
[err] A. Problems Associated with Ammonia-Based Chemistry 10 To achieve
even low to moderate deposition rates less than [err] (1000
Angstroms/min.), plasma-enhanced processes conventionally must use ammonia
to deposit silicon nitride or silicon ox- ynitride. A typical PECVD gas
flow chemistry for depositing silicon nitride comprises silane and ammonia
reactants along with a diluent, e.g., nitrogen, argon or helium as follows:
15 [err] Undesirably, as a consequence of using ammonia to obtain
acceptable deposition rates and throughput, the concentration of hydrogen
in the deposited silicon nitride can be quite high, as much as 25-30 atom
20  percent. The presence of hydrogen in structures formed relatively early
in the IC fabrication process and the hydrogen diffusion which results
during subsequent high temperature fabrication steps can cause non- uniform
electrical characteristics. Even for final passivation films, however, the
presence of such high concentrations of hydrogen can create problems. One
such problem is decreased MOS device lifetime, which worsens as the minimum
feature size decreases. 25 B. Limitations of Previous Nitrogen-Based Gas
Chemistry Processes Used in Parallel Plate Reactors To our knowledge,
nitrogen-based gas chemistry has not widely been used in parallel plate
plasma reactor, PECVD processes to form low hydrogen content silicon
nitride. The nitrogen-based gas chemistry 30  uses the reactants SiH4 and
nitrogen at low frequency RF power (for example, 50 kHz) to provide
compressively stressed, relatively dense films, but deposition rates of
only about 3.33 x [err] x 10-9 [err] (200-400 Angstroms per minute) or
less. As was alluded to previously, this low deposition rate capability
(and the resulting low throughput) is the crucial limitation of this prior
art nitride-based gas chemistry process, and is the reason for its limited
use. To increase the deposition rate, power must be 35  increased, which
causes potentially very high compressive, stress, possibly leading to
wrinkling, and other structural degradation. C. Magnetron-Assisted PECVD
Using Nitrogen Gas Chemistry 40     To our knowledge, the only prior use of
nitrogren-based gas chemistry without ammonia to deposit good quality,
compressively stressed silicon nitride films at relatively high deposition
rates is described in US-A-4668365 (referred to here as the "referenced
magnetic field-enhanced PECVD reactor/patent"). The referenced magnetic
field-assisted PECVD patent describes a cylindrical reactor in which the
substrate(s) is oriented parallel to the cylinder axis; RF power typically
of 400 to 1,000 watts is applied to form DC bias of 45   50 to 250 volts
perpendicular to the substrate; a pair of circular electromagnets form a
magnetic field typically of 2.5 x 10-3 to 1 x 10-2 Teslas (25 to 100 gauss)
parallel to the substrate; and SiH4 and N2 gaseous reactants are
communicated into the chamber at typical total flows of 1.67 x [err] to
1.33 x [err] (100-800 standard cubic centimetres per minute (sccm)) using a
substrate temperature of 20- 200 C and a chamber pressure of less than
13.33 [err] (100 millitorr) to deposit slightly compressively 50  stressed
silicon nitride at a deposition rate of 1.66 nanometres to 8.33 nanometres
per second (1,000 to 5,000 Angstroms per minute). The deposited silicon
nitride film is compressively stressed, and has a hydrogen content of 5-13
weight percent and a refractive index [err] of about 1.7-2. JP-A-61-260623
discloses a plasma CVD system provided with a vacuum chamber, exhaust means
to create a reduced-pressure atmosphere in the vacuum chamber, a wafer
holder to hold a wafer with at least 55  one of its surfaces on which a
plasma CVD film is formed, heating means for heating the wafer and an
electrode that has a plurality of holes which have rounded or tapered edges
on the side of the electrode facing the wafer through which the gas is
supplied to the vacuum chamber and a high frequency power supply connected
to the electrode via a matching circuit to generate the low temperature
plasma in the 2    EP 0 303 508 B1 chamber. 



This invention provides an RF vacuum deposition chamber having a gas inlet
manifold provided with an RF electrode in the form of a face plate with a
plurality of holes therein, wherein each hole comprises an inlet section
adjacent the side of plate remote from the processing side having a
diameter and length which - 5  provides even distribution of source gases
and prevents plasma penetration into the gas manifold and an outlet section
which extends from the inlet section to the processing side of the plate
with an increasing diameter to increase the dissociation in the gas passing
through the aperture. Preferably the holes are conical in cross-section and
more specifically the outlet sections of the holes may be conical in the
cross-section. 10     By way of example lines connecting the opposite sides
of the outlet sections of each hole may subtend an angle of about [err] In
particular the sides of the outlet section of each hole may subtend an
angle of about [err] In a further arrangement according to the invention
the holes may be concave in cross-section. More particularly the outlet
sections of the holes may be concave in cross-section. 15    In yet a
further arrangement according to the invention the holes may be parabolic
or hyperbolic in cross-section. More particularly the outlet sections of
the holes may be parabolic or hyperbolic in cross-section. In any of the
above arrangements the holes in the manifold face plate may be formed in a
pattern of face centered hexagons in which the individual holes define an
edge of one associated hexagon and are at 20  the center of a second
associated hexagon. The invention also provides a process for depositing a
material on a substrate within an RF vacuum chamber using a material
selected from silicon oxide, silicon nitride and silicon oxynitride and
comprising the step of passing gas through a gas manifold which is adjacent
said substrate with holes formed therein having a gas inlet end and a gas
outlet end opening into said chamber and applying RF energy to the 25
chamber at the face plate while communicating a reactant gas flow
comprising gases selected from [err] N2 and N20 to the inlet hole to form a
plasma at the chamber side of the face plate for depositing said selected
materials on the substrate, wherein the dissociation of the gases passing
through the holes is increased in that the outlet ends of said holes are
larger than the inlet ends. By way of example, the gas may be nitrogen. 30
Also by way of example the deposited material may be selected from nitride
and oxynitride, and theprocess may comprise at least one of (1) varying the
silane, [err] flow and (2) adding ammonia, [err] to control the type of
hydrogen bonding within the deposited film. The process is characterized by
the inherent capability to form low nitrogen content, low compressively
stressed silicon nitride films at high deposition rates, presently within
the range of about 3.33 x [err] to 35 [err] (2000 - 6000 Angstroms per
minute). The present invention also relates to an improved process for
depositing silicon oxynitride on a substrate in a parallel plate RF vacuum
chamber, comprising providing a gas inlet manifold plate closely adjacent
the substrate having apertures formed therein, each having a gas inlet end
and a gas outlet end larger than the inlet end opening into said chamber;
and simultaneously applying RF energy to the chamber 40  at the face plate
while communicating a reactant gas flow comprising [err] N20 and N2 to the
aperture inlet to form a plasma at the chamber side of the face plate for
depositing silicon oxynitride. The process is characterized by the inherent
capability to form low nitrogen content, low compressively stressed silicon
oxynitride films at high deposition rates, presently within the range of
about 5 x 10-8 to 1.167 x [err] (3,000 - 7,000 Angstroms per minute). 45
In still another aspect, the present invention relates to an improved
process for depositing silicon oxide on a substrate in a parallel plate RF
vacuum chamber, comprising providing a gas inlet manifold plate closely
adjacent the substrate having apertures formed therein, each having a gas
inlet end and a gas outlet end larger than the inlet end opening into said
chamber; and simultaneously applying RF energy to the chamber at the face
plate while communicating a reactant gas flow comprising [err]into the 50
aperture inlet to form a plasma at the chamber side of the face plate for
depositing silicon oxide at high deposition rates, presently within the
range of about [err] (6,000 - 11,000 Angstroms per minute). There now
follows a description of specific embodiments of the invention, by way of
example, with reference being made to the accompanying drawings in which: 



55    FIG. 1 schematically depicts a parallel plate CVD plasma reactor
which benefits from incorporation of the gas inlet manifold according to
the present invention; FIG. 2 is an enlarged vertical cross-section of the
manifold illustrating one of the conical gas inlet apertures; 3    EP 0 303
508 B1 FIG. 3 depicts an alternative concave aperture; FIG. 4 is a plan
view of a gas inlet manifold which incorporates a hexagonal close-pack
array of gas inlet apertures; FIG. 5 is an enlargement of a portion of the
manifold of FIG. 4; and FIG. 6 is a graph of SiH and NH bonding versus
refractive index. A. Apparatus 1. Exemplary PECVD Reactor 10 10 FIG. 1
schematically depicts a parallel plate CVD (chemical vapor deposition)
reactor 10 which incorporates a gas inlet manifold 11 made according the
present invention. The reactor 10 is described in co-pending European
patent application Serial No. EP-A-0272140. Reactor 10 contains a highly
thermally responsive susceptor 12 which preferably is mounted on a
vertically reciprocal cantilevered beam or 15  support fingers 13 so that
the susceptor 12 (and the wafer supported on the upper surface of the
susceptor) can be controllalby moved between a lower loading/off-loading
position and an upper processing position 14 which is closely adjacent the
inlet manifold 11. A suitable insulator 45 is also provided. When the
susceptor 12 and the wafer are in the processing position 14, they are
surrounded by a baffle plate 17 having a plurality of circularly spaced
holes 23 which exhaust into annular vacuum manifold 24. 20  The upper,
inlet manifold 11 has outer rings of holes therein which provide a purge
gas flow indicated generally by arrows 19. A second, lower purge manifold
18 provides an upwardly directed purge flow 21. The upper and lower purge
gas flows 19 and 21 are separate from the inlet flow 22 of process gas,
which enters chamber 10 via a circular array of inlet holes located within
the outer ring of purge gas holes. As a result of the high pressure
capability of the reactor 10, the baffle plate 17, and the dual purge flow,
25  etc., during processing, gas inlet to the manifold along paths 22 is
distributed radially uniformly along the susceptor and wafer, then is
exhausted via the ports 23 into the circular vacuum manifold 24 by the
vacuum pump system. A controlled plasma is formed adjacent the wafer by RF
energy applied to the inlet manifold 11, which is also an RF electrode. A
circular external lamp module 26 (lamp reflector module) provides a
collimated annular pattern 27 of light via quartz window 28 onto an annular
outer peripheral portion of the 30  susceptor 12, thereby compensating for
the natural heat loss pattern of the susceptor and providing rapid and
uniform susceptor and wafer heating for effecting deposition. The variable
close spacing, d, between the manifold face plate 30 and the wafer 14
supported on susceptor 12, as well as the various other features described
in detail in the aforementioned referenced patent application, including
the high pressure capability, the wide pressure regime, the unform radial
gas 35 flow and the dual radial purge flow, all combine to provide a wide
range of processing capability to reactor 10. This processing versatility
includes oxide film deposition using plasma-enhanced TEOS gas chemistry
and/or ozone/TEOS gas chemistry; high rate isotropic etching; film
planarization; and reactor self-cleaning. 2. Gas Inlet Manifold Face Plate
30 40 The process capability of the referenced parallel plate reactor 10
has been increased, and the process capability of other CVD reactors in
general and other parallel plate reactors in particular will be increased,
by the use of the gas inlet manifold 11 and the face plate 30 which are
depicted schematically in FIG. 1. The face plate 30 incorporates a large
number of closely packed, specially configured holes or apertures 45  31,
one of which is shown schematically in FIG. 2. Referring further to FIG. 2,
in one specific aspect, the present invention is directed to a gas inlet
means having an aperture 31 which has an inlet of relatively small
cross-section dimension d1 on the gas 



inlet/relatively high pressure side of the inlet means and an outlet of
relatively larger dimension d2 on the gas outlet/vacuum chamber side of the
inlet means. This increasing hole diameter in the direction of gas 50  flow
increases the dissociation and associated reactivity of gases such as
nitrogen and, thus, increases deposition rates. In the specific case of
nitrogen, the use of the increasing-diameter holes 31 and the face plate 30
incorporating the holes 31 provide sufficient nitrogen dissociation and
sufficiently high silicon nitride deposition rates that the ammonia-based
gas chemistry of equation (1) is not required. Instead, we have 55 been
able to use gas chemistry of the type [err] 4    EP 0 303 508 B1 This
nitrogen-based gas chemistry leads to a combination of high deposition
rate, low film hydrogen content and low controallable stress which was
previously unattainable. On another specific aspect, the present invention
is directed to a parallel plate type of gas inlet manifold 11, FIG. 1, and
to other gas inlet manifolds which incorporate increasing diameter holes 31
for introducing 5  nitrogen or other reactive gas into an associated vacuum
chamber to increase the dissociation and reactivity of the gas and thereby
increase the rate at which an associated compound such as silicon nitride
is deposited on a base or substrate such as a semiconductor wafer. The
presently preferred configuration of the hole 31 is the conical
cross-section shown in FIG. 2. However, other configurations including
concave cross-sections, (FIG. 3), such as parabolic and convex 10
cross-sections, can be used as well. Referring further to FIG. 2, the
preferred configuration incorporates an inlet section 33 of length, [err],,
and of constant diameter d1, which provides even distribution of source
gases and prevents plasma penetration into the gas manifold. A conical
outlet section 34 of length, 12, has a diameter which increases along the
direction of gas flow to the outer value, d2, for enhancing dissociation of
the selected gas. is     The face plate is aluminum and typically has a
thin anodized aluminum oxide surface coating typically about 0.05mm (2
mils) thick or less for enhancing electromultiplication. We have also used
a [err] coating, which is a combination of [err] and anodization. 3. Effect
of Increasing-Diameter Hole 31 20 The dissociation effect of the increasing
diameter holes 31 is discussed above. Second, we have discovered that the
use of a dense array of small holes, i.e., a high number density of holes,
provides a dense deposited film. The dense hole array also allows a smaller
spacing, d (FIG. 1), between the face plate 30 and the substrate, without
forming the hole pattern in the deposited film. The 25 close spacing, d,
results in more efficient use of the reactant gases and requires less
silane for a given deposition rate. However, in increasing the hole
density, the hole opening, d1, must not be so small as to detract unduly
from the dissociation enhancement effect. For a given plate thickness, t
(FIG 2), the angle a subtended by the sides 36 of the hole 31 is a
convenient measure of the relative hole diameter, d2, and the potential for
30  achieving a high density hole array. As examples, using the preferred
hexagonal close pack hole pattern described below and a plate thickness of
10.16mm (400 mils or 0.4 inches), (1) a = 30 provides 770 holes in a 154.2
mm (six inch) diameter face plate 30 and allows relatively close spacing d
= 7.62 mm (300 mils) without patterning; and (2) a = 15 provides 1500 holes
in the 152.4 mm (six inch) diameter plate 30 and permits smaller electrode
spacing d = 3.81 to 5.08 mm (150-200 mils) without patterning. 35
Third, as alluded to above, we have found that maximum uniform deposition
occurs using a hexagonal close-packed pattern or array of apertures 31. To
illustrate, and referring to FIGS. 4 and 5, there are shown an exemplary
hexagonal close pack gas manifold plate 30 for a 152.4 mm (six inch)
diameter wafer. The associated hole array has a radius of 75.565 mm (2.975
inches). Each hole 31 has the following dimensions: t = 10.16 mm (400
mils);  [err] = 1.27 mm (50 mils); 12 = 8.89 mm (350 mils); a=  [err] =
0.4064 mm 40  (16 mils); and d2 = 4.826mm (190 mils). 



The holes 31 are arranged in a pattern of overlapping interlocking face
centered hexagons 41, fig. 5. Each element 41 of the pattern comprises an
array of six adjacent holes 31, the centers of which define the
intersection points of the hexagon sides. Each individual face centered
aperture 31 is the intersection point of seven hexagons including the
surrounding hexagon and six additional peripheral hexagons. This 45
interlocking face centered hexagon structure is believed to be the most
highly dense aperture array available. That is, this array provides the
highest number density of holes for a given manifold area. B. Processes so
1. Silicon Nitride, [err] 1.9 and 2.0 In the industry, a refractive index,
[err]2.0, is generally assumed to be indicative of high density and good
quality for silicon nitride films deposited using conventional high
temperature of CVD. As mentioned, the maximum silicon nitride deposition
rates provided by the ammonia-based gas chemistry of equation (1) 55   is
about 1.67 x [err] (1,000 Angstoms per minute). The resulting silicon
nitride films typically are characterized by a hydrogen content of 20 - 30
atomic weight percent. To provide a basis for comparing our nitrogen-based
silicon nitride deposition process with the standard process, we used our
process to deposit silicon nitride films having a refractive index [err] in
the above- 5    EP 0 303 508 B1 identified reactor 10 which incorporates
the face plate 30. The process parameters used were 350 watts RF power;
599.85 [err] (4.5 torr) pressure; wafer temperature of 300 - [err] provided
with the aid of the lamp module 26; electrode spacing, d = 7.62 mm (300
mils); and SiH4/N2 gas chemistry flow rates of 110 sccm/4.5 slm (sccm means
standard cubic centimeter per minute, while slm refers to standard liters
per minute). As summarized by the data in Table 1 for silicon nitride films
deposited on a 152.4 mm (six inch) diameter silicon wafer (six inch wafers
were used throughout), the resulting film is characterized by a very high
deposition rates of 7.5 x [err] (4,500 Angstroms per minute); relatively
low hydrogen content, within the approximate range of 7 - 10 atomic weight
percent; and a desirable, slight compressive stress of 10   about 1 x [err]
(1 E9 dynes/[err] Please note, the prior art ammonia gas chemistry
typically comprises the combination [err] where the diluent is gas such as
helium or argon or even nitrogen. Our gas chemistry described above
replaces ammonia with nitrogen. That is, the increased dissociation and
reactivity provided by the increasing-diameter gas inlet hole configuration
allows us to use nitrogen as the main reactive gas for forming silicon
nitride compounds, and not merely as a diluent. The result is a is
combination of good film quality, high deposition rate and low hydrogen
content which heretofore was unattainable using parallel plate reactors. It
should be mentioned that we were able to use high frequency RF power of
13.56 mHz and high pressure throughout, which increases bombardment and
film quality. 20                                            Table 1 Silicon
Nitride Deposition, [err] Parameters/Result               Value 25
Power, watts; power density, w/cm2   350; 1.5 Pressure, torr
4.5 (599.85 [err] Wafer temp., [err]                300-360 Gas chemistry:
SiH4/N2          110 sccm/4.5 slm Electrode spacing, d (mils)     300 (7.62
mm) 30                 Dep. rate A/min.                 4500 (7.5 x [err]
Refractive index                2.0 H content, atomic percent       7-10
Stress, dynes/[err]              -1 E9 compressive (err 35
Within wafer uniformity, %       [err] 2. NH and SiH Bonding Control in
Silicon Nitride In addition to the above advantageous characteristics, our
process favors nitrogen-hydrogen bonding 



and affords unique control of bond distributions. As is well known in the
art, the nitrogen-hydrogen bond (NH) is stronger than the silicon-hydrogen
bond (SiH) and is thus generally preferable for better device
characteristics, primarily increased MOS (metal oxide semiconductor) device
lifetime. Referring to FIG. 5, for the conventional high temperature CVD
silicon nitride deposition processes, for which [err] 45 indicative of good
quality film, SiH bonding typically is dominant at the expense of NH
bonding. In contrast, using our nitrogen-based gas chemistry without
ammonia, the resulting silicon nitride films are characterized by Nf = 1.9
(which is indicative of very good quality dense film) and by the desirable,
stronger NH bonding being dominant. In addition, our process provides a
number of ways of controlling the SiH and NH bonding and, so specifically,
of increasing NH bonding. Referring to Table 2, increasing either power or
pressure increases NH bonding relative to SiH bondingin silicon nitride
films. Increasing the wafer temperature increases SiH bonding slightly
relative to NH bonding. Regarding the gases, increasing nitrogen flow
increases NH bonding slightly relative to SiH bonding whereas increasing
the flow of [err]strongly increases SiH relative to NH bonding and
increasing [err] has the effect of increasing both strongly. In particular,
of these 55 parameters, increasing or varying the silane flow slightly or
incorporating a small flow of a few sccm of ammonia provides a mechanism
for controlling bonding and tailoring the relative amounts of NH and SiH
bonding. 6    EP 0 303 608 B1 Table 2 Parameter
Bonding Effect >Pressure >Temp
(small) [err] [err] [err] 20 Table 3 summarizes the process parameters and
the results of using power and pressure and, in particular, silane flow to
provide a good quality silicon nitride film, [err]in which NH bonding is
dominant. As indicated, the deposition rate was again quite high, about
5.33 x [err] (3,200 Angstroms per minute) and the film was in slight
compressive stress, -1 x [err] 25 Table 3 Silicon Nitride Deposition, [err]
30                Parameters/Result                Value Power, watts;
power density w/cm2   350; 1.5 Pressure, torr                  5.0 (666.5
[err] Wafer temp., [err]               300-360 Gas chemistry: SiH/N2
85 sccm/4.5 slm Electrode spacing, d (mils)     300 (762 mm) Dep. rate
A/min.                3200 (5.33 x [err] Refractive index
1.9 H content, atomic percent       7-10 Stress, dynes/cm2               -1
E9, compressive [err] 40                Within wafer uniformity, %
[err] 3. Stress Control 45 The conventional way to control stress in
silicon nitride films deposited using chemical vapor deposition is by
adjusting frequency, power or electrode spacing. That is, increasing the
frequency tends to increase tensile stress (or decrease compressive
stress); increasing power has the opposite effect; and varying the 



electrode spacing has the same tendency as does varying the frequency, but
the effect is smaller. Of these so  parameters, only frequency and power
substantially affect stress. Unfortunately, the variations in frequency and
power can strongly affect other film properties. Also, stress may be a very
strong function of power with the result that it is difficult to use power
to control stress. Our process provides another, unique mechanism for
stress control: the use of nitrogen. We have discovered that increasing
(decreasing) nitrogen flow increases tensile stress or decreases
compressive 55    stress (or vice versa). The use of nitrogen as the
dominant nitrogen source permits the use of this characteristic to control
stress without affecting other film properties. This use of nitrogen as a
control mechanism is reflected in the process parameters and in the stress
values of the various silicon nitride and silicon oxynitride examples given
here. 7    EP 0 303 508 B1 Additional control of the nitride/oxynitride
deposition process and the resulting film is provided by adding small
amounts of [err] and/or [err] additive or dopant to the gas chemistry.
[err] lowers the hydrogen content, increases the deposition rate slightly,
and lowers compressive stress significantly. For example, in the above
examples the addition of only one or two sccm [err] in 4.5 slm nitrogen can
decrease stress from -1 E9 compressive to zero compressive stress. This
effect is summarized in Table 4. Table 4 10
Silicon Nitride Deposition Parameters/Result               Value Power,
watts; power density, w/cm2   350; 1.5 Pressure, torr                  5.0
(666.5 [err] Wafer temp., [err]                300-360 Gas chemistry: [err]
85 sccm/4-5 slm/1 -2 sccm Electrode spacing, d (mils)     300 (7.62 mm)
Dep. rate A/min.                3300-3400 (5.5 x [err] to 5.67 x [err]
Refractive index                1.86 20            H content, atomic
percent        5-7 Stress, dynes [err]               -0 Within wafer
uniformity, %       [err] 25     The addition of small amounts of NHa
relative to the nitrogen used in our nitrogen-based gas chemistry process
can be used to increase the deposition rate, to increase the hydrogen
content to a value which is between that of the low hydrogen film and that
of conventional films, to decrease the compressive stress (or alternatively
increase the tensile stress) of low hydrogen content films, to improve the
step coverage by increasing the hydrogen content and, as mentioned
previously, to increase NH and SiH bonding. The 30 effects of relatively
small amounts of ammonia on deposition rates, stress and hydrogen content
are illustrated in Table 5. Table 5 35
Silicon Nitride Deposition Parameters/Result               Value Power,
watts; power density, [err]   350; 1.5 Pressure, torr                  5.0
(666.5 [err] 40             Wafer temp., [err]                 300-360 Gas
chemistry: [err]      85 sccm/4.5 slm/30 sccm Electrode spacing, d (mils)
300 (7.62 mm) Dep. rate A/min.                3600-3800 (6 x 10-8 to 6.33 x
[err] Refractive index                1.9 45             H content, atomic
percent        15-20 Stress, dynes/cm2               5E8, compressive (5 x
[err] 



Withing wafer uniformity, %     [err] 50 4. Silicon Oxynitride Deposition
We have found that the addition of N20 to our basic [err] nitrogen-based
gas chemistry provides silicon oxynitride films which are characterized by
low hydrogen content, very well controlled within wafer 55 composition
uniformity of four to five percent, as well as high deposition rates and
controlled stress. Relative to the silicon nitride deposition discussed
above, the N20 additive has the effect of decreasing the refractive index,
increasing the deposition rate and decreasing compressive stress. Table 6
lists an exemplary set of parameters/results for depositing silicon
oxynitride, again on silicon substrates and 8    EP 0 303 508 B1 evidences
these effects. Table 6 5 Silicon Oxynitride Deposition Parameters/Result
Value Power, watts; power density, [err]   350; 1.5 Pressure, torr
5.0 (666.5 [err] 10                 Wafer temp., [err]
300-360 Gas chemistry: SiH4/N2/N20 sccm    85/4.5 slm/30 Electrode spacing,
d (mils)     300 (7.62 mm) Dep. rate A/min.                4000 (6.67 x
[err] Refractive index                1.75 15                 H content,
atomic percent       <6 Stress, [err]               -5E8, compressive [err]
Within wafer uniformity, %      [err] 20     Also, in general the
discussion above regarding silicon nitride deposition and the effect of
various factors in controlling stress, bonding and other properties applies
here as well. For example, Table 7 indicates the effect of adding ammonia
as a dopant. Consistent with the previous discussion of silicon nitride
films, the ammonia increases the hydrogen content and the deposition rate.
The film refractive index, [err] is characteristic of
ultraviolet-transparent oxynitride films suitable for use in 25 EPROM
(electrically programmable read-only memory) devices. Table 7 Silicon
Oxynitride Deposition Parameters/Result                   Value Power,
watts; power density, [err]  350; 1.5 Pressure, torr
5.0 (666.5 [err] Wafer temp., [err]                    300-360 Gas
chemistry: [err]               80/4.5 slm/50/40 Electrode spacing, d (mils)
300 (7.62 mm) Dep. rate Almin.                    5000 (8.33 x [err]
Refractive index                    1.75 H content, atomic percent
<10 Stress, [err]                   -5E8, compressive (err) Within wafer
uniformity, %          [err] 45 5. Silicon Oxide Deposition Using our gas
inlet manifold face plate 30 containing the hexagonal close pack array of
increasing- diameter holes 31 and SiH4/N20 gas chemistry has enabled us to
deposit silicon oxide films at very high deposition rates using relatively
lower power. The oxide has proven even less sensitive to patterning than 50
the silicon nitride and silicon oxynitride films. Consequently, we have
been able to use 5.08 mm (200 mil) 



electrode spacing to increase the deposition rate. Table 8 illustrates this
process and the resulting characteristics for silicon dioxide films
deposited on silicon substrates. 55 9    EP 0 303 508 B1 Table 8 Silicon
Oxide Deposition Parameters/Result               Value Power, watts; power
density, [err]   200; 0.85 Pressure, torr                  3.0 (266.6 [err]
Wafer temp., [err]                300 Gas chemistry: [err]         40
sccm/1 slm 10            Electrode spacing, d (mils)      200 (5.08 mm)
Dep. rate A/min.                8,000-10,000 (err) Refractive index
1.46 H content, atomic percent       0 Stress, [err]               -1 E9,
compressive (err) Within wafer uniformity, %      [err] 6. Alternatives 20
Having thus described a preferred and alternative configurations, those of
usual skill in the art will readily derive still additional embodiments and
variations which are within the scope of the above description and the
following claims. For example, other vertical cross-sectional shapes which
increase in transverse dimension toward the front or outlet end of the
aperture, i.e., along the direction of flow from high 25  to low pressure,
can be used. These include in addition to the described conical shaped
holes, hyperbolic, parabolic or bowl shaped, and semi-ellipsoidal profiles.
In addition, it should be quite apparent from the above discussion that the
invention applies not only to the specific reactor 11 but to CVD reactors
in general and to parallel plate plasma reactors in particular which are
used to deposit thin film and, still more generally, to any process which
uses an inlet aperture for supplying gases across a pressure differential.
30 Claims 1. An RF vacuum deposition chamber (10) having a gas inlet
manifold (11) provided with an RF electrode in the form of a face plate
(30) with a plurality of holes (31) therein, characterised in that each
hole 35     comprises an inlet section adjacent the side of plate remote
from the processing side having a diameter and length which provides even
distribution of source gases and prevents plasma penetration into the gas
manifold and an outlet section which extends from the inlet section to the
processing side of the plate with an increasing diameter to increase the
dissociation in the gas passing through the aperture. 2. A vacuum
deposition chamber as claimed In Claim 1, characterised in that the holes
are conical in cross-section. 3. A vacuum deposition chamber as claimed in
Claim 2, characterised in that the outlet sections of the 45     holes (31;
Figure 2) are conical in the cross-section. 4. A vacuum deposition chamber
as claimed in Claim 3, characterised in that lines connecting the opposite
sides (36) of the outlet sections of each hole (31) subtend an angle of
about [err\] so  5. A vacuum deposition chamber as claimed in Claim 4,
characterised in that the sides of the outlet section of each hole (31)
subtend an angle of about [err] 6. A vacuum deposition chamber as claimed
in Claim 1, characterised in that the holes are concave in cross-section.
55 



7. A vacuum deposition chamber as claimed in Claim 6, characterised in that
the outlet sections of the holes (31; Figure 3) are concave in
cross-section. 10    EP 0 303 508 B1 Table 8 Silicon Oxide Deposition
Parameters/Result                Value Power, watts; power density, [err]
200; 0.85 Pressure, torr                   3.0 (266.6 [err] Wafer temp.,
[err]                  300 Gas chemistry: [err]          40 sccm/1 slm 10
Electrode spacing, d (mils)                 200 (5.08 mm) Dep. rate A/min.
8,000-10,000 [err] Refractive index                 1.46 H content, atomic
percent        0 Stress, dynes/cm2                -1 E9, compressive [err]
15            Within wafer uniformity, %       [err] 6. Alternatives Having
thus described a preferred and alternative configurations, those of usual
skill in the art will readily derive still additional embodiments and
variations which are within the scope of the above description and the
following claims. For example, other vertical cross-sectional shapes which
increase in transverse dimension toward the front or outlet end of the
aperture, i.e., along the direction of flow from high 25  to low pressure,
can be used. These include in addition to the described conical shaped
holes, hyperbolic, parabolic or bowl shaped, and semi-ellipsoidal profiles.
In addition, it should be quite apparent from the above discussion that the
invention applies not only to the specific reactor 11 but to CVD reactors
in general and to parallel plate plasma reactors in particular which are
used to deposit thin film and, still more generally, to any process which
uses an inlet aperture for supplying gases across a pressure differential.
30 Claims 1. An RF vacuum deposition chamber (10) having a  gas inlet
manifold (11) provided with an RF electrode in the form of a face plate
(30) with a plurality of holes (31) therein, characterised in that each
hole 35     comprises an inlet section adjacent the side of plate remote
from the processing side having a diameter and length which provides even
distribution of source gases and prevents plasma penetration into the gas
manifold and an outlet section which extends from the inlet section to the
processing side of the plate with an increasing diameter to increase the
dissociation in the gas passing through the aperture. 40 2.' A vacuum
deposition chamber as claimed in Claim 1, characterised in that the holes
are conical in cross-section. 3  A vacuum deposition chamber as claimed in
Claim 2, characterised in that the outlet sections of the 45     holes (31;
Figure 2) are conical in the cross-section. 4. A vacuum deposition chamber
as claimed in Claim 3, characterised in that lines connecting the opposite
sides (36) of the outlet sections of each hole (31) subtend an angle of
about [err] . 50  5. A vacuum deposition chamber as claimed in Claim 4,
characterised in that the sides of the outlet section of each hole (31)
subtend an angle of about [err] 6. A vacuum deposition chamber as claimed
in Claim 1, characterised in that the holes are concave in cross-section.
55 7. A vacuum deposition chamber as claimed in Claim 6, characterised in
that the outlet sections of the holes (31; Figure 3) are concave in
cross-section. 



10    8. A vacuum deposition chamber as claimed in Claim 1, characterised
in that the holes are parabolic or hyperbolic in cross-section. 9. A vacuum
deposition chamber as claimed in Claim 8, characterised in that the outlet
sections of the holes (31) are parabolic or hyperbolic in cross-section.
10. A vacuum deposition chamber as claimed in any of Claims 1 to 9,
characterised in that the holes (31) in the manifold face plate (30) are
formed in a pattern of face centered hexagons (41; Figure 5) in which the
individual holes define an edge of one associated hexagon and are at the
center of a 10     second5associated hexagon. 11. A process for depositing
a material on a substrate within an RF vacuum chamber using a material
selected from silicon oxide, silicon nitride and silicon oxynitride and
comprising the step of passing gas through a gas manifold which is adjacent
said substrate with holes formed therein having a gas inlet 15     end and
a gas outlet end opening into said chamber and applying RF energy to the
chamber at the face plate while communicating a reactant gas flow
comprising gases selected from [err] to the inlet hole to form a plasma at
the chamber side of the face plate for depositing said selected materials
on the substrate, characterised in that the dissociation of the gases
passing through the holes is increased in that the outlet ends of said
holes are larger than the inlet ends. 20 12. A process as claimed in Claim
11, characterised in that the gas is nitrogen. 13. A process as claimed in
Claim 11, characterised in that the deposited material is selected from
nitride and oxynitride, and in that the process comprises at least one of
(1) varying the silane [err] flow and 25     (2) adding ammonia [err] to
control the type of hydrogen bonding within the deposited film. 14. A
process as claimed in Claim 12, characterised in that the deposited
material is selected from nitride and oxynitride, and further comprising
varying the nitrogen flow rate to control the stress of the deposited film.
30 15. A process as claimed in Claim 11 or Claim 12, characterised in that
the deposited material is selected from nitride and oxynitride, and further
comprising doping the reactant gas flow with nitrogen trifluoride [err] to
control at least one of deposited film deposition rate and stress and total
hydrogen content. 35 Patentansprtlche 1. HF-Vakuumabscheidekammer (10) mit
einem Gaseinlafverteiler (11), der mit einer HF-Elektrode in Form einer
Stirnplatte (30) in einer Vielizahl von Lbchern (31) darin versehen ist,
dadurch gekennzeich- net, daB jedes Loch einen Einlaflabschnitt, der an die
Plattenseite, die von der Prozesseite entfernt 40     liegt, angrenzt, und
der einen Durchmesser und eine Ltinge hat, die eine gleichmiflige
Verteilung von Quellengasen bereitstellen und das Eindringen von Plasma in
den Gasverteiler verhindem, sowie einen AuslaBabschnitt aufweist, der sich
von dern EinlaBabschnitt Zur Prozeeseite der Platte mit zunehmen- dem
Durchmesser erstreckt, urn die Dissoziation in dem durch die Offnung
hindurchgehenden Gas zu steigern. 45 2. Vacuumabscheidekammer nach Anspruch
1, dadurch gekennzeichnet, daB die Lacher im Schnitt konisch sind. 3.
Vakuumabscheidekammer nach Anspruch 2, dadurch gekennzeichnet, daB die
Auslafabschnitte der 50     Lbcher (31; Fig. 2) im schnitt konisch sind. 4.
Vakuumabscheidekammer nach Anspruch 3, dadurch gekennzeichnet, daB die die
gegen~berliegenden Seiten (36) der AuslaBabschnitte eines jeden Lochs (31)
verbindenden Unien einen Winkel von etwa 15 bis 60  begrenzen. 55 5.
Vakuumabscheidekammer nach Anspruch 4, dadurch gekennzeichnet, daB die
Seiten des AuslaBab- schnitts eines jeden Lochs (31) einen Winkel von etwa
30 begrenzen. 11 
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Vakuumabscheidekammer nach Anspruch 1, dadurch gekennzaichnet, daB die
L6cher im Schnitt konkav sind. 7. Vakuumabscheidekammer nach Anspruch 6,
dadurch gekennzeichnet, daB die AuslaBabschnitte der 5      Lb cher (31;
Fig. 3) im Schnitt konkav sind. 8. Vakuumabscheidekammer nach Anspruch 1,
dadurch gekennzeichnet, daB die Locher im Schnitt parabel- oder
hyperbelformig sind. 10  9. Vakuumabscheidekammer nach Anspruch 8, dadurch
gekennzeichnet, daB die Auslalabschnitte der Locher (31) im Schnitt
parabel- odor hyperbelformig sind. 10. Vakuumabscheidekammer nach einern
der Ansprflche 1 bis 9, dadurch gekennzeichnat, daB die Locher (31) in der
Verteilerstirnplatte (30) in einem Muster von flilchenzentrierten
Sechsecken (41; Fig. 5) 16     ausgebildet sind, in welchem die einzelnen
Locher einen Rand aenes zugeordneten Sechsecks begrenzen und sich in der
Mitte eines zweiten zugeordneten Sechsecks befinden. 11. Verfahren zurn
Abscheiden eines Materials auf einem Substrat in eaner HF-Vakuumkammr r
unter Verwendung einss Materials, das aus Siliziumoxyd, Siliziumnitrid und
Siliziumoxynitrid ausgewvhlt wird, 20     wobei das Verfahren den Schritt
aufweist, Gas durch einen Gasverteiler zu fahren, der an das Substrat K.-'
angrenzt und in dem Locher ausgebildet sind, die ein GaseinlaBende und ein
Gasauslafende haben, das in die Kammer mlndet, und HF-Energie an die Kammer
an der Stirnplatte anzulegen, wahrend ein Reaktionsteilnehmergasstrom, der
Gase aufweist, die aus Sill4, N2 und N20 ausgewdhlt werden, mit dern
EinlaBloch in Verbindung staht, um ein Plasma auf der Kammerseite der
Stirnplatte zu bilden, um 25     die ausgewghlten Materialien auf dem
Substrat abzuscheiden, dadurch gekennzeichnet, daB die Dissoziation der
durch die Locher gehenden Gase dadurch gesteigert wird, daB die
Auslaflenden der Locher grofer als die Einla.Benden sind. 12. Verfahren
nach Anspruch 11, dadurch gekennzeichnet, daB das Gas Stickstoff ist. 30
13. Verfahren nach Anspruch 11, dadurch gekennzeichnet, daB das
abgeschiedene Material aus Nitrid und Oxynitrid ausgewahit wird und daB das
Verfahren wenigstens (1) Andem des Silan (SiHl)-Stroms und/oder (2) Zugabe
von Ammoniak (NH3) aufweist, um die Art der Wasserstoffbindung in dem
abgeschiedenen Film zu steuem. 35 14. Verfahren nach Anspruch 12, dadurch
gekennzeichnet, daB das abgeschiedene Material aus Nitrid und Oxynitrid
ausgewAhit wird und weiterhin das Andern des Stickstoffdurchsatzes
aufweist, um die Spannung des abgeschiedenen Films zu steuern. K-;40  15.
Verfahren nach Anspruch 11 oder Anspruch 12, dadurch gekennzeichnet, daB
das abgeschiedene Material aus Nitrid und Oxynitrid ausgewihlt wird und daB
es weiterhin das Dotieren des Reaktionsteil- nehmergasstroms mit
Stickstofftrifluorid (NF3) aufweist, um wenigstens eine der GroBen
abgeschiede- ner Filmabscheidemengenstrom und Spannung und
Gesamtwasserstoffgehalt zu steuern. 45 Revendicatlons 1. Chambre (10) de
ddp8t sous vide RF ayant un collecteur (11) d'admission de gaz pourvu d'une
6lectrode RF sous la forme d'une plaque frontale (30) presentant plusieurs
trous (31), caracterisee en ce que chaque trou comprend un trongon d'entree
adjacent au cote de la plaque eloigne du cbte de 50    traitement, ayant un
diambtre et une longueur qui produisent une distribution egale des gaz de
source et empOchent la penetration de plasma dans le collecteur de gaz, et
un trongon de sortie qui s'dtend depuis le trongon d'entr6e jusqu'au c8te
de traitement de la plaque, avec un diambtre croissant afin d'augmenter la
dissociation dans le gaz passant dans l'ouverture. 5s  2. Chambre de d6p8t
sous vide selon la revendication 1, caractdris~e en ce que les trous sont
coniques an section transversale. 12  
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Chambre de dep8t sous vide salon la revendication 2, caractdris6e on ce quo
les trongons de sortie des trous (31 ; figure 2) sont coniques on section
transversale. 4. Chambre de dep8t sous vide solon la revendication 3,
caractbriseo en ce quo des lignes reliant les 5      c8t~s opposes (36) des
trongons de sortie de chaque trou (31) sous-tendent un angle d'environ 15 a
<2         60-. 5. Chambre de ddp8t sous vide solon la revendication 4,
caracterise6 en ce quo les c8tts du trongon de sortie de chaque trou (31)
sous-tendent un angle d'environ 30* 10 6. Chambre de dep8t sous vide solon
la revendication 1, caracteriseo on co quo les trous sont concaves en
section transversale. 7. Chambre de d6pbt sous vido salon la revendication
6, caracterisee en ce quo les trongons de sortie 15     des trous (31 ;
figure 3) sont concaves on section transversale. &  Chambre de d6p8t sous
vide solon la revendication 1, caracterisoe en ce quo les trous sont
paraboliques ou hyperboliques on section transversale. 2n  9. Chambre de
d6p8t sous vide solon la revendication 8, caracteriseo en ce quo les
trongons de sortie Ks.'       des trous (31) sont paraboliques ou
hyperboliques en section transversale. 10. Chambre de d6p8t sous vide solon
l'une quelconque des revendications 1 A 9, caractdrisde en ce quo les trous
(31) dans la plaque frontale (30) du collectour sont formes en une
configuration d'hexagones 25     (41 ; figure 5) A faces centreos, dans
laquelle les trous individuels d6finissent un bord d'un hexagone associd ot
sont au centre d'un second hexagone associe. 11. Procede pour deposer une
matibre sur un substrat dans une chambre A vide RF utilisant une matibre
choisie parmi de l'oxyde de silicium, du nitrure de silicium et de
l'oxynitrure de silicium, et comprenant 30     I'etape qui consiste A faire
passer un gaz A travers un collecteur de gaz qui est adjacent audit
substrat et dans lequel sont formes des trous ayant une extremite
d'admission de gaz et une extrdmitd de sortie de gaz s'ouvrant dans ladite
chambre, et a appliquer de l'energie RF a la chambre A la plaque frontale
tout en communiquant un ecoulement gazeux r~actif comprenant des gaz
choisis parmi SiH4, N2 et N20 vers le trou d'admission pour former un
plasma au c8te chambre de la plaque frontale afin de 35     deposer
lesdites matibres choisies sur le substrat, caracterisd en ce quo la
dissociation des gaz passant dans les trous est augmentee par le fait quo
les extremites de sortie desdits trous sont plus grandes quo les extrdmitds
d'admission. 12. Procedd solon la revendication 11, caractdrise en ce quo
le gaz est de l'azote. 13. Procede solon la revendication 11, caract6ris4
en co quo la matibre ddposoe est choisie parmi du nitrure et de
l'oxynitrure, et on co quo le procede comprend au moins l'une des dtapes
consistant (1) a faire varier l'ecoulement de silane (SiH4) et (2) A
ajouter de l'ammoniac (NHa) pour maltriser le type de liaison hydrogAne &
l'int~rieur du film depos6. 45 14. Procddd solon la revendication 12,
caracteris6 en co quo la matibre ddposee est choisie entre du nitrure et de
i'oxynitrure, et consistant en outre & faire varier Is debit d'ecoulement
d'azote pour regler la contrainte du film depose. 50  15. Procede solon la
revendication 11 ou la revendication 12, caract6rise en ce quo la matiere
depos6e est choisie entre du nitrure et de l'oxynitrure ot consistant en
outre a doper l'dcoulement gazeux reactif avec du trifluorure d'azote (NFs)
pour regler au moins l'un des paramAtres constitu6s par la vitesse de ddp8t
et la contrainte du film depose, et par la teneur totale en hydrogAne. 55
13    


