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(57) ABSTRACT

A gas distribution system for a reactor having at least two
distinct gas source orifice arrays displaced from one another
along an axis defined by a gas tlow direction from the gas
source orifice arrays towards a work-piece deposition surface
such that at least a lower one of the gas source orifice arrays
1s located between a higher one of the gas source orifice arrays
and the work-piece deposition surface. Orifices in the higher
one of the gas source orifice arrays may spaced an average of
0.2-0.8 times a distance between the higher one of the gas
source orifice arrays and the work-piece deposition surface,
while orifices 1n the lower one of the gas source orifice arrays
may be spaced an average o1 0.1-0.4 times a distance between
the higher one of the gas source orifice array and the work-
piece deposition surface.
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APPARATUS FOR PROVIDING UNIFORM
GAS DELIVERY TO A REACTOR

RELATED APPLICATIONS

[0001] This CONTINUATION of co-pending U.S. appli-
cation Ser. No. 12/553,917, filed 3 Sep. 2009, which isa 1s a
DIVISIONAL of U.S. patent application Ser. No. 11/278,
700, filed 5 Apr. 2006, now abandoned, both of which are
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a gas distribution
system for an atomic layer deposition or chemical vapor
deposition processing system in which a vapor phase precur-
sor 1s transported from an upstream source to a reaction space
above a substrate.

BACKGROUND

[0003] The chemical deposition of thin solid films from
gaseous (vapor-phase) chemical precursors onto solid sub-
strates 1s of great iterest 1n many areas cluding semicon-
ductor fabrication, magnetic data storage, nanotechnology
and others. In particular, atomic layer deposition (ALD) and
chemical vapor deposition (CVD) processes are commonly
used to deposit both dielectric and metal films onto semicon-
ductor substrates. Increasingly, these applications require that
the deposited film meet strict standards for thickness unifor-
mity across the substrate and repeatability 1n such thicknesses
over multiple substrates, while at the same time the process
equipment 1s required to provide high film deposition rates so
as not to present a bottleneck in the overall fabrication pro-
CEeSS.

[0004] In order for CVD and ALD equipment to meet such
requirements, the flux of vapor precursors to the substrate
must be tightly controlled and shaped. Often, there can be
multiple gaseous precursors that must react to form the
desired film and all must be delivered to the substrate i a
precise and controllable manner. In some cases, it 15 advan-
tageous to mix these multiple precursors together prior to
introducing them into the reactor chamber. In other cases, 1t1s
preferable to maintain the precursors isolated from one
another until they come 1nto contact with the substrate so as to
prevent any unwanted premature reactions.

[0005] Generally, uniform precursor how into the reaction
chamber 1s attempted by providing a flat plate with many
small holes 1 between the gas-source and the substrate (a
so-called showerhead). An early description of a device for
providing such axial-symmetric gas tlow towards a substrate
1s provided 1 U.S. Pat. No. 4,798,165 of deBoer et al. The
diffusion plate or showerhead can have separate zones such
that sonic holes are used for introducing one precursor and
other holes are used for introducing the other precursor. In
this way the precursors are kept separate so that no mixing,
occurs prior to the precursors entering the reaction space
adjacent to the substrate.

[0006] Onesuchshowerheadisdescribedin U.S. Published
Patent Application 2006-0021°703 of Salvador P. Umotoy. In
this design, the showerhead faceplate has a number of gas
passageways to provide a plurality of gases to the process
region without commingling of those gases. A gas distribu-
tion mamfold assembly 1s coupled so as to provide the differ-
ent gasses to the various gas holes in the faceplate.

Oct. 20, 2011

[0007] Another design for maintaining gases in separate
passageways until they exit the distribution plate into the
process region 1s described in U.S. Pat. No. 5,595,606. This
showerhead includes a multiple block stack that ostensibly
maintains two gases 1n separate passageways until they exat
the distribution plate into the process region.

[0008] While showerheads of the sort described above pur-
port to maintain separation of the various gases used in the
ALD and CVD the present inventors have observed that 1f the
relative flow rates of the different precursors tlowing through
adjacent holes are not well designed, recirculation can occur
along the showerhead faceplate between the holes. FIG. 1
illustrates this condition. Shown in the diagram 1s a cut away
view of a showerhead apparatus 10 having two individual gas
manifolds generally indicated at 12 and 14. The upper mani-
told 12 includes gas passageways 16a and 165, which provide
means for the gas in manifold 12 to exit via holes 18a and 1856
in the faceplate 20 of showerhead 10. Similarly, the lower
mamifold 14 includes gas passageways 22a and 225, which
provide means for the gas in manifold 14 to exit via holes 24a
and 245 1n faceplate 20.

[0009] As shown, recirculation of the different precursor
gases has been known to occur along the showerhead face-
plate 20 between the holes associated with the different mani-
folds 12 and 14. This undesired mixing of the precursors can
cause unwanted reactions therebetween and reduce film uni-
formity on substrates in proximity thereto. Furthermore,
when multiple zones are present within a single showerhead
the spacing between the outlet holes of different zones
becomes constramned by the number and size of holes
required for flow uniformity.

[0010] Another problem with such showerhead designs 1s
that 1t 1s difficult or 1impossible to maintain a difference in
temperature between the two precursors because they both
flow through the same solid plate 26 belfore reaching the
faceplate 20. In many cases, 1t would be desirable to maintain
precursors at different temperatures until they react at the
substrate surface.

[0011] What 1s needed, therefore, 1s a gas distribution sys-
tem that overcomes these limitations of conventional show-
erheads.

SUMMARY OF THE INVENTION

[0012] Oneembodiment of the present invention provides a
gas distribution system for a reactor having at least two dis-
tinct gas source orifice arrays displaced from one another
along an axis defined by a gas tlow direction from the gas
source orifice arrays towards a work-piece deposition surface
such that at least a lower one of the gas source orifice arrays
1s located between an upper one of the gas source orifice
arrays and the work-piece deposition surface. The precise
distance from the upper gas source orifice array (or the lower
gas source orifice array) to the work-piece deposition surface
depends on a number of factors, including the shape of the
individual orifices 1n each of the arrays and the gas flow rates
for each array. In general, the orifice arrays are positioned
within the reactor such that a relatively uniform deposition
over the work-piece surface can be achieved using the neces-
sary gases and flow rates for the particular layer to he depos-
ited. In addition to the distance from the work-piece surface,
the spacing between individual orifices of each array will
alfect the nature and quality of the deposited layer. Hence,
orifices 1n the upper one of the gas source orifice arrays may
spaced an average of 0.2-0.8 times a distance between the
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higher one of the gas source orifice arrays and the work-piece
deposition surface, while orifices 1n the lower one of the gas
source orifice arrays may be spaced an average o1 0.1-2 times
a distance between the higher one of the gas source orifice
arrays and the work-piece deposition surface.

[0013] The higher one of the gas source orifice arrays may
be a planar showerhead having a generally uniform distribu-
tion of orifices across 1ts faceplate. The lower one of the gas
source orifice arrays may include one or more conduits dis-
tributed axi-symetrically with respect to a radius of the planar
showerhead. For example, the flower one of the gas source
orifice arrays may include a number of spoke conduits leading
from an axially centered feed conduit, and each spoke conduit
including a number of individual orifices spaced an average
of 0.1-2 times a distance between the higher one of the gas
source orifice arrays and the work-piece deposition surtace.

[0014] A further embodiment of the present invention pro-
vides for introducing gases into a reactor by flowing a purge
gas from a first gas source orifice array disposed a first dis-
tance from a surface of a work-piece along an axis defined by
gas flow from the first gas source orifice array to the surface of
the work-piece while flowing a first reactive precursor into the
reactor from a second gas source orifice array separate from
the first gas source orifice array and disposed at a second
distance from the surface of a work-piece along the axis
defined by gas flow, said second distance being between said
first distance. At an appropriate time, the flow of the first
reactive precursor {rom the second gas source array may be
stopped and the purge gas then flowed 1nto the reactor from
one or more of the first gas source orifice array and the second
gas source orifice array. When unused portions of the first
reactive precursor have been evacuated from the reactor, a
second reactive precursor may be flowed into the reactor
through the first gas source orfice array while flowing the
purge gas into the reactor through the second gas source
orifice array. Thereaiter, the tlow of the second reactive pre-
cursor from the first gas source array may be stopped, and
unused portions of the second reactive precursor evacuated
while tlowing the purge gas into the reactor from one or more
of the first gas source orifice array and the second gas source
orifice array. This cycle may he repeated as needed to form a
film on a substrate within the reactor.

[0015] Notwithstanding its applicability to ALD processes
such as those described above, the invention 1s also useful 1n
CVD and/or pulsed-CVD operations as discussed further
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention is 1illustrated by way of
example, and not limitation, 1n the figures of the accompany-
ing drawings, in which:

[0017] FIG. 1 shows an example of undesired gas recircu-
lation and mixing which can occur when a conventional
showerhead having gas passageways with exit holes 1n a
single plane 1s used;

[0018] FIG. 2 shows an example of a showerhead config-
ured 1n accordance with an embodiment of the present inven-
tion so as to prevent or reduce such undesired gas recircula-
tion and mixing by displacing gas passageway exit holes into

separate planes displaced from one another along an axis
defined by the gas injection axis;

[0019] FIG. 3 shows an example of a showerhead config-
ured in accordance with an embodiment of the present inven-
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tion 1n which a radial spoke gas injection conduait 1s displaced
beneath a planar gas distribution plate; and

[0020] FIG. 4 shows an example of an ALD reactor having
with a gas distribution system configured 1n accordance with
an embodiment of the present invention; and

[0021] FIG. S illustrates a variation of the ALD system
shown 1n FIG. 4 1n which multiple waters are processed 1n a
single rector.

DETAILED DESCRIPTION

[0022] Described herein are gas distribution systems for
ALD, CVD and/or other processing systems in which vapor
phase precursors or other gases (e.g., inert carrier gases) are
transported from upstream sources to a reaction space above
a substrate. Unlike such distribution systems of the past, the
present distribution systems are composed of two or more
physically separated gas source orifices. That 1s, embodi-
ments ol the present invention provide gas source orifices at
different displacements from a surface of a substrate along an
axis of the gas pathway from the orifices to that surface.
Viewed differently, the gas source orifices (which may be
supplied by a common manifold configured to provide gases
or precursors separately to each orifice) are separated from
one another along an axis defining a path for the gasses to
travel between the orifices and the substrate.

[0023] Embodiments of the present invention provide both
physical and thermal separation of reactive precursors until
they come 1nto close proximity to the substrate. This not only
avoilds undesired reactions along the faceplate of the shower-
head, 1t also permits the individual precursors to be delivered
at their individual optimum temperatures. Furthermore, sys-
tems configured 1n accordance with the present imnvention
provide manufacturers greater flexibility in designming gas
flow manifolds for each precursor, independent from the geo-
metrical constraints of the other.

[0024] Turning now to FIG. 2, an example of a gas distri-
bution system 28 configured 1n accordance with an embodi-
ment ol the present invention 1s illustrated. Note that although
this illustration depicts a gas distribution system with two
manifolds (or gas source orifice arrays as they are sometimes
termed herein), the present invention 1s not limited to such
systems. Any number of such manifolds can be used. In some
cases, the gas distributions systems will have multiple gas
orifices disposed 1n a single plane (such as 1s the case for the
system 1llustrated 1n FIG. 1) and 1n addition will have other
gas orifices disposed 1n a different plane (as described below).
In other cases, three or more such orifice arrays separately
disposed from one another along an axis of gas injection may
be provided. Thus, the depiction of a system employing two
such arrays displaced from one another 1s meant only to
illustrate the concepts embodied in the present invention and
should not be viewed as limiting the scope of the invention to
such arrangements.

[0025] FIG. 2 then 1s a cut away view of a gas distribution
system 28 having two individual gas manifolds generally
indicated at 30 and 32. The upper manifold 30 includes gas
passageways 34a-34d, which provide means for the gas in
manifold 30 to exit via holes 36a-36d in the faceplate 38 of a
distribution plate 40. The lower manifold 32 includes a gen-
erally cylindrical gas passageway 40, which provide means
for the gas 1n manifold 32 to exit via holes 44a-44c.

[0026] Of course, the imndividual manifolds are not limited
to these 1llustrated configurations and, 1n general, any conve-
nient configurations may be used to achieve desired gas dis-
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tribution profiles within a reaction space proximate to a sub-
strate. Thus, planar, curved, corrugated, cylindrical or other
manifolds/distribution devices may be employed. For
example, the faceplate 38 of upper manifold 30 need not be a
flat (or relatively flat) surface as 1s shown 1n the illustration.
Instead, faceplate 38 may have a corrugated or even saw tooth
profile. Further, regardless of whether the faceplate 38 1s flat
or not, it need not necessarily be planar. Instead, various
embodiments of the present invention may find particular
application for a curved (e.g., relatively concave or relatively
convex) faceplate 38.

[0027] The lower manifold 32 may itsell be something
other than a cylindrical gas passageway. For example, the
lower manifold may be a relatively planar diffuser plate.
Alternatively, the lower mamifold 32 may be a series of radi-
ally projecting cylinders resembling the spokes of a bicycle
wheel (as 1s shown in later figures and described further
below). In some cases the individual spoke-like orifice arrays
may he of different lengths and/or diameters and arranged so
as to provide a desired gas tlow to a substrate. The spoke-like
arrays may be independent of one another or may be coupled
to one another via azimuthally-oriented or chord-like mem-
bers and/or gas source orifice arrays.

[0028] In some cases the distance between the lower mani-
fold 32 and the upper manifold 30 may be adjustable. For
example, the lower manifold 32 may ay be suspended beneath
the upper manifold 30 by one or more telescoping (e.g.,
pneumatic or hydraulic) supports which operate under the
control of a controller so as to set the lower manifold at a
desired distance from the faceplate 38 of the upper manifold
30. Alternatively, the supports or other means of adjusting the
separation distance between the manifolds may be manually
configurable. Different CVD and/or ALD processes may
require such different spacings between the manifolds in
order to achieve desired deposition characteristics on sub-
strates.

[0029] Whether adjustable or not, the optimal distance
between the upper and lower manifolds may be dependent on
the characteristics of the individual orifices present therein.
Hence, to accommodate a wide variety of applications, the
present invention encompasses the use of different types of
orifices 1n either or both of the manifolds. Some orifices may
be substantially cylindrical in cross-section, while others may
be more funnel-like 1n cross-section so as to provide a wider
dispersal of the gas exiting the orifice than might otherwise be
achieved using orifices having a cylindrical cross-section. So
too may the number of holes 1n each imndividual manifold be
adjusted to provide a desired gas distribution profile at the
surface of the work-piece undergoing processing. Different
arrangements of orifice types and numbers 1n different radial
arcas ol either or both of the manifolds may provide for
relatively uniform deposition rates across an entire surface of
a substrate. Individual orifices may be circular, rectangular,
square, triangular, etc., 1n transverse section.

[0030] While these various arrangements of orifices of dii-
ferent types are not critical to the present invention, the over-
all goal of providing a gas delivery system configured to
achieve substantially uniform deposition across an entire sub-
strate surface while avoiding undesired cross-mixing of pre-
cursor gases should not be overlooked. In the case of a lower
manifold having radial, spoke-like orifice arrays for gas dis-
tribution, reduced spacing between individual orifices would
imply having more spokes in the entire array. This may not
necessarily be desirable 1n that a wider spacing with fewer
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individual orifices would provide fewer opportunities for
undesired mixing of precursor gasses along the arms of the
lower gas distribution array and, hence, reduced overall for-
mation of contaminant particles.

[0031] As shown in FIG. 2, manifold 32 1s displaced from
mamnifold 30 along an axis (7) 1n the direction of gas 1njection
from the respective holes of each manifold. Hence, the recir-
culation of the different precursor gases ifrom the different
manifolds does not lead to any undesired mixing of the pre-
cursors along the faceplate 38 of distribution plate 40. This
improves the film deposition characteristics of systems
employing system 28 over those which make use of conven-
tional showerheads.

[0032] FIG. 3 shows an 1sometric view of the gas distribu-
tion system 28. The upper mamiold 1s composed of a rela-
tively flat distribution plate 40 with multiple through-holes 36
in faceplate 38 to allow precursor vapors and purge gases to
enter the reactor (not shown). The lower manifold 32 1s con-
figured as an array of radial tubes 48 joined to a central inlet
50. The tubes 48 have a series of outlet holes (not shown 1n
detail 1n this drawing) to provide for uniform delivery of
precursor and purge gases. The tubes 48 may be organized as
one or more conduits distributed axi-symetrically waith
respect to a radius of the planar distribution plate 40.

[0033] FIG. 4 illustrates an example of an ALD reactor 52
having a gas distribution system configured in accordance
with an embodiment of the present invention. In this cut away
view, a waler 54 1s placed on a susceptor 36 (which may be
vertically movable along the Z axis and may also include a
heater) beneath the gas distribution system 28. The gas dis-
tribution system 28 may be part of a lid assembly for reactor
52 or may be separate therefrom. As indicated above, the gas
distribution system includes an upper manifold 30, which 1s
configured to receive precursor A from an upstream source,
and a lower manifold 32, which i1s configured to receive
precursor B from a separate upstream source. Each of the
mamifold may also be configured to receive purge gasses.
Manifold 30 distributes precursor A towards substrate 54
through holes (not shown 1n this view) 1n the faceplate 38,
while manifold 32 distributes precursor B towards substrate
54 through holes (also not shown in this view) 1n radial arms
48. The radial arms are fed via central inlet 50. Manifold 32 1s
displaced below the faceplate 38 of manifold 30 along the

axis ol gas mjection towards the substrate 54 (the Z axis) by
a distance “d”.

[0034] FIG. 5 1llustrates a vanation of the above-described
system 1n which multiple walers or other substrates 60 are
accommodated 1n a single reactor 52. The waters 60 may be
supported on a linear array 56'. Alternatively, the waters may
be placed 1n a radial array that resembles a carousel. Accord-
ingly, the waters 60 could he aligned along radial directions
with respect to the center of a circular supporting element. A
multi-wafer reactor of this type may be used where backside
depositions can be tolerated (or otherwise compensated for)
and may improve overall throughput. Stmilarly, reactors such
as reactor 52 may be configured for use 1n stand-alone tools or
in multi-single wafer tools or 1n cluster tools.

[0035] Importantly, the lower manifold 48 need not have a
radial spoke configuration as depicted 1n the illustration. In
some cases the lower manifold may be a point source (i.e., a
gas orifice having a substantially circular or other cross-
section). Alternatively, the lower manifold 48 could be a
planar (or relatively planar) source, a source having a concave
cross-section, or a radial spoke configuration with spokes of
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varying lengths. Further, the lower manifold 48 may be rela-
tively smaller or larger than as depicted in the illustration.
That 1s, the lower manifold 48 may have a diameter equal to
or greater than the substrate 54 or, the lower manifold may
have a diameter smaller than that of the substrate, as shown.

[0036] Moreover, precursor B need not necessarily be fed
to the lower manifold 32 via a single, central supply line.
Instead, some configurations may have precursor B being fed
to the orifice array through a lateral line or other, non central
axial-symmetric feed line or lines. The details of such gas
teed lines from an external gas supply source are not critical
to the present invention.

[0037] In one embodiment of the present invention, the
faceplate 38 of manifold 30 1s located a distance “L” from the
surface of substrate 54 on which deposition 1s to occur. In
practice, “L” will be an average distance of an intended plane
defined by the faceplate 38 from the surface of the substrate
54 and i1ndividual distances of any point on the faceplate 38
will reside at a distance L+01 a from said surface, owing to
nonuniformities in the faceplate surface and the surface of the
substrate 54. Preferably, the holes in faceplate 38 through
which precursor A gases will be introduced to reactor 52 wall
spaced an average 01 0.2-0.8 times L+01 from one another. In
turther embodiments, the holes 1n manifold 32 may be spaced
an average of 0.1-2 times L+01 from one another. Note that
this latter spacing may be achieved through selected position-
ing of the various radial arms 48 of manifold 32.

[0038] Further, the distance from the lower manifold 32 to
the surface of the substrate 54 will be some fraction of L. In
various embodiments of the invention this distance may be
0.3-0.9*L, and 1n one embodiment that was reduced to prac-
tice was 0.7 L. Typically, L will be approximately one inch.

[0039] During a typical ALD process in which the present
gas distribution assembly would be used, manifold 30 will be
flowing purge gas while manifold 32 1s flowing reactive pre-
cursor B. In the next step of the process both manifolds 30 and
32 will flow purge gas to assist 1n removing any unreacted
precursor from the reactor 52. Unused precursors and purge
gases are exhausted from reactor 52 via a pumping arrange-
ment (not shown). Next, precursor A will be introduced
through manifold 30 and purge gas will flow through mani-
told 32. Finally, both manifolds 30 and 32 will flow purge gas
to assist 1n removing any unreacted precursor. The flows of
precursor and purge gas may be alternated in this fashion
throughout the deposition process to allow the substrate 34 to
be sequentially exposed to each of the precursors without
allowing the precursors to mix in the gas phase.

[0040] The above-described process allows for uniform
delivery of precursor vapor by introducing one of the reactant
species through a flat plate with a plurality of through-holes
while the second reactant species 1s introduced through a set
of conduits radiating outward from a centrally located inlet.
The conduits are situated such that they are between the tlat
plate and the substrate. This provides delivery of both reac-
tants while maintaining thermal and physical 1solation
between the chemicals.

[0041] Insome ALD processes, one of the ALD half-reac-
tions will he soft saturating while the other 1s not. In such
cases 1t may be desirable to introduce the precursor associated
with the soft saturating half reaction through the upper mani-
fold. For example, the precursor associated with the soft
saturating reaction may require more uniform distribution, as
may be achieved through introduction via the upper, rela-
tively planar gas orifice array. In contrast, the precursor asso-
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ciated with the strongly saturating half-reaction 1n the ALD
process may be relatively isensitive to distribution via a
nonuniform gas orifice array such as the lower manifold. This
may notalways be the case, however, inasmuch as relative gas
flow rates must also be taken into consideration.

[0042] In addition to ALD processes, the present invention
may he used in connection with CVD and/or pulsed-CVD
processes. In a typical CVD process both manifold 30 and
mamifold 32 may be flowing purge gases and/or reactive
precursors (potentially with respective carrier gasses). When
a desired deposition has been achieved, the flow of reactive
precursors will be stopped and either or both mamifolds 30
and 32 may flow purge gas to assist 1n removing any remain-
ing precursors from the reactor 52.

[0043] In a pulsed-CVD process a first precursor and car-
rier gas may be mtroduced continually through manifold 30
and the second precursor itroduced i1n a pulsed fashion
through the lower manifold 32. Preferably, the precursor
introduced via the lower mamifold will be the one which has
a dominant surface reaction during the CVD. As belore, once
the desired deposition has been achieved, the unused precur-
sors and purge gases are exhausted from reactor 52 while
flowing purge gas through one or both of the manifolds.

[0044] In further embodiments, the two manifolds may be
operated so as to variously tlow reactive precursors, precur-
sors and carrier gases, and/or purge gas at various times in an
ALD, CVD or other process so as to achieve a desired depo-
sition on a substrate within the reactor. For example, while a
precursor 1s introduced via the upper manifold (with or with-
out a carrier gas), the lower manifold may be used to 1ntro-
duce a second precursor (with or without its own carrier gas)
or purge gas and vice-versa.

[0045] Thus, a gas distribution system composed of dis-
tinct, physically separated source orifices to supply precursor
vapors and 1nert gases to a substrate has been described. The
distinct gas sources are oriented such that one orifice is
located between the substrate and the other orifice. This pre-
vents gas recirculation that 1s often observed with conven-
tional showerheads, when the precursor vapors and inert
gases are injected through adjacent orifices, and prevents
premature reactions that are often observed when the precur-
sors and purge gases are mtroduced through a single orifice.
Stated differently, 1n contrast to conventional showerheads
gas distribution systems configured 1n accordance with the
present mvention do not provide a as recirculation zone
between the outlet entices of the separate gas manifolds. This
improves purging and can minimize gas-phase mixing and
turbulence, both of which can lead to unwanted film deposi-
tion or particle formation

[0046] It should be apparent from the preceding discussion
that the use of separate gas source orifices that are not con-
strained to a single flat-plate allows much more freedom 1n
designing the size and shape of each precursor manifold.
When both precursor manifolds are constrained to have their
outlet orifices 1n the same horizontal plane as 1n a conven-
tional showerhead, the designer may not be able to achieve
optimal flow umiformity for both precursors. At a minimum,
the designer may have to resort to complex manifold and gas
flow passages to achieve uniform tlow. However, when sepa-
rating the precursor manifolds mnto distinct orifices that are
not 1n the same plane, in accordance with the present mnven-
tion, 1t 1s much easier to obtain gas flow uniformity with
simple gas flow passages. Of course, although the present
invention was discussed with reference to certain 1llustrated
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embodiments, these examples should not be used to limait the
broader scope of the mvention as set forth 1n the following
claims.

What is claimed 1s:

1. An apparatus, comprising,

a reactor chamber;

gas source arrays disposed within the reactor chamber, the

gas source arrays having:

(1) a first gas source orifice array disposed a first distance
from a surface ol a work-piece within the reactor
chamber along an axis defined by gas flow towards the
surface of the work-piece, and

(1) a second gas source orifice array separate from and
not fluidly coupled to the first gas source orifice array,
the second gas source orifice array disposed at a sec-
ond distance from the surface of a work-piece along
the axis defined by gas tlow towards the surface of the
work-piece, said second distance being less than said
first distance; and

vacuum means coupled to evacuate gasses from the reactor
chamber,
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wherein, the first and second gas source orifice arrays are
fluidly coupled to:

(1) flow, during a first time 1nterval, a purge gas into the
reactor chamber from the first gas source orifice array

while flowing a first reactive precursor into the reactor
chamber from the second gas source orifice array;

(11) flow, during a second time 1nterval, the purge gas 1nto
the reactor chamber from both the first and second gas
source orifice arrays while evacuating the reactor
chamber;

(111) flow, during a third time 1nterval, a second reactive
precursor into the reactor chamber from the first gas
source orifice array while flowing the purge gas into
the reactor chamber from the second gas source ori1-
fice array; and

(1v) tlow, during a fourth time interval, the purge gas 1nto
the reactor chamber from both the first and second gas
source orifice array While evacuating the reactor.
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