
EP 0  382 932 B1 Description The present invention relates to a process for
forming a film by vapor deposition on a substrate. The in- vention also
pertains to the use of such a film in a lithographic process. 5       In
the field of semiconductor processing, It is generally known to use
polysilane materials as positive pho- toresists. See, for example, U.S.
Pat. No. 4,587,205, issued to Harrah, et al. on May 6, 1988, and U.S. Pat.
No. 4,588,801, issued to Harrah, et al. on May 13, 1986. See also, West,
R., "Polysilane High Polymers and Their Technological Applications,"
Actual. Chim., (3), 84-70 (1988). The art discloses a number of methods for
the preparation of such polysilane compositions. For example, 10  In U.S.
Pat. No. 4,578,495, issued to Soula, et al. on Mar. 25, 1986, polysilanes
are prepared by contacting, In an inert atmosphere, at least one disilane
with a catalyst system which Includes an ionic inorganic salt, [err] and a
compound that complexes the M+ cation of the salt Reference Is also made to
U.S. Pat. No. 4,667,046, issued to Frey, et al. on May 19, 1987, which
provides another method for making polysilanes. In that patent, the method
involves reacting atleast one methoxy-containing disilane with an
SiH-containing siane in the pres- 15 ence of at least one alcoholate, MOR,
where M Is an alkali metal and R is a select monovalent hydrocarbon
radical. Further, in U.S. Pat. No. 4,298,558, Issued to Baney, et al. on
Nov. 3, 1981, polysilane compositions are prepared by reacting, under
anhydrous conditions, a select polysilane with a reagent selected from
carbi- nols, alcoholates and alkyl orthoformates. Yet another approach for
preparing polysilanes Is disclosed in U.S. Pat. No. 3,399,223, issued to
Atwell, 2o  etal. on Aug. 27,1968. That process involves heating under
neutral conditions, ata temperature of [err] a select polysilane to effect
a redistribution between Si-Si bonds and SI-OR bonds. In the use of
polysilanes as photoresists, the procedure generally Involves first
preparing the desired poly- silane, e.g. by one of the methods described
above, and then dissolving it in a suitable solvent. After filtering the
solution to remove impurities, the solution is spin applied to a substrate.
This approach cannot be followed 25  with many polysilanes, however,
because they do not readily dissolve In commonly used solvents. Another
drawback is that spin application does notresult in a uniform coating of
the material over horizontal and vertical surfaces on the substrate.
Efforts have been made to overcome the latter problem, so as to obtain a
more uniform coating of pho- toresist, one technique involving the
application of two or more layers. But this method further Involves the 30
use of two or more development steps, with a resulting increase in the
complexity and cost of the overall proc- ess. Another approach which
attempts to obtain a more even coating thickness is disclosed in U.S. Pat.
No. 4,675,273, Issued to Woods, et al. on Jun. 23, 1987, where a
photoresist Is formed on a substrate by vapor deposition. However, In
practice, the process first requires treating the substrate surface with a
suitable acti- 35  vator. Also, the process involves the use of
cyanoacrylate monomers; there Is no disclosure that any other types of
monomers could be satisfactorily employed. Reference Is also made to U.S.
Pat. No. 4,781,942, Issued to Leyden, et al. on Nov. 1, 1988, where a
protective layer of a siloxane polymer is deposited on the surface of a
substrate. According to this process, a select monomer precursor Is reacted
with a select oxygen-containing precursor in the presence of radiation,
resulting In formation of a siloxane polymer on a substrate. 40
EP-A-136 421 discloses a microlithographic process wherein a
pattern-exposed polymerfilm is deposited on the surface of a substrate by
placing said substrate inside a dosed chamber containing tetra-vinyl silane
and exposing the monomer vapour to a patterned beam of ions. Thus, there Is
a need in the artfora processfordepositing afilm of a polysilane material,
which overcomes the disadvantages of spin application, whichforms amore
uniform coating overhorizontal and vertical surfaces 45  on a substrate,
and which can be utilized for depositing a variety of polyslianes, not all
of which are utilizable by way of spin application. Now, In accordance with
the invention, a new process has been discovered for forming a film
comprising 



a polysilane composition on a substrate. In accordance with the Invention,
a substrate is exposed to the vapor of a polymerizable silane monomer under
such conditions as to deposit on the substrate a film comprising a 50
polysilane composition. In another aspect of the Invention, the film Is
then exposed in a predetermined pattern to radiation, and the radiation
exposed portions of the film are removed. This process is particularly
useful In the production of semiconductor devices on silicon wafers. It is
a feature of the invention that a film useful as a positive-working
photoresist is formed directly on a substrate, thus avoiding the cumbersome
steps of first preparing the polymer, dissolving It in a solvent and 55
purifying it. As an additional feature, It has been found that a film
comprising a polysilane composition can be formed on the substrate, which
is of relatively uniform thickness, over horizontal and vertical surfaces,
as com- pared with that obtainable through the use of conventional spin
application techniques. Still further, a wide variety of polysilane
compositions can be deposited, which are not otherwise utilizable by spin
application, 2    EP 0 382 932 B1 since they are not readily dissolvable in
solvents ordinarily used. In accordance with the process of the Invention,
a substrate Is exposed to the vapor of a polymerizable silane monomer.
Preferred silane monomers include those having the formula 5 [err] 10
wherein R is H; [err] alkyl, alkenyl, alkynyl, alkoxy or alkyl silyl; aryl;
or amino; wherein R' is H; [err] alkyl, 15  alkenyl, alkynyl, alkoxy or
alkyl siyl; aryl; amino; halo; or halomethyl; and wherein [er] is H; [err]
alkyl, alkenyl, alkynyl, alkoxy or alkyl silyl; aryl; or amino. A more
preferred group of silane monomers for use according to the invention
include those having the above formula wherein R Is [err] alkyl; R' is
[err] alkyl, trimethyl silyl, aryl, fluoro or fluoromethyl; and R" is [err]
alkyl. In a particularly preferred embodiment of the Invention,
pentamethylmethoxydisilane is employed. 20      Typically, the substrate
which Is utilized Is silicon dioxide coated silicon or silicon, although
the process can be applied to other substrates if so desired. In carrying
out the process of the Invention, the silane monomer is heated to a
suitable temperature so as to produce sufficient concentration of vaporfor
polysilane deposition on the substrate. The general reaction for polysilane
formation may be illustrated as follows: 25 [err] 30 35      The diradical
polymerizes to yield [err]  where n is an integer ranging from about
2-1,000, depending generally upon the nature of the starting material, the
reaction conditions and so forth. The actual reaction conditions, i.e.
temperature, pressure and time, may vary over wide ranges and are generally
dependent on the silane monomer and the exact equipment being employed, as
well as otherfactors familiar to those skilled in the art. In general,
however, temperatures ranging from about 200 to about [err] 4o  and
pressures ranging from about 0.067 mbar to about 133.3 mbar (50 mtorr to
about 100 torr) for a period of about I to about 20 minutes are typical.
Reaction temperatures from about 500 to about [err] and pressures from
about 2.67 to about 6.67 mbar (2 to about 5 torr) are preferred. The
reaction may be carried out in the presence orabsence of a solvent. In the
latter case, the silane mono- mer (or mixture of monomers) serves as a
solvent. When a solvent Is employed, It must be selected so as to 45
solubilize the silane monomer, be chemically Inert with respect to the
silane monomer, and so forth. 



Various other materials may be added to the silane monomer prior to
polymerization to change the prop- erties of the resulting film.
Forexample, cross-linkers, chain terminators to control molecularweight,
other co- monomers to vary optical properties, etc. may be employed, as
will be apparent to those skilled in the art. The film formed In accordance
with the invention will generally have a thickness from about 0.1 to about
so  1 [err] depending upon the nature of the monomer used, the reaction
conditions, etc. To form an Image on the substrate, the film is then
exposed in a predetermined pattern to radiation, such as UV or ionizing
radiation sources, including X-ray, gamma ray and charged particle beams,
e.g., electron beams. Either direct write or photomask techniques may be
suitably used. Preferably, the film Is exposed through a mask to deep UV
radiation, most preferably with a wavelength in the range of about 240-260
nm. 55  Following the exposure step, the portions of the film which were
exposed to the radiation are removed. A con- ventional developer, such as
isopropyl alcohol, can be used for this purpose. The removal of the exposed
por- tions of the film results in a polymer film with the predetermined
pattern on the substrate. Thus, in accordance with the process of the
present invention, there Is provided a film of a polysilane com- 3    EP 0
382 932 B1 position, formed directly on a substrate In the vapor phase. The
film Is adherent and coats relatively uniformly over horizontal and
vertical surfaces on the substrate; and it is effectively employed as a
positive-working pho- toresist to form a desired image on the substrate.
The following example Is provided to illustrate the Invention. 5 EXAMPLE A
sample (1.5 ml) of pentamethylmethoxydisilane, obtained from Petrarch, Inc.
(98% purity), was placed in a 20 ml glass ampule attached to a vacuum
manifold. The manifold was composed of 3 parts: the reagent 10  vessel, a
quartz furnace tube, and a deposition chamber. The furnace tube was 25 cm
in length and 2 cm In diameter. The deposition chamber was approximately 40
cm long and 15 cm in diameter. A silicon wafer was placed in the deposition
chamber opposite the furnace tube. The furnace was heated to [err] and the
reagent ampule was heated to [err]  After evacuation of the apparatus, the
valve to the vacuum pump was closed, and the reagent was introduced. The
system pressure rose to several torr for a period of 1-2 min., and then 15
dropped to less than 1.33 mbar (1 tor) as the reaction progressed. Upon
removal of the wafer from the de- position chamber, a circular film
approximately 40 mm in diameter was observed. The film was thicker at the
center, with the following measurements being taken: 20
Radial Position  (mm)               Film Thickness  (nm) 0
431.1 3                              413.7 6
350.1 15                               176.1 20
108.1 30      UV spectroscopic characterization showed absorbance by the
film at 200-270 nm, with very little absor- bance above 300 nm. For this
purpose, a sample was prepared by deposition on a quartz wafer. Film
samples were exposed on a proximity printer at 240-260 nm. Avariable
transmission mask was used to generate exposures of 0-240 mj/[err] on each
wafer. The mask contained a series of equal line/space patterns between 1.0
and 2.0 [err] Expose values of 70-80 [err] were optimum. Positive tone
images were developed 35  with a 30 sec. rinse with isopropyl alcohol.
Claims 



40 1. Process for forming a film on a substrate, comprising exposing said
substrate to the vapor of a polymer- izable silane monomer under such
conditions as to deposit on said substrate a film comprising a polysi- lane
composition having a chemical backbone characterized by silicon-silicon
bonding. 2.  Process of claim 1, wherein said polymerizable silane monomer
has the formula 45 co                                     [err] 55
wherein: R is H; [err] alkyl, alkenyl, alkynyl, alkoxy or alkyl silyl;
aryl; or amino; R' is H; [err] alkyl, alkenyl, alkynyl, alkoxy or alkyl
silyl; aryl; amino; halo; or halomethyl; and R" Is H; [err] alkyl, alkenyl,
alkynyl, alkoxy or alkyl silyl; aryl; or amino. 4    EP 0 382 932 B1
position, formed directly on a substrate in the vapor phase. The film is
adherent and coats relatively uniformly over horizontal and vertical
surfaces on the substrate; and it is effectively employed as a
positive-working pho- toresist to form a desired image on the substrate.
The following example Is provided to Illustrate the Invention. 5 EXAMPLE A
sample (1.5  ml) of pentamethylmethoxydisilane, obtained from Petrarch,
Inc. (98% purity), was placed in a 20 ml glass ampule attached to a vacuum
manifold. The manifold was composed of 3 parts: the reagent 10  vessel, a
quartz furnace tube, and a deposition chamber. The furnace tube was 25 cm
in length and 2 cm in diameter. The deposition chamber was approximately 40
cm long and 15 cm in diameter. Asilicon wafer was placed in the deposition
chamberopposite the furnace tube. The furnace was heated to [err] and the
reagent ampule was heated to [err] After evacuation of the apparatus, the
valve to the vacuum pump was dosed, and the reagent was introduced. The
system pressure rose to several torr for a period of 1-2 min., and then 15
dropped to less than 1.33 mbar (1 tor) as the reaction progressed. Upon
removal of the wafer from the de- position chamber, a circular film
approximately 40 mm In diameter was observed. The film was thicker at the
center, with the following measurements being taken: 20              Radial
Position  (mm)              Film Thickness  (nm) 0
431.1 3                             413.7 25                         6
350.1 15                              176.1 20
108. 1 30      UV spectroscopic characterization showed absorbance by the
film at 200-270 nm, with very little absor- bance above 300 nm. For this
purpose, a sample was prepared by deposition on a quartz wafer. Film
samples were exposed on a proximity printer at 240-280 nm. A variable
transmission mask was used to generate exposures of 0-240 [err] on each
wafer. The mask contained a series of equal line/space patterns between 1.0
and 2.0 [err] Expose values of 70-80 [err] were optimum. Positive tone
images were developed 35  with a 30 sec. rinse with isopropyl alcohol.
Claims 40  1. Process for forming a film on a substrate, comprising
exposing said substrate to the vapor of a polymer- izable silane monomer
under such conditions as to deposit on said substrate a film comprising a
polysi- lane composition having a chemical backbone characterized by
silicon-silicon bonding. 



2. Process of claim 1, wherein said polymerizable silane monomer has the
formula 46 so                                    [err] 55      wherein: R
is H; [err] alkyl, alkenyl, alkynyl, alkoxy or alkyl silyl; aryl; or amino;
R' is H; [err]  alkyl, alkenyl, alkynyl, alkoxy or alkyl silyl; aryl;
amino; halo; or halomethyl; and R" is H; [err] alkyl, alkenyl, alkynyl,
alkoxy or alkyl silyl; aryl; or amino. 4    EP 0 382 932 B1 3.  Process of
claim 2, wherein: R is [err] alkyl; R' is [err] alkyl, trimethyl silyl,
aryl, fluoro or fluoromethyl; and R" Is [err] alkyl. 5 4.  Process of claim
3, wherein said polymerizable silane monomer is pentamethylmethoxydisilane.
5.  Process of claim 1, wherein said substrate is silicon dioxide coated
silicon or silicon. 6.  Process of claim 1, wherein said polymerizable
silane monomer is heated to a temperature ranging from about 200 to about
[err] at a pressure ranging from about 0.087 mbar to about 133.3 mbar (50
mtorrto about 100 tor) for a period of about I to about 20 minutes. 7.
Process of claim 6, wherein said temperature ranges from about 500 to about
[err] and said pressure ranges from about 2.67 to about 8.67 mbar (2 to
about 5 torr). 15 8.  Process of one or several of claims 1 to 7 forforming
an image on a substrate, said process further com- prising the steps of:
after depositing on said substrate a film comprising a polysilane
composition; exposing said film in a predetermined pattern to radiation;
and 20      removing the radiation exposed portions of said film. 9.
Process of claim 8, wherein said film is exposed to radiation having a
wavelength ranging from about 240 to about 280 nanometers. 25  10. Process
of daim 8, wherein said polymerizable sliane monomer is
pentamethylmethoxydisilane, and said substrate is silicon dioxide coated
silicon or silicon. 11. Process of claim 8 for forming an image on a
substrate, said method comprising the steps of. exposing said substrate to
the vapor of a polymerizable silane monomer, which is heated to a
temperature 30      ranging from about 500 to about [err] at a pressure
ranging from about 2.67 to about 8.67 mbar (2 to about 5 torr), so as to
deposit on said substrate a film comprising a polysilane composition, said
poly- merizable silane monomer having the formula 35 [err] 40        -
wherein: R is H; [err] alkyl, alkenyl, alkynyl, alkoxy or alkyl silyl;
aryl; or amino; 45      R Is H; [err] alkyl, alkenyl, alkynyl, alkoxy or
alkyl silyl; aryl; amino; halo; or methyl halo; and R" is H; [err] alkyl,
alkenyl, alkynyl, alkoxy or alkyl silyl; aryl; or amino; exposing said film
in a predetermined pattern to radiation; and 



removing the radiation exposed portions of said film. 50 Patentansprdche 1.
Verfahren zur Bildung eines Films auf einem Substrat, indem das Substrat
dem Dampf eines polymeal- sierbaren Sllanmonomers so ausgesetzt wird, dag
auf dem Substrat ein Film einer Polysilanverbindung 55       abgeschieden
wird, die ein chemisches Rickgrat aufweist, das durch elne
Silizium-Silizium-Bindung cha- rakterisiert ist 2.  Das Verfahren von
Anspruch 1, wobel das polimerlsierbare Slianmonomer die folgende Formel
hat: 5 * c   L   N   S*    EP 0 382 932 B1 [err] 5 10      und wobei R H.
[err] Alkyl, Alkenyl, Alkynyl, Alkoxy oder Alkylsilyl, Aryl oder Amino ist;
R' H, [err] Alkyl, Alkenyl, Alkynyl, Alkoxy odor Alkylsilyl, Aryl, Amino,
Halo odor Halomethyl ist und R" H. [err] Alkyl, Alkenyl, Aikynyi, Aikoxy
odor Aikylsilyl, Aryl oder Amino ist. 15  3. Verfahren nach Anspruch 2,
wobei folgendes gilt: R ist  [err] Alkyl; R' ist [err]  Alkyl,
Trimethylsilyl, Aryl, Fluor oder Fluoromethyl und R" ist[err] Alkyl. 20 4.
Verfahren nach Anspruch 3, wobel das polymerisierbare Silanmonomer
Pentamethylmethoxydisilan let 5. Verfahren nach Anspruch 1, wobel das
Substrat mit Siliziumdioxyd beschichteles Silizium oder Silizium ist. 6.
Verfahren nach Anspruch 1, wobel das polymerislerbare Silanmonomer Ober
oinen Zeltraum von ca. 1 25      bis ca. 20 Minutbn auf mine Temperatur von
ca. 200 bis ca. 650C orhitzt wird bel elnem Druck von ca. 0,067 bis ca.
133,3 mbar (50 mtorr bis ca. 100 torr). 7. Verfahren nach Anspruch 6 wobei
die Temperatur von ca. 500 bis ca. 6000C und der Druck von ca. 2,67 bis ca.
6,67 mbar (2 bis ca. 5 torr) relcht. 30 8. Verfahren nach elnem
odermehreren derAnspriche I bis 7 zum Erstellen oines Bilds auf einem
Substrat augerdem die folgenden Schritte umfassend: nach dam Abscheiden
sines Films auf dam Substrat, der mine Polysilanverbindung enthalt;
Bestrahlen des Films nach elnem vordefinierten Muster und Entfernen der
belichteton Teile des Films. 35 9. Verfahren nach Anspruch 8, wobel der
Film mit elner Wellenlfinge von ca. 240 bis ca. 260 nm bestrahit wird. 10.
Verfahren nach Anspruch 8, wobel des polymerisierbare Silanmonomer
Pentamethylmethoxydisllan und 40      das Substrat mit Siliziumdloxyd
beschichtetes Silizium oder Silizium lst. 11. Verfahren nach Anspruch 8 zum
Erstellen mines Bilds auf einem Substrat die foigenden Schritte umfas-
send: Substrat dam Dampf eines polymerisibrbaren Silanmonomers aussetzen,
das auf oine Temperatur von 46      ca. 500 bis ca. 6000C erhitzt wird be!
olnem Druck von ca. 2,67 bis ca. 8,67 mbar (2 bis ca. 5 tort), so daB sich
auf dem Substratein Film abscheidet, dereine Polysilanverbindung enthalt,
wobel das polyme- 



risierbare Silanmonomer die folgende Formel hat: 1RI 50
I R-Si-Si-OR' R   R' und wobei 6 I 111I1IlI  11111    llll II 1111    EP 0
382 932 B1 R H. C1-C4 Alkyl, Alkenyl, Alkynyl, Alkoxy odor Alkylsilyl, Aryl
odor Amino ist RI H, C1-C4 Alkyl, Alkenyl, Alkynyl, Alkoxy odor Alkylbilyl,
Aryl, Amino, Halo oder Halomethyl ist und R" H, Cj-C4 Alkyl, Alkenyl,
Alkynyl, Alkoxy oder Alkylsi lyl, Aryl oder Amino ist; Bestrahlen des Films
nach elnem vordefinierten Muster und Entfernen der bellchteten Teils des
Films. Revendlcatlons 10  1. Procede pourformerune oouche sur un substrat,
consistant A exposer leditsubstrat a la vapeur d'un mo- nombre silanique
polymerlsable dans des conditions permettantdo d6posersurledit substrat une
couche comprenant un compose polysllanique dont l epine dorsale eot
caracterisee par une liaison chimique si- licium-silbcium. 15  2. Proc6d6
solon la revendication 1, dans lequel ledit monombre silanique
polymerisable a la formula R R' I     I R -Si-Si- OR" I     I R R' ou : 25
R eot H; C1-C4 alkyle, alk6nyle, alkynyle, alkoxy ou alkyle silyle; aryle;
ou amino, W est H; C1-C4 alkyle, alkenyle, alkynyle, alkoxy ou alkyle
silyle; aryle; amino; halo; ou halomethyle; et R" est H; C1-C4 alkyle,
alkenye, alkynyle, alkoxy ou alkyle silyle; aryle; ou amino. 3. Procede
selon la revendication 2, dans lequel 30      R eat Cl-Ca alkyle; RI est
C1-C4 alkyle, trim6thyle silyle, aryle, fluoro ou fluorom6thyle; et R' est
Cl-C3 alkyle. 4. Procdd selon la revendlcation 3, dans loquel ledit
monomere silanique polym6risable est du pentam6- thylmethoxydisilane. 5.
Proc6d6 solon la revendicatlon 1, dans lequel ledit substrat eat du
silicium recouvert de dioxyde de sili- cium ou du siliclum. 6. Procede
salon la revendication 1, dans lequel ledit monomere silanique
polym6risable est chauff6 A une 40      temperature comprise entre environ
200 et environ 6500C A une pression comprise entre environ 0,067 mbar et
environ 133,3 mbar (50 mtorr et environ 100 torr) pour une duree comprise
entre environ I et environ 20 minutes. 7. Procede solon la revendication 6,
dans loquol ladite temperature eot comprise entre environ 500 et environ 45
650C, et ladite presshon est comprise entre environ 2,87 et environ 6,67
mbar (2 et environ 5 torr). 8. Procede solon l'une quelconque des
rovendications I a 7 pour former une Image sur un substrat, ledit 



procede comprenant, de plus, lea etapes consistent A: apres avoir depose
sur ledit substrat une couche comprenant un compose polysllanique; 50
exposer laditb couche A un rayonnoment solon un motif predetermine; et 6ter
lee portions exposees au rayonnement de ladite couche. 9. ProcodA solon la
revendication 8, dans lequel ladite couche est exposee A un rayonnement
dont la lon- guour d'onde est comprise entre environ 240 et environ 260
nanometres. 56  10. Procede solon la revendication 8, dans loquel ledit
monomere silanique polymerisable eot du pentame- thylmethoxydisilane et
ledit substrat est du silicium recouvert de dioxyde de sialcium ou du
silicium. 7 8 111111111 111111 11111 i 11 IIU    EP 0 382 932 B1 11.
Proc6d6 sWlon la revendication 8 pour former une image sur un substrat,
ledit proced6 comprenant les 6tapes consistant A: exposer ledit substrat A
la vapeur d'un monombre silanique polym6rlsable chauffe A une temp6rature
comprise entre environ 500 et environ 6000C, A une presslon comprise entre
environ 2,67 et environ 6,67 5       mbar (2 et environ 5 torr), de facon A
d6poser sur ledit substrat une couche comprenant un compos6 po-
lysilanique, ledit monomere silanique polymerisable ayant la formule R R'
10                                       I     I R - Si - Si - OR3 I     I
R R' 15 0O: R est H; C1-C4 alkyle, alk6nyle, alkynyle, alkoxy ou alkyle
silyle; aryle; ou amino; RI est H; C7-C4 alkyle, alkenyle, alkynyle, alkoxy
ou alkyle silyle; aryle; amino; halo; ou halomethyle; et RI est H; C1-C4
alkyle, alkenyle, alkynyle, alkoxy ou alkyle silyle; aryle; ou amino; >
o20     exposer ladite couche A un rayonnement selon un motif pr6dhtermln6;
et oter les portions exposees au rayonnement de ladite couche. 25 30 35 40
45 50 55    


