch
resistance to the resist film. These partially rapidly etched giving
increased wafer throughput    functionalized polyglutarimides can
alternatively be and lower processing costs.
dissolved in a suitable organic solvent with a The polyglutarimide and the
negative-acting      photosensitizer and such a photoresist can be de-
photosensitizer, e.g. a conventional, negative-acting   35  veloped using
an organic solvent developer. photosensitizer, in the resist film react
upon expo-    If the polyglutarimide is completely func- sure of a portion
of the film to selected radiation.  tionalized with an unsaturated
compound, leaving Upon exposure of the resist film to the selected    less
than 20 mole percent hydrogen [err] sub- radiation, the solubility of the
polyglutarimide poly-  stituents, the polyglutarimide is not soluble in
water mer in a developer decreases to a point that the   40  and therefore
must be dissolved in an organic product can be termed insoluble in the
developer.   solvent and may be used with an organic solvent- The insoluble
reaction product is not soluble in the  soluble negative-acting
photosensitizer to form a developing solution, such as an aqueous base or a
photoresist of the present invention. This negative non-aqueous solvent,
and development of the un-     photoresist exhibits rapid crosslinking upon
expo- exposed portions in the developer results in the   45  sure, but
requires organic solvent developers. The formation of images on the
substrate. The ability of  completely functionalized polyglutarmide
dissolved the polyglutarimide to crosslink with the activated  in an
organic solvent can be used as a negative 



photosensitizers can be enhanced by substitution    photoresist without the
addition of a negative-acting of the [err] hydrogen substituents of the
glutarimide  photosensitizer. When this negative resist is ex- units  with
suitable  unsaturated  compounds   50   posed to deep UV radiation, the
exposed, func- (referred to herein as "functionalization"). Suitable
tionalized polyglutarimide becomes insoluble and unsaturated compounds
include alkenyl halides       images can be created on the substrate by
subse- and alkenyl aromatic halides such as allyl, crotyl,  quent
development of the resist. butenyl and cinnamyl bromide. This
functioalization    In the case where the polyglutarimide is not reaction
is conducted by reacting the ammonia  55  functionalized and contains at
least about 20 mole derived glutarimide units ([err] substituent is hy-
percent hydrogen [err] substituents, the resist is drogen) with the
unsaturated compound in a sol-     typically formulated using an organic
solvent and vent, such as dimethylformamide, using a catalyst   organic
solvent soluble photosensitizer. The depos- 4    7
EP0149553B1                         8 [err] resist film can be' developed
using an aqueous   moters and plasticizers may also be added to the base
developer.                                    photoresist. Therefore,
according to the structure of the       The negative resist of the
invention is capable polyglutarimide, the extent of functionalization, the
of being spun cast from the solution onto an oxide selection of a
compatible negative-acting photosen-   5   coated, nitride coated or
uncoated silicon wafer, or sitizer and the exposing radiation employed,
nega-  onto aluminum coated substrates, to deposit the tive resists capable
of. being formulated and devel-  resist film. Adhesion promoting primers
such as oped using aqueous or organic solutions can be     hexamethyl
disilazane  (HMDS), beta-3,4-epoxy employed.
cyclohexyl ethyl trimethoxy silane, and the like can The negative-acting
photosensitizers which are  10  alternatively be spun onto the substrate
prior to useful with the polyglutarimides in the negative  depositing the
resist film. The thickness of the film resists of the invention include
conventional azides  deposited can be controlled by adjusting the level and
bisazides. When the negative resist is formu-  of polyglutarimide and
sensitizer solids in the solu- lated with an organic solvent, the
negative-acting  tion and by modifying the deposition technique
photosensitizers are selected based on their com-   15  such as the speed
of spin casting.. patibility with the polyglutarimide and their solubil-
Any conventional spin casting method, such as ity in the organic solvent
which dissolves the poly-  those described in Integrated Circuit
Fabrication glutarimide. The photosensitizer may be sensitive  Technology,
D.J. Elliott, McGraw-Hill Book Com- to either near UV, mid UV or deep UV
radiation. As  pany, 1982, chapter 6, pages 125-144, can be used in this
application, near UV refers to ultra-  20  utilized with the photoresist of
the invention. violet light having a wavelength ranging from about
Typically, the wafer is placed on a rotating 310 to about 465 nanometers,
-mid UV refers to   - disc, such as a Headway wafer spinner, and rotat-
ultraviolet light having a wavelength range of from  ed at speeds of from
about 2,000 to about 7,000 about 280 to about 310 nanometers, and deep UV
revolutions per minute for from about one-half a refers to ultraviolet
light having a wavelength rang-   25   minute to about one minute. The
photoresist is ing. from about 230 to about 280 nanometers. Use-
introduced onto the wafer, by either a continuous ful negative-acting near
UV photosensitizers in-   or dropwise addition while the wafer is
stationary, dude  2,6-bis  (4-azidyl  benzylidene)-4-methyl    or while it
is spinning, to deposit the film of uniform cyclohexanone, and others such
as those de-        thickness on the wafer. The thickness of the depos-
scribed in U.S.-A-4,329,419 and 3,669,669 and   30  ited film will
generally range from about 0.5 mi- Photoresist Materials and Processes,
W.S. DeFor-   crometer to about 3 micrometers. The film is then est,
McGraw-Hill Book Company, 1975, chapter 2,     heated for about 15 to about
60 minutes at tem- pages 38-40. Useful negative-acting deep UV
peratures of about 60 C to about 120 C (referred photosensitizers include
3,3'-diaziododiphenyl sul-  to as a "soft bake") to reduce the solvent
content fone and others such as those described in T.  35  of the film. The
film thus deposited is uniform, Iwayanagi et al, J. Electrochem. Soc., Vol.
127,    striation-free and free from  pinholes and voids page 2759 (1980).
When the negative resist is      which could lead to reduced quality and
yields formulated with an aqueous base, the negative-      during
processing. acting  photosensitizers  include  water-soluble       The film
is then exposed to radiation through a bisazides such  as
4,4'-diazido-stilbene-2,2'-dis-  40  suitable photomask. The radiation
activates the odium  sulfonate (near UV) and others such as
photosensitizer and causes insolubilization, typical- those described in
U.S.-A-3,917,794.                ly by a crosslinking reaction, of the
exposed film to 



Organic solvents useful for forming the nega-   the developer. The
unexposed film areas remain tive photoresist, include N-methyl
pyrrolidinone    soluble in the developing solution.- The film is then
(NMP), N,N-dimethyl acetamide (DMAC), dimethyl-  45  developed in any
conventional manner, such as by formamide (DMF), cyclopentanone,
cyclohexanone,    immersion, to form the images. The imaged wafer methyl
carbitol, 2-methoxy-ethanol, tetrahydrofuran,  is then "postbaked" such as
in a forced air oven at tetrahydrofurfuryl  alcohol, chlorobenzene,  cel-
about [err] to about [err]  for about one hour. If losolve acetate, xylene,
butylacetate and mixtures  desired, the wafer can be "hard-baked" at tem-
thereof.                                       50  peratures up to about
250 C for about one half an Typically, the polyglutarimide is dissolved in
hour without any -noticeable image distortion. Fol- the solvent, organic or
aqueous as the case be, to  lowing the postbaking and optional hard-baking
prepare a 5 to about 30 weight percent solution.    steps, the wafer can be
wet etched or dry etched The sensitizer is typically added to the solution
at  to remove the oxide from the unexposed areas of concentrations of from
about 1 to about 50 weight  55  the oxidized substrate. It is also possible
to utilize percent, and preferably from about 1 to about 10   the negative
resist systems of the invention as thin weight percent, based on the amount
of the poly-    top layers in mulilayer photoresist systems with
glutarimide. Other additives such as adhesion pro-  compatible negative or
positive resist planarizing 5    9                 EP0149553B1
10. [err].                                             form the resist. The
solution was then filtered The present invention will now be further illus-
through a 0.45 micrometer Millipore filter. Two ml. trated by way of the
following examples which are  of the resist was then pipetted onto a 7.62
cm presented solely to illustrate the invention and  (three inch) diameter
silicon water, having a one should not be considered to constitute
limitations   5   micrometer thick silicon oxide layer, and spun, on the
scope of the invention.                     using a Headway Wafer spinner
at 3000 rpm for 60 seconds, to deposit the resist film on the oxide layer.
The film was then soft baked at [err] for 30 Example 1. Complete
Functionalization of Poly-     minutes. The resulting resist film had a
thickness of glutarimide                                   10  1.45
micrometers as measured by a TenCor Alpha Step Profilometer. The film was
clear and striation- The starting polyglutarimide polymer (Polymer  free.
I) having a molecular weight of 71,000 and a Tg of    A photomask was
placed in contact with the 199 C (Differential Scanning Calorimetry) was
pre-  photoresist film using an HTG contact printer. The pared with 86%
imidization, from  polymethyl  is   mask had lines and spaces ranging from
0.75 methacrylate and ammonia in an extruder, accord-   micrometers to 5
micrometers in width. Nitrogen ing to the process described in
U.S-A-4,246,374.   gas was added for 5 seconds and a contact vacu- The
polyglutarimide contained 58 mole %  NH        um was established between
the mask and the (R3 = H) and 42 mole % [err] groups.     wafer. The film
was then exposed through the 15.3 grams of Polymer I were dissolved in 225
20   mask to near UV radiation with an intensity of 20 grams of
dimethylformamide (DMF) by heating to     milliwatts (MW) per cm2 at 365
nanometers for 3 70 C and stirring under anhydrous conditions. To
seconds. this solution was added 9 grams of anhydrous          The exposed
wafer was then immersed in a potassium carbonate followed by the dropwise
ad-   DMF developer bath for 30 seconds, with hand dition of 15 grams of
allyl bromide. The mixture  25  agitation, removed from the developer bath
and air- was stirred and heated at [err]. for 16 hours.     dried.
Following this, the mixture was cooled to ambient     The resulting images
were then examined us- temperature and poured with stirring into one liter
ing an optical microscope. The image resolution of water acidified with 20
ml. of hydrochloric acid.  was 2 micrometers and no effects due to swelling
The white precipitate that formed was filtered using   30  were observed.
The post-development film thick- a Whatman No. 1 filter, washed five times
with 300  ness was 1.17 micrometers. ml. of deionized water, dried in
vacuum, and trans-   Similarly, other negative resists containing ferred to
a 1 liter flask. To the flask, 500 ml. of  completely functionalized
polyglutarimides, pre- methanol was added and the contents were stireed
pared according to Example 1, were formulated for 30 minutes. After similar
filtration and drying   35   with the same bis-azide sensitizer and
evaluated as steps, the product was weighed and analyzed by     negative
resists under the same exposing radiation NMR which showed the complete
substitution by      conditions as above. The results are shown in 



the N-allyl groups. The product weighed 15 grams   Table 1. and contained
7.34 weight % nitrogen. One hun- dred percent allyl functionalization of
the poly-  40 glutarimide was calculated to produce a product containing
7.25 weight percent nitrogen. We also prepared completely functionalized
polyglutarimides utilizing the above procedure with n-crotyl bromide,
n-butenyl bromide, and n-cin-  45 namyl bromide in place of the allyl
bromide. Example 2 Use of Subsituted Polyglutarimide Neg- ative Resist
50 The completely n-allyl substituted poly- glutarimide prepared in Example
1 was then used in formulating a negative photoresist. One gram of the
n-allyl substituted polyglutarimide was dis-  55 solved in 5 grams of
dimethylformamide. To this solution was added 0.1 grams of
2,6-bis(4-azidyl- benzylidene)-4-methyl-cyclohexanone sensitizer to 6    11
EP 0 149 553 B1                    12 The n-allyl substituted
polyglutarimide of Ex- ample 1 was also used to formulate a deep UV
sensitive negative resist. One gram of the poly- glutarimide was dissolved
in 5 grams of N-methyl 5   pyrrolidinone. To the solution 0.1 grams of
3,3'- diazidodiphenyl sulfone was added. The resulting resist was filtered
through a 0.45 micrometer Mil- lipore filter and 2 ml. of the resist was
deposited onto a one micrometer thick oxide coated 7.62 cm 10  (3 inch)
diameter silicon wafer and spun cast at 3000 rpm for 60 seconds. Following
a 30 minutes soft bake at 90 C. the thickness of the film was measured to
be 1.1 micrometers. The film was clear and striation free. The resist film
was then is  exposed to deep UV radiation with an intensity of 18 MW/cm2 at
254 nanometers for 2.5 seconds through the contact vacuum mask as described
in Example 2. The film was developed in a DMF bath for 30 seconds and
resulted in image resolution of 20   2 micrometers with a 0.6 micrometer
thick film after development. Example      4.
Non-Functionalized-Solvent 25  Formulated/ Aqueous Developed Negative
Resist A starting polyglutarimide polymer (Polymer II) having a molecular
weight of 33,000 and a Tg of 207 C (DSC) was prepared with 86% imidization,
30  from polymethacrylic acid and an ammonia precur- sor in an extruder,
according to the process de- scribed in U.S.-A-4,246,374. The
polyglutarimide contained 100% ammonia imide (R3=H) groups. One gram of
Polymer II was dissolved in 4 grams 35  of dimethylformamide. To this
solution was added 0.1 gram of 2,6-bis(4-azidylbenzylidene)-4-methyl
cyclohexanone sensitizer. The solution was filtered through a 0.45
micrometer Millipore filter. 



The resulting resist was spun cast onto a one 40  micrometer thick silicon
wafer oxide coated 7.62 cm (3 inch) diameter silicon wafer by spinning at
3000 rpm for 60 seconds. After a 30 minute soft- bake at 90 C., the film
thickness was measured to be 2.4 micrometers and appeared clear and 45
striation-free. The photomask used in the preceding Exam- pies was placed
in contact vacuum with the film and the film was exposed to near UV
radiation with an intensity of 20 MW/cm2at 365 nanometers for 4 50
seconds. The exposed wafer was immersed in an aque- ous developer (Shipley
MF 312, an aqueous base containing tetramethyl ammonium hydroxide, dilut-
ed six times with deionized water) for 40 seconds 55  with gentle
agitation, removed from the developer Example 3 Deep UV Completely
Substituted Poly-     and dried. The image resolution achieved was 2
glutarimide Negative Resist with sensitizer)       micrometers with a film
thickness of 0.7 microm- eters. 7    13                EP 0 149 553 B1
14 Example 5. Preparation of Partialy Functionalized   Example 7. Aqueous
Base Polyglutarimide Nega- Polyglutarimide
tive Resist 15.3 grams of Polymer II of Example 4 was         The
polyglutarimide of Example 5 (R3 = 50% dissolved in 225 grams of DMF by
heating to   5   allyl and 50% hydrogen) was used to formulate an 70 C. and
stirring under anhydrous conditions for  aqueous base, negative
photoresist. One gram of one hour. Five grams of potassium carbonate was
the partially functionalized polyglutarimide was dis- added to the solution
followed by dropwise addition  solved in 10 grams of Shipley MF 312
tetramethyl of 6 grams of allyl bromide. The mixture was       ammonium
hyroxide. 0.1 grams of a water soluble, stirred and heated at 70 C. for 16
hours. Following   10  4,4'-diazidostilbene-2,2'-disodium  sulfonate sensi-
this partial functionalization, the polyglutarimide so-  tizer dissolved in
2 grams of deionized water with lution was cooled to ambient temperature,
and      gentle warming to 35 C. The solution was then poured with stirring
into one liter of water acidified  cooled to 20 C. and it was then added to
the with hydrochloric acid. The white precipitate that  polyglutarimide
solution, mixed thoroughly, filtered formed was filtered through a Whatman
No. 1 filter,  15  through a 0.45 micrometer Millipore filter and spun
washed 5 times with 300 ml. of deionized water,    coated on a 7.62 cm
(three inch) diameter silicon air-dried and redissolved in DMF and
reprecipitated  wafer containing 1 micrometer thick silicon oxide from
water. The precipitate was then stirred with  layer. Spinning was conducted
at 2000 rpm for 60 500 ml. of methanol for 30 minutes, filtered through
seconds. After a 30 minute soft bake of the wafer a Whatman No. 1 filter
and dried in vacuum. The   20  at 105 C., the resist film thickness was
0.75 mi- product weighed 15.6 grams and was 50% allyl       crometers. The
film was then exposed through the and 50%  hydrogen functionalized as
determined     contact vacuum photomask to near UV radiation by NMR
Spectrum.                                   with an intensity of 20 MW/cm2
at 365 nanometers for 60 seconds. The wafer was then immersed in 25 an
aqueous base developer (Shipley 351 diluted Example 6. Use of Partially
Functionalized Poly-   with three times its volume of deionized water)
glutarimide Negative Resist                        gently agitated for 30
seconds and dried. Image resolutions down to 4 micrometers and a film
thick- The 50% n-allyl functionalized polyglutarimide  ness of 0.2
micrometers was obtained. of Example 5 was used to prepare a negative   30
resist. One gram of the partially functionalized polyglutarimide was
dissolved in 5 grams of DMF.   Example 8. Deep UV Completely Substituted
Poly- 0.08 grams of 4,4'-diazido-stilbene-2,2'-disodium  glutarimide
Negative Resist (Without Sensitizer) sulfonate was added to the solution,
dissolved and 



filtered through a 0.45 micrometer Millipore filter to  35  The starting
polymer, Polymer II (in Example form the resist.
4), was completely substituted with allyl groups A 7.62 cm (three inch)
diameter silicon wafer   (R3=allyl) as in Example 1 using allyl.bromide.
having one micrometer thick silicon oxide coating  One gram of the allyl
substituted imide was dis- was primed with 1 ml. of hexamethyl disilazane
by  solved in 5 grams of dimethylformamide and fil- spin casting the primer
at 3000 rpm for 30 seconds   40  tered through a 0.45 micrometer Millipore
filter. onto the oxide surface. The resist solution was then  Two
milliliters of the resulting resist was then pipet- spun on top of the
primer by spinning at 3000 rpm  ted onto a 5.08 cm (two inch) silicon wafer
with a for 60 seconds. Following a 30 minute soft bake at  one micrometer
thick oxide and spun on a Head- [err], the film had a thickness of 1.25
microm-    way Spinner for 60 seconds at 2000 rpm. The film eters and was
clear and striation free.       45  was then softbaked at 90 C for 30
minutes. The The photomask was placed in contact vacuum      resulting
resist film had a thickness of 0.7 microm- with the film as described in
the prior Examples   eter and was clear and striation-free. and the film
was exposed to near UV radiation with    The photomask was placed in
contact vacuum intensity 20 MW/cm2 at 365 nanometers for 20       with the
film as described in the previous Examples seconds. The exposed wafer was
then immersed in  50  and the film was exposed to deep UV radiation with an
aqueous base developer (Shipley 351, an aque-   an intensity of 8 MW/cm2 at
254 nanometers for 20 ous sodium hydroxide solution, diluted with equal
minutes. The exposed wafer was immersed in volume of deionized water) for
30 seconds with     dimethylformamide with gentle agitation for 30 sec-
gentle agitation and was dried. Image resolutions  onds and air-dried.
Image resolutions down to 1 down to 2 micrometers were obtained with a 0.5
55  micrometer were obtained in a 0.7 micrometer micrometer film thickness
after development.      thick film after development. The film was
post-baked in an oven at 250 C for 1 hour. All the images were retained in
good 8    15                 EP0149553B1                       16 condition
with the film thickness down to 0.65 mi-   6. A photoresist as claimed in
any of claims 1 to crometer. The wafer was subjected to Reactive Ion      5
wherein said solvent is an aqueous base. Etching using CHF3 plasma. The
power density was 1100 watts, the cathode/wafer potential dif-    7. A
photoresist as claimed in claim 6 wherein ference was 600 V. While the
oxide loss was 0.34   5   said solvent is an aqueous base and where
micrometer, the resist loss was only 0.07 microm-      said photoresist
system further comprises an eter, giving an oxide-to-resist etch ratio of
4.9.     aqueous base soluble photosensitizer. The term "Headway" is a
trade mark which may or may not be registered in all of the des-     8. A
photoresist as claimed in any of claims 1 to ignated states.
10      5 wherein said solvent is an organic solvent which is one or more
of N-methyl pyr- rolidinone, N.N-dimethyl acetamide, dimethyl- formamide,
cyclopentanone, cyclohexanone, Claims
methyl      carbitol,    2-methoxyethanol, is     tetrahydrofuran,
tetrahydrofurfuryl  alcohol, 1. A  negative  photoresist comprising  poly-
chlorobenzene, cellosolve  acetate, xylene, glutarimide and negative-acting
photosensitizer     butylacetate. dissolved in solvent, and wherein said
poly- glutarimide comprises at least 5 weight per-    9. A photoresist as
claimed in any of claims 1 to cent glutarimide units of the formula:     20
7 wherein said negative photosensitizer is a water soluble bisazide. 10. A
film formed from a negative photoresist as [err]
claimed in any of claims 1 to 9. 25 11. A film as claimed in claim 10 which
has a thickness of from 0.5 micrometer to 3.0 mi- crometer. R 2
30  12. A process for forming an image on a surface H
comprising depositing a negative photoresist 



2                                film on said surface, said film being
formed from a negative photoresist as claimed in any wherein R1, R2, and R3
independently are hy-        of claims 1 to 9, drogen, unsubstituted or
substituted alkyl, aryl,  35  softbaking said film, aralkyl or alkaryl
hydrocarbons having from         exposing a portion of said film to a
source of one to twenty carbon atoms, or mixtures there-      energy that
decreases the dissolution rate of of.
said polyglutarimide in a developer, and developing the unexposed portion
of said film 2. A photoresist as claimed in claim 1 wherein  40      with
said developer to form said image. said  hydrogen  [err]  substituents  of
the glutarimide units are functionalized by reacting  13. A process for
forming an image on a surface said polyglutarimide with unsaturated com-
comprising depositing a negative photoresist pound which is one or more of
alkenyl halides       film on said surface, said film being formed and
alkenyl aromatic halides.              46       from a negative photoresist
comprising, dis- solved in solvent, polyglutarimide polymer as 3. A
photoresist as claimed in claim 2 wherein          defined in claim  1, and
wherein the poly- said alkenyl halide is one or more of allyl
glutarimide is completely functionalized by bromide, crotyl bromide and
butenyl bromide.        reacting said [err] hydrogen substituents with an
so      unsaturated compound which is one or more of 4. A photoresist as
claimed in claim 2 wherein          alkenyl halides and alkenyl aromatic
halides, said alkenyl aromatic halide is cinnamyl bro-       having less
than 20 mole percent hydrogen R3 mide.
substituents, soft baking said film, 5. A photoresist as claimed in any of
claims 1 to  55   exposing a portion of said film to deep ul- 4 wherein at
least 20 mole percent of the R3       travioiet light, and substituents of
said glutarimide units are hy-      developing the unexposed portion of
said film drogen.                                             with an
organic solvent developer. 9    15                EP 0149 553 B1
16 condition with the film thickness down to 0.65 mi-  6. A photoresist as
claimed in any of claims 1 to crometer. The wafer was subjected to Reactive
Ion     5 wherein said solvent is an aqueous base. Etching using [err]
plasma. The power density was 1100 watts, the cathode/wafer potential dif-
7. A photoresist as claimed in claim 6 wherein ference was 600 V. While the
oxide loss was 0.34   5  said solvent is an aqueous base and where
micrometer, the resist loss was only 0.07 microm-     said photoresist
system further comprises an eter, giving an oxide-to-resist etch ratio of
4.9.    aqueous base soluble photosensitizer. The term "Headway" is a trade
mark which may or may not be registered in all of the des-    8  A
photoresist as claimed in any of claims 1 to ignated states.
10      5 wherein said solvent is an -organic solvent which is one or more
of N-methyl pyr- rolidinone, N,N-dimethyl acetamide, dimethyl- formamide,
cyclopentanone, cyclohexanone, Claims
methyl      carbitol,    2-methoxyethanol, 15     tetrahydrofuran,
tetrahydrofurfuryl  alcohol, 1. A  negative  photoresist comprising  poly-
chlorobenzene, cellosolve  acetate, xylene, glutarimide and negative-acting
photosensitizer    butylacetate. dissolved in solvent, and wherein said
poly- glutarimide comprises at least 5 weight per-   9. A photoresist as
claimed in any of claims 1 to cent glutarimide units of the formula:    20
7 wherein said negative photosensitizer is a water soluble bisazide. 10. A
film formed from a negative photoresist as R
claimed in any of claims 1 to 9. 25 11. A film as claimed in claim 10 which
has a C                             thickness of from 0.5 micrometer to 3.0
mi- 



crometer. 30  12. A process for forming an image on a surface comprising
depositing a negative photoresist film on said surface, said film being
formed from a negative photoresist as claimed in any wherein [err] and
[err] independently are hy-       of claims 1 to 9, drogen, unsubstituted
or substituted alkyl, aryl,  35  softbaking said film, aralkyl or alkaryl
hydrocarbons having from        exposing a portion of said film to a source
of one to twenty carbon atoms, or mixtures there-     energy that decreases
the dissolution rate of Of.
said polyglutarimide in a developer, and developing the unexposed portion
of said film 2. A photoresist as claimed in claim 1 wherein  40    with
said developer to form said image. said  hydrogen  [err]  substituents  of
the glutarimide units are functionalized by reacting  13. A process for
forming an image on a surface said polyglutarimide with unsaturated com-
comprising depositing a negative photoresist pound which is one or more of
alkenyl halides      film on said surface, said film being formed and
alkenyl aromatic halides.             45      from a negative photoresist
comprising, dis- solved in solvent, polyglutarimide polymer as 3  A
photoresist as claimed in claim 2 wherein        defined in claim  1, and
wherein the poly- said alkenyl halide is one or more of allyl
glutarimide is completely functionalized by bromide, crotyl bromide and
butenyl bromide.       reacting said [err] hydrogen substituents with an 50
unsaturated compound which is one or more of 4. A photoresist as claimed in
claim 2 wherein         alkenyl halides and alkenyl aromatic halides, said
alkenyl aromatic halide is cinnamyl bro-      having less than 20 mole
percent hydrogen [err] mide.
substituents, soft baking said film, 5. A photoresist as claimed in any of
claims 1 to  55  exposing a portion of said film to deep ul- 4 wherein at
least 20 mole percent of the [err]       traviolet light, and substituents
of said glutarimide units are hy-     developing the unexposed portion-of
said film drogen.                                            with an
organic solvent developer. 9    17                EP0149553B1
18 14. A process as claimed in claim 13 wherein said      lequel ledit
solvant est une base aqueuse et alkenyl halide is one or more of allyl
bromide,   ledit systeme de photoresist contient en outre crotyl bromide
and butenyl bromide.                un photosensibilisateur soluble dans la
base aqueuse. 5 Revendlcatlons                                     8  Un
photoresist selon l'une des revendications 1 a 5, dans lequel ledit solvant
est un solvant 1. Un photor6sist negatif comprenant du polyglu-
organique qui est un ou plusieurs des N-me- tarimide et un
photosensibilisateur fonctionnant  thylpyrrolidinone,
N,N-dimethylacetamide, di- en negatif dissous dans un solvant, et dans   10
methylformamide, cyclopentanone, cyclohexa- lequel ledit polyglutarimide
contient au moins 5   none, methylcarbitol, 2-m6thoxyethanol, t6tra-
pourcent en poids de motifs glutarimide de         hydrofuranne, alcool
tetrahydrofurfurylique, formule:
chlorobenzbne, acetate de cellosolve, xylene, acetate de butyle. 17 1 3
9. Un photor6sist selon l'une des revendications Q\    2       D1 a 7, dans
lequel ledit photosensibilisateur , I--, N.,
negatif est un bisazide hydrosoluble. 20  10. Un film form6 a partir d'un
photoresist n6gatif selon l'une des revendications 1 & 9. R
R  2 H                             11. Un film selon la revendication 10
qui possede une epaisseur de 0,5 micrombtre a 3,0 micro- 



25      metres. dans laquelle R., R2 et R3 sont, ind6pendam- ment de
l'hydrogene, des radicaux hydrocar-    12. Un procede de formation d'une
image sur une bones alkyles, aryles, aralkyles ou alcaryles      surface
consistant a deposer un film de photo- non substitues ou substitues
possedant un A        resist negatif sur ladite surface, ledit film 6tant
vingt atomes de carbone ou leurs melanges.  30     obtenu a partir d'un
photoresist negatif selon l'une des revendications 1 & 9, 2. Un photoresist
selon la revendication 1, dans       a etuver doucement ledit film, loquel
lesdits substituants hydrogene R3 des       a exposer une partie dudit film
a une source motifs glutarimide sont fonctionnalisds par        d'energie
qui reduit la vitesse de dissolution rdaction dudit polyglutarimide avec un
compo-   S5  dudit polyglutarimide dans un rev6lateur et se insatur6 qui
est un ou plusieurs halogenures    a d6velopper la partie non exposee dudit
film d'alcenyle et halog6nures d'alcenyle aromati-      avec ledit
r6velateur pour former ladite image. ques. 13. Un proc6de de formation
d'une image sur une 3. Un photoresist selon la revendication 2, dans   40
surface consistant A d6poser un film de photo- lequel ledit halog6nure
d'alcenyle est un ou       resist n6gatif sur ladite surface, ledit film
6tant plusieurs parmi les bromure d'allyle, bromure      forme a partir
d'un photoresist negatif conte- de crotyle et bromure de butenyle.
nant un polymbre a base de polyglutarimide selon la revendication 1 dissous
dans un sol- 4. Un photoresist selon la revendication 2, dans   46  vant et
dans lequel le polyglutarimide est en- lequel ledit halogenure d'alc6nyle
aromatique      tibrement fonctionnalisd par r6action des subs- est le
bromure de cinnamyle.                      tituants hydrogene R3 avec un
compos6 insa- ture qui est un ou plusieurs halogenures d'al- 5. Un
photoresist selon I'une des revendications       cenyle et halogenures
d'alcenyle aromatiques, 1 a 4, dans lequel au moins 20 pourcent  so
possedant moins de 20 pourcent molaire de molaire des substituants R3
desdits motifs glu-    substituants hydrogene R3, tarimide sont de
l'hydrogbne.                      a 6tuver doucement ledit film, a exposer
une partie dudit film a de la lumibre 6. Un photoresist selon l'une des
revendications       ultraviolette lointaine et 1 a 5, dans lequel ledit
solvant est une base   55  a developper la partie non exposee dudit film
aqueuse.                                           avec un revelateur a
base de solvant organi- que. 7. Un photoresist selon la revendication 6,
dans 10    19.                EP 0149 553 B1                     20 14. Un
procede selon la revendication 13, dans          mittel eine wfi~rige Base
ist, und wobei das lequel ledit halogenure d'alcnyle est un ou
Photoresistsystem weiter einen in der waBrigen plusieurs parmi les bromure
d'allyle, bromure       Base l6slichen Photosensibilisator enthlit. de
crotyle et bromure de butenyle. s   &  Photoresist nach einem der AnsprOche
1 bis 5, wobei das Losemittel ein organisches L6semit- AnsprUche
tel ist, welches eines oder mehrere ist aus N- Methylpyrrolidinon,
N,N-Dimethylacetamid, Di- 1. Negatives Photoresist, enthaltend Polyglutari-
methylformamid, Cyclopentanon, Cyclohexan- mid und negativ wirkenden
Photosensibilisator   70  on, Methylcarbitol, 2-Methoxyethanol, Tetrah-
gelost in einem L6semittel, wobei das Polyglu-      ydrofuran,
Tetrahydrofurfurylalkohol, Chlorben- tarimid mindestens 5 Gew.-% Glutarimid
der          zol, Cellosolvacetat, Xylol, Butylacetat. Formel 9.
Photosesist nach einen der AnsprOche 1 bis 7, 15      wobei der negative
Photosensibilisator ein was- R3
serl6sliches Bisazid ist. O                                10. Film,
gebildet aus einem negativen Photoresist 0      N      0X
20       nach einem der AnsprUche 1 bis 9. \C  C
~~~~~~~~~20 



11. Film nach Anspruch 10, welcher eine Dicke von 0,5 bis 3,0 Mikrometer
aufweist. Ri   C    Rz                 12. Verfahren zum Bilden eines
Bildes auf einer 1    Rz                    25       Oberflache, wobei man
auf der Oberflache einen negativen Photore- H2
~~~~~~~~~sisffilm abscheidet, wobei der Film aus einem negativen
Photoresist nach einem der AnsprU- enthait, wobei R., R2 und R3 unabhangig
die         che 1 bis 9 hergestellt ist, den Film gelinde Bedeutung
Wasserstoff, unsubstituierte oder   30    brennt, substituierte Alkyl-,
Aryl-, Aralkyl- oder Alkaryl-  einen Teil des Filmes einer Energiequelle
aus- kohlenwasserstoffe mit eins bis zwanzig Koh-        setzt, die die
L6sungsrate des Polyglutarimids lenstoffatomen haben, oder Gemische davon.
in einem Entwickler herabsetzt, und 2. Photoresist nach  Anspruch  1, wobei
die  35         zur Bildung des Bildes den nicht ausgesetzten
Wasserstoff-R3-Substituenten der Glutarimide-       Teil des Filmes mit dem
Entwickler entwickelt. inheiten funktionalisiert sind durch Umsetzen des
Polyglutarimids mit einer ungesattigten     13. Verfahren zum Bilden eines
Bildes auf einer Verbindung, die eine oder mehrere aus Alken-
Oberfliche, bei dem man ylhalogeniden und alkenylaromatischen Halo-  40
auf der Oberflache einen negativen Photore- geniden ist.
sistfilm abscheidet, wobei der Film hergestellt ist aus einem negativen
Photoresist, welches in 3. Photoresist nach Anspruch 2, wobei das Alken-
einem Losemittel gelostes Polyglutarimidpoly- ylhalogenid eines odor
mehrere aus Allylbro-        mer gemaB Anspruch 1 enthilt, und wobei das
mid, Crotylbromid und Butentylbromid ist.   45      Polyglutarimid
vollstandig funktionalisiert ist durch Umsetzen der
R3-Wasserstoffsubstituen- 4. Photoresist nach Anspruch 2, wobei das alken-
ten mit einer ungesattigten Verbindung, die ylaromatische Halogenid
Zimtsaurebromid ist.        eine oder mehrere aus Alkenylhalogeniden und
alkenylaromatischen Halogeniden ist, die weni- 5. Photoresist nach einem
der Anspriche 1 bis 4,  50    ger als 20 Molprozent
Wasserstoff-R3-Substitu- wobei mindestens 20 Molprozent der R3-Sub-
enten aufweisen, stituenten der Glutarimideinheiten Wasserstoff      den
Film golinde brennt, sind.
einen Teil des Filmes tiefem ultravioletten Licht aussetzt, und 6.
Photoresist nach einem der Ansprlche 1 bis 5,  55    den nicht ausgesetzten
Teil des Filmes mit wobei das L6semittel eine wdIrige Base ist.
einem  organischen L6semittelentwickler ent- wickelt. 7. Photoresist nach
Anspruch 6, wobei das Lose- 11    21                 EP 0149 553 B1
22 14. Verfahren nach Anspruch 13, wobel das Alken- ylhalogenid eines. odor
mehrere aus Allylbro- mid, Crotylbromid und Butenylbromid ist. 5 10 15 20
25 30 35 40 45 50 55    


