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tiplicity of relatively small substrates, i.e., in the neighborhood of 5.08
to 12.70 cm (2 to 5 inches) in Background of the Invention
diameter, for simultaneously depositing materials on the multiplicity of
substrates. While simulta- Field of the Invention
5   neous deposition of materials on a multiplicity of substrates is
desirable from a manufacturing stand- This invention relates in general to
systems for  point, it has some drawbacks from a quality stand- chemical
vapor deposition of materials on sub-       point. strates, and more
particularly to a chemical vapor      The first problem  associated with
batch, or deposition system having improved substrate load-  10
multi-substrate processing, relates to the reactant ing, off-loading and
handling sub-systems which     gas, which contains the atoms of the
deposition interact with at least one especially configured pro-
materials. As the gas flows over the surfaces of the cessing sub-system
having a reaction chamber,      substrates and the susceptor, deposition of
the susceptor and heating sub-assemblies for precision   materials results
in changes in the concentration of control of the deposition process.
15  the deposition materials in the reactant gas. Con- sequently, as the
reactant gas flows across or over Discussion of the Related Art
the length of these relatively large susceptors, across each individual
substrate and across a mul- In the electronics art, it has long been a
prac-  tiplicity of such substrates, different rates of growth tice to
employ chemical vapor deposition tech-   20  of the deposited layer of
material have been found. niques for depositing various materials on sub-
A second problem is that of temperature control strates or wafers, as part
of the process for manu-  which is critical at the elevated temperatures
need- facturing semiconductor devices. Chemical vapor      ed for proper
deposition. It is difficult, if not impos- deposition processes includes
passing of a reac-    sible, to control the temperature within the critical
tant gas, which contains the material to be depos-  25  tolerances at all
the desired locations within the ited, over the substrates for forming, or
growing a  relatively large reaction chambers. This results in compound on
the substrates as a result of thermal   different deposition layer
thicknesses from  one reaction or decomposition of the various gaseous
substrate to another, and can even produce varying materials.
thickness within the individual substrates. Still an- The equipment used to
accomplish such a   30   other problem is contamination which can result
process is of various configurations but will include  from various factors
such as the handling tech- the basic components of a reaction chamber, a
niques used to load and unload the substrates, the heating system and a gas
flow system. Of course,    introduction of the reactant gas into the
reaction these various components are configured in accor-    chamber, and
the like. dance with the tasks to be accomplished. For ex-   35   These
problems and drawbacks, ad well as ample, when the number of substrates to
be pro-     other factors, all contribute to significant problems cessed is
small, the reaction chamber may be in      as the semiconductor devices and
the uses to the form of a bell jar, but in high quantity produc-  which
they are put become more sophisticated. As tion work considerably more
sophisticated equip-     a result, many changes and improvements have ment
is needed.                                40   been made in the equipment
that is used to si- For some time now, batch processing equip-
multaneously process a multiplicity of substrates. ment has been used for
accomplishing the chemi-      For example, some equipment manufacturers are
cal vapor deposition processes in production envi-   now using automated
loading and off-loading de- ronments and batch processing equipment may be
vices, as opposed to hand-loading techniques, to categorized as being of
two basic types, namely  45  eliminate, or at least substantially reduce,
contami- horizontal gas flow systems and vertical gas flow   nation
resulting from human handling. Further, the systems. A horizontal gas flow
system generally     second type of susceptor discussed above, i.e., the
includes a platform, or susceptor as it is referred to  upstanding
barrel-shaped structure, is being rotated in the art, which is located in a
horizontally dis-  in some instances about its vertical axis to rotate
posed reaction chamber with the reactant gas flow-   50  the multiplicity
of substrates about that same axis ing in a horizontal path across the
susceptor. In a  within the reaction chamber. Such barrel rotation is
vertical gas flow system, a horizontally disposed    being done for
averaging purposes, that is, tem- susceptor, or an upstanding multi-surface
barrel     perature averaging and reactant gas flow averag- shaped
susceptor, is located in a vertically dis-   ing. Obviously, these and
other things which are posed reaction chamber with the reactant gas be-  55
being done to improve the simultaneous multi- ing caused to flow in a
substantially vertical path  substrate processing techniques have helped.
How- past and around the susceptor. In either case,      ever, there are
practical limits which many feel will these susceptors are configured to
support a mul-    ultimately make the batch processing techniques 3   
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least undesirable. One of the   a robot arm structure is located in the
housing. The limitations is that of the equipment not being very  robot arm
structure includes a rotatable plate hav- well suited for handling larger
diameter substrates.  ing an extensible and retractable arm arrangement The
economics of larger diameter substrates are    thereon, with a pallet or
spatula on the distal end of causing many manufacturers of semiconductor
de-   5   the arms. With the plate and arms rotated so as to vices to use
larger substrates. However, increasing  align with the access port of the
elevating mecha- the size of the substrate is causing some problems  nism
and the isolation valve open, the arms are with regard to temperature
differentials across the  extended to move the pallet into position below a
substrate, decreasing concentrations of the deposi-  substrate, and then
the entire arm  structure is tion material as it is carried across the
substrate,  io  raised to lift the substrate so that it is carried on and
the like.                                      the pallet out of the
cassette. The arms are then Therefore, steps are being taken now by some
retracted to extract the substrate from the elevating equipment
manufacturers to make suitable single    mechanism, and then the arm
assembly is rotated substrate processing equipment which is signifi-   to
another position and extended once again so as cantly simpler insofar as
controlling the various   15  to pass through another isolation valve into
a suit- factors involved in chemical vapor deposition. Sin-  able reaction
chamber. This particular handling gle substrate chemical vapor deposition
equipment  system relies on the weight of the substrate to hold becomes
inherently more desirable than multi-sub-  it in place on the pallet and
another prior art strate equipment as the manufacturers of semicon-
structure includes a similar arm arrangement which ductor devices change to
larger substrates, i.e.,  20  further includes a vacuum outlet on the
pallet for a 15.24 to 20.32 cm (6 to 8 inches) in diameter or   more
positive attachment to the underside of the even larger. One important
consideration is the    substrates. cost at risk when processing one
substrate as          The operation of the above-described prior art
opposed to the simultaneous multi-substrate pro-   loading system can be
reversed for extracting a cessing. That is, if something goes wrong, the
25   processed substrate from the reaction chamber monetary loss is far
less with one substrate than it  and returning it to the same cassette from
which it is with a plurality of substrates.                 was extracted,
or alternatively, to another cassette Various prior art components and
sub-systems    provided in a second elevating mechanism pro- have been
devised for use in building single sub-  vided solely for off-loading of
processed sub- strate processing chemical vapor deposition sys-  30
strates. tems. For example, loading and unloading of sub-       An example
of a single-wafer wafer processing strates into such systems may be handled
in var-   system  having various subsystems is shown in ious ways with the
most pertinent prior art structure  Solid State Technology, vol. 30, no. 10
(October being a cassette elevator available from the Brooks  1987), pages
49/50 (see also corresponding U.S. Automation Co., a division of Aeronca
Electronics,  35   Patent No 4,951,601 to Maydan, et al). This system Inc.,
One Executive park Drive, North Billerica, MS  includes a central load lock
with a wafer handling 01862. The cassette elevator, which is identified as
robot connected to multiple process chambers and Product No. 6200, includes
a vacuum chamber for    an external cassette elevator assembly. receiving a
plurality of substrates that are carried in  While the above-described
loading, handling a cassette with the cassette being supported on a   40
and off-loading structures are significantly better platform. The platform
is vertically movable by   than hand operations, and other prior art
loading means of an elevating mechanism which brings the   and handling
mechanism which are not relevant to substrates one at a time into alignment
with an    the present invention, they are less than com- access port. An
isolation valve such as that avail-  pletely satisfactory. One of the prime
consider- able as Product No. 3003 from the above-identified   45  ations
in modern chemical vapor deposition sys- Brooks Automation Co. is located
at the access     tems is to hold contamination to an absolute mini- port
of the elevating mechanism for closing the    mum; and prevent it entirely,
if possible. In that the vacuum chamber except during extraction of the
vacuum chamber of the elevating mechanism must individual substrates. Both
the elevating mecha-   be opened from time to time for insertion and nism
and the isolation valve provide a controllable  so  extraction of
cassettes, environmental contamina- environment for receiving and loading
the sub-     tion will enter the vacuum chamber. The isolation strates into
a processing system.                  valve located at the access port of
the elevating The Brooks Automation Co. also markets a        mechanism  is
needed to prevent contaminants vacuum transport station under the name
Vacu-      from passing through the vacuum chamber of the TranTm for
extracting the substrates one at a time   55  elevating mechanism into the
housing of the trans- from the elevating mechanism described above.
port system  during the time when the vacuum The transport station includes
a housing which is  chamber is open to the environment, and such an coupled
to the isolation valve described above, and  isolation valve is expensive.
However, the main 4  



5                 EP 0 391 906 B1                    6 problem with this
prior art system is in the robot  configured so that a plurality of
independent single arm structure which slides under and carries the
substrate processing cycles can be simultaneously substrates on the pallet
from the elevating mecha-  accomplished. nism to the reaction chamber and
back again when      The chemical vapor deposition system of the processing
is completed. First of all, such a sub-   5   present invention is defined
in independent claim 1, strate handling technique cannot possibly place a
as well as special embodiments in dependent substrate on a flat continuous
surface, such as an  claims 2 to 9. It includes the following major sub-
ideally configured susceptor, which is used in the  systems. A special
substrate loading sub-system is reaction chamber, due to the pallet of the
robot   provided for receiving cassettes which carry a mul- arms being in
supporting engagement with the   io  tiplicity of substrates to be
processed, and an bottom surface of the substrate. Therefore, some
identical off-loading sub-system is provided for re- sort of less than
ideal susceptor configuration must  ceiving processed substrates that are
to be re- be provided in the reaction chamber if it is to be  moved in
cassettes from the system. Both the used with the prior art robot arm
handling mecha-  loading and off-loading sub-systems include a nisms.
Secondly, damage often results from the   is  unique built-in isolation
valve which closes off the pallet coming into mechanical contact with the
sub-  rest of the system from environment contamination strate. Also,
contaminants in the form of airborne  whenever these sub-systems are opened
for inser- particles can settle on the top surface of the sub-  tion for
removal of the cassettes. strate and this reduces the yield of the
substrates    A special substrate handling sub-system of the and destroys
circuit integrity.              20  present invention, as fully disclosed
in U.S. Patent As was the case with the above discussed        No.
5,080,549, entitled WAFER HANDLING SYS- batch processing chemical vapor
deposition sys-    TEM WITH BERNOULLI PICK-UP, and owned by tems, the
reaction chambers used in single sub-    the present assignee, includes a
housing having a strata processing systems may be categorized as    loading
port to which the substrate loading sub- either a horizontal gas flow
system or a vertical gas   25  system is coupled and an unloading port to
which flow system. However, the susceptors being used    the off-loading
sub-system is coupled. A special in the single substrate reaction chambers
consist  robot arm assembly is mounted in the housing for essentially of a
planar platform or base upon which  rotary and extensible movements for
substrate han- the substrate rests during the deposition process,  dling
purposes. A pick-up wand is mounted on the and those susceptors contribute
nothing further to  30  distal end of the robot arms for positioning about
the deposition process with regard to improving the  the substrates to be
handled, and a special gas problems of depletion of the material carried by
the  flow arrangement is provided in the robot arm reactant gas as it flows
past and around the sub-  assembly sot hat the pick-up wand operates in
strate, and with regard to improved temperature    accordance with
Bernoulli's principle for moving sensing and control.
35  the substrates within the system without any me- Therefore, a need
exists for a new and im-      chanical contact being made with the top or
bottom proved single substrate chemical vapor deposition  planar surfaces
of the substrates. In addition to the system which enhances the process and
thereby      loading and unloading ports, the housing of the helps in
eliminating, or at least reducing, the prob-  substrate handling sub-system
is provided with a lems and shortcomings of the prior art systems.  40
delivery port through which substrates are supplied to and retrieved from a
processing sub-system Summary of the Invention
which is coupled to the delivery port. The housing may be provided with a
plurality of such delivery In accordance with the present invention, a new
ports to which an equal number of processing sub- and improved chemical
vapor deposition system is  45  systems are coupled. disclosed for
depositing various materials on sub-    In any event, a special isolation
valve assembly strates as part of the process for manufacturing   having a
ported gate valve is mounted proximate semiconductor devices. The present
system  is      delivery port of the housing for closing that delivery
broadly categorized as a horizontal gas flow sys-  port whenever a chemical
vapor deposition cycle is tem, in that the reactant gas which carries the
so  being accomplished in the processing sub-system. materials to be
deposited in directed in a horizontal  Also, a gas injection structure of
the present inven- flow path through the reaction chamber in which    tion,
as fully disclosed  in U.S. Patent No. the substrates are processed. Also,
the system is  5,221,556, entitled GAS INJECTORS FOR REAC- further
categorized as a single substrate process-  TION CHAMBERS IN CVD SYSTEMS,
and owned ing system  as opposed to a batch processing   55  by the present
assignee, is interposed between the system, in that one relatively large
substrate is  isolation valve assembly and the inlet of the pro- processed
per cycle of the system. However, as     cessing sub-system. The gas
injector is configured will be seen, the system of the present invention is
to provide a reactant gas flow of special character 5 



7                 EP 0 391 906 B1                    8 through the reaction
chamber.                      centrated radiant heat into the vicinity of
the center The processing sub-system of the present in-   of the susceptor
where the master temperature vention in which the chemical vapor deposition
sensor is located, with the heat concentrator pro- process takes place
includes a reaction chamber   viding optimum temperature control. The upper
and which is fully disclosed in U.S. Patent No.   5   lower heating
structures have individually control- 4,846,102, entitled REACTION CHAMBERS
FOR          lable banks of discrete heating elements for preci- CVD
SYSTEMS, and owned by the present as-          sion heat control of the
various regions in and signee. The reaction chamber is especially config-
about the rotatable susceptor. ured to provide desirable gas flow
characteristics   In addition to the above, the system of the for
accomplishing the deposition process in a pre-  10  present invention is
provided with various purging cisely controllable environment. The reaction
cham-  sub-systems for controlling the gas flow within the ber housing is
also configured for mounting of a   system and maintaining a
contaminant-free envi- special substrate supporting mechanism with tem-
ronment therein. perature sensing devices therein.
Accordingly, it is an object of the present in- A wafer support sub-system
of the present  75  vention to provide a new and improved chemical
invention is fully disclosed in U.S. Patent No.   vapor deposition system
for continuous and se- 4,821,674, entitled  ROTATABLE  SUBSTRATE
quential handling and processing single substrates SUPPORTING  MECHANISM
WITH  TEMPERA-              for depositing various materials thereon as
part of a TURE SENSING DEVICE FOR USE IN CHEMICAL            semiconductor
manufacturing process. VAPOR DEPOSITION EQUIPMENT, and owned by   20
Another object of the present invention is to the present assignee. This
sub-system is designed  provide a new and improved chemical vapor depo- for
optimum temperature averaging and control,    sition system  which includes
special substrate and for reactant gas flow averaging, and includes a
loading and unloading sub-systems wherein cas- circular susceptor for
supporting a single substrate,  settes containing multiplicities of
substrates are in- with the susceptor being disposed within the reac-  25
serted into the system for processing and retrieval tion chamber on a drive
shaft assembly which      from the system subsequent to processing with the
axially depends from the susceptor through a de-   loading and unloading
sub-systems eliminating, or pending tubular shaft of the reaction chamber
at least substantially reducing, system contamina- housing. The drive shaft
assembly is rotatably    tion resulting from the insertion and retrieval of
the drivable for rotation of the susceptor and thus the   30  cassettes.
single substrate supportable thereon. The critical    Another object of the
present invention is to temperatures at various points of the susceptor are
provide a new and improved chemical vapor depo- sensed by a special
temperature sensing arrange-   sition system having a special substrate
handling ment which includes a master temperature sensor    system
including a special robot arm structure that is located in the vicinity of
the center of the   35  which moves the substrates in the system without
susceptor. A special fixed ring is located in con-  coming into physical
contact with the top and bot- centric relationship with the rotatable
susceptor,  tom planar surfaces of the substrates. and a plurality of slave
temperature sensors are      Another object of the present invention is to
located in the fixed ring for sensing the tempera-  provide a new and
improved chemical vapor depo- tures at various points near the periphery of
the   40  sition system  of the above-described character susceptor. The
master and slave temperature sen-   wherein the substrate handling
sub-system is op- sors produce signals indicative of the temperatures
erable for moving individual substrates from the sensed thereby, and the
signals are transmitted to  loading sub-system into a desired one of a
plurality a suitable temperature control means.              of processing
sub-systems for processing and re- The processing sub-system  of the
chemical  45  trieving the substrates after processing and de- vapor
deposition system of this invention further  livering the processed
substrates to the unloading includes a heating system that is fully
disclosed in  sub-system. U.S. Patent No. 4,836,138, entitled HEATING SYS-
Another object of the present invention is to TEM FOR REACTION CHAMBER OF
CHEMICAL               provide a chemical vapor deposition system which
VAPOR DEPOSITION EQUIPMENT, and owned by   so  includes ported gate valves
which isolates the sub- the present assignee. The heating system includes
strate handling sub-system  from the processing an upper radiant heat
assembly which is disposed   sub-systems at all times except when
substrates atop the reaction chamber for directing radiant heat  are being
inserted into or retrieved form the pro- downwardly into the chamber, a
lower radiant heat  cessing sub-systems. assembly is located below the
reaction chamber for  55  Another object of the present invention is to
directing heat upwardly into the chamber. A heat   provide a new and
improved chemical vapor depo- concentrator structure which is part of the
lower  sition system which further includes special gas heating assembly is
provided for directing con-    injectors for including special flow
characteristics in 



9                 EP 0 391 906 B1                    10 the gas that is
supplied to the processing sub-    tion when read in conjunction with the
accompany- systems.                                           ing drawings.
Another object of the present invention is to provide each of the
processing sub-systems of the  Brief Description of the Drawings system
with a reaction chamber housing that in-   5 duces desired gas flow
characteristics through the    Figure 1 is a perspective view of the
chemical reaction chamber and is configured to accommo-        vapor
deposition system of the present invention date a special susceptor and
heat sensing sub-        which shows some of the various features there-
system.                                               of; Another object of
the present invention is to  10  Figure 2 is an enlarged fragmentary
sectional provide a new and improved chemical vapor depo-       view taken
along the line 2-2 of Figure 1; sition system  of the above described
character       Figure 3 is an enlarged fragmentary sectional wherein a
circular susceptor is mounted in the        view taken along the line 3-3
of Figure 1; reaction chamber for supporting a single substrate,   Figure 4
is a fragmentary sectional view taken with the susceptor being rotatably
driven to rotate  15  along the line 4-4 of Figure 3; the substrate about
an axis which is normal with      Figure 5 is a fragmentary sectional view
taken respect to the center thereof for optimum averaging   along the line
5-5 of Figure 3; of temperature differences and material concentra-
Figure 6 is a fragmentary sectional view taken tion differences in the
reactant gas to eliminate, or  along the line 6-6 of Figure 1; at least
substantially reduce, the undesirable af-  20  Figure 7 is an enlarged
fragmentary sectional fects of those variables on the deposition process.
view taken along the line 7-7 of Figure 6; Another object of the present
invention is to     Figure 8 is a schematic plan view of the system provide
a new and improved chemical vapor depo-       of the present invention
which is partially broken sition system wherein a special temperature sens-
away to show the various relationships and fea- ing arrangement is provided
to sense the tempera-  25    tures of the sub-systems and components there-
tures in and about the rotatable susceptor and        of. producing signals
which are used for controlling the heat input to the various regions in and
about the  Description of the Preferred Embodiments susceptor. Another
object of the present invention is to  30  Referring more particularly to
the drawings, provide a new and improved chemical vapor depo-    Figures 1
and 8 best show the chemical vapor sition system  of the above-described
character    deposition system of the present invention which is which
further includes a special heating sub-sys-  indicated in its entirety by
the reference numeral tem which is controllable to direct variable amounts
10. As will hereinafter be described in detail, the of radiant heat energy
into the reaction chamber for  35  system 10 is formed of several
sub-systems which optimized heating of the various regions in and
includes a substrate loading sub-system  12, an about the rotatable
susceptor.                     identical substrate unloading sub-system 14,
a sub- Another object of the present invention is to   strate handling
sub-system  16. Int he illustrated provide a new and improved chemical
vapor depo-    embodiment, three identical processing sub-sys- sition
system of the above-described type were in  40  tems 18 are shown, but it
will be understood that purging sub-systems are provided at various points
the deposition system 10 is completely operational in the system for
controlling gas flow within the  with a single processing sub-system 18,
and addi- system and for maintaining a contaminant-free en-  tional
processing sub-systems 18 are employed, if vironment within the system.
desired, for production purposes. Still another object of the present
invention is  45  As mentioned above, the loading and unloading to provide
a new and improved mechanism for        sub-systems 12 and 14 respectively,
are identical loading various articles into a processing system,  with the
difference being in the way that they are or retrieving various articles
from a processing sys-  operated. Since the sub-systems 12 and 14 are tem,
with the mechanism including a built-in isola-  identical, it will be
understood that the following tion valve which prevents environmental
contamina-  so  detailed description of the loading sub-system 12 tion of
the processing system.                     will also apply to the unloading
sub-system 14. Yet another object of the present invention is to  As seen
best in Figures 1, 2, 3, 4 and 5, the provide a new and improved isolation
valve for use  substrate loading sub-system 12 includes an upper between
various sub-systems of a processing sys-   housing 20 which defines a
hermetically sealable tem or selective isolation of the sub-systems.  55
cassette receiving interior chamber 22. The upper The foregoing and other
objects of the present  housing 20 has a hatch 24 which is hingedly moun-
invention, as well as the invention itself, will be  ted on the housing 20
with a suitable latch 25 more fully understood from the following descrip-
being provided for opening the hatch so that a 
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which is shown in dashed lines in       However, environmental
contamination will en- Figure 2, may be placed in and retrieved from the
ter the cassette receiving chamber 22 of the upper interior cassette
receiving chamber 22. The cas-  housing 20 during loading and unloading
oper- sette 26, as is well known in the art, is a case-like  ations.
Therefore, the upper housing 20 is provided structure having an open side
27 with a plurality of   5   with a purge gas inlet port 50 in its top wall
51 and shelf-like supports (not shown) therein for contain-  a purge gas
outlet port 52 in one of its sidewalls ing and providing lateral access to
a plurality of  53. As seen in Figure 2, the purge gas outlet port
substrates 28 that are carried in vertically spaced  52 is coupled to a
suitable gas disposal location stacked relationship with the cassette 26.
The up-  (not shown) by an exhaust 54 which is welded or per housing 20
includes a floor 29 having a large   to  otherwise fixedly attached to a
mounting plate 55 central opening 30 formed therethrough with that  that is
bolted to the housing 20 and has a suitable opening being closed by a
cassette support plat-  0-ring seal 56. The purge gas inlet port 50 is form
32 whenever a cassette 26 is being loaded    similarly coupled to a remote
source of pressurized into or unloaded from the receiving chamber 22, as
purge gas (not shown) by a supply tube 57 with a will hereinafter be
described.               15  similar mounting plate 58. The loading
sub-system 12 further includes an     As will hereinafter be described in
detail, an intermediate housing 34 which is bolted or other-  elevator
means 60 is mounted below the intermedi- wise attached so as to be
immediately below the   ate housing 34 with the above mentioned elevator
upper housing 20, and is configured to define an  shaft 46 extending
therefrom so as to pass axially interior feed chamber 36. The intermediate
housing   20  through the opening 44 provided in the bottom wall 34 is open
at its top end so that the floor 29 of the  42 of the intermediate housing
34. In addition to upper housing 20 forms the top wall of the inter-
passing axially through the opening 44, the top end mediate housing 34,
with the central opening 30 of  of the elevator shaft 46 is axially
disposed in a the floor 29 being located so as to open into the  bellows
seal assembly 62 of the type well known in feed chamber 36. The
intermediate housing 34   25  the art. The bellows seal assembly 62
includes an further includes a sidewall 38 having a lateral feed  axially
extensible bellows 64 having an upper port 40 formed therein, and a bottom
wall 42 which  mounting plate 65 which is attached to the lower is provided
with a central opening 44 that is in axial  surface of the cassette support
platform 32 and a alignment with the central opening 30 of the upper  lower
mounting plat 66 which is attached in the housing 20.
30   manner shown to the bottom wall 42 of the inter- The cassette support
platform 32 is mounted    mediate housing 34. In this manner, the feed on
the upper end of an elevator shaft 46 for vertical  chamber 36 is isolated
from the elevator means 60 movement between an elevated position shown in
to prevent any contamination from entering the solid lines in Figure 2, and
a fully lowered position  feed chamber 36 from the elevator means 60. shown
in phantom lines in the same figure. The   35  The elevator means 60
includes an elongated support platform 32 has a seal means 48 such as
housing 68 that is bolted or otherwise attached so an 0-ring mounted
thereon to extend upwardly      as to be supported and depend from the
intermedi- form its top surface 49. Therefore, when the sup-  ate housing
34, with the housing 68 defining an port platform 32 is fully elevated, the
seal means  internal chamber 70. An elongated guide rail 72 is 48 engages
the lower surface of the floor 29 about  40   mounted within the elevator
housing 68 with a pair the central opening 30 thereof so that the receiving
of tracks 74 being formed on its opposed longitudi- chamber 22 of the upper
housing 20 is hermeti-    nal edges, and an elevator carriage 76 is mounted
cally sealed from the feed chamber 36 of the      for vertical reciprocal
movement on the guide rail. intermediate housing 34 when the cassette
support  The carriage 76 includes a housing 78 with suitable platform 32 is
in the elevated position.     45  wheels 79 mounted thereon which engage
the Therefore, the floor 29 with its central opening  tracks 74 of the
guide rail 72. The elevator shaft 46 30 and the vertically movable cassette
support    is fixedly carried in a bore 80 formed in the car- platform 32
cooperate to provide the loading sub-  riage such as by the illustrated set
screws 81 and system 12 with a built-in isolation valve which iso-  the
elevator shaft defines an axial bore 82 with an lates the feed chamber 36
of the intermediate  50  open lower end. An elongated lead screw 84 is
housing 34 from the cassette receiving chamber 22  journaled for rotation
in a bearing assembly 86 that of the upper housing 20. Such isolation is
provided  is suitably mounted in the bottom wall 87 of the so that whenever
the hatch 24 is opened for load-  elevator housing 68 so that the lower end
88 of the ing or retrieval of a cassette 26, environmental  lead screw 84
depends axially from the housing 68, contamination will be kept out of the
feed chamber  55  and the upper threaded end 90 extends axially 36 of the
intermediate housing 34 and thus out of  upwardly through the bore 80 of
the carriage hous- the rest of the system 10 as will become apparent  ing
78 so a as to be axially disposed in the bore 82 



as this description progresses.                   of the elevator shaft 46.
A follower nut 92 is bolted 8    13                EP 0 391 906 B1
14 or otherwise affixed to the lower end of the carriage  clamping arm  119
is movable from a carriage housing 78 so that its internally threaded bore
94 is  latching position shown in solid lines in Figure 4 to in threaded
engagement with the lead screw 84.    a carriage releasing position shown
in dashed lines A plate 96 is mounted on the lower surface of  in the sam
figure. The clamping arm 119 is espe- the bottom wall of the elevator
housing 68 and the   5   cially configured to provide a first indicator lug
122 plate 96 has a laterally extending portion 97 upon  which interacts
with a first detector switch 124, which a drive motor 98 is mounted. The
drive      such as an optical sensor, to produce a control motor 98 is an
electrically and reversibly operated  signal indicative of a latched
position of the arm digital stepping motor of the type well known in the
119. A second indicator lug 126 is also provided on art, and has a drive
pulley 100 mounted for rotation   10  the arm 119 to interact with a second
detector with its output shaft 102. A suitable drive belt 104  switch 128,
that is mounted on the cylinder 116 by is employed for coupling the drive
pulley 100 of  means of a suitable bracket 130, to provide a the motor 98
to a driven pulley 106 that is mounted  control signal that is indicative
of the unlatched fast on the depending lower end 88 of the lead    position
of the clamping arm 119. screw 84.                                    15
The latching mechanism  114 is operable to When the drive motor 98 is
operated, the lead  clamp and hold the cassette support platform 32 in
screw 84 will be rotated about its longitudinal axis  sealed engagement
with the floor 29 of the upper with the follower nut 92 causing the
carriage 76 to  housing 20 by bearing engagement of the adjust- move along
the guide rail 72 either upwardly or   able bolt 132 that is mounted on the
distal end of downwardly as determined by the rotational direc-  20  the
clamping arm 119 with the lower end of the tion of the drive motor 98. When
the carriage 76 is  carriage 76, as indicated in Figure 4. By virtue of in
its lowered position as shown in Figure 3, the  the over-center linkage
118, the power clamp 114 cassette support platform 32 will be lowered, and
will maintain the latched position of the arm 119 the carriage is upwardly
movable to raise the cas-  despite power failures, equipment shut-down and
sette support plat 32 to its upper position wherein it  25  the like to
prevent system contamination during performs the above described isolation
valve func-  such periods as well as during operation. tion.
As seen best in Figure 3 and 5, another posi- As seen in Figure 3, a lower
limit switch 108 is  tion indicator is provided in the elevator means 60,
mounted in the elevator housing 68 for engaging a  and includes a mounting
assembly 134 for ad- suitable switch actuator arm 110 that is mounted   30
justably carrying a lug 136. A sensor device 138, on the carriage housing
78. The lower limit switch  such as an optical sensor, is mounted in the
hous- 108 is used as an emergency stopping device       ing 68 so as to
interact with the lug 138 to produce which prevents the carriage from
moving below a   a control signal indicative of the alignment of the
desired lower limit. An upper limit switch 112 is  lowermost substrate 28
in the cassette 26 with the similarly mounted in the elevator housing 68
for  35  feed port 40 of the intermediate housing 34. contact by the same
switch actuator arm 110 when     When a cassette 26 containing substrates
28 to the carriage 76 reaches its upper position. In addi-  be sequentially
processed in the system 10, has tion to limiting the upward movement of the
car-  been loaded into the receiving chamber 22 of the riage 76, the upper
limit switch 112 produces a   upper housing 20, and that chamber has been
signal indicative of the up-position of the substrate  40  subjected to a
purging operation, the latching support platform 32 and the signal is used
by a   mechanism 114 is operated to move the latching suitable control
means (not shown) to actuate a   arm 119 to its unlatched position. Then,
the drive latching means 114 which is shown in Figure 4.    motor 98 is
operated in a stepping manner to lower The illustrated latching mechanism
114 is a com-  the carriage 76 and support platform 32. When the mercially
available power clamp that is marketed   45  position indicator lug 136 is
aligned with the sens- by the DE-STA-Co division of Dover Resources,
ing switch 138, the resulting control signal is sup- Inc., 250 Park Street,
Troy, Ml 48007-2800. The   plied to a control system (not shown) which se-
latching mechanism  114, which is identified as   quentially lowers the
support platform  32, and Model No. 807-L, is mounted on the exterior of
the  therefore the cassette 26, to sequentially move the elevator housing
68 by being bolted to a mounting   50  substrates into the desired position
relative to the bracket 115 that is provided on the housing for that  feed
port 40 of the intermediate housing 34. purpose. The latching mechanism 114
includes a       As shown, the loading sub-system 12 is moun- pneumatic (or
hydraulic) cylinder 116 having the  ted on the substrate handling
sub-system 16 which, usual reciprocally extensible rod 117 which op-   as
will hereinafter be described, is operated to erates an over-center linkage
118 for moving a   55  extract the substrates 28 from the loading sub-
clamping arm 119 back and forth through an open-  system 12 for sequential
processing in the system 



ing 120 formed in the housing 68 and an aligned   10. The substrate
unloading sub-system 14 is simi- opening 121 formed through the guide rail
72. The  larly mounted on the handling sub-system 16 for 9    15
EP 0 391 906 B1                    16 receiving the processed substrates
form the sys-   fore rotatable for selected positioning of the robot tern
for unloading therefore, the unloading sub-   arms 150 and 152 in alignment
with the various system 14 which is identical to the loading sub-   ports
143, 144 and 146 of the housing 140 by system 12, is operated in a reversed
manner to    operation of the motor 170. When in any of these accomplish
the processed substrate unloading op-   5   aligned positions, the other
drive motor 160 is eration.
operated for foldingly extending and retracting the The substrate handling
sub-system  16, as      robot arms 150 and 152 to move the pick-up wand
hereinbefore stated, is fully disclosed in U.S. Pat-  158 to the desired
locations for picking up and ent No. 5,080,549. However, to insure a
complete   delivering the substrates 28. understanding of the chemical
vapor deposition   10   The pick-up wand 158 operates in accordance system
10 of the present invention, a brief descrip-  with the Bernoulli principle
to produce an area of tion of the handling sub-system  16 will now be
relatively low pressure between the downwardly presented.
facing surface of the wand 158 and the upwardly With special reference to
Figure 1, 2 and 8, the  facing surface of the substrate to be moved. In
this substrate handling sub-system 16 is shown as in-  15   manner, the
pick-up wand 158 can lift and move cluding a housing 140 which defines an
internal   the substrates 28 without ever touching the top or chamber 142.
The housing 140 includes a suitable   bottom planar surfaces of the
substrate. The only substrate input port 143 which is aligned with the
physical contact between the wand 158 and the feed port 40 of the substrate
loading sub-system   substrates is an edge contact which is made so 12, and
a substrate out port 144 that is aligned with  20  that the substrates will
move along with the wand. the feed port 40 of the substrate unloading sub-
The pick-up want 158 is provided with a special system  14. As will
hereinafter be described in   array of gas outlet apertures (not shown)
which detail, the housing 140 is also provided with at   open onto the
lower surface of the pick-up wand least on substrate delivery port 146
through which  with those apertures being coupled to a remote substrates to
be processed are passed into the   25  source of gas under pressure (not
shown). The processing sub-system(s) 18. The moving of the    connection of
the want to a remote source of gas Is substrates from the loading
sub-system 12 Into the  made via passages formed through the robot arms
processing sub-system 18, and movement of pro-     150 and 152 and
downwardly through the drive cessed substrates from the sub-system 18 into
the  assembly 160. unloading sub-system  14, is accomplished by a   30  In
addition to the gas which enters the housing special wafer handling
mechanism 148 having a      150 of the substrate handling sub-system 16
from pair of articulated robot arms 150 and 152 each   the pick-up want
158, the housing is provided with having a proximal end mounted for
rotational move-  a purge gas inlet 172 and a purge gas outlet 174 ment
about drive shafts 153 and 154, respectively.  which may be coupled to the
same sources and Each of the arms 150 and 152 also have an inter-  35
disposal location as the drive assembly 160 and mediate joint 156 with a
special pick-up wand 158  the loading and unloading sub-systems 12 and 14.
being mounted on the distal ends of the arms. The     As will hereinafter
be described, the substrate arm drive shafts 153 and 154 are driven in op-
handling sub-system 16 moves the substrates to posite rotational directions
for extending and re-  be processed through a special isolation valve 176
tracted folding movements of the robot arms 150   40  and gas injector 178,
as seen in Figure 6, into the and 152 to move the pick-up wand toward and
processing sub-system 18. It also, of course, re- away from the uppermost
end of a robot arm drive  trieves the processed substrates by moving them
assembly 160 upon which the proximal ends of the   back through the gas
injector 178 and isolation arms are mounted and which drives the robot
valve 176 when processing is completed. arms. The drive assembly 160, as
seen in Figure 2,  45  The housing 140 of the substrate handling sub-
includes a first drive motor 161 which rotatably  system 16, as shown in
Figures 6 and 7, is pro- drives a center shaft (now shown) that extends
vided with an opening 179 in its bottom surface upwardly from the motor 161
through the center of  180 adjacent its delivery port 146, and the
isolation a coaxial bearing and seal mechanism 164 and      valve 176 is
mounted in that opening so as to be drives the internal gears (not shown)
of a gear box   50  disposed in the housing 140 proximate the delivery 166
for rotational driving of the drive shafts 153  port 146. The isolation
valve 176 includes a mount- and 154. A second motor 170 is provided of the
ing plate 182 that is bolted or otherwise attached to drive shafts 153 and
154. A second motor 170 is   the bottom surface 180 of the housing 140 so
as to provided which rotatably drives a tubular shaft (not  hermetically
seal the opening 179 and support the shown), that is concentrically
disposed about the   55  various components of the isolation valve. A pair
of 



above-described center shaft, and also extends     actuator support arts
184 depend from the mount- through the mechanism  164 for rotation of the
ing plate 182 in spaced apart relationship with entire gear head 168. The
gear head 168 is there-  respect to each other, and a rock shaft 186 is 10
17                EP 0 391 906 B1                   18 transversely
joumaled for rotation in bushing blocks  face 216 into seated sealing
engagement with the 188 that are mounted on the lower ends of the     gas
injector structure 178 which is adjacent thereto. actuator support arms 184
A pneumatic actuator       The gas injecting structure 178, as herein-
means 190 is mounted such as by the cap screws    before stated, is fully
disclosed in pending U.S. 191 to the rock shaft 186 for movement herewith,
5   Patent No. 5,221,556. To insure a complete under- and the reciprocally
extensible rod 192 of the ac-  standing of the present invention, the gas
injector tuator 190 extends upwardly through an opening    structure 178
will be briefly described. 193 formed in the mounting plate 182. A bellows
The gas injector structure 178 as seen best in seal 194 of the type well
known in the art is     Figure 6, includes an elongated injector housing
concentrically disposed about the extensible rod   10  220 which is
interposed between the substrate de- 192 of the actuator 190 to
hermetically seal the  livery port 146 of the handling sub-system housing
opening 193 through which the extensible rod 192  150 and the input to the
processing sub-system 18. extends. The bellows seal 194 has the usual lower
The injector housing 220 is provided with an elon- mounting flange 194 that
is sealingly attached to  gated through port 222 which extends transversely
the upper surface of the mounting plate 182 about  15  therethrough so as
to open onto both of the op- the opening 193 thereof, and an extensible
bellows  posite planar surfaces 224 and 226 of the injector 196 that
extends upwardly about the actuator rod  housing. The hereinbefore
described isolation valve 192. An upper mounting flange 197 of the bellows
176 is operable to selectively open and close the seal 194 is suitably
attached to the actuator rod  through port 222 of the injector housing 220
with 192 proximate its upper end 198 which is con-  20  the gas outlet side
227 of the port 222 remaining nected to a clevis 199 of a valve body 200 by
a   open to the processing sub-system 18 at all times. pivot pin 202.
In other words the valve closing surface 216 of the A plurality (four
shown) of valve body support  valve body 200 of the isolation valve 176, is
mov- arms 204 are mounted so as to extend upwardly     able into sealing
engagement with the surface 224 from the mounting plate 182 in spaced apart
rela-  25  of the injector housing 220 to close the end of the tionship
with respect to each other. Suitable bear-  through port 222 which faces
into the housing 140 ings 206 (one shown) are mounted in the top end   of
the substrate handling sub-system 16. of each of the support arms 204 for
journaling of a  The Injector housing 220 is further provided pivot axis
208 which is mounted in the valve body  with a gas flow passage 228 that is
normal with 200. The valve body 200 is of elongated configura-  30  respect
to the through port 222 and extends upwar- tion having opposed planar
surfaces 209 and 210   dly therefrom so as to open onto the top edge with
an elongated open port 212 extending trans-  surface of the housing 220. An
elongated flow versely through the body so as to open onto both  control
plate 230 having a plurality of variously of the opposed planar surfaces
209 and 210. The   sized apertures 232 (one shown) formed in spaced pivot
axis 208 extends longitudinally through the   35  increments along its
length, is mounted on the top valve body 200 proximate the said edge 214
there-  edge of the injector housing 220 to that the ap- of with the
opposite longitudinal side edge forming  ertures 232 open into the gas flow
passage 228 of a valve closing surface 216. As shown best in    the housing
220. A gas inlet body 234 is mounted Figure 6, the valve closing surface
216 is disposed  atop the flow control plate 230 and is configured to to
form an acute angle of approximately 30-40   40  define a plenum chamber 36
having a bottom degrees with respect to open port 212 thereof. An  which
opens onto the upper surface of the flow O-ring type sealing gasket 218 is
provided on the  control plate. A gas inlet conduit 238 is mounted on valve
closing surface 216 of the valve body 200.  the tope end of the inlet body
234 for supplying When the actuator 190 is in its retracted state,  gas
under pressure from a remote source (not the valve body 200 will be in the
solid line position   45  shown) to the plenum chamber 236. The plenum as
shown in Figure 6, with this position being    chamber distributes the gas
pressure equally to all referred to as the open position of the isolation
points in the chamber so that equal gas pressures valve 176. When in this
open position, the open   will be applied to the open top end of the
apertures port 212 will be disposed in parallel relationship  232. The gas
will therefore flow into the gas flow with the mounting plate 182 so that
the distal ends  50  passage 228 at various velocities as determined by of
the robot arms 150 and 152 and the wand 158,   the apertures of the flow
control plate 230. The gas along with the substrates carried thereby, can
be  passes downwardly into the through port 22 with a moved through the
port 212 of the valve body 200.  predetermined velocity profile through the
gas out- When the actuator 190 is opened to move the       let side 227
thereof into the processing sub-system 



extensible rod 192 to its extended state, the valve   55  18. body 200 will
be pivotably moved through less than   As hereinbefore mentioned, a single
one of the 90 [ERR] of rotation to the closed dashed line position
processing sub-systems 18 may be coupled to the shown in Figure 6, to bring
the valve closing sur-  substrate handling sub-system 16 to form a com- 11
19                EP 0 391 906 B1                    20 plate chemical
vapor deposition system 10, but the  ious points about the periphery of the
rotatable system 10 may be expanded to include a plurality   susceptor. The
temperature sensors 266 interact of processing sub-systems 18 if desired.
Each of   with a central temperature sensor 268 provided at the processing
sub-systems 18 are preferably iden-  the upper end of the drive shaft
assembly 250 tical to each other, and the following description is   5
proximate the center of the rotatable susceptor, to intended to cover each
such sub-system.            produce control signals for operating a heating
sub- The processing sub-system 18, as seen best in   system 270. Figures 6
and 7, includes a reaction chamber 240      As hereinbefore stated, the
heating sub-system which, as hereinbefore stated, is fully disclosed in
270 is fully disclosed in U.S. Patent No. 4,836,138. U.S. Patent No.
4,846,102. The reaction chamber  io  To insure a complete understanding of
the system 240 is an especially configured horizontal flow low-  10 of the
present invention, a brief description of profile housing designed for
producing desired gas  the heating sub-system 270 will now be presented.
flow characteristics from its inlet end 242 to its     The heating
sub-system 270 includes an upper outlet end 244. The reaction chamber is
formed of  radiant heat assembly 272 which is disposed in a material which
is transparent to radiant heat en-  15  overlaying relationship with
respect to the reaction ergy, such as quartz, and is configured to work in
chamber 240, for directing radiant heat energy conjunction with a special
substrate supporting    downwardly onto the rotating susceptor 248, the
susceptor and temperature sensing sub-system       temperature sensing ring
260 and adjacent areas. 246.
A lower heat assembly 274 is disposed in under- The substrate supporting
susceptor and tem-   20  lying relationship with respect to the reaction
perature sensing sub-system 246 is fully disclosed  chamber 240 for
directing radiant heat energy up- in U.S. Patent No. 4,821,674. However, a
brief     wardly into the reaction chamber onto the rotating description of
the mechanism  246 will now be      susceptor 248 and the ring 260 and
adjacent areas. presented to provide a complete understanding of   The
heating sub-system 270 also includes a heat the system 10 of the present
invention.       25  concentrator structure 276 which is employed to The
substrate supporting and temperature        direct concentrated radiant
heat energy upwardly sensing  sub-system  246  includes a circular
into the vicinity of the center of the rotatable susceptor 248 which is
configured to support a     susceptor 248, for temperature control
purposes. single substrate for rotation about an axis which is  The upper
and lower heat assemblies 272 and 274 normal with respect to the center of
the substrate.  30  have individually controllable banks of discrete The
circular susceptor 248 is mounted in the reac-  heating elements (not
shown) for heating of the tion chamber 240 on the upper end of a drive
shaft  various regions on and about the rotatable suscep- assembly 250
which axially extends from  the       tor 248 and the temperature ring 260,
and those susceptor through a tubular shaft 252 that depends  banks of
elements in conjunction with the con- from the floor of the reaction
chamber 240, as   35  centrator structure 276, which is also separately
shown in Figure 6. The drive shaft assembly 250 is  controlled, provide
optimum temperature controlling coupled to a drive means 254 which rotates
the     capabilities. drive shaft 250 and thus the susceptor 248. The
The outlet end 244 of the reaction chamber tubular shaft 252 is sealingly
coupled as at 256 to  240 has a suitable flange 278 formed thereon and the
drive means 254 and a purge gas inlet conduit  40   a spent gas collector
means 280 is suitably coup- 258 is provided for supplying purge gas from a
led to that flange. The collector means includes a remoter source of gas
under pressure (not shown).  suitable housing 282 defining a collection
chamber The purge gas is directed into the drive means 254  284 into which
spent reactant gas, purge gas and and is supplied through the tubular shaft
252 of the  the like are received after passing through the reaction
chamber 240 and the drive shaft assembly   4  reaction chamber 240. The
spent gas sis directed 250 so as to enter the reaction chamber 240 below
via a suitable hose 286 to a disposal location (not the rotatable susceptor
248. The susceptor 248,    shown). A suitable motor 290, such as pneumatic,
and therefore the substrates supportable thereon,  is mounted on the
housing 282 and has a linearly are rotated for temperature averaging
purposes and  extensible output shaft 292 (Figures 1 and 8) for for
averaging the thickness of the deposition layer  50  extending engagement
with any fixed structural resulting from the passage of reactant gas across
means (not shown). When operated to extend the the substrate.
shaft 292, the entire gas collector means 280 A fixed, i.e. non-rotating
ring 260 is supported  reacts by moving toward the reaction chamber 240 



in concentric relationship with respect to the rotat-  to load its inlet
end 242 into sealed engagement able susceptor 248 on a stand means 262
(Figure  55   with the gas injector structure 178, and to load the 6) and a
plurality of temperature sensors 266 (Fig-  housing 282 into sealed
engagement with the outlet ure 8) are mounted at various points in the
annular  end 244 of the reaction chamber. chamber 264 for sensing the
temperatures at var- 12    21                 EP 0 391 906 B1
22 While the principles of the invention have now          egress for the
cassette; and (ii) a second been made clear in the illustrated embodiments,
housing defining a feed chamber includ- there will be immediately obvious
to those skilled          ing a feed port in communication with in the art,
many modifications of structure, arrange-       said outlet port, said
first and second ments, proportions, the elements, materials and   5
housings being selectively sealable from components used in the practice of
the invention            one another. and otherwise, which are particularly
adapted for specific environments and operation requirements   2. A system
as in Claim 1 wherein said substrate without departing from those
principles.               unloading subsystem further includes: to
an apparatus for relocating said platform Claims
from a first position for receiving an empty cassette through said hatch to
a second posi- 1. A chemical vapor deposition system for pro-         tion
proximate said feed port for depositing in cessing substrates, said system
comprising in      the cassette processed substrates one at a combination:
15      time through said outlet port and said feed port (a) a substrate
handling subsystem includ-       from said pickup mechanism, said
relocating ing a housing defining a handling chamber        apparatus
including a device for returning said and having a substrate input port, a
sub-        platform to its first position after deposit of strate output
port, a substrate delivery port,   processed substrates in the cassette,
said re- and a pickup mechanism in said handling   20     locating
apparatus including a seal between chamber for moving substrates one at a
said receiving chamber of said first housing time from said input port to
said delivery       and said feed chamber of said second housing and output
ports;                               to prevent contamination of said feed
chamber (b) a substrate loading subsystem coupled        in said first
position. to said input port for receiving a substrate to  25 be processed
from an external source and     3  The system of Claim 2, wherein said
substrate for transporting the substrate to a predeter-    unloading system
includes a purger for purg- mined position near said input port, said
ing with a purge gas said receiving chamber loading subsystem comprising:
subsequent to each closing of said hatch and (i) a first housing defining a
receiving   30  prior to relocation of said platform from its first chamber
for supporting a cassette adapt-      position. ed to accommodate a stack
of sub- strates, said receiving chamber including  4. The system of Claim
1, wherein said process- a hatch for providing ingress and egress      ing
system comprises: for the cassette;                     35        (a) a
reaction chamber coupled to said de- (ii) a second housing defining a feed
livery port, said reaction chamber including chamber including a feed port
in commu-          walls defining a horizontal gas flow path and nication
with said input port, said first        including an inlet coupled with
said delivery and second housings being selectively            port and an
outlet, said reaction chamber sealable from one another;            40
being formed of a material transparent to (c) a processing subsystem
coupled to said         radiant heat energy; delivery port for receiving
the substrate to       (b) a susceptor disposed in said reaction be
processed from said pickup mechanism            chamber for receiving the
substrate to be at said delivery port, said processing sub-
processed; system including a reaction chamber coup-  45      (c) a gas
injector for injecting a reactant gas led to said delivery port and
defining a           into said reaction chamber to deposit a ma- substrate
processing space within; and             terial carried thereby on the
substrate; (d) a substrate unloading subsystem coup-          (d) a locator
for locating said gas injector led to said outlet port for receiving a pro-
between said delivery port and said reaction cessed substrate from said
pickup mecha-  50       chamber; nism at said outlet port and transporting
it to    (e) a driver for rotating said susceptor and a an off loading
position, said unloading sub-       supported substrate about an axis which
is 



system comprising:                                 normal with respect to
the center of the (i) a first housing defining a receiving
substrate; chamber for supporting a cassette adapt-  55    (f) an upper
radiant heating assembly dis- ed to accommodate a stack of processed
posed in overlaying relationship with said substrates, said receiving
chamber in-           reaction chamber and having individually cluding a
hatch for providing ingress and        controllable banks of discrete
heating ele- 13    21                 EP 0 391 906 B1                    22
C    L   M   S While the principles of the invention have now
egress for the cassette; and (ii) a second been made clear in the
illustrated embodiments,             housing defining a feed chamber
includ- there will be immediately obvious to those skilled          ing a
feed port in communication with in the art, many modifications of
structure, arrange-       said outlet port, said first and second ments,
proportions, the elements, materials and    5        housings being
selectively sealable from components used in the practice of the invention
one another. and otherwise, which are particularly adapted for specific
environments and operation requirements    2. A system as in Claim 1
wherein said substrate without departing from those principles.
unloading subsystem further includes: To         an apparatus for
relocating said platform Claims
from a first position for receiving an empty cassette through said hatch to
a second posi- 1. A chemical vapor deposition system for pro-         tion
proximate said feed port for depositing in cessing substrates, said system
comprising in      the cassette processed substrates one at a combination:
15      time through said outlet port and said feed port (a) a substrate
handling subsystem includ-       from said pickup mechanism, said
relocating ing a housing defining a handling chamber        apparatus
including a device for returning said and having a substrate input port, a
sub-        platform to its first position after deposit of strate output
port, a substrate delivery port,   processed substrates in the cassette,
said re- and a pickup mechanism in said handling   20     locating
apparatus including a seal between chamber for moving substrates one at a
said receiving chamber of said first housing time from said input port to
said delivery       and said feed chamber of said second housing and output
ports;                                to prevent contamination of said feed
chamber (b) a substrate loading subsystem coupled        in said first
position. to said input port for receiving a substrate to  25 be processed
from an external source and      3. The system of Claim 2, wherein said
substrate for transporting the substrate to a predeter-    unloading system
includes a purger for purg- mined position near said input port, said
ing with a purge gas said receiving chamber loading subsystem comprising:
subsequent to each closing of said hatch and (i) a first housing defining a
receiving   30  prior to relocation of said platform from its first chamber
for supporting a cassette adapt-       position. ed to accommodate a stack
of sub- strates, said receiving chamber including  4. The system of Claim
1, wherein said process- a hatch for providing ingress and egress       ing
system comprises: for the cassette;                     35         (a) a
reaction chamber coupled to said de- (ii) a second housing defining a feed
livery port, said reaction chamber including chamber including a feed port
in commu-          walls defining a horizontal gas flow path and nication
with said input port, said first        including an inlet coupled with
said delivery and second housings being selectively            port and an
outlet, said reaction chamber sealable from one another;            40
being formed of a material transparent to (c) a processing subsystem
coupled to said         radiant heat energy; delivery port for receiving
the substrate to       (b) a susceptor disposed in said reaction be
processed from said pickup mechanism             chamber for receiving the
substrate to be at said delivery port, said processing sub-
processed; system including a reaction chamber coup-  46      (c) a gas
injector for injecting a reactant gas led to said delivery port and
defining a            into said reaction chamber to deposit a ma- substrate
processing space within; and             terial carried thereby on the
substrate; (d) a substrate unloading subsystem coup-          (d) a locator
for locating said gas injector led to said outlet port for receiving a pro-
between said delivery port and said reaction cessed substrate from said
pickup mecha-  so        chamber; nism at said outlet port and transporting
it to    (e) a driver for rotating said susceptor and a 



an off loading position, said unloading sub-        supported substrate
about an axis which is system comprising:
normal with respect to the center of the (i) a first housing defining a
receiving         substrate; chamber for supporting a cassette adapt-  55
(f) an upper radiant heating assembly dis- ed to accommodate a stack of
processed           posed in overlaying relationship with said substrates,
said receiving chamber in-           reaction chamber and having
individually cluding a hatch for providing ingress and        controllable
banks of discrete heating ele- 13    23                EP 0 391 906 B1
24            C    L    M    S ments for radiating downwardly heat energy
first position; on and about said susceptor;                       (b)
bearings for journaling said valve body (g) a lower radiant heat heating
assembly          to rotate said valve body about an axis disposed in
underlying relationship with said      transverse to the longitudinal axis
of said reaction chamber and having individually   5       open port;
controllable banks of discrete heating ele-        (c) said valve body
including a side for ments for radiating upwardly heat energy on
covering said delivery port when said valve and about said susceptor;
body is in the second position; (h) a radiant heat concentrator disposed
be-       (d) an actuator coupled to said valve body low said reaction
chamber for radiating up-  10    for rotating said valve body from said
first wardly heat energy into the vicinity of the        position  after
passage  of a substrate center of said susceptor;
through said delivery port to the second (i) a ring concentrically disposed
about said      position to seal the delivery port and pre- susceptor;
vent flow of contaminants through said de- () a temperature sensor for
generating sig-  15    livery port and for returning said valve body nals
indicative of the temperatures at said        to the first position; and
susceptor and at said ring for individually        (e) said isolation valve
further including a controlling said banks of heating elements         seal
disposed on said side of said valve of said upper and lower radiant heating
as-        body for sealing said delivery port when semblies and said
radiant heat concentrator;  20   said valve body is in the second position.
and (k) a regulator for regulating the radiant en-  9. A system as in Claim
1 wherein said substrate ergy output of said upper and lower radiant
loading subsystem further includes: heating assemblies and of said radiant
heat        (a) a plate separating said receiving cham- concentrator.
25         ber from said feed chamber, said plate in- cluding an opening
formed therein; 5. The system of Claim 4, wherein said injector
(b) a movable cassette support platform includes a device for injecting the
gas into said     having an elevated position for receiving a reaction
chamber with a predetermined ve-             cassette through said hatch,
said support locity profile.                            30         platform
being in engagement with said plate in the elevated position, said support
6. The system of Claim 4, including an isolation         platform
including a seal for sealing the valve proximate said delivery port for
selec-         opening between said receiving and feed tively opening and
closing the delivery port to       chambers when in the elevated position;
prevent a flow of contaminants into said reac-  35   (c) an elevator for
moving said cassette tion chamber.
support platform from the elevated position to a predetermined position
relative to said 7. The system of Claim 4, and further comprising:
feed port for off loading the substrates (a) a collector for collecting the
gas flowing     through said feed port and returning said from said
reaction chamber through said  40        cassette support platform to the
elevated outlet and directing the gas to a disposal         position upon
completion of off loading the location; and
substrates; and (b) a selector for selectively opening and         (d) a
purger for purging contaminants from closing said outlet of said reaction
chamber.      said receiving chamber prior to movement 45        of said
support platform from the elevated 8. The system of Claim 1, said handling
sub-             position. system including an isolation valve for selec-
tively opening and closing said delivery port,  Patentansprtiche said
isolation valve comprising: (a) a valve body for opening and closing   5o
1. System zum chemischen Bedampfen von Sub- 



said delivery port, said valve body having a     straten, wobei das System
in Kombination um- first position to open said delivery port and    faMt: a
second position to close said delivery port      (a) ein Untersystem  zum
Handhaben der and including an opposed pair of surfaces,         Substrate,
das ein, eine Handhabungskam- an open port extending between the op-  58
mer bildendes GehAuse einschlieft und posed pair of surfaces, said open
port being       eine Substrat-Eingangsbffnung, eine Sub- coextensive and
axially aligned with said          strat-Ausgangsdffnung, eine
Substrat-Ober- delivery port when said valve body is in the
gabe6ffnung und einen Aufnahmemechanis- 14    25                EP 0 391
906 B1                    26         c   L I     S mus in der
Handhabungskammer aufweist,           Plattform von einer ersten Position
zur Aufnah- urn Substrate einzeln von der Eingangs6ff-       me einer
leeren Kassette durch die Klappe zu nung zur Obergabe- und Ausgangsoffnung
einer zweiten Position benachbart der Zufuhr- zu bewegen;
offnung zum einzelnen Anordnen von behan- (b) ein mit der Eingangs6ffnung
gekoppel-   5    delten Substraten in der Kassette durch die tes
Substratbeschickungs-Untersystem zum         AuslaBoffnung und die
Zufuhroffnung von dem Empfang eines zu behandelnden Substrats
Aufnahmemechanismus, wobei die Vorrichtung von einer auieren Quelle und zum
Trans-          zum Neuanordnen ein Gerat zum ZurOckfah- portieren des
Substrates zu einer vorbe-         ren der Plattform in ihre erste Position
nach stimmten Position nahe der Eingangs6ff-  10      dem Anordnen der
behandelten Substrate in nung, wobei das Beschickungs-Untersystem
der Kassette einschliefBt, die Vorrichtung zum umfaft:
Neuanordnen eine Dichtung zwischen der Auf- (i) ein eine Aufnahmekammer
bildendes         nahmekammer des ersten Gehauses und der erstes Gehause
zum Tragen einer Kas-          Zufuhrkammer des zweiten GehAuses ein-
sette, die an einen Stapel von Substraten   15  schileSt, urn die
Verunreinigung der Zufuhr- angepalt ist, wobei die Aufnahmekam-
kammer in der ersten Position zu verhindem. mer eine Klappe zur Schaffung
von En- gang und Ausgang fOr die Kassette ein-     3  System nach Anspruch
2, worin das Substrat- schile~t;
Entladesystem eine Splileinrichtung zum SpO- (ii) ein eine Zufuhrkammer
bildendes   20     len der Aufndhmekammer mit SpOlgas nach zweites Gehause,
die eine Zufuhroffnung       jedem SchlieBen der Klappe und vor dem Neu- in
Verbindung mit der Eingangsdffnung         anordnen der Plattform aus ihrer
ersten Posi- einschlieet, wobei das erste und zweite       tion
einschlieft. Gehiuse selektiv voneinander abdichtbar sind;
25  4. System nach Anspruch 1, worin das Bearbei- (c) ein mit der
Obergabe6ffnung gekoppel-       tungssystem umfaBt: tes
Bearbeitungs-Untersystem  zur Aufnah-          (a) eine mit der
Obergabe6ffnung gekoppel- me des zu behandelnden Substrates von
te Reaktionskammer, die Wandungen ein- dem Aufnahmemechanismus an der Ober-
schliel3t, die einen horizontalen Gasstro- gabeoffnung, wobei das
Bearbeitungs-Un-  3o        mungspfad bilden und einen mit der Ober-
tersystem  eine mit der Obergabe6ffnung            gabeoffnung gekoppelten
EinlaB sowie ei- gekoppelte  Reaktionskammer einschlieBt            nen
AuslaB einschlieBen, wobei die Reak- und einen Substrat-Bearbeitungsraum
darin          tionskammer aus einem fOr Strahlungswar- bildet und
meenergie transparenten Material gebildet (d) ein mit der AuslaBdffnung
gekoppeltes   35     ist; Substrat-Entlade-Untersystem zur Aufnahme
(b) eine in der Reaktionskammer angeord- eines bearbeiteten Substrates von
dem Auf-         nete Aufnahmeeinrichtung zur Aufnahme nahmemechanismus an
der AuslaBoffnung              des zu behandeinden Substrates, und zum
Transportieren des Substrates zu           (c) einen Gasinjektor zurn
Injizieren eines einer Entladeposition, wobei das Entlade-  40
Reaktantengases in die Reaktionskammer, Untersystem umfaBt:
um ein dadurch befordertes Material auf (i) ein eine Aufnahmekammer
bildendes            dem Substrat abzuscheiden; erstes Gehause zum Tragen
einer Kas-            (d) eine Lokalisierungseinrichtung zum Lo- sette, die
einen Stapel bearbeiteter Sub-        kalisieren des Gasinjektors zwischen
der strate aufzunehmen vermag, wobei die  45         Obergabe6ffnung und
der Reaktionskam- Aufnahmekammer einen  Klappe  ein-               mer;
schlieft, um Eingang und Ausgang fOr             (e) eine
Antriebseinrichtung zum Rotieren die Kassette zu schaffen und
der Aufnahmeeinrichtung und eines getra- (ii) ein eine Zufuhrkammer
bildendes             genen Substrates um eine Achse, die mit 



zweites Gehause, das eine Zufuhroff-  50         Bezug auf das Zentrum  des
Substrates nung in Verbindung mit der AuslaBoff-            senkrecht
verlauft; nung einschliel3t, wobei das erste und          (f) eine obere
Strahlungsheizeinheit, die das zweite Gehause selektiv voneinander
Ober der Reaktionskammer angeordnet ist abdichtbar sind.
und einzeln regelbare Anordnungen diskre- 55        ter Heizelemente
aufweist, um Strahlungs- 2. System nach Anspruch 1, worin das Substrat-
energie nach unten auf und um die Aufnah- Entlade-Untersystem weiter
einschliel3t:              meeinrichtung herum abzugeben; eine Vorrichtung
zurn Neuanordnen einer    27                EP 0 391 906 B1
28      1   11111 IIII11I (d) eine untere Strahlungsheizeinheit, die
hat und ein gegen~berliegendes Paar von unter der Reaktionskammer
angeordnet ist           Oberflachen, eine sich zwischen dem ge- und
einzeln regelbare Anordnungen diskre-          geniberliegenden Paar von
Oberflachen er- ter Heizelemente aufweist, um Warmeener-
streckende offene Offnung einschlieft, die gie auf die Aufnahmeeinrichtung
und um    5        von gleicher Ausdehnung und axial ausge- diese herum zu
strahlen;                          richtet ist mit der Obergabe6ffnung,
wenn (h) eine Einrichtung zum BUndeln der Strah-        sich der
Ventilkorper in der ersten Position lungswarrme, die unterhalb der
Reaktions-          befindet; kammer angeordnet ist, um Warme in die
(b) Lager zum drehbaren Lagem des Ventil- N~he des Zentrums der
Aufnahmeeinrich-  10         korpers, um den Ventilkorper urn eine Ach-
tung nach oben zu strahlen;                        se quer zur Langsachse
der offenen 65ff- (i) einen konzentrisch urn die Aufnahmeein-        nung
zu drehen; richtung herum angeordneten Ring;                 (c) wobel der
Ventilkorper eine Seite zum 0) elnen Temperatursensor zum Erzeugen
Abdecken der Obergabeoffnung einschlieBt, von Signalen, die die
Temperaturen bei der  15     wenn sich der Ventilkorper in der zweiten
Aufnahmeeinrichtung und bei dem Ring an-           Position befindet;
zeigen, um einzeln die Anordnungen von            (d) elne mit dem
Ventilkorper gekoppelte Heizelementen der oberen und unteren
Betatigungseinrichtung zum  Drehen des Strahlungsheizeinheiten und die
Einrichtung        Ventilk6rpers aus der ersten Position nach zum Btndeln
der Strahlungswarme zu re-  20         Durchgang eines Substrates durch die
geln und                                           Obergabe6ffnung in die
zweite Position, urn (k) eine Einrichtung zurn Regein der Abga-         die
Obergabe6ffnung abzudichten und das be der Strahlungsenergie von der oberen
Stromen von Verunreinigungen durch die und unteren Strahlungsheizeinheit
und der          Obergabe6ffnung zu verhindern und zurn Einrichtung zum
BUndeln der Strahlungs-  25       ZurOckfUhren des Ventilkorpers in die
erste warme.                                             Position und (e)
wobei das Isolationsventil weiter eine 5. System nach Anspruch 4, worin der
injektor            Dichtung einschlielt, die an der genannten ein Gerat
zum Einleiten des Gases in die Re-         Seite des Ventilkorpers
angeordnet ist, urn aktionskamrnmer mit elnem vorbestimmten Ge-  30
die Obergabe6ffnung abzudichten, wenn schwindigkeitsprofil einschlieBt.
sich der Ventilkorper in der zweiten Position befindet. 6. System nach
Anspruch 4, das ein Isolations- ventil nahe der Obergabeoffnung zurn
selekti-  9. System nach Anspruch 1, worin das Substrat- ven 65ffnen und
SchlieBen der Obergabebff-  35     Beschickungs-Untersystem weiter
einschlieBt: nung einschlielt, um ein Str6men von Verun-          (a) eine
die Aufnahmekammer von der Zu- reinigungen in die Reaktionskarnmer zu
verhin-       fuhrkammer trennende Platte, die eine darin dem.
ausgebildete Offnung einschlieBt; (b) eine bewegbare Kassetten-Tragerplatt-
7. System nach Anspruch 4, das weiter umfaBt:    40      form mit einer
angehobenen Position zur (a) elnen Kollektor zurn Sammeln des durch
Aufnahme einer Kassette durch die Klappe, den AuslaB aus der
Reaktionskammer stro-           wobei die Tr~gerplattform sich in der
erhoh- menden Gases und zurn Bef6rdern des Ga-            ten Position im
Eingriff mit der Platte befin- ses zu einer Entsorgungsstelle und
det, wobei die Tragerplattform eine Dich- (b) eine Einrichtung zum
selektiven 6ffnen   45    tung zum Abdichten der Offnung zwischen und
SchlieBen des Auslasses der Reak-              der Aufnahme- und
Zufuhrkarnmer ein- tionskammer.
schlieBt, wenn sie sich in der erh6hten Posi- tion befindet; &  System nach
Anspruch 1, wobel das Handha-             (c) einen Elevator zum Bewegen
der Kas- 



bungs-Untersystem ein Isolationsventil zum se-  50   setten-Tragerplattform
aus der erh6hten Po- lektiven Offnen und SchlieBen der Obergabe-
sition in eine vorbestimmte Position relativ offnung einschlieft, wobei das
Isolationsventil      zur Zufuhr6ffnung zum Entladen der Sub- umfa~t:
strate durch die Zufuhrdffnung und zum Zu- (a) einen Ventilkorper zum
Offnen und            rUckfUhren der Kassetten-Tr~gerplattform in SchlieBen
der Obergabeoffnung, wobei der  5s       die erh6hte Position nach AbschluB
des Ventilkorper elne erste Position zum 6ffnen        Entladens der
Substrate und der Obergabeoffnung und eine zweite Posi-         (d) eine
SpOleinrichtung zurn SpOlen von tion zum  SchlieBen der Obergabeoffnung
Verunreinigungen aus der Aufnahmekam- 16    m 9 d      r      Pa:  391 906
B1                     0    1        Ln aus der erhohten Position.
de substrats traites, Iadite chambre de reception comprenant un volet qui
per- Revendications                                              met
l'entreo dans et la sortie de la cas- 5           sette; et 1. Systdme   de
p8t chimique en phase vapeur               (ii) un second coffret
delimitant une pour traitor des substrats, ledit systeme corn-
chambre d'alimentation comprenant une prenant en combinaison:
ouverture d'alimentation en communica- (a) un sous-ensemble de manipulation
de               tion avec ladite ouverture de sortie, les- substrats
comprenant un boltier qui d6limite  10      dits premier et second coffrets
pouvant une chambre de manipulation ot qui com-               selectivement
etre assembl6s de manie- porte une ouverture d'entree des substrats,
re 6tanche. une ouverture de sortie des substrats, une ouverture de
distribution des substrata, et  2. Systeme selon la revendication1 dans
lequel un mecanisme preneur dans ladite chambre  16    ledit sous-ensemble
de d6chargement des de traitement pour deplacer les substrats un
substrats comprend encore: par un depuis ladite ouverture d'entree jus-
un dispositif pour remettre en place ladite qu'auxdites ouvertures de
distribution et de     plate-forme a partir d'une premibre position sortie;
pour recevoir une cassette vide arrivant par (b) un sous-ensemble de
chargement des   20      ledit volet jusquA une seconde position proche
substrats coupl6 a ladite ouverture d'entree     de ladite ouverture
d'alimentation afin de depo- pour recovoir un substrat a traitor d'une
ser dans la cassette des substrats traites un source ext6rieure at pour
transporter le         par un a travers ladite ouverture de sortie et
substrat jusqu'a une position d6termin6e         ladite ouverture d'entree
en provenance dudit d'avance proche de ladite ouverture d'en-  25
m6canisme preneur, ledit dispositif de change- tree, ledit sous-onsemble de
chargement          ment de position comprenant un dispositif pour
comprenant:                                     ramener ladite plate-forme
a sa premiere posi- (i) un premier coffret delimitant une         tion
apros le dep6t des substrats traites dans chambre de r6ception pour
supporter           la cassette, ledit dispositif de changement de une
cassette adaptee a recevoir une pile  3o  position comprenant un joint
entre ladite cham- de substrata, ladite chambre de r6cep-        bre de
r6ception dudit premier coffret et ladite tion comprenant un volet pour
permettre       chambre d'alimentation dudit second coffret l'entr6e dans
et la sortie de la cassette;    pour emp8cher la contamination de ladite
(ii) un second coffret d6limitant une         chambre d'alimentation dans
ladite premibre chambre d'alimentation comprenant une   35    position.
ouverture d'alimentation en communica- tion avec ladite ouverture d'entr6e,
les-  3. Systbme selon la revendication2, dans lequel dits premier at
second coffrets pouvant       ledit systeme de dechargement des substrats
8tre selectivement joints l'un a l'autre de   comprend un purgeur pour
purger ladite cham- manibre 6tanche;                      40      bro de
reception au moyen d'un gaz de purge (c) un sous-ensemble de traitement
couple        apres chaque fermeture dudit volet et avant & ladite
ouverture de distribution pour rece-    quo ladite plate-forme soit
deplacee par rap- voir le substrat & traiter dudit m6canisme       port &
sa premibre position. preneur sur ladite ouverture de distribution, ledit
sous-ensemble de traitement compre-  45  4. Systbme selon la
revendicationi, dans lequel nant une chambre a rdaction couploe a
ledit systbmo de traitement comprend: ladite ouverture de distribution et
delimitant     (a) une chambre & reaction couplee & ladite a l'interieur un
espace de traitement d'un         ouverture de distribution, ladite chambre
a substrat;                                          reaction compronant
des parois qui d6limi- 



(d) un sous-ensemble de dechargement des  so       tent un trajet
horizontal de circulation du substrata couple & ladite ouverture de sortie
gaz et comprend une entree coupl6e I ladi- pour recevoir un substrat trait6
dudit m6ca-       to ouverture de distribution et une sortie, nisme preneur
sur ladite ouverture de sortie       ladite chambre & reaction etant
constitute et le transporter vers une position de de-         en un
materiau transparent & I'enorgie ther- chargement, ledit systbme de
d6charge-  55         mique rayonnante. ment comprenant:
(b) une plate-forme placee & l'int6rieur de (i) un premier coffret
d6limitant une           ladite chambre a r6action pour recevoir le chambre
de reception pour supporter              substrat a traiter; 17    *
~~~~~~~~~~~~~~I 11111!111111111111I11111 111 111 31                 EP 0
391 906 B1                     32     * c   L          S (c) un injecteur
de gaz pour injecter un gaz      de ladite ouverture de distribution pour
ouvrir r6actif dans ladite chambre a r6action afin       et fermer
s6lectivement Pouverture de distribu- de d6poser sur le substrat un
materiau           tion afin d'emp~cher la circulation des conta-
transporte par le gaz;                            minants vers l'interieur
de ladite chambre a (d) un dispositif de mise en place pour   5
reaction. placer ledit injecteur de gaz entre ladite ouverture de
distribution et ladite chambre a  7. Systeme selon la revendication4,
comprenant r6action;                                         encore: (e) un
dispositif d'entratnement pour entraT-       (a) un collecteur pour
collecter le gaz cir- ner en rotation ladite plate-forme avec un   10
culant depuis ladite chambre & r6action par substrat supporte par cette
plate-forme au-          ladite sortie et orienter le gaz vers un em- tour
d'un axe qui est perpendiculaire a la           placement d'elimination ;
et plate-forme au centre du substrat;                   (b) un selecteur
pour ouvrir et fermer selec- (f) un ensemble superieur de chauffage par
tivement ladite sortie de ladite chambre a rayonnement dispose en relation
de super-  15       r6action. position avec ladite chambre a r6action et
comprenant un  groupe  d'e6lments de           . Systeme selon la
revendication1, dans lequel chauffage discret commande individuelle-
ledit sous-ensemble de traitement comprend ment pour rayonner de i'energie
thermique         une vanne d'isolement pour ouvrir et fermer vers le bas
sur et au voisinage de ladite  20     s6lectivement ladite ouverture de
distribution, plate-forme;                                      ladite
vanne d'isolement comprenant: (g) un ensemble inferieur de chauffage par
(a) un corps de vanne pour ouvrir et former rayonnement place en relation
sous-jacente          ladite ouverture de distribution, ledit corps avoc
ladite chambre h r6action et compre-            de vanne ayant une premiere
position pour nant des groupes d'6l6ments chauffants  25           ouvrir
ladite ouverture de distribution et une susceptibles d'8tre command6s
individuelle-          seconde position pour fermer ladite ouvertu- ment
pour rayonner vers le haut de l'ener-          re de distribution et
comprenant une paire gie thermique sur et au voisinage de ladite
de surfaces oppos6es, une ouverture bean- plate-forme;
te s'6tendant entre la paire de surfaces op- (h) un concentrateur d'energie
thermique   30        posees, ladite ouverture beante etant coex-
rayonnante plac6 sous ladite chambre &               tensive et align6e
dans la direction axiale reaction pour rayonner vers le haut ladite
avec ladite ouverture de distribution lorsque energie thermique au
voisinage du centre            ledit corps de vanne est dans la premibre de
ladite plate-forme;                               position; (i) une bague
mont6e concentrique autour   35       (b) des paliers pour tourillonner
ledit corps de ladite plate-forme;                               de vanne
en rotation afin que ledit corps de () un capteur de temperatures destin6 a
vanne tourne autour d'un axe perpendiculai- former des signaux indicatifs
des tempera-           re a l'axe longitudinal de ladite ouverture tures en
des endroits de ladite plate-forme          beante; et de ladite bague pour
commander indivi-  40       (c) ledit corps de vanne comprenant un
duellement lesdits  groupes  d'6l6ments              c8t6 pour couvrir
ladite ouverture de distri- chauffants desdits ensembles de chauffage
bution quand ledit corps de vanne se trouve superieur et inferieur par
rayonnement ainsi         dans la seconde position; que ledit concentrateur
d'6nergie thermique          (d) un actionneur accoupl6 audit corps de
rayonnant; et                            45         vanne pour entrainer en
rotation ledit corps (k) un r6gulateur pour r6guler l'energie
de vanne depuis ladite premiere position rayonnante d6livree par lesdits
ensembles            apres le passage d'un substrat a travers 



de chauffage sup6rieur et inf6rieur par             ladite ouverture de
distribution jusqu'a la rayonnement et par ledit concentrateur de
seconde position pour fermer l'ouverture de chaleur rayonnante.
50          distribution et empecher le passage de contaminants a travers
ladite ouverture de 5. Systbme selon la revendication4 dans lequel
distribution et pour ramener ledit corps de ledit injecteur comprend un
dispositif pour in-        vanne a ladite premiere position ; et jecter le
gaz dans ladite chambre a reaction           (e) ladite vanne d'isolement
comprenant en- avec un profil de vitesse determine d'avance.    s5    core
un joint place sur ladite face dudit corps de vanne pour former ladite
ouverture 6. Systeme selon la revendication4, comprenant             de
distribution lorsque ledit corps de vanne une vanne d'isolement dispos6e a
proximite             est dans la seconde position. 18    33
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selon la revendication 1 dans loquel ledit sous-ensemble de chargement des
subs- trats comprend encore: (a) une plaque separant ladite chambre de
reception de ladite chambre d'alimentation,   5 ladite plaque comportant
une ouverture for- m~e dedans; (b) une plate-forme mobile support de cas-
settes ayant une position haute pour rece- voir une cassette a travers
ledit volet, ladite  10 plate-forme support dtant en prise avec ladi- te
plaque dans la position haute, ladits pla- te-forme support comprenant un
joint pour assurer l'etanchdit6 de I'ouverture entre les- dites chambres de
r6ception et d'alimenta-  is tion lorsqu'elle est dans la position haute;
(c) un elevateur destine a d6placer ladite plate-forme support de cassettes
de la posi- tion haute & une position d6termin6e d'avance par rapport a
ladite ouverture d'ali-  20 mentation afin de d6charger les substrats par
ladite ouverture d'alimentation et rame- ner ladite plate-forms support de
cassettes a la position haute a la fin du dechargement des substrats ; et
25 (d) un purgeur pour purger les contaminants de ladite chambre de
reception avant que ladite plate-forme support se d6place par rapport A la
position haute. 30 35 40 45 50 55 19    


