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ers in the gas. U.S. Patent No. 4,499,853 issued February 19, 1985 to
Edward A. Miller discloses a Background of the Invention
gas distributor tube for a CVD apparatus which provides a gas stream
substantially free of turbu- The present invention relates generally to a
5   lence. As  exemplified  by  U.S. Patent No. gas injector apparatus for
use in conjunction with  4,499,853, those skilled in the art deem the
provi- chemical vapor deposition (hereinafter referred to  sion of a
uniform velocity gas flow is desirable to as "CVD") reactors used in
processing semicon-      increase deposition uniformity. Thus, in conven-
ductor wafers. More particularly, the present inven-  tional horizontal CVD
systems the state of the art tion relates to a gas injector apparatus for
use in a   to  teaches uniformity of both temperature and flow single-wafer
epitaxial deposition system  where     velocity across the wafer surface.
stringent control over deposition kinetics and uni-     The present
invention provides a gas injector formity of the deposited layer is
necessary.        apparatus which shapes a uniform velocity gas flow
Conventional CVD reactors are typically clas-   in order to present
substantially uniform concentra- sified according to the orientation of the
gas flow   15  tion gradients of the reactive species in the gas with
respect to the substrate surface. Commercial   flow to all areas of the
wafer surface. Presentation epitaxial deposition reactors are typically
classified  of a shaped velocity gas flow to the curvilinear as vertical,
horizontal or barrel systems. Vertical  leading and trailing edges of the
wafer increases reactors employ a gas flow which is directed verti-
thickness uniformity of the deposited material cally toward the wafer
surface. Barrel reactor sys-  20  across the wafer surface. tems employ a
barrel-shaped susceptor wherein the wafers are placed vertically on the
outer sur-  SUMMARY OF THE INVENTION faces of the susceptor and gas is
introduced verti- cally into the reaction chamber and flows substan-
Accordingly, it is a broad object of the present tially horizontally across
the wafer surface. Finally,  25  invention to provide a gas injector
apparatus for in horizontal CVD reactors the wafers are placed    improving
deposition uniformity in single-wafer horizontally on a susceptor and the
reactant gas    CVD epitaxial reactors. stream flows horizontally across
the wafer surface.     It is another object of the present invention to
Conventional horizontal CVD systems utilize a       provide a gas injector
apparatus which creates a laminar gas flow to deposit the reactant species
on   3o  uniform velocity flow of reactant gas within the the wafer.
apparatus. Typically, a reactive gas mixture bearing the       It is
another object of the present invention to material to be deposited is
introduced into a pre-  provide a gas injection apparatus for a chemical
heated reaction chamber containing the semicon-     vapor deposition
reactor capable of shaping the ductor substrate on a heated susceptor. As
the gas   35  velocity profile of a uniform velocity flow of reactant is
introduced Into the reaction chamber, the laminar  gas as it flows across
the substrate surface. gas flow transports the deposition material to the
It is another object of the present invention to substrate. The deposition
material is deposited     provide a gas injector apparatus which creates a
onto the substrate and, concurrently, depleted from  uniform gas flow,
shapes the velocity profile of the the reactant gas flow. This simultaneous
deposition   40   gas flow and exposes the wafer surface area to and
depletion establishes a concentration gradient  substantially uniform
concentration gradients of the across the substrate surface. The depletion
of the  reactant species in the gas flow. deposition material from the
reactant gas flow in-     It is still another object of the present
invention variably leads to non-uniform deposition across the  to provide a
gas injector apparatus for a chemical wafer surface due to decreased
concentrations of  45  vapor deposition reactor which provides a uniform
the deposition material in the reactive gas mixture  and controlled
concentration of the deposited ma- as it flows across the substrate
surface.           terial. Deposition reaction dynamics are critical to
These and other objects, features and advan- achieving a uniform deposition
rate and deposition  tages of the present invention will become more
thickness. The deposition reaction is substantially  5o  apparent from the
following more detailed descrip- temperature and flow dependent.
Maintaining a uni-  tion of the preferred embodiments of the present form
gas temperature and flow profile is important  invention with reference to
the accompanying Fig- for achieving a substantially uniform deposition rate
ures in which like elements are identified by like onto the substrate
surface. In conventional CVD     reference numerals. reactors, reactant gas
typically flows between the  55  According to the present invention there
is heated susceptor and wafers and the cold reactor    provided a gas
injector apparatus for an epitaxial wall. Deposition uniformity is
determined by the    deposition reactor, comprising: a remote manifold
resulting thermal and mass transport boundary lay-  having an upper
chamber, a plenum chamber and 2    



3                 EP 0 378 543 B1                      4 a outlet opening
associated with said plenum         Detailed Description of the Preferred
Embodiment chamber; a hollow tubular member having at. least one aperture
passing therethrough, said hollow tu-      Figure 1 represents a CVD system
11 for multi- bular member being connected to a source of gas     substrate
23 processing. The reactor 11 includes a and disposed coaxially within said
upper chamber   5   reactant gas input 13 which supplies reactant gas- of
said remote manifold; a hollow baffle member,     es into a hollow interior
17 of the reactor 11. Gas having a plurality of apertures passing thereth-
flow 25 is injected into an input portion 13 of the rough, coaxially
surrounding said hollow tubular    reactor 11 and enters the hollow
interior 17 at a member and coaxially disposed within said upper
substantially uniform velocity and with a substan- chamber of said remote
manifold; a plate member  to  tially laminar profile. Gas flow 25 passes
across having a plurality of openings passing thereth-     susceptor 21 and
substrates 23 with a uniform rough, said plate member being coupled to said
velocity and deposits the reactant species carried remote manifold such
that said plurality of open-   in the gas flow 25 upon the substrates 23.
After ings in said plate member communicate with said     deposition of the
reactant species onto the sub- outlet opening associated with said plenum
cham-   15   strates 23 and the depletion of the reactant species ber or
said remote manifold: flow restriction means  from the gas flow 25, the gas
flow 25 is withdrawn associated with each of said plurality of openings in
from the hollow interior 17 of the reactor 11 by an said plate member, for
regulating a flow of gas     exhaust port 15. The uniform velocity of gas
flow through said each of said plurality of openings in   25 is
diagrammatically represented by equal length said plate member; a main
injector body having an   20  arrows represent uniform magnitudes of
velocity upper surface and a front surface and an L-shaped   across the
width of the hollow interior 17 of reactor chamber within said main
injector body commu-        11. Where there are multiple substrate,
injecting nicating with each of said upper surface and said   the gas flow
25 into the hollow interior 17 and front surface, said main injector body
being coup-  flowing the gas across the surface of each sub- led to said
plate member such that said plurality of  26  strate has achieved
relatively uniform deposition of openings in said plate member communicate
with      the reactant species onto the substrates 23. upper surface and
said L-shaped chamber of said         In single-substrate epitaxial
deposition reactors, main injector body.
however, injection of a uniform velocity gas flow fails to achieve
acceptable uniformity of the depos- BRIEF DESCRIPTION OF DRAWINGS
3o  ited layers. The introduction of a uniform velocity gas flow 25 in a
single-substrate reactor is illus- Figure 1 is a schematic representation
of a top  trated in Figure 2. It will be appreciated, by those view of a
prior art CVD reactor for injecting a     skilled in the art, that as the
uniform velocity gas uniform gas flow into a multi-substrate processing
flow 25 passes over the generally circular substrate system.
35  33 it encounters different substrate surface areas Figure 2 is a
sectional top view illustrating    across the width of the substrate. As
represented disparate flow path distances across the substrate   by the
designations [err]  the surface in a single substrate CVD reactor.
curved profile of the substrate 33 requires the gas Figure 3 is a sectional
top view illustrating a  flow 25 to traverse varying distances. It will be
gas injector for introducing reactant gas flow having   40   observed that
the gas flow 25 must pass over a a predetermined shaped velocity profile in
a single  greater distance [err] at the central area of the substrate CVD
epitaxial deposition reactor.         substrate, whereas the gas flow 25
only passes Figure 4 is an exploded perspective view of the  over
relatively shorter distances [err] gas injector apparatus of the present
invention.    toward the lateral edges of the substrate. Figure 5 is a
front elevational partial cross-  45  The reactant gas flow 25 is,
therefore, exposed sectional view of a base portion of the gas injector  to
differing substrate surface areas which decrease apparatus of the present
invention.                 toward the lateral surfaces of the substrate.
Where Figure 6 is a side elevational cross-sectional  the gas flow 25 is
introduced into the hollow interior view taken along line 6-6 of Figure 5.
15 with a uniform velocity profile, the gas flow 25 Figure 7 is a top
elevational view of the base   so   will pass through each of distances "di
", "d2", and portion of the gas injector apparatus of the present  "do"
within the same time interval. The greater invention.
central surface area [err]  causes a more rapid Figure 8 is a side
elevational partial cross-    depletion of the reactant species and
establishes sectional view of a remote manifold portion of the  unequal
concentration gradients of the reactant gas injector apparatus of the
present invention.  55  species in the gas flow across the horizontal
aspect Figure 9 is a side elevational partial cross-    of substrate 33.
The unequal concentration gra- sectional view taken along line 9-9 of
Figure 8.    dients cause, in turn, non-uniform deposition of the reactant
species onto the substrate 33. 3    



5                 EP0378543B1                          6 After depletion of
the reactant species from the  at openings 51 at each of two side surfaces
of the gas flow 25, the spent gas is withdrawn from gas    remote manifold
12. Hollow tubular member 14, outlet 15 via gate or port 29.
having a gas inlet aperture 34 passing thereth- Figure 3 illustrates the
shaped velocity gas flow  rough, is removably coupled to an opening 51 in
achieved by the present invention. Gas injector 27   5   one side surface
of remote manifold 12 and passes supplies the reactant gas at input 13 of
the reactor  into upper chamber 50 so that gas inlet aperture 34 11. A gas
flow 37 is introduced into the hollow     is disposed within upper chamber
50. Hollow baffle interior 17 of the reactor 11 having a predeter-
member 40, having a plurality of apertures 36 mined shaped velocity
profile, as represented by    passing therethrough, is removably coupled to
an waveform envelope 35. As illustrated in Figure 3,  10  opposing opening
53 in the opposing side surface gas flow 27 is represented by varying sized
arrows  of remote manifold 12. Hollow baffle member 40 representing
different velocity magnitudes. It will be  extends coaxially within upper
chamber 50 and seen that the gas flow 37 is shaped to have a
coaxially surrounds hollow tubular member 14. At- greater velocity toward
the center of the envelope  tachment of both hollow tubular member 14 and
35 and a lesser velocity toward the lateral edges of  15  hollow baffle
member 40 to the side surfaces of the substrate. The shaped velocity
profile causes    remote manifold 12 may be accomplished by the gas flow 37
to pass over distances [err]   means of a base plate 32, an o-ring 37 and
bolts and [err]  in different time intervals. By selectively  35 which
engage each side surface of the remote exposing area [err] and areas [err]
to    manifold 12. Gas input through the inner hollow differing gas flow
velocities, the more rapid deple-   20  tubular member 14 is passed through
aperture 34 tion of the reactant species in the central area     conducting
gas from the inner hollow tubular mem- [err] is compensated for by the
increased velocity  ber 14 to the outer hollow baffle member 40 and is of
the gas flow in that area. Thus, the shaped       re-distributed from outer
hollow baffle member 40 velocity gas flow profile delivers greater
quantifies  through the plurality of apertures 36 into upper of the
reactant species to the larger central surface   25  chamber 50. The gas
flow into plenum chamber 54 area [err]  of the substrate. The relative
smaller   has, as a result of the distribution within the mani- areas [err]
are exposed to lesser gas     fold 12, a substantially uniform velocity
profile. flow velocities and, therefore, receive lesser quan-    Plate 16
has a plurality of apertures 38 passing tities of the reactant species.
After deposition, the  therethrough. Plate 16 is removably coupled to spent
gas exits outlet 15 via gate or port 29.  3o  remote manifold 12 such that
apertures 38 commu- The shaped velocity gas flow profile of the      nicate
with slot 56. Each of apertures 38 has an present invention is achieved by
a gas injector     associated shutter 22 which may be adjusted to apparatus
as illustrated, in its preferred embodi-  restrict desired portions of the
gas flow exiting slot ment, in Figures 4-9. In accordance with the pre-
56 of remote manifold 12. Shutters 22 are adjusted ferred embodiment of the
present invention there is  35  to desired positions to expose various
sized open- provide a gas injector apparatus 10 for use princi-  ings in
apertures 38 and shape the velocity of the pally in single-substrate
epitaxial chemical vapor  uniform gas flow received from plenum chamber
deposition reactors. The gas injector apparatus 10  54 via slot 56 as it
exits the opposing surface of consists generally of a remote manifold 12, a
plate 16. The vertical directional vector of the straight-walled plenum
chamber 54, a shuttered   40  shaped velocity gas flow is maintained as the
gas and apertured plate 16 and an main injector body    flow passes through
plate 16. 20. Remote manifold 12 and plenum chamber 54            Main
injector body 20 is configured to receive cooperate to provide a uniform
velocity gas flow    the shaped velocity vertical gas flow exiting the
having a vertical directional vector which exits pie-  opposing surface of
plate 16 and redirect the gas num chamber 54 via slot 56.
45  flow to a horizontal directional vector for introduc- In order to
create a uniform velocity gas flow   tion into the hollow interior 17 of
the reactor 11. within plenum chamber 54 of remote manifold 12,     Main
injector body 20 has a plurality of apertures the reactant gas is
introduced into remote manifold  28 disposed in an upper surface 24
thereof. Plate 12 through a hollow tubular member 14 which is      16 is
removably coupled to the upper surface 24 of coaxially disposed within a
hollow baffle member  5o  the main injector body 20 such that each of the
40. Hollow baffle member 40 is, in turn, coaxially  plurality of apertures
28 in the main injector body disposed within an upper chamber 50 of remote
20 correspond to an aperture 38 in plate 16. The manifold 12. According to
the preferred embodi-     shaped velocity gas flow exiting from apertures
38 ment of the present invention and as illustrated in  in plate 6 is
received by apertures 28 in the main Figures 4, 8 and 9, remote manifold 12
consists of  5s  injector body 20. Upon entering apertures 28 in the plenum
chamber 54, upper chamber 50 and slot        main injector body 20, the gas
flow maintains a 56. Upper chamber 50 extends laterally through an
vertical directional vector. As illustrated in Figures upper portion of
remote manifold 12 and terminates  5 and 6, the interior chamber of main
injector body 4    



7                 EP0378543B1                         8 20 has a generally
L-shaped cross-sectional con-       said upper chamber of said remote
manifold figuration. It is to be noted that the inter-aperture  (12); a
plate member (16) having a plurality of web between apertures 28 in the
main injector          openings (38) passing therethrough, said plate body
extend from the upper surface 24 of main          member (16) being coupled
to said remote injector body 20 to the upper edge of gas injection   5
manifold (12) such that said plurality of open- slot 26. Within the
interior chamber of main injector  ings (38) in said plate member
communicate body 20, the direction of the gas flow is altered      with
said outlet opening (56) associated with from a vertical directional vector
to a horizontal     said plenum chamber or said remote manifold directional
vector and exits main injector body 20     (12): flow restriction means
(22) associated through gas injection slot 26.                 10      with
each of said plurality of openings (38) in As illustrated in Figure 4, it
is preferable to     said plate member, for regulating a flow of gas couple
the remote manifold 12, plate 16 and main       through said each of said
plurality of openings injector body 20 by a plurality of bolts 30 which
in said plate member (16); a main injector pass through an receiving
apertures in remote          body (20) having an upper surface (24) and a
manifold 12, through apertures in plate 16 and into  15  front surface and
an L-shaped chamber within main injector body 20. O-rings 41, to seal the
said main injector body (20) communicating coupled fittings, are
interdisposed between plate 16   with each of said upper surface and said
front and remote manifold 12 as well as between plate        surface, said
main injector body being coupled 16 and main injector body 20 in groove 39
formed       to said plate member (16) such that said plu- in upper surface
24 of main injector body 20.  20      rality of openings (38) in said plate
member Another o-ring 49, for scaling the main injector        (16)
communicate with upper surface (24) and body 20 and the CVD reactor (not
shown), is dis-       said L-shaped chamber of said main injector posed in
the front surface of main injector body 20    body. and surrounds gas
injection slot 26. It will be appreciated, by those skilled in the   25  2.
The gas injector apparatus (10) according to art, that various materials
may be employed, which     Claim 1, wherein said plenum chamber (54) of are
known to be compatible with CVD reactors and       said remote manifold
(12) has parallel walls. the reactant gases utilized in chemical vapor
depo- sition processes.                                   3. The gas
injector apparatus (10) according to It has, therefore, been found
advantageous to  30   Claim 1, wherein said plurality of openings (38)
provide a gas injection apparatus having a remote      in said plate member
(16) further comprises a manifold for creating a uniform velocity gas flow,
plurality of elongated slot openings (28) Ion- shaping the uniform velocity
gas flow to create a      gitudinally disposed along a length of said
shaped-velocity gas flow profile and re-directing      plate member. the
vertical directional flow vector to a horizontal  35 flow vector for
introduction of the shaped-velocity  4. The gas injector apparatus (10)
according to gas flow into the hollow interior of the reactor. The  Claim
3, wherein said flow restriction means invention has been particularly
described and illus-   (22) further comprises a plurality of shutter trated
with reference to certain embodiments there-     members operably coupled
to each of said of, but it is not intended that the invention be   40
plurality of elongated slot openings to adjust strictly limited to these
embodiments.                 the size of the opening of each of said elon-
gated slot openings. Claims 5. The gas injector apparatus (10) according to
1. A gas injector apparatus (10) for an epitaxial  45  Claim 4, wherein
said upper surface of said deposition reactor, comprising: a remote mani-
main injector body (20) further comprises a fold (12) having an upper
chamber (50), a           plurality of elongated slot openings commu-
plenum chamber (54) and a outlet opening (56)       nicating with said
plurality of elongated slot associated with said plenum chamber (54); a
openings in said plate member (16) and to hollow tubular member (14) having
at least one   50  said L-shaped chamber of said main injector aperture
(34) passing therethrough, said hollow     body (20). tubular member (14)
being connected to a source of gas and disposed coaxially within     6. The
gas injector apparatus (10) according to said upper chamber (50) of said
remote mani-        Claim 3, wherein said front surface of said fold (12);
a hollow baffle member (40), having a   55  main injector body (20) further
comprises a plurality of apertures (36) passing thereth-
horizontally disposed gas injection opening rough, coaxially surrounding
said hollow tubu-      communicating with said L-shaped chamber of lar
member (14) and coaxially disposed within      said main injector body
(20).    7                 EP 0 378 543 B1                      8 



20 has a generally L-shaped cross-sectional con-        said upper chamber
of said remote manifold figuration. It is to be noted that the
inter-aperture   (12); a plate member (16) having a plurality of web
between apertures 28 in the main injector           openings (38) passing
therethrough, said plate body, extend from the upper surface 24 of main
member (16) being coupled to said remote injector body 20 to the upper edge
of gas injection    6  manifold (12) such that said plurality of open- slot
26. Within the interior chamber of main injector   ings (38) in said plate
member communicate body 20, the direction of the gas flow is altered
with said outlet opening (56) associated with from a vertical directional
vector to a horizontal      said plenum chamber or said remote manifold
directional vector and exits main injector body 20      (12): flow
restriction means (22) associated through gas injection slot 26.
10      with each of said plurality of openings (38) in As illustrated in
Figure 4, it is preferable to     said plate member, for regulating a flow
of gas couple the remote manifold 12, plate 16 and main        through said
each of said plurality of openings injector body 20 by a plurality of bolts
30 which       in said plate member (16); a main injector pass through an
receiving apertures in remote           body (20) having an upper surface
(24) and a manifold 12, through apertures in plate 16 and into  15  front
surface and an L-shaped chamber within main injector body 20. 0-rings 41,
to seal the          said main injector body (20) communicating coupled
fittings, are interdisposed between plate 16    with each of said upper
surface and said front and remote manifold 12 as well as between plate
surface, said main injector body being coupled 16 and main injector body 20
in groove 39 formed        to said plate member (16) such that said plu- in
upper surface 24 of main injector body 20.  20       rality of openings
(38) in said plate member Another o-ring 49, for scaling the main injector
(16) communicate with upper surface (24) and body 20 and the CVD reactor
(not shown), is dis-        said L-shaped chamber of said main injector
posed in the front surface of main injector body 20     body. and surrounds
gas injection slot 26. It will be appreciated, by those skilled in the   25
2. The gas injector apparatus (10) according to art, that various materials
may be employed, which      Claim 1, wherein said plenum chamber (54) of
are known to be compatible with CVD reactors and        said remote
manifold (12) has parallel walls. the reactant gases utilized in chemical
vapor depo- sition processes.                                   3  The gas
injector apparatus (10) according to It has, therefore, been found
advantageous to  30    Claim 1, wherein said plurality of openings (38)
provide a gas injection apparatus having a remote       in said plate
member (16) further comprises a manifold for creating a uniform velocity
gas flow,      plurality of elongated slot openings (28) lon- shaping the
uniform velocity gas flow to create a       gitudinally disposed along a
length of said shaped-velocity gas flow profile and re-directing
plate member. the vertical directional flow vector to a horizontal  35 flow
vector for introduction of the shaped-velocity  4. The gas injector
apparatus (10) according to gas flow into the hollow interior of the
reactor. The   Claim 3, wherein said flow restriction means invention has
been particularly described and illus-    (22) further comprises a
plurality of shutter trated with reference to certain embodiments there-
members operably coupled to each of said of, but it is not intended that
the invention be   40   plurality of elongated slot openings to adjust
strictly limited to these embodiments.                  the size of the
opening of each of said elon- gated slot openings. Claims 5. The gas
injector apparatus (10) according to 1. A gas injector apparatus (10) for
an epitaxial  45   Claim 4, wherein said upper surface of said deposition
reactor, comprising: a remote mani-      main injector body (20) further
comprises a fold (12) having an upper chamber (50), a           plurality
of elongated slot openings commu- plenum chamber (54) and a outlet opening
(56)       nicating with said plurality of elongated slot associated with
said plenum chamber (54); a         openings in said plate member (16) and
to hollow tubular member (14) having at least one   50  said L-shaped
chamber of said main injector aperture (34) passing therethrough, said
hollow     body (20). tubular member (14) being connected to a source of
gas and disposed coaxially within      6. The gas injector apparatus (10)
according to said upper chamber (50) of said remote mani-        Claim 3,
wherein said front surface of said fold (12); a hollow baffle member (40),
having a   55  main injector body (20) further comprises a plurality of
apertures (36) passing thereth-        horizontally disposed gas injection
opening rough, coaxially surrounding said hollow tubu-      communicating
with said L-shaped chamber of lar member (14) and coaxially disposed within
said main injector body (20). 5    9                 EP 0 378 543 B1
10 



7. The gas injector apparatus (10) according to    12. Apparatus of Claim
11, wherein said means for Claim 6, wherein said main injector body (20)
supplying a generally uniform velocity gas flow further comprises an
inter-opening web inter-      further comprises: a remote manifold having
an disposed between each of said plurality of         upper chamber, a
plenum chamber and a out- elongated slot openings (38) and extending   5
let opening associated with said plenum cham- from said upper surface to
said horizontally       ber; a hollow tubular member having at least
disposed gas injection opening in said main        one aperture passing
therethrough, said hollow injector body (20).
tubular member being connected to a source of gas and disposed coaxially
within said up- 8. In an epitaxial deposition apparatus having a   10  per
chamber of said remote manifold; and a reaction chamber for single
substrate process-     hollow baffle member, having a plurality of ing,
said reaction chamber having a reaction       apertures passing
therethrough, coaxially sur- chamber input, a gas injector apparatus (10)
rounding said hollow tubular member and co- for injecting at least one of a
reactant gas and   axially disposed within said upper chamber of a carrier
gas into the input of the reaction   15  said remote manifold. chamber,
said gas injector apparatus compris- ing: a gas injector body (20) having a
front   13. A method for producing and injecting a gas panel, a rear panel,
a pair of opposing edge       flow having a shaped velocity profile in an
portions, a closed bottom and an open top          epitaxial deposition
reactor having a substan- defining a substantially hollow chamber (54)  20
tially hollow interior, a susceptor disposed with- therein; elongated plate
means adapted to be       in the interior of the reaction chamber, a gas
operatively disposed over said open top, said      input to the reaction
chamber, a gas source, an elongated plate means further having aperture
injector having a plenum chamber, a downwar- means operatively disposed in
said elongated       dly disposed gas distribution passage, a flow- plate
means and flow restriction means, asso-  25  direction apparatus
operatively disposed at a ciated therewith, for shaping the velocity
profile  lower end of the gas distribution passage and of said gas passing
therethrough and for out-      an elongated output slot in a front surface
of puffing a predetermined shaped velocity profile    the reaction chamber,
comprising the steps of: of said gas passing through said hollow interior
distributing a reactant gas vertically downward and being supplied into the
input of said reac-  30  within the hollow interior of the plenum cham-
tion chamber through said aperture outlet          ber; providing a
plurality of selectively dimen- means of said front panel; means for
supplying     sioned openings in a plate means for separat- a generally
uniform velocity flow of said gas      ing the plenum chamber from the
hollow inte- toward said aperture means of said elongated       rior of the
gas injector; passing the reactant plate means; and aperture outlet means
oper-  35   gas vertically downward through said dimen- atively disposed in
said front panel for sup-      sioned openings of said plate means thereby
plying said gas into said input of said reaction   shaping a velocity
profile of said gas flow; chamber.
passing the shaped velocity profile gas flow vertically downward into the
flow direction ap- 9. Apparatus of Claim 8, wherein said hollow inte-  40
paratus; redirecting said shaped velocity profile rior chamber of said gas
injector body com-        gas flow perpendicular to its vertically down-
prises an L-shaped chamber communicating           ward vector in said flow
direction apparatus; with said front panel and said open top.           and
discharging said redirected shaped ve- locity profile gas flow through the
discharge 10. Apparatus of Claim 9, wherein said gas injector  45  slot in
the front panel of the gas injector there- body further comprises a
plurality of elongated    by inputting a shaped velocity profile gas flow
slot openings longitudinally disposed in said      into the reaction
chamber of the reactor. open top and communicating with said ap- erture
means of said elongated plate means.     Patentansprlche 50 11. Apparatus
of Claim 10, wherein said flow re-   1. Gasinjektor-Vorrichtung (10) fUr
einen Reaktor striction means further comprises a plurality of   zur
epitaktischen Abscheidung, die folgendes shutter members operably coupled
to each of        umfaSt: einen entlegenen Verteiler (12), der said
plurality of elongated slot openings to       eine obere Kammer (50), eine
Hauptkammer adjust the size of the opening of each of said  55  (54) und
eine mit der genannten Hauptkammer elongated slot openings.
(54) verbundene AuslaBdffnung (56) besitzt; ein hohles, rdhrenfbrmiges
Element (14), das zumindest eine dort hindurchgehende Offnung 6    11
EP 0 378 543B1                     12 



(34) besitzt, mit einer Gasquelle verbunden        Spaltoffnungen verbunden
ist. und koaxial innerhalb der genannten oberen Kammer (50) dem  genannten
entlegenen         5. Gasinjektor-Vorrichtung (10) gemaB Anspruch Sammler
(13) angeordnet ist; ein hohles Zwi-      4, in der die genannte obere
Flache des ge- a     schenwandelement (40), das eine Mehrzahl   5
nannten Hauptinjektork6rpers (20) weiterhin von dort hindurchgehenden
Offnungen (36) be-      eine Mehrzahl von linglichen Spaltoffnungen sitzt,
das genannte hohle, r6hrenformige Ele-     umfaBt, die mit der genannten
Mehrzahl von ment (14) umgibt und koaxial innerhalb der        langlichen
Spaltoffnungen in dem genannten oberen Kammer des genannten entlegenen
Plattenelement (16) und mit der genannten L- Verteilers (12) angeordnet
ist; ein Plattenele-  10  fdrmigen Kammer des genannten Hauptinjek- ment
(16), das eine Mehrzahl von dort hin-        torkorpers (20) in Verbindung
steht. durchgehenden Offnungen (38) besitzt und mit dem genannten
entlegenen Verteiler (12) der-   6. Gasinjektor-Vorrichtung (10) gemaB
Anspruch art verbunden ist, daB die genannte Mehrzahl      3, in der die
genannte Frontflache des Haupt- von COffnungen (38) in dem genannten
Platten-  15  injektorkdrpers (20) weiterhin eine horizontal element in
Verbindung steht mit der genannten     angeordnete Gasinjektions6ffnung
umfaBt, die AuslaB6ffnung (56), die der genannten Haupt-       mit der
genannten L-f6rmigen Kammer des kammer oder dem genannten entlegenen Ver-
genannten Hauptinjektorkorpers (20) in Verbin- teiler (12) zugeordnet ist;
Strdmungsbeschran-     dung steht. kungsmittel (22), die jeder der Mehrzahl
von   20 Offnungen (38) in dem genannten Plattenele-    7.
Gasinjektor-Vorrichtung (10) gemaB Anspruch ment zum  Regulieren einer
Gasstr6mung            6. in der der Hauptinjektork6rper (20) weiterhin
durch jede der genannten Mehrzahl von Off-        ein Zwischendffnungsstick
umfaBt, das zwi- nungen in dem genannten Plattenelement (16)       schen
jeder der genannten Mehrzahl lingli- zugeordnet sind; ein
Hauptinjektorkorper (20),  25  chen Spaltoffnungen (38) angeordnet ist und
der eine obere Flache (24), eine Frontflache      von der genannten oberen
Flache bis zu der und eine L-formige Kammer innerhalb des ge-
genannten horizontal angeordneten Gasinjek- nannten Hauptinjektork6rpers
(20) besitzt, die    toroffnung in dem genannten Hauptinjektions- sowohl
mit der genannten oberen Flache als        korper (20) reicht. auch der
genannten Frontfl~che verbunden ist,  30 wobei der genannte
Hauptinjektorkdrper mit     8  Vorrichtung zum epitaktischen Abscheiden mit
dem genannten Plattenelement (16) derart ver-      einer Reaktionskammer
fOr einzelne Substrat- bunden ist, daB die genannte Mehrzahl von
behandlung die einen ReaktionskammereinlaB, Offnungen (38) in dem genannten
Plattenele-       eine Gasinjektions-Vorrichtung (10) zum Injizie- ment
(16) mit der oberen Flache (24) und der  35  ren zumindest elnes reaktanten
und/oder eines genannten L-fdrmigen Kammer des genannten
Tragergases in den EinlaB der Reaktionskam- Hauptinjektorkorpers in
Verbindung steht.         mer besitzt, wobei die genannte Gasinjektor-
Vorrichtung folgendes umfaBt: einen Gasinjek- 2. Gasinjektor-Vorrichtung
(10) gemaB Anspruch        torkorper (20), der eine Frontplatte, eine ROck-
1, in der die genannte Hauptkammer (54) des   40  platte, ein Paar
gegenuberliegender Randteile, genannten entlegenen Verteilers (12)
parallele    einen geschlossenen Boden und eine offene Wande besitzt.
Oberseite besitzt, die eine im wesentlichen hohle Kammer (54) darin
umgrenzen; ein [Ang- 3  Gasinjektor-Vorrichtung (10) gemaB Anspruch
liches Plattenelement, das betrieblich Ober der 1, in der die genannte
Mehrzahl von O5ffnungen   45  genannten offenen Oberseite angeordnet wer-
(38) in dem  genannten Plattenelement (16)        den kann, wobei das
genannten langliche Plat- weiterhin eine Mehrzahl von langlichen Spalt-
tenelement weiterhin Offnungsmittel aufweist, offnungen (28) umfaSt, die
langs verlaufend       die betrieblich in dem genannten langlichen entlang
einer LAnge des genannten Plattenele-      Plattenelement und den damit
verbundenen ments angeordnet sind.                    50
Str6mungsbeschrlnkungsmitteln  angeordnet sind, zum Formen des
Geschwindigkeitsprofils 4. Gasinjektor-Vorrichtung (10) gemaB Anspruch
des genannten dort hindurchgehenden Gases 3, in der die genannten
Str6mungsbeschran-         und zum Erzeugen eines vorherbestimmt ge-
kungsmittel (22) weiterhin eine Mehrzahl von      formten
Geschwindigkeitsprofils des genannten SchlieBelementen umfaBt, die
betrieblich mit  55   Gases, das durch das genannte hohle Innere jeder der
genannten zahlreichen verl~ngerten       hindurchgeht und in den EinlaB der
genannten Spaltoffnungen zum Anpassen der GroBe einer
Reaktionskammer durch die genannten AuslaB- Offnung von jeder der genannten
l~nglichen         offnungsmittel der genannten Frontplatte gelie- 7    13
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fert wird; Mittel zum Liefern eines Stroms von     Reaktionskammer
angeordneten Suszsptor, el- im aligemeinen gleichf6rmiger Geschwindigkoit
non GaseinlaB in die Reaktionskammer, eine des genannten Gases zu den
genannten Off-          Gasquelle und einen Injektor aufweist, der eine
nungsmitteln des genannten lWnglichen Plat-        Hauptkammer, einen nach
unten angeordneten Qy  tenelements hin; und AuslaBoffnungsmittel, die   8
Gasverteilungskanal, eine Str6mungsrichtein- betrieblich in der genannten
Frontplatte ange-     richtung, die betrieblich an einem  unteren ordnet
sind, zum Liefem des genannten Gases        Ends des Gasverteilungskanals
angeordnet ist, in den gsnannten EinlaB der genannten Reak-        und
einen langlichen Auslalspalt in einer Vor- tionskammer.
derflache der Reaktionskammer besitzt, das 10      die folgenden Schritte
umfa~t: Verteilen eines 9. Vorrichtung nach Anspruch 8, in der die hohle,
reaktanten Gases vertikal nach unten innerhalb innenliegende Kammer des
genannten Gasin-          des hohlen Inneren der Hauptkammer; Vorse-
jektork6rpers sine L-formige Kammer umfait,        hen einer Mehrzahl von
wahlbar dimensionier- die mit dar genannten Frontplatte und der ge-
ten Offnungen in einem Plattenelement zum nannten offenen Obersoite in
Verbindung steht.  15  Trennen der Hauptkammer von dem hohlen Inneren des
Gasinjektors; Fthren des reaktan- 10. Vorrichtung nach Anspruch 9, in der
der go-        ten Gases vertikal nach unten durch die ge- nannte
Gasinjektork6rper weiterhin eine Mehr-      nannten dimensionierten
Offnungen des go- zahl von langlichen Spaltoffnungen umfaft, die
nannten Plattenelements, dadurch Forman ei- langs verlaufend angeordnet
sind in der ge-  20    nos Geschwindigkoitsprofils des genannten nannten
offenen Oberseite und die mit den          Gasstroms; FUhren des Gasstroms
mit ausge- genannten  Offnungsmitteln  des genannten          formtem
Geschwindigkeitsprofil vertikal nach langlichon Plattenelements verbunden
sind.         unten in die Stromungsrichteinrichtung; Umlen- ken des
genannten Gasstroms mit ausgeform- 11. Vorrichtung nach Anspruch 10, in der
die ge-  25  tom Geschwindigkoitsprofil lotrecht zu seinem nannten
Stromungsbeschrankungsmittel wei-          vertikal nach unten weisenden
Vektor in der terhin eine Mehrzahl von Schlietelementen          genannten
Stromungsrichteinrichtung;  und umfalt, die beweglich mit jeder der
Mehrzahl       Ausstofen des genannten umgelenkten Gas- der Ilnglichen
Spaltoffnungen zum Anpassen         stroms mit ausgsformtem
Geschwindigkeits- der Grole der Offnung von jeder der genann-   30   profil
durch den AuslaBspalt in die Frontplatte ton Ianglichen Spaltoffnungen
verbunden ist.       des Gasinjektors, dadurch Einbringen eines Gasstroms
mit ausgeformtem Geschwindig- 12. Vorrichtung nach Anspruch 11, in der die
go-       keitsprofil in die Reaktionskammer des Reak- nannten Mittel zum
Liefern eines Stroms von        tors. im algeomeinen gloichformiger
Geschwindigkeit  35 weiterhin folgendes umfassen: einen entlege-
Revendlcatlons non Verteiler, der eine obere Kammer besitzt, eine
Hauptkammer und eine Auslalbffnung,        1. Dispositif injecteur de gaz
(10) pour un reac- die mit der genannten Hauptkammer verbun-          tour
de ddpot 6pitaxial, comprenant: un collec- den ist; ein hohles,
r6hrenformiges Element,  4o   tour dloigne (12) presentant une chambre su-
das zumindest eine dort hindurchgehende Off-       pdrieure (50), une
chambre de confinement de nung besitzt, wobei das hohle, rohrenformige
milieu (54) et une ouverture de sortie (56) Element mit einer Gasquelle
verbunden und          associee a ladite chambre de confinement koaxial
innerhalb der genannten oberen Kam-        (54); un organe tubulaire creux
(14) presentant mer des entlegenen Verteilers angeordnet ist;  45  au moins
une ouverture (34) la traversant, ledit und ein hohles Zwischenwandelement,
das            organe tubulaire creux (14) etant relie A une eine Mehrzahl
von dort hindurchgehenden Off-       source de gaz et dispose coaxialement
a l'inte- nungen besitzt, die koaxial das gonannte hoh-      rieur de
ladite chambre sup6rieure (50) dudit le, rbhrenfbrmige Element umgeben und
koa-         collecteur eloign6 (12); un organe deflecteur xial innerhalb
der genannten oberen Kammer  50     creux (40), presentant une pluralitd
d'ouvertu- des genannten entlegenen Verteilers angeord-       res (36) le
traversant, entourant coaxialement net sind.
ledit organe tubulaire creux (14) et dispose coaxialement & l'interieur de
ladite chambre 13. Verfahrsn zum Herstollen und Injizieren eines
supdrieure dudit collecteur 4loignd (12); un or- Gasstroms, der ein
ausgeformtes Geschwin-  55      gane plat (16) presentant une pluralite
d'ouver- digkeitsprofil hat, in einem Reaktor zur epitakti-  tures (38) le
traversant, ledit organe plat (16) schen Abscheidung, der ein im
wesentlichen         etant coupl6 audit collecteur 6loigne (12), de hohles
Innere, einen innerhalb des Inneren der     maniere quo ladite pluralite
d'ouvertures (38) 8    15                EP 0 378 543 B1
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menag~es dans ledit organe plat communique         en outre une ouverture
d'injection de gaz m6- avec ladite ouverture de sortie (56) associee a
nagee horizontalement, communiquant avec la- ladite chambre de confinement
ou ledit collec-     dite chambre en forme de L dudit corps d'in- teur
dloign6 (12); un moyen de limitation          jection principal (20). yJ
d'ecoulement (22) associ6 a chaque ouverture   5 de la pluralite
d'ouvertures (38) menagdes      7. Dispositif injecteur de gaz (10) selon
la reven- dans ledit organe plat, pour reguler un ecoule-    dication 6,
dans loquel ledit corps d'injection ment de gaz passant dans chaque dite
ouver-        principal (20) comprend en outre un voile inter- ture de
ladite pluralit6 d'ouvertures menagees     ouvertures, dispose entre chaque
ouverture de dans ledit organe plat (16); un corps d'injection  1o  ladite
pluralit4 d'ouvertures en forme de fente principal (20) presentant une
surface superieu-    allongees (38) et s'etendant de ladite surface re (24)
et une surface avant et une chambre en     supdrieure a ladite ouverture
d'injection de forme de L, situ6e dans ledit corps d'injection    gaz,
menag6e horiontalement dans ledit corps principal (20) communiquant avec
chaque sur-       d'injection principal (20). face parmi ladite surface
superieure et ladite  15 surface avant, ledit corps d'injection principal
8. Dans un appareil de dep8t 6pitaxial presentant etant couple audit organe
plat (16), de maniere    une chambre de rdaction pour un traitement de quo
ladite pluralit6 d'ouvertures (38) m6nagees    substrat unique, ladite
chambre de r6action dans ledit organe plat (16) communique avec
prdsentant une entr4e de chambre de reaction, la surface superieure (24) et
ladite chambre en   20  un dispositif injecteur de gaz (10) pour injector
forme de L dudit corps d'injection principal.      au moins Pun d'un gaz
reactif et d'un gaz porteur dans l'entr6e de la chambre de reac- 2.
Dispositif injecteur de gaz (10) solon la reven-    tion, ledit dispositif
injecteur de gaz compre- dication 1, dans loquel ladite chambre de
nant: un corps d'injection de gaz (20) presen- confinement (54) dudit
collecteur 6loignd (12)  25  tant un panneau avant, un panneau arribre, un
pr6sente des parois parallbles.                    couple de parties de
bord opposdes, une face inf6rieure fermee et une face sup~rieure ouver- 3.
Dispositif injecteur de gaz (10) solon la reven-    to definissant en son
soin une chambre sensi- dication 1, dans loquel ladite pluralit4 d'ouver-
blement creuse (54); un moyen plat allong6 tures (38) menagees dans ledit
organe plat  3o     adapte pour 8tre disposd de facon fonctionnel- (16)
comprend en outre une pluralite d'ouvertu-    le sur ladite face superieure
ouverte, ledit res en forme de fente allongees (28), mena-        moyen
plat allonge prdsentant en outre un g6es longitudinalement sur une longueur
dudit      moyen d'ouverture menag6 de fagon fonction- organe plat.
nelle dans ledit moyen plat allonge et un 35      moyen de limitation
d'6coulament lui 6tant as- 4. Dispositif injecteur de gaz (10) solon la
reven-    socie, pour former le profil de vitesse dudit dication 3, dans
loquel ledit moyen de limita-     ecoulement de gaz le traversant et pour
pro- tion d'ecoulement (22) comprend on outre une       duire un profil de
vitesse conforme predetormi- pluralite d'organes obturateurs coupl6s de fa-
ne dudit ecoulement de gaz passant dans lin- gon fonctionnelle & chaque
ouverture de ladite  40  t~rieur creux et fourni a l'entr~e de ladite
pluralite d'ouvertures on forme de fente allon-    chambre de reaction, par
l'intermddiaire dudit g6es, pour ajuster la taille de l'ouverture de
moyen de sortie a ouverture dudit panneau chacune desdites ouvertures en
forme de fente      avant; un moyen pour produire un ecoulement allong6es.
dudit gaz a vitesse gendralement uniforme 45      vers ledit moyen
d'ouverture dudit moyen plat 5. Dispositif injecteur de gaz (10) solon la
reven-    allong6; et un moyen de sortie a ouverture dication 4, dans
loquel ladite surface superieu-   dispose de fagon fonctionnelle dans ledit
pan- re dudit corps dOinjection principal (20) corn-    neau avant, pour
fournir ledit gaz & ladite en- prend en outre une pluralite d'ouvertures en
tr6e de ladite chambre de reaction. forme de fente allong6es communiquant
avec   5o ladite pluralite d'ouvertures en forme de fente  9. Appareil
solon la revendication 8, dans loquel allongees m6nagees dans ledit organe
plat          ladite chambre interieure crouse dudit corps (16) et vers
ladite chambre en forme de L          d'injection de gaz comprend une
chambre en dudit corps d'injection principal (20).            forme de L
communiquant avec ledit panneau 55      de face et ladite face sup~rieure
ouverte. 6. Dispositif injecteur de gaz (10) solon la reven- dication 3,
dans lequel ladito surface avant    10. Dispositif solon la revendication
9, dans lequel dudit corps d'injection principal (20) comprend    ledit
corps d'injection de gaz comprend une 9    17                EP 0 378 543
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pluralit6 d'ouvertures en forms de fents allon-    dudit ecoulement de gaz;
passage dudit 6cou- gees, menagees longitudinalement dans ladite
loment de gaz a profil de vitesse conforme face superieure ouverte et
communiquant avec       verticalement vers le bas, dans le dispositif ledit
moyen d'ouverture dudit moyen plat al-       d'orientation d'ecouloment;
reorientation dudit ysj  longe.                                     5
ecoulement de gaz & profil de vitesse confor- me, de fagon perpendiculaire
a son vectsur 11. Appareil salon la revendication 10, dans lequel
orientd verticalement vers le bas dans ledit ledit moyen de limitation
d'ecoulement corn-       dispositif dforientation d'ecoulement; et eva-
prend en outre une pluralite d'organes obtura-     cuation dudit ecoulement
de gaz A profil de teurs couples de fagon fonctionnelle A chaque   io
vitesse conforme reorientE par l'intermediaire ouverture de ladite
pluralite d'ouvertures en      de la fonts d'evacuation menagas dans le
pan- forms de fente allongees, pour ajuster la taille   neau avant de
I'injecteur de gaz, de maniere a de l'ouverture de chacune desdites
ouvertures      faire entrer un ecoulement de gaz a profil de en forms de
fents allongdes.                       vitesse conformd dans la chambre de
reaction 15      du r~acteur. 12. Appareil solon la revendication 11, dans
loquel ledit moyen pour foumir un ecoulement de gaz A vitesse gdndralement
uniforms comprend en outre: un collecteur eloigne presentant une chambre
superieure, une chambre de confine-  20 ment de milieu et une ouverture de
sortie associee A ladite chambre de confinement; un organe tubulaire creux
prdsentant au moins une ouverture le traversant, ledit organe tubu- lairs
creux etant relie a une source de gaz et  25 dispose coaxialement A
l'interieur de ladits chambre superieure dudit collecteur eloigne; et un
organe de deflecteur creux, prdsentant une pluralite d'ouvertures le
traversant, entourant coaxialement ledit organs tubulaire creux et  30
dispose coaexialement & I'interieur de ladite chambre supdrieure dudit
collecteur eloigne. i3 Procede pour produire et injector un ecoule- ment de
gaz prdsentant un profil de vitesse   35 conforme dans un reacteur de dep8t
epitaxial presentant un interieur sensiblement creux, un element sensible
dispose a l'interieur de la chambre de reaction, une entrde de gaz pour la
chambre de reaction, une source de gaz, un   4o injecteur presentant une
chambre de confine- ment, un passage de distribution de gaz dispo- s$ vers
le bas, un dispositif d'orientation d'ecoulement dispose de fagon
fonctionnelle & une extremite inferieure du passage de distri-  45 bution
de gaz et une fente de sortie allonges menagee dans une surface avant de la
cham- bre de reaction, comprenant les etapes de: distribution d'un gaz
r~actif verticalement vers le bas, dans l'interieur creux de la chambre de
5o confinement; agencement d'une pluralite d'ou- vertures dimensionnees de
fagon selective dans un moyen plat, pour separer la chambre de confinement
de I'intdrieur creux de l'injec- tour de gaz; passage du gaz rdactif
verticale-  s5 ment vers le bas, par l'intermediaire desdites ouvertures
dimensionnees dudit moyen plat, de manibre A conformer un profil de vitesse
10    


