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[571 ABSTRACT

A silicon oxime film is formed by plasma enhanced chemi-
cal vapor deposition. The silicon oxime film is useful as an
anti-reflection layer during photolithography, as an etch
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101 Claims, 4 Drawing Sheets

10

4000 3620 3240 2860

T 1

M30 700 1720 1340 960 580

WAVENUMBER

RENESAS EXHIBIT 1006
Renesas v. Lone Star, IPR2017-01868



5,710,067

Sheet 1 of 4

Jan. 20, 1998

U.S. Patent

08s

096

0vEL

0zLL

YIAWANIAVM

0oLz

| 91

084

0987

ovze

029¢

000%

0l

L

Ll

1'06

- L'16

-£th

- 6°b6

F§°96

"1'86

"L 66

JINVLLIWSNYUL %



5,710,067

Sheet 2 of 4

Jan. 20, 1998

U.S. Patent

¢ 94
(1-w) SYIAWNAN IAVM
005 0001 0051 0002 000¢ 000%
| 1 ] ] 1 ) 1 1 i T 1 |
01
N-IS
-f -
o H-1S H-N
5.0 - ~
N
0l /\!\,\/
o N
5 /> N
07 /\I\(./ e
0 IN/ YHIS

(stun ‘qip) IINVLLIWSNVAL



5,710,067

Sheet 3 of 4

Jan. 20, 1998

U.S. Patent

€94
¥ITWNNIAVM
08 096  OYEL  0ZZL  001Z 08K 098C  OWZE  OZ9E coew._s
o £
ggol
[ 8°501
£ b
6t
87201
g
0 L 8°601
1 811t
gLl

FJINVLLIWSNVAL %



U.S. Patent Jan. 20, 1998 Sheet 4 of 4 5,710,067

/16

17
15
14
7777777713
12
Oy A el §
10

FIG. 5



5,710,067

1
SILICON OXIME FILM

TECHNICAL FIELD

The present invention relates to a silicon oxime film, its
use in semiconductor manufacturing, and a method for
depositing the film. The silicon oxime film of the present
invention has particular utility as an anti-reflection coating.

BACKGROUND ART

The escalating requirements for high density and perfor-
mance associated with ultra large scale integration require
responsive changes in conductive patterns, which is consid-
ered one of the most demanding aspects of ultra large scale
integration technology. High density demands for ultra large
scale integration semiconductor wiring require increasingly
denser arrays with minimal spacing between conductive
lines. The increasing demands for high densification impose
correspondingly high demands on photolithographic tech-
niques.

Conventional photolithographic techniques employed
during various phases in the manufacture of semiconductor
devices involve the formation of an anti-reflective coating
(ARQ), also characterized as an anti-reflective layer (ARL),
typically positioned between a semiconductor substrate and
a photoresist material. ARCs are conventionally made of
various materials, including organic and inorganic. For
example, inorganic materials conventionally employed for
ARCs include silicon nitride, silicon oxynitride, ci-carbon,
titanium nitride, silicon carbide and amorphous silicon.
Organic materials conventionally employed for ARCs
include spin-on polyimides and polysulfones. Conventional
ARCs are designed, by appropriate adjustment of variables
such as composition, deposition conditions and reaction
conditions, to exhibit the requisite optical parameters to
suppress multiple interference effects caused by the inter-
ference of light rays propagating in the same direction due
to multiple reflections in the photoresist film. The effective
use of an ARC enables patterning and alignment without
disturbance caused by such multiple interference, thereby
improving line width accuracy and alignment, critical fac-
tors with respect to achieving fine line conductive patterns
with minimal interwiring spacing. The use of an ARC is
particularly significant when forming a via or contact hole
over a stepped arca, as when etching a dielectric layer
deposited on a gate electrode and gate oxide formed on a
semiconductor substrate in manufacturing a field effect
transistor.

The physics involved in ARCs is known and the use of
ARG : is conventional and, hence, will not be set forth herein
detail. See, for example, T. Tanaka et al., “A New Photoli-
thography Technique with Antireflective Coating on Resist:
ARCOR,” J. Electrochem. Soc., Vol. 137, No. 12, December
1990, pp. 3900-3905. ARCs have improved the accuracy of
ultra-violet and deep ultra-violet lithography, and expanded
to the use of ion beam, I-line, KrF and ArF excimer laser
lithography. T. Ogawa et al., “SiQO,N :H, high performance
anti-reflective layer for current and future optical lithogra-
phy.” Recently, an effort has been made to develop improved
dry etching techniques for ARCs, including particularly
silicon oxynitride. M. Armacost et al., “Selective Oxide:
Nitride Dry Etching in a High Density Plasma Reactor,”
Hectrochemical Society Meeting, 1993, Extended Abstract,
column 93-1, p. 369. Efforts have been made to engineer the
optical parameters of an ARC, as by adjusting process
variables impacting the refractive index during plasma
enhanced chemical vapor deposition (PECVD). T. Gocho et
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2
al., “Chemical Vapor Deposition of Anti-Reflective Layer
Film for Excimer Laser Lithography,” Japanese Journal of
Applied Physics, Vol. 33, January 1994, Pt. 1, No. 1B, pp.
486—490.

Notwithstanding such efforts, conventional photolitho-
graphic capabilities constitute a severe limiting factor in
reducing the design rule or maximum dimension of a
conductive pattern and, hence, increasing densification.
Accordingly, there exists a need for materials having the
requisite optical properties for use in ARCs which enable
accurate control of the width of conductive lines of conduc-
tive patterns and minimizing the interwiring spacing
therebetween, particularly for materials which exhibit desir-
able etch characteristics.

DISCLOSURE OF THE INVENTION

An object of the present invention is a material having
optical properties suitable for use as an ARC.

Another object of the present invention is a material
which exhibits high etch selectivity with respect to conven-
tional dielectric materials employed in manufacturing semi-
conductor devices.

Additional objects, advantages and other features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The objects
and advantages of the invention may be realized and attained
as particularly pointed out in the appended claims.

According to the present invention, the foregoing and
other objects are achieved in part by a film comprising
silicon oxime having the formula Sij; ., N.O;H_,
wherein X, y and z represent the atomic percentage of
nitrogen, oxygen and hydrogen, respectively.

Another aspect of the present invention is a semiconduc-
tor device having a conductive wiring pattern comprising a
plurality of layers including a layer comprising silicon
oxime having the formula Si, . , N O H..

A further aspect of the present invention is a semicon-
ductor device having an insulating layer comprising a plu-
rality of layers including a layer comprising silicon oxime
having the formula Sij; .. N.O,:H,.

Another aspect of the invention is a method of forming a
film comprising silicon oxime, which method comprises
depositing a layer of silicon oxime having the formula
Sigtpy N-O,:H; on a substrate by PECVD.

A further aspect of the present invention is a method of
manufacturing a semiconductor device, which method com-
prises depositing a layer of silicon oxime having the formula
Si(1sy-oN:0,:H, by PECVD on a substrate under
dynamic, non-eguilibrium conditions in the presence of a
stoichiometric excess of nitrogen sufficient to substantially
prevent bonding between silicon atoms and oxygen atoms.

Additional objects and advantages of the present inven-
tion will become readily apparent to those skilled in this art
from the following detailed description, wherein only the
preferred embodiment of the inventiom is shown and
described, simply by way of illustration of the best mode
contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different
embodiments, and its several details are capable of modifi-
cations in various obvious respects, all without departing
from the invention. Accordingly, the drawings and descrip-
tion are to be regarded as illustrative in nature, and not as
restrictive.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a Fourier Transform-Infrared (FT-IR) spectrum
of silicon oxime in accordance with the present invention.

FIGS. 2 and 3 are FT-IR spectra of conventional silicon
oxynitride materials.

FIGS. 4 and 5 depict the use of a silicon oxime film in
accordance with the present invention as an ARC in forming
a via.

DESCRIPTION OF THE INVENTION

The increasing demands for accurate fine line patterns,
minimal interwiring spacings, and reliable interlayer con-
tacts and vias, require expansion of the capabilities, and
improvements in the accuracy, of photolithographic tech-
niques. The limitations on desirably minimal dimensions of
conductive patterns imposed by photolithographic technol-
ogy can be overcome by the development of materials
having improved optical characteristics and etch character-
istics such as high etch selectivity with respect to dielectric
materials conventionally employed in the manufacture of
semiconductor devices. After extensive investigation and
experimentation, we developed a new compound compris-
ing silicon, oxygen. nitrogen and hydrogen, which is quite
different from the conventional silicon nitride and silicon
oxynitride materials, such as those typically employed in
ARCs. The new compound differs from conventional silicon
oxynitride material in several ways, including structural,
physical, optical and chemical characteristics.

The new compound of the present invention differs struc-
turally from conventional silicon oxynitride material in that
the silicon atoms are bonded directly to the nitrogen atoms,
while the oxygen atoms are bonded to the nitrogen atoms.
The compound, which contains essentially no bonding
between silicon and oxygen atoms, is characterized by the
foqnula Si(1-ny yN.0,H. We call this compound silicon
oxime.

A typical FT-IR spectrum of the silicon oxime of the
present invention is shown in FIG. 1 and is characterized by
a Si-N peak (10) of high intensity at about 840 cm™! and the
absence of an Si-O peak. A Si-H peak (11) of very low
intensity is observed at about 2145 cm™, and an insignifi-
cant discontinuity is seen at about 1095 cm™! in the area of
Si-0.

FIG. 2 depicts the FT-IR spectra of Si;_.ipinoN,-H
films deposited using various SiH,/N,O ratios, reported by
Gocho et al. in the Japan Journal of Applied Physics, Vol. 33,
1994, FIG. 8, at page 488. These compounds are character-
ized by significant Si-O peaks at about 1030 cm ™" of varying
intensity depending upon the SiHy/N,O ratio employed.

FIG. 3 shows the FT-IR spectrum of a sample supplied by
Fujitsu. This compound is characterized by Si-H peaks (30,
31, 32) at about 2223 cm*, about 2180 cm ™" and about 2141
cm™!, respectively, of relatively weak intensity, a Si-O peak
(33) at about 1037 cm™ of high intensity, a significant Si-O0
peak (34) at about 1133 cm™" of low intensity; and Si-N
peaks (35, 36) at about 941 cm™ and about 849 c L,
respectively, of relatively high intensity. An unidentified
peak (37) is observed at about 659 of moderate intensity.

A comparison of FIGS. 1, 2, 3 shows that the silicon
oxime of the present invention is characterized by the
substantial absence of an Si-O peak and, therefore, the
substantial absence of bonding between Si atoms and oxy-
gen atoms. The silicon oxime of the present invention is,
therefore, properly characterized by the formula Sijy .,
N,O,H..
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The silicon oxime of the present invention, particularly
when formed as a thin film or layer, exhibits properties,
particularly optical properties, which are significantly supe-
rior to those of silicon nitride and silicon oxynitride films
conventionally employed as ARCs in the manufacture of
semiconductor devices. Although emphasis is placed herein
upon the manufacture of semiconductor devices, the silicon
oxime of the present invention exhibits advantageous prop-
erties which render it useful in various applications in
different technologies, apart from the manufacturer of semi-
conductor devices.

It has been found that the silicon oxime of the present
invention can advantageously be formed into an effective
ARC having a desirably low light reflectivity at a thickness
considerably less than the thickness required of conventional
ARC's comprising silicon nitride or silicon oxynitride mate-
rials to achieve a similar light reflectivity. Accordingly, the
use of an ARC comprising the silicon oxime of the present
invention enhances miniaturization as well as manufacturing
speed.

It has also been found that the silicon oxime of the present
invention is resistant to dry plasma etches which would
normally etch silicon oxide. This advantageous etch char-
acteristic renders the silicon oxime of the present invention
particularly suitable as an etch stop material in various
phases during the manufacture of semiconductor devices to
improve dimensional accuracy. It has also been found that
the silicon oxime of the present invention can be stripped
with hot phosphoric acid like silicon nitride; whereas, sili-
con oxynitride and silicon oxide are resistant to hot phos-
phoric acid. Accordingly, the silicon oxime of the present
invention can be advantageously employed during process-
ing and stripped from a dielectric layer without any signifi-
cant damage to the dielectric layer. The foregoing desirable
optical properties and etch characteristics also render the
silicon oxime of the present invention useful in various
technologies wherein silicon nitride and/or silicon oxyni-
tride have previously been employed, apart from the manu-
facture of semiconductor devices.

Silicon oxime, according to the present invention, can be
produced by reacting source gases for the components, ie.,
silicon, nitrogen, oxygen and hydrogen, under dynamic
conditions employing a stoichiometric excess amount of
nitrogen, sufficient to substantially prevent oxygen atoms
from reacting with silicon atoms. The stoichiometric excess
amount of nitrogen can be easily determined in a particular
situation. Preferably, the amount of nitrogen is at least ten
times the amount of oxygen present during reaction. In
forming silicon nitride by PECVD, it is preferred to conduct
the deposition under steady state conditions in a nitrogen-
rich atmosphere.

In a preferred embodiment, silicon oxime is formed by
reactive deposition under dynamic conditions employing a
conventional PECVD reactor, such as that typically
employed to deposit silicon oxynitride. However, the con-
ditions under which the reaction is conducted differ from the
conditions conventionally employed to deposit silicon
oxynitride. Typically, silicon oxynitride (SiON:H) is depos-
ited under equilibrium conditions in a PECVD reactor.
However, in accordance with the present invention, silicon
oxime is produced during the non-equilibrium conditions
that exist at the on-set of a glow discharge in the PECYD
reactor, employing a stoichiometric excess amount of nitro-
gen to substantially prevent bonding between silicon and
oxygen atoms. In a preferred aspect of this embodiment,
reactive deposition of silicon oxime in a PECVD reactor is
conducted in a nitrogen atmosphere to effectively preclude
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bonding of silicon and oxygen atoms. The temperature
employed for the reaction can range from about 275° C. to
about 475° C., preferably about 350° C. to about 450° C. The
pressure employed during the deposition reaction can range
from about 1 to about 10 Torr, preferably about 2 to about
3 Torr. Conventional PECVD equipment can be employed to
produce the silicon oxime of the present invention by
reactive deposition.

In accordance with the present invention, silicon oxime
can be formed, preferably by a deposition in the PECVD
reactor, as a film or layer on a substrate. The thickness of the
film or layer of silicon oxime deposited in the PECVD
reactor depends upon, inter alia, the duration of deposition.
As the deposition of time increases, the amount of silicon
oxime formed by reactive deposition increases. Thus, in
accordance with the present invention, silicon oxime can be
advantageously formed as a thin film or in any desirable
configuration for a desired utility depending upon, inter alia,
the shape of the substrate and duration of deposition of the
intended application rather of the resulting compound, and
removed from the substrate if desired, as by etching the
substrate.

EXAMPLE

A silicon oxime film was formed by PECVD in a con-
ventional PECVD reactor under the following conditions:

temperature 400° C.
pressure 2.5 Torr
power 190 watts
Gap 425 mils
SiH, 50-60 sccm
N,0 35-45 sccm
N, 500 sccm

Under the above conditions, the deposition rate was about
75-85 A/sec. and the uniformity measured at 1 to 2%, 16.
Upon analysis, the silicon oxime was found to contain about
15 to about 20 atom percent oxygen, and about 10% to about
20 atom percent hydrogen. A silicon oxime film formed
under the above conditions displays absorption characteris-
tics at 365 nm very different from conventional silicon
oxynitride films. For example, a silicon oxime film having a
thickness of about 350 A to about 400 A on polysilicon
exhibits a reflectivity of about 1 to 5%; whereas, in order to
achieve the same level of reflectivity, i.e., about 1 to about
5%, a conventional silicon oxynitride film requires a thick-
ness of about 700 A to about 1100 A.

It was unexpectedly found that in accordance with the
present invention, a silicon oxime film having a low refiec-
tivity suitable for use an ARC can be formed by PECVD at
a thickness considerably less than that required for a con-
ventional silicon oxynitride ARC of equivalent light reflec-
tivity. Moreover, silicon oxime films in accordance with the
present invention can be formed quite rapidly. The formation
of an effective silicon oxime ARC having a thickness of
about 400 A on a polysilicon substrate required about 3 to
about 5 seconds.

The ability to utilize a relatively thin ARC, formed in a
short period of time, advantageously facilitates increased
densification and increases production throughput. Thus, the
use of a silicon oxime ARC in accordance with the present
invention enables the obtainment of accurate fine line con-
ductive patterns, with interwiring spacings less than 0.3
microns, preferably less than 0.2 microns. In accordance
with the present invention, an effective silicon oxime ARC
is rapidly obtained with a thickness less than that of con-
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6

ventional silicon oxynitride ARCs having similar light
reflectivities. The complex refractive index of a silicon
oxime ARC of the present invention, as with other ARCs,
comprises a real part n and an imaginary part k, which can
be optimized in a conventional manner to achieve desired
optical properties.

A silicon oxime ARC in accordance with the present
invention can be deposited on conductive and nonconduc-
tive layers comprising materials conventionally employed in
the semiconductor industry. Such materials may comprise
polysilicon, aluminum and alloys thereof such as aluminum-
silicon alloys, refractory metals, such as tungsten, refractory
metal alloys, such as titanium-tungsten, refractory metal
compounds, and dielectric materials. The conductive layer
may also comprise a plurality of conductive layers as
conventionally employed in the manufacture of semicon-
ductor devices. For example, the conductive layer may
comprise a barrier layer for enhanced adhesion to the
substrate. Such barrier layers may comprise titanium, tita-
nium nitride or titanium-titanium nitride. A layer of conduc-
tive material, such as one of the aforementioned conductive
materials, e.g., aluminum or tungsten, is formed on the
barrier layer.

A preferred embodiment of the present invention com-
prises manufacturing a semiconductor device having accu-
rately formed fine dimensions, such as fine line patterns,
interwiring spacings, vias, trenches, and contact holes, by
processing stages which comprise depositing a silicon oxime
film. In a preferred aspect, a silicon oxime ARC is deposited
on a conductive layer or an insulating layer, and a layer of
photoresist material deposited thereon. The photoresist
material is imagewise exposed through a photomask defin-
ing a desired conductive pattern, and developed. Etching is
then conducted, using the developed photoresist as a mask,
to form the conductive pattern comprising a plurality of
accurately formed fine patterns with minimal interfeature
spacing therebetween, such as less than about 0.5 microns.
Advantageously, the silicon oxime ARC of the present
invention can be employed in various photolithographic
techniques, including deep ultra-violet, ion beam, I-line, K,F
and A F excimer laser lithography, to obtain accurate pat-
terns having minimal dimensions, thereby improving min-
iaturization and production throughput.

The various semiconductor processing phases in which
the silicon oxime film of the present invention is used
involves otherwise conventional equipment, materials, and
technigues, such as conventional etching techniques, pref-
erably dry etching and high density plasma etching, using
gases typically employed in standard dielectric etching
systems.

The silicon oxime ARC of the present invention can be
employed in various phases of semiconductor processing in
which ARCs are conventionally employed, particularly over
a step which normally presents an accuracy problem in fine
line photolithography. As shown in FIG. 4, in manufacturing
a semiconductor device containing a field effect transistor, a
gate oxide film 11 is formed on a semiconductor substrate
10, and a gate electrode 12, typically of polysilicon, is
formed on gate oxide film 11. In accordance with the present
invention, a silicon oxime film is deposited on gate electrode
12 and gate oxide 11 in a region in which a contact is to be
formed. A layer of dielectric material 14 is then deposited.
Suitable dielectric materials include silicon dioxide, prefer-
ably derived from deposited tetraethyl orthosilicate (TEOS),
or boron-phosphorous glass (BPSG), a silicon glass doped
with boron and phosphorous. A layer of photoresist material
15 is then deposited, imagewise exposed, and developed to
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form a mask opening 16 through which etching is conducted
to form contact 17, shown in FIG. §.

The use of a silicon oxime ARC enables the formation of
contacts having accurate fine dimensions over a stepped
region. Advantageously, the subsequent removal of the
silicon oxime film which functions as an etch stop layer over
polysilicon and the gate oxide region can casily be achieved
with hot phosphoric acid since the etch rate of the silicon
oxime is very significantly faster than the polysilicon or
silicon oxide film.

Another aspect of the present invention comprises depos-
iting a layer of silicon oxime on a dielectric material, such
as silicon dioxide, for contact printing with an I-line or deep
UV photoresist material.

The unique etch characteristics of silicon oxime render it
useful in forming etch stop layers during various phases of
semiconductor manufacturing, For example, silicon oxime
exhibits high resistance to conventional dry plasma etching,
including etch recipes comprising freons and freons with
inert gases. It has been found that the dry plasma etchability
of silicon oxime is only 10% of SiO,; whereas, the etch-
ability silicon nitride is about 50% to about 60% of Si0,
while the etchability conventional silicon oxynitride is about
70% to about 75% of SiO,. Therefore, a silicon oxime film
formed in accordance with the present invention can advan-
tageously be employed as an etch stop material to prevent
substantial attack of underlying layers.

The above-noted exemplified utilities of silicon oxime
formed in accordance with the present invention is not to be
considered limiting, nor is the utility of such silicon oxime
confined to ARCs or to the manufacture of semiconductor
devices. The silicon oxime of the present invention can be
employed in various technologies wherein silicon nitride
and silicon oxynitride have heretofore been employed. For
example, the silicon oxime of the present invention can be
employed in the fabrication of optical waveguides, and
masks for X-ray lithography.

In accordance with the present invention, a novel silicon
oxime material and method of formation have been devel-
oped. Silicon oxime films are particularly useful during
various phases in the manufacture of semiconductor devices.
For example, silicon oxime ARCs exhibit advantageous
optical characteristics enabling the accurate formation of
accurate fine patterns having minimal features and spacings,
such as less than about 0.3 microns, preferably less than
about 0.2 microns. The uniquely desirable etch characteris-
tics of silicon oxime enable its use as an etch stop layer to
protect underlying layers or materials. Silicon oxime can
also be stripped without adversely significantly damaging an
underlying dielectric layer.

Only the preferred embodiment of the invention and but
afew examples of its versatility are shown and described in
the present disclosure. It is to be understood that the inven-
tion is capable of use in various other combinations and
environments and is capable of changes or modifications
within the scope of the inventive concept as expressed
herein.

We claim:

1. A film comprising a layer of silicon oxime having the
formula Si;;_, , ,N,0,H,, whereinx,y and z represent the
atomic percentage of nitrogen, oxygen and hydrogen,
respectively, wherein the silicon oxime comprises about
10-20 atom percent hydrogen and has a thickness of about
200 A to about 600 A.

2. The film according to claim 1, comprising a plurality of
layers.

3. The film according to claim 2, comprising a semicon-
ductive or conductive layer and a layer of silicon oxime
thereon.
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4. The film according to claim 3. wherein the semicon-
ductive layer comprises polycrystalline microcrystalline,
and/or amorphous silicon.

S. The film according to claim 3, wherein the conductive
layer comprises a material selected from the group consist-
ing of aluminum, aluminum-silicon alloys, refractory
metals, refractory metal alloys and refractory metal
compounds, and semiconductive materials doped with
impurities.

6. The film according to claim 3, wherein the conductive
layer comprises a barrier layer of titanium, titanium nitride
or titanium-tungsten, and a layer of a conductive material
thereon.

7. The film according to claim 2, comprising an insulating
layer and a layer of silicon oxime thereon.

8. The film according to claim 7, wherein the insulating
layer comprises a material selected in the group consisting
of silicon dioxide and silicon nitride.

9. A semiconductor device having a semiconductor or
conductor feature pattern comprising the film according to
claim 4.

10. A semiconductor device having an insulating layer
comprising the film according to claim 7.

11. A semiconductor device containing the film according
to claim 1.

12. The silicon oxime according to claim 1, having a
thickness of about 400 A.

13. The silicon oxime according to claim 1, having a light
reflectivity at 365 nm not greater than 2%.

14. The film according to claim 1, wherein the silicon
oxime comprises about 15 to about 25 atom percent OXygen.

15. A method of producing a film comprising a layer of
silicon oxime having the formula Si,_, , ,N.O:H_,
wherein x, y and z represent the atomic percentage of
nitrogen. oxygen and hydrogen, respectively, which method
comprises reacting sources of silicon, nitrogen, oxygen and
hydrogen in the presence of a stoichiometric excess of
nitrogen sufficient to substantially prevent bonding between
silicon atoms and oxygen atoms, at a temperature of about
275° C. to about 475° C. and at a pressure of about 1 to about
10 Torr, wherein the silicon oxime has a thickness of about
100 A to about 600 A.

16. The method according to claim 15, wherein the
amount of nitrogen present is greater than ten times the
amount of oxygen present and the silicon oxime comprises
about 10-20 atom percent hydrogen.

17. A method of forming a film comprising silicon oxime
having the formula of Si;,_,., ,N,0,:H., wherein X, y and
z represent the atomic percentage of nitrogen. oxygen and
hydrogen, respectively, which method comprises depositing
a layer of silicon oxime having the formula Siy .,
N,O,:H, on a substrate by plasma enhanced chemical vapor
deposition, wherein deposition is conducted at a temperature
of about 275° C. to about 475° C., and a pressure of from
about 1 to about 10 torr, and wherein said silicon oxime
layer has a thickness of about 200 A to about 600 A.

18. The method according to claim 17, conducted under
dynamic non-equilibrium conditions in the presence of a
stoichiometric excess of nitrogen sufficient to substantially
prevent bonding between silicon atoms and oxygen atoms.

19. The method according to claim 18, comprising react-
ing source gases for silicon and nitrogen.

20. The method according to claim 19, wherein the source
gas for silicon is silane and the source gas for nitrogen is
nitrous oxide or nitrogen gas.

21. The method according to claim 17, wherein the silicon
oxime comprises about 10-20 atom percent hydrogen.
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22. The method according to claim 18, wherein deposition
is conducted at a temperature of about 350° C. to about 450°
C. and a pressure of from about 2 to about 3 Torr.

23. A method of manufacturing a semiconductor device,
which method comprises depositing a layer of silicon oxime
having the formula Si,, , . ,N,O H,, wherein X, y and z
represent the atomic percentage of nitrogen, oxygen and
hydrogen, respectively, by plasma enhanced chemical vapor
deposition on a substrate under dynamic non-equilibrium
conditions in the presence of a stoichiometric excess of
nitrogen sufficient to substantially prevent bonding between
silicon atoms and oxygen atoms, and at a temperature of
about 275° C. to about 475° C., wherein the silicon oxime
comprises about 10-20 atom percent hydrogen and the layer
has a thickness of about 200 A to about 600 A.

24. The method according to claim 23, wherein the
substrate comprises a semiconductive or conductive mate-
rial.

25. The method according to claim 24, wherein the
semiconductive material comprises polycrystalline, micro-
crystalline and/or amorphous silicon.

26. The method according to claim 24, wherein the
conductive material comprises aluminum, an aluminum
silicon alloy, refractory metals, refractory metal alloys, and
refractory metal compounds, and semiconductive materials
doped with impurities.

27. The method according to claim 23, further compris-
ing:

depositing a layer of photoresist material on the silicon

oxime film;

imagewise exposing the layer of photoresist material

through a photomask defining a desired pattern;
developing the exposed photoresist material; and
etching the underlying silicon oxime and substrate to form
the pattern.

28. The method according to claim 27, wherein the
substrate comprises a layer of conductive material, and the
layer of photoresist material is imagewise exposed through
a photomask defining a conductive pattern comprising a
plurality of conductive lines and an interwiring spacing
therebetween of less than about 0.3 microns.

29. The method according to claim 23, wherein the silicon
oxime layer functions as an etch stop layer.

30. The method according to claim 23, wherein the
substrate comprises an insulating material.

31. The method according to claim 30, wherein the
insulating material is silicon dioxide.

32. The method according to claim 23, comprising depos-
iting a silicon oxime anti-reflective coating on a substrate.

33. The method according to claim 32, further compris-
ing:

depositing a layer of photoresist material on the silicon

oxime anti-reflective coating;

imagewise exposing the photoresist material through a

photomask defining a pattern comprising a plurality of
fine features and spaces;

developing the exposed photoresist material; and

dry etching the underlying silicon oxime anti-reflective

coating and substrate to form the pattern.

34. The method according to claim 32, wherein the silicon
oxime anti-reflective coating has a light reflectivity at 365
nm not greater than about 2%.

35. The method according to claim 33, wherein the silicon
oxime anti-reflective coating has a light reflectivity at 365
nm less than about 1%.

36. The film according to claim 1, having a light reflec-
tivity at 365 nm of about 1% to about 35%.
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37. An anti-reflective coating comprising the film accord-
ing to claim 1 on a substrate for I-line and deep UV
applications.

38. The silicon oxime film according to claim 1, wherein
the silicon oxime comprises about 15% atomic percent
hydrogen.

39. The silicon oxime film according to claim 2, which is
soluble in hot phosphoric acid.

40. The silicon oxime film according to claim 2, which
has a dry plasma etchability of about 10% of silicon dioxide.

41. The silicon oxime film according to claim 2, having a
thickness of about 350 A to about 400 A and a reflectivity
of about 1 to about 5% at 365 nm.

42. A multilayer film comprising: a semiconductive layer
comprising polycrystalline, microcrystalline, and/or amor-
phous silicon; and a layer of silicon oxime thereon, wherein
the silicon oxime has the formula Si,_, , ,,N,0O,:H,
wherein x, y and z represent the atomic percentage of
nitrogen, oxygen and hydrogen, respectively.

43. A semiconductor device containing the multilayer film
according to claim 42.

44, The multilayer film according to claim 42, wherein the
silicc;{l oxime film has a thickness of about 200 A to about
600 A.

45. The multilayer film according to claim 44, wherein the
silicon oxime film has a thickness of about 400 A.

46. The multilayer film according to claim 42, wherein the
silicon oxime film has a light reflectivity at 365 nm not
greater than 2%.

47. The multilayer film according to claim 44, wherein the
silicon oxime comprises about 15 to about 25 atom percent
oxygen.

48. The multilayer film according to claim 47, wherein the
silicon oxime comprises about 1020 atom percent hydro-
gen.

49. The multilayer film according to claim 42, wherein the
silicon oxime film has a light reflectivity at 365 nm of about
1% to about 35%.

50, The multilayer film according to claim 42, wherein the
silicon oxime film comprises an anti-reflective coating on a
substrate for I-line and deep UV applications.

51. The multilayer film according to claim 48, wherein the
silicon oxime comprises about 15% atomic percent hydro-
gen.

52. A multilayer film comprising: a conductive layer
comprising a barrier layer of titanium, titanium nitride or
titanium-tungsten, a layer of a conductive material thereon;
and a layer of silicon oxime on the conductive layer, wherein
the silicon oxime has the formula Si, . . NO;H,
wherein x, y and z represent the atomic percentage of
nitrogen, oxygen and hydrogen, respectively.

53. A semiconductor device containing the multilayer film
according to claim 52.

54. The multilayer film according to claim 52, wherein the
silicc‘gl oxime film has a thickness of about 200 A to about
600 A.

§5. The multilayer film according to claim 54, wherein the
silicon oxime film has a thickness of about 400 A.

56. The multilayer film according to claim 53, wherein the
silicon oxime film has a light reflectivity at 365 nm not
greater than 2%.

§7. The multilayer film according to claim 54, wherein the
silicon oxime comprises about 15 to about 25 atom percent
oxygen.

58. The multilayer film according to claim 57, wherein the
silicon oxime comprises about 10-20 atom percent hydro-
gen.
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59. The multilayer film according to claim 52, wherein the
silicon oxime film has a light refiectivity at 365 nm of about
1% to about 35%.

60. The multilayer film according to claim 52, wherein the
silicon oxime film comprises an anti-reflective coating on a
substrate for I-line and deep UV applications.

61. The multilayer film according to claim 58, wherein the
silicon oxime comprises about 15% atomic percent hydro-
gen.

62. A method of manufacturing a semiconductor device,
which method comprises depositing a layer of silicon oxime
having the formula Sij;_, . ,N,O,:H,, wherein x, y and z
represent the atomic percentage of mitrogen, oxygen and
hydrogen, respectively, by plasma enhanced chemical vapor
deposition on a semiconductive substrate, comprising
polycrystalline, microcrystalline and/or amorphous silicon,
under dynamic non-equilibrium conditions in the presence
of a stoichiometric excess of nitrogen sufficient to substan-
tially prevent bonding between silicon atoms and oxygen
atoms.

63. The method according to claim 62, further compris-
ing:

depositing a layer of photoresist material on the silicon

oxime film;

imagewise exposing the layer of photoresist material

through a photomask defining a desired pattern;
developing the exposed photoresist material; and
etching the underlying silicon oxime and substrate to form
the pattern.

64. The method according to claim 62, wherein the silicon
oxime layer functions as an etch stop layer.

65. The method according to claim 62, comprising depos-
iting a silicon oxime anti-reflective coating on the substrate.

66. The method according to claim 62, further compris-
ing:

depositing a layer of photoresist material on the silicon

oxime anti-reflective coating;

imagewise exposing the photoresist material through a

photomask defining a pattern comprising a plurality of
fine features and spaces;

developing the exposed photoresist material; and

dry etching the underlying silicon oxime anti-reflective

coating and substrate to form the pattern.

67. The method according to claim 65, wherein the silicon
oxime anti-refiective coating has a light reflectivity at 365
nm not greater than about 2%.

68. The method according to claim 66, wherein the silicon
oxime anti-reflective coating has a light refiectivity at 365
nm less than about 1%.

69. A film comprising a layer of silicon oxime having the
formula Si¢, ., N,O,:H_, whereinx.y and z represent the
atomic percentage of nitrogen, oxygen and hydrogen,
respectively, wherein the silicon oxime comprises about
10-20 atom percent hydrogen the layer of silicon oxime has
a light reflectivity at 365 nm not greater than 2%.

70. The film according to claim 19, comprising a plurality
of layers.

71. The film according to claim 70, comprising a semi-
conductive or conductive layer and a layer of silicon oxime
thereon.

72. The film according to claim 71, wherein the semicon-
ductive layer comprises polycrystalline microcrystalline,
and/or amorphous silicon.

73. The film according to claim 71, wherein the conduc-
tive layer comprises a material selected from the group
consisting of aluminum, aluminum-silicon alloys, refractory
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metals, refractory metal alloys and refractory metal
compounds, and semiconductive materials doped with
impurities.

74. The film according to claim 71, wherein the conduc-
tive layer comprises a barrier layer of titanium, titanium
nitride or titanium-tungsten, and a layer of a conductive
material thereon.

75. The film according to claim 70, comprising an insu-
lating layer and a layer of silicon oxime thereon.

76. The film according to claim 75, wherein the insulating
layer comprises a material selected in the group consisting
of silicon dioxide and silicon nitride.

77. A semiconductor device having a semiconductor or
conductor feature pattern comprising the film according to
claim 71.

78. A semiconductor device having an insulating layer
comprising the film according to claim 75.

79. A semiconductor device containing the film according
to claim 69.

80. The silicon oxime according to claim 66, having a
thickness of about 200 A to about 600 A.

81. The silicon oxime according to claim 80, having a
thickness of about 400 A.

82. The film according to claim 80, wherein the silicon
oxime comprises about 15 to about 25 atom percent oxygen.

83. A method of producing a film comprising a layer of
silicon oxime having the formula Si;, . . ,N,O.H,,
wherein x, y and z represent the atomic percentage of
nitrogen, oxygen and hydrogen, respectively, which method
comprises reacting sources of silicon, nitrogen, oxygen and
hydrogen in the presence of a stoichiometric excess of
nitrogen sufficient to substantially prevent bonding between
silicon atoms and oxygen atoms, at a temperature of about
275° C. to about 475° C. and at a pressure of about 1 to about
10 Torr, wherein the silicon oxime has a light reflectivity at
365 nm not greater than 2%.

84. The method according to claim 83. wherein the
amount of mitrogen present is greater than ten times the
amount of oxygen present and the silicon oxime comprises
about 10-20 atom percent hydrogen.

85. A method of forming a film comprising silicon oxime
having the formula of Si,_, . ,N,O,:H,. wherein X,y and
z represent the atomic percentage of nitrogen, oxygen and
hydrogen, respectively, which method comprises depositing
a layer of silicon oxime having the formula Sij ., o
N,O,:H, on a substrate by plasma enhanced chemical vapor
deposition, wherein deposition is conducted at a temperature
of about 275° C. to about 475° C., and a pressure of from
about 1 to about 10 torr, and the silicon oxime layer has a
light reflectivity at 365 nm not greater than 2%.

86. The method according to claim 85, conducted under
dynamic non-equilibrium conditions in the presence of a
stoichiometric excess of nitrogen sufficient to substantially
prevent bonding between silicon atoms and oxygen atoms.

87. The method according to claim 86, comprising react-
ing source gases for silicon and nitrogen.

88. The method according to claim 87, wherein the source
gas for silicon is silane and the source gas for nitrogen is
nitrous oxide or nitrogen gas.

89. The method according to claim 88, wherein the silicon
oxime comprises about 10-20 atom percent hydrogen.

90. The method according to claim 85, wherein deposition
is conducted at a temperature of about 350° C. to about 450°
C. and a pressure of from about 2 to about 3 Torr.

91. A method of manufacturing a semiconductor device,
which method comprises depositing a layer of silicon oxime
having the formula Si;._. . . 0,H,, wherein x, y and z
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represent the atomic percentage of nitrogen. oxygen and
hydrogen, respectively, by plasma enhanced chemical vapor
deposition on a substrate under dynamic non-equilibrium
conditions in the presence of a stoichiometric excess of
nitrogen sufficient to substantially prevent bonding between
silicon atoms and oxygen atoms, and at a temperature of
about 275° C. to about 475° C., wherein the silicon oxime
comprises about 10-20 atom percent hydrogen and the layer
has a light reflectivity at 365 nm nut greater than 2%.

92. The method according to claim 91, wherein the
substrate comprises a semiconductive or conductive mate-
rial.

93. The method according to claim 92, wherein the
semiconductive material comprises polycrystalline, micro-
crystalline and/or amorphous silicon.

94. The method according to claim 92, wherein the
conductive material comprises aluminum, an aluminum
silicon alloy, refractory metals, refractory metal alloys, and
refractory metal compounds, and semiconductive materials
doped with impurities.

95. The method according to claim 91, further compris-
ing:

depositing a layer of photoresist material on the silicon

oxime film;

imagewise exposing the layer of photoresist material

through a photomask defining a desired pattern;

developing the exposed photoresist material; and

etching the underlying silicon oxime and substrate to form
the pattern.
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96. The method according to claim 95, wherein the
substrate comprises a layer of conductive material, and the
layer of photoresist material is imagewise exposed through
a photomask defining a conductive pattern comprising a
plurality of conductive lines and an interwiring spacing
therebetween of less than about 0.3 microns.

97. The method according to claim 91, wherein the silicon
oxime layer functions as an etch stop layer.

98. The method according to claim 91, wherein the
substrate comprises an insulating material.

99, The method according to claim 98, wherein the
insulating material is silicon dioxide.

100. The method according to claim 91, comprising
depositing a silicon oxime anti-reflective coating on a sub-
strate.

101. The method according to claim 190, further com-
prising:

depositing a layer of photoresist material on the silicon

oxime anti-reflective coating;

imagewise exposing the photoresist material through a

photomask defining a pattern comprising a plurality of
fine features and spaces;

developing the exposed photoresist material; and

dry etching the underlying silicon oxime anti-reflective
coating and substrate to form the pattern.
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