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ROTATABLE SUBSTRATE SUPPORTING MECHANISM
WITH TEMPERATURE SENSING DEVICE FOR USE IN
CHEMICAL VAPOR DEPOSITION EQUIPMENT V//

BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates in general to deposition

equipment of the type used for chemical'vapor
deposition of materials on substrates, and more
pﬁrticularly to a rotatable substrate supporting
mechanism with temperature sensing device for use in
the deposition chambers of such equipment.

- -

Discussion of the Related Art

In the electronics art, it has long been a
practice to employ chemical vapor deposition
equipment for depositing various materials, on
substrates at high temperatures as part of the
process of manufacturing semi-conductor devices.
Basically, chemical vapor deposition equipment
includes a reaction chamber which is heated to a
desired reaction temperéturenand is configured for
the controlled flow of the materiai carriér gas .
therethrough. A base, which is commonly referred to
in the art as a "susceptor", is located in the
reaction chamber for supporting the substrates upon
which the material is to be deposited by the well
known chemical vapor deposition process. ) '

Prior art susceptors are typically of two basic
types with the first being a =ingle planar surface

for use in a horizontal attitude and the second being



Basically, chem cal vapor deposition equi pnent includes a reaction chanber
which is heated to a desired reaction tenperature and is configured for the
controlled flow of the material carrier gas therethrough. A base, which is,
commonly referred to in the art as a "susceptor”, is located in the
reaction chanber for supporting the substrates upon which the material is
to be deposited by the well known chem cal vapor deposition process.

Prior art susceptors are typically of two basic types with the first being
a single planar surface for use in a horizontal attitude and the second

bei ng . 2 an upstandi ng barrel
shaped multi-surface structure. In eitherycase, these susceptors are
configured to support a nmultiplicity of relatively small substrates, i.e.
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support a multiplicity of relatively small
substrates, i.e. in the neighborhood of 2 to 5 inches
in diameter, for simultaneously depositing materials
on the multiplicity of substrates. While
simuitaneous deposition of materials on a _
multiplicity of substrates is desirable from a
manufacturing standpoint, it has some drawbacks from
a quality standﬁoint.

The first problemfassociated with muiti-
substrate processing relates to the carrier gas .
which contains the atcms-of the deposition materials.
As the gas, which may be referred to as a reactant
gas, flows over the surfaces of the substrate and the
susceptor, deposition of the materials results in
changes in the concentration of the deposition
materials in the carrier gas. Consequéntly, as the
reactant gas flows across or over the length of these
relatively large susceptors; across eagh individual
substrate and across a multiplicity of such
substrates, different rates of growth of the
deposited layer of material have been found. A
second problem is that of temperature control which
is critical at the elevated temperatures needed for
proper deposition. It is difficult, if not
impossible, to controi the temperature within the
critical tolerances at all the desired locations
within the relatively large reaction chambers. This
results in different deposition layer thicknesses
from one substrate to another, and can even produce

varying thickness within the individual substrates.



manuf acturing standpoint, it has sone drawbacks froma quality standpoint.
The first problem associated with nmulti- substrate processing relates to
the carrier gas which contains the atons of the deposition materials. As
the gas, which may be referred to as a reactant gas, flows over the
sdrfaces of the substrate and the susceptor, deposition of the materials
results in changes in the concentration of the deposition materials in the
carrier gas. Consequently, as the reactant gas flows across or over the

| ength of these relatively |arge susceptors, across each individual _
substrate and across a nultiplicity of such substrates, different rates of
grom h of the deposited |ayer of material RQave been found. A second
problemis that of tenperature control whi h is critical at the elevated

tenperatures needed. f or oper deposition. I,S ff|c i f not
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substrates. the introduction of the carrier gas into the reaction
| chamber, and indeed from the reaction chamber itself.

The carrier gas not only deposits the deposition
material on the substrate, but also deposition takes
place on the walls of the reaction chamber. In the
relatively large reaction chambers required for
multi-substrate processing, the unwanted deposits on
the walls of the reaction chambers can be
inadvertently incorporated into the growing layers
being deposited on the substrates. ,

These problems and drawbacks, ‘as well as other
factors, all contribute to signifiéant problems as
the semi-conductor ‘devices and the uses to which they
are put become more sophisticated. As a result, many
changes and improvements have been made in the
equipment that is used to simuitaneously process a
multiplicity of substrates. For example, some
equipment manufacturers are now using automated
loading and off-locading devices to eliminate, or at
least substantially reduce contamination resulting
from human handling. Further,. the second type of
susceptor discussed above, i.e. the upstanding barrel.
shaped structure, is being rotated in some instances
about its vertical axis to rotate the multiplicity of
substrates about that same axis within the reaction
chamber. Such barrel rotation is being done for

' averaging purposes, that isﬁ temperature averaging
and reactant gas flow averaging. Obviously these and

other things which are being done to improve the



3 Still another problemis contam nation which can result from various
factors such as the handling techni ques used to | oad and unl oad the
substrates, the introduction of the carrier gas into the reaction chanber,-
and indeed fromthe reaction chanber itself. The carrier gas not only
déposits the deposition material on the substrate, but al so deposition
takes place on the walls of the reaction chanber. In the relatively |arge
reaction chanbers required for multi-substréate processing, the unwanted
deposits on the walls of the reaction chanbers can be inadvertently
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| mprove the causing some problems with regard to temperature
differentials across the substrate, decreasing
concentrations of the deposition material as it is
carried across the substrate, and the like.
Therefore, steps are being taken now by some
equipment manufacturers to make suitable single
substrate processing equipment which is significantly
simpler in so far as controlling the various factors
involved in chemical wvapor deposition. Single
substrate chemical vapor deposi;ion equipment becomes
inherently more desirable than hulti-substrate_
equipment as the manufacturers of semi-conductor
devices*change_to larger substrates, i.e. 6 to 8
inches in diameter or even larger. One important
consideration is the cost at risk when processing one
substrate as opposed to the simultaneous multi-
substrate processing. That is, if something goes
wrong, the monetary loss is far less with one
substrate that it is. with a plurality of substrates.
The susceptors being used in sinéle substrate
processing equipment consist essentially of some sort

of platform, or base, for supporting the substrate



4 .simltaneous multi-substrate processing technlques have hel ped. However,
there are practical limts which many feel will ultimately nake the

si mul taneous mnulti-substrate processing techni qgues unacceptable or at |east.
undesirable. One of the limtations is that of the equi pnent being
adaptable for handling | arger dianmeter substrates. The econom cs of |arger
di aneter substrates are causi ng many nmanufactures of sem -conductor devices
to use larger substrates. However, increasigg the size of the substrate is
causing sone problems with regard to tenperature differentials across the

substrate, decregs éﬁ%%§§? égﬁzngfthﬁhgﬁp%%l%h@nd@@ﬁ§3 abdd |

carried across the su Therefore eps "are belng
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controlling the varlous factors involved in chem cal vapor depasi ti on.
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senm - conduct or devic r bstrates, i_..e. 6t
(iere Eﬁé& 1n iggnat ng, or at least reduczng,

the problems and shortcomings of the prior art.

In accordance with the'present‘inventibn, a new
and useful <Totatable substrate -supporting mechanism
is disclosed for use in single substrate chemical

"vapor deposition equipment. The rotatable substrate
supporting mechanism includes a 'circular susceptor,
or platform, for receiving a single circular
substrate and supporting the substrate in the
reactaﬁt gas flow path through the reaction chamber.
The susceptor is provided with an axially depending
driveshaft which is suitably coupled to a variable
speed drive means for rotation of the susceptor, and
thus the substrate, about a vertical rotation axis.
By rotating the substrate about this axis, which is
normal with respect to the center of the substrate,
an averaging of the deposited material growth rates
results thus overcoming the problem in concentration
depletion of the deposition materials as the reactant
gas flows past the substrate. Rotation of the
susceptor also produces an averaging of the
temperature gradlent which results in a significant
reduction in the temperature dlfferences both in the
susceptor and in the substrate being supported
thereon.



i nches in dianeter or even larger. One inportant- consideration is the cost
at risk when processing one substrate as opposed to the sinultaneous nulti-
substrate processing. That is, if sonething goes wong, the nonetary |oss-~
is far less with one substrate that it is with a plurality of substrates.
Fhe susceptors being used in single substrate processing equi pnment consi st
essentially of some sort of platform or base, for supporting the substrate
and contribute nothing further to the chem gal vapor deposition equipnent.
Therefore, a need exists for a new and i nproved susceptor for use in single

substrate chem cal vapgr{)gdepral i—beatasﬂawbmm AiYRPIRT WigIpr ocess
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invention is preferably configured to provide a
sophisticated temperature sensing system which can be
use& to produce accurate temperature control in the
vicinity of the susceptor. The temperature sensing
system includes a first temperature sensor ‘means
which in the preferred embodiment, extends axially
and upwardly through the axial driveshaft of the
susceptor for sensing the temperature at the center
of the susceptor. A fixed concentric r1ng 1s located
in close surroundlng relationship with the rotatable
susceptor and at least one, and preferably inore,
additional temperature sensing means are providing at
circuﬁfereptially spaced increments in the fixed
ring, and fhese additional temperature sensing means
will sense the temperatures at various points about
the rotatable susceptor. Bach of the temperature
sensin§ means produces a signal indicative of the
sensed_temperaiure, and those signals may be coupied
to a sﬁitable control system which operates in
conjunction with the heating system of the reaction
chamber for temperature control purposes.

Due to the rotation capability of the susceptor
and the placement of the first temperature sensing
means within the axial driveshaft of the susceptor,
the driveshaft must be tupular and the susceptor must.
be provided with clearance relative to the reaction
chamber. Therefore, the mechanism of the present

invention is provided with a purging system by which



supporting mechani smincludes a circular susceptor, or platform for
keceiving a single circular substrate and supporting the substrate in the
reactant gas flow path through the reaction chanber.- The susceptor is :
provided with an axially depending driveshaft which is suitably coupled to
a variabl e speed drive neans for rotation of the susceptor, and thus the
substrate, about a vertical rotation axis. By rotating the substrate about
this axis, which is normal with respect to the center of the substrate, an
averagi ng of the deposited naterial growmh rates results thus overcom ng
the problemin concentration depletion of the deposition nmaterials as the
reactant gas fl ovws pﬂﬁbetbessﬂbsineteduEbﬂaundhroblbhatsdspepssnralso
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susceptor, the subshibit shppﬁlowngfneeaanaan1aﬁstnatpr&benarea below
the susceptor and into the tubular shaft and thereby
prevent deposited material contamination in those
areas. In addition, the purging gas-will inhibit the
formation of hot spots in the mechanism. -

In addition to the above, the mechanism of the
present inyention is ﬁrovided with means for
vertical adjustment whereby the susceptor, and thus
the substrate carried thereon, can be set at an
optimum position in the reactaﬁk gas flow path of the
reaction chamber. Also, the mechanism is provided
with a drive control system by which the rotational
speed of the susceptor may be adjusted to a desired
speed and by which the susceptor's rotation is
stopped at the same point each time fér substrate
handling purposes. .

Accordingly, it is an object of the present
invention to provide a new and improved substrate
suppofting mechanism for use in single substrate
chemical vapor deposition equipment.

Another object of the present invention is to
provide a new and improved substrate supporting
mechanism having a susceptor, or platform, upon which
a single substrate is supported in the reactant gas
flow path in a heated rea&tion chamber with the
susceptor being rotatable for rotating the substrate
about an axis which is normal to the center of the

substrate for temperature and growth rate averaging



invention is preferably configured to provide a sophisticated tenperature
sénsi ng system whi ch can be used to produce accurate tenperature control in

the vicinity of the susceptor

axially and upwardly. through the axial driveshaft of the susceptor

sensing the tenperature at the center of the
ring is located in close surrounding relatioﬂship with the rotatable

susceptor and at | east one, and preferably nore, additional tenperat
sensi ng neans ar ®PFRAM ng at circunferentially spaced increnents i

fixed ring,

The tenperature sensing systemincludes a :

first tenperature sensor neans which in the preferred enbodi nent, extends

for

susceptor. A fixed concentric
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interacts with the equipment heating system to
provide a flat tempefature profile across the
substrate. ' )

Another object of the present invention is to
provide a new and improved substrate suppo:ting
mechanism of the above described character which
further includes a purging system by which é purge
gas under elevated pressure is introduced into the
mechanism to prevent the flow of the reactant gas

into the mechanism itself and into the area below the

rotatable susceptor.

Still another object of the present invention is

to provide a new and improved substrate supporting
mechanism of the above described type wherein the
substfate supporting susceptor is adjustable along
its rotational axis for optimum locating of the
substrate in the reactant gas flow path through the
reaction chamber.

" Yet another object of the present invention is

to provide the above described substrate supporting

mechanism with a drive control system by which the

rotating speed of the susceptor may be adjustably set

~to a desired rotation rate and by which the



7 a purge gas is introduced under elevated pressure into the tubular shaft
which is configured so that the purging gas will energe fromthe driveshaft
bel ow t he susceptor. In this way, the purge gas will inhibit the flow of
reactant gas into the area bel ow the susceptor and into the tubular shaft
and thereby prevent deposited material contam nation in those areas. In

- addition, the purging gas wll inhibit the formation of hot spots in the
mechani sm In"addition to the above, the nechani sm of the present
inyention is provided with nmeans for vertic adj ust nent whereby the
susceptor, and thus the substrate carried thereon, can be set at an optinum

position in the reactant gas fl.0 . Of ég} i C e t he
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obj ect of the present invéntion Is to provide a new and 1 nproved substrate
supporti ng mechatihan read dr eoniunebion Jith khe rafcopRARTIREN a singl e

substrate is supphiithds) the reactant gas flow path in a heated reaction

chanber with the sysceptor being rotatable for rotating the substrate

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 .4s an elevational view of the substrate
supporting mechanism of the présent invention with
the mechanism shown as being used in a type of
reaction chamber which is commonly referred.to as a
horizontal flow reaction chamber.

FIG. 2 is a view similar to FIG. 1 but showing
the substrate supporting mechanism of the present
.invention as being used in a type of reaction chamber
that is commonly referred to as an axial flow
reaction chamber.

FIG. 3 is an enlarged elevational view which is
partially broken away to show the various features
of the substrate supporting mechanism.

| FIG. 4 is an enlarged top view of the substrate
supporting susceptor and showing the concentric
Trelationship of a fixed ring structure which is part
of the temperature sensing system of the mechanism.

FIG. 5 is an enlarged fragmentary sectional view
taken along the line 5-5 of FIG. 4.

FIG. 6 is an ekploded perspective view showing
the mounting structures and arrangement of the

susceptor and the fixed ring of the temperature



about an axis which is normal to the center of the substrate for
tenperature and grow h rate averagi ng _

8 purposes. Anot her object of the present invention is to provide a
new and i nproved substrate supporting nmechani smof the above descri bed
character which includes a tenperature sensing neans for sensing the
tenperature at various points:in and about,the rotatable susceptor and
produci ng signals indicative of the sensed1 enperatures with the produced

signals being usable for_te r : DU BeSEReBiEhehpt eracts with
t he equi pnent h@ﬁqwgﬁ%%fo%%l\?/? &ggétﬁﬂ'{égﬂtg%perg\t,\gre Profile across
the substrate. invedtidmer object of the present invention is to provide a

new and i nproved sub t ey SUPPOr{ hagi : o] eggri bed
character which furtﬁ%#&ﬁ"cl%%e% %6€8¥€i§$l ggyégg%gg'g%iaghfgrﬂu?ge gas
under el evated Euwsseptor swhichodie cprovided hwikhcpanesreedabiBvent the

flow of the reacé&{@-%&sea n{:&:‘t%@T 5@3,9%551 whiehf aagdbsetatéhegarea bel ow
r.

t he rotatable suscep’f St another object of the present invention
is to provi de a sunpemtableroved substrate supporting

~PIG. 8 is a view similar to FIG. 7 but which
shows an alternate top surface configuration
provided on the susceptor. '

FIG. 9 is a fragﬁentary sgctional view taken
along the line 9-9 of FIG. 3.

FIG. 10+is a fragmentary view similar to FIG. 3
and. showing a modification of the substrate
supporting mechanism of the present invention.

PIG. 11 is a fragmentary sectional view taken
along the line 11-11 of FIG. 10.

FIG. 12 is a fragmentary sectional view taken
along the line 12-12 of FIG. 10.

FIG. 13 is a schematic drawing of the drive
control system of the substrate supporting mechanism
of the present invention. - '

PIG. 14 is a fragmentary view similar to FIG:-3
and showing an altérnate temperature sensor

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In that chemical vapor deposition per se is well
known in the art, only a brief déscription thereof
will be presented herein for completeness of this
disclosure and to ensure full understanding of‘the

present invention. Briefly, a reactant gas, which



mechani sm of the above described type wherein the substrate supporting
susceptor is adjustable along its rotational axis for optinum | ocating of
the substrate in the reactant gas flow path through the reaction chanber. -
Yet anot her object of the present invention is to provide the above

descri bed substrate supporting mechanismw th a drive control system by
whi ch the rotating speed of the susceptor nmay be adjustably set to a
desired rotation rate and by which the

9 susceptor's rotation is stopped at the gpne |ocation each time for
| nproved substrate handling purposes. The foregoing and ot her objects

of the present ifygny §i%o 0t dobmi 68! Enemuchesan e fully
under st ood fronf?h 6ﬁ?éﬁ?ﬁ%ﬁg%§§€ﬁﬁtlon mhen r ead g#ggiﬁunctlon th the

acconpanyi ng dr & Iﬁﬁ;dep051ted, is 1ntro CECSRETBRAW NGS
to as a rpaction chamber in a manner which causes the

reactant gas to flow through the reaction chamber in
a path which is determined by reaction chamber
configuration, gas injection location and the like.
Reaction chambers are heated to rglatively high
temperatures, which are determined by the various
factors of the particular process to be accomplished.
By virtue of gas movement, temperature and chemical
reaction, the material carried by the gas will be
deposited and adhere to whatever is located in the
gas flow path and will provide a deposition layer
thereon. This general chemical'vapqr deposition
technique is widely used in the electronics art for
manufacturing semi-conductor devices.

Referring more particularly to the drawings,
Figures 1 and 2 show the rotatable substrate
supporting mechanism of the present invention which
is indicated in its entirety by the reference numeral
20. Figure 1 shows the mechanism 20 as being used in

__conjunction with a reaction chamber 22 of the type.
-éometimes referred to as a horizontal flow reaction
cﬁamber, and Figure 2 shows the mechanism 20 as being
used in conaunct1on with an axial flow reaction
chamber 26. As is known, both horizontal flow and
axial flow reaction chambers have been devised in
various configurations and the particular chambers 22
and 26, which are only partially shown, are intended
to be typical representations of such reaction
chambers.

It will be noted however, that the reaction



FIG 1 is an elevational view of the substrate supporting nmechani smof the
present invention with the nmechani sm shown as being used in a type of
reaction chanber which is commonly referred to as a horizontal flow
reacti on chamber. FIG 2is aviewsimlar to FIG 1 but show ng the
gubstrate supporting nechani smof the present invention as being used in a
type of reaction chanber that is commonly referred to as an axial flow
reacti on chanber. FIG 3 is an enlarged elevational view which is
partially broken away to show the various features of the substrate

supporting mecheafamber 22 hElsGa 4 planat Wtafdjeobnmcféem oditlhea substrate
G Struct ur e HAPBRaFoSBRLE gt Arparciie Aot AEidh g 1o
nechani sm FIG ss_mu_a,aanyenltuegeéafdtﬁ@mrwmngbeaeczﬁm yiplenaken al ong the
mount i g Str uct RPEEOn AURERR R &0 i ol WRSIE BREREE dlny A 20N e of
t he tenperatureintegrally depends. As will hereinafiter esdegexibedm of
the nechanisnlogntg t nisthé Q'Qggdﬂle substrate supporting

mechanism is coupled to the depending end of either

of the tubular shafts 24 or 28 and portions of the

mechanism 20 extend upwardly through the axial bores

of the shafts into the interior of the reaction

chamber 22 and/or 26, to provide, among other things,

a platform, or susceptor 30 upon which a substrate 32

is demountably supportable. The substrate 32 is

placed on the susceptor 30 prior to commencement of

the chemical vapor deposition process and is off-

loaded when the ‘desired deposition film, or layer has

been formed thereon and the process has been

completed. _

The rotatable substrate supporting mechanism 20

is carried in a manner which will be described in

detail below, on a suitable support plate "33 which is

disposed'below thé reaction chamber 22 and/or 26.

The plate 33 is provided with a plurality of bushing

mounts 34 (one shown) each of which is slideably

movable along a different one of a plurality of fixed

vertical rod 35 (one shown). The plaig 33, and thus

the entire mechanism 20, is vertically adjustable

relative to the reaction chamber 22 and/or 26 by a

vertical elevating means 36. The vertical elevating

means 36 includes a worm gear nut 37 carried on the

support plate 33 for movement along an elongated

rotatable worm gear 38. The worm gear 38 is



FIG 7 is a top view of a particular formof susceptor which is provided
with an especially configured top surface upon which a substrate is
support abl e. FIG 8 is aviewsimlar to FIG 7 but which shows an
alfernate top surface configuration provided on the susceptor. FIG 9
Is a fragnentary sectional view taken along the line 9-9 of FIG 3.

FIG 10 is a fragnentary viewsimlar to FIG 3 and showi ng a nodification
of the substrate supporting nechani sm afy the present invention. FI G
11 is a fragnentary sectional view taken along the line 11-11 of FIG 10.

FIG 12 is a504ganrahaEs.s eokaRadn WY Fan MpIIdEndl a5 of FIG
e

10. FI G matic drawing of the drive, control system of the
substrate suﬁpéFPVﬁghﬁﬁéﬁéﬂ'@ﬁl&@aﬁhésbr xrﬁﬂﬁﬁ* ora [Gg 14is a

fragmentary u@¢aph@ habpb%Fh@an% aryl Shvé Ngowsi e t 9 redtd |iPed at ur e
sensor enbodi nen CRIPTlCNﬁér WHB R%FERRED ENVBODI MENTS

I n that chenFB&FaP&BoPe&€p5§aﬁﬂoﬁﬁgg'Qiaﬁqf FugTRATES FIIR 983 only a
brief descripti aRibtheraokrodatdatie wyem”ﬂxfsi dtrehe Raxid ogdetaess of this
di scl osure and .to_ensure full %HQQrstan of the éfsent Jaggglon

Briefly, a r@8BfiLihe ¥orm gsagh 4t is in Yiig ‘més engag
with a spur gear 43 (FIG. 1) that is mounted on the

- lower end of the elongated worm gear 38. Thus,
manual rotation of the hand wheel 42 .in the
appropriate direction will, by virtue of the gears 41
and 43, cause the worm gear 38 to be rotatably
driven. Such driving of the worm gear 38 will cause
the worm gear nut 37 to travel along the worm gear 38
and thereby raise or lower the support plage 33 as
determined by the direction of rotation of the hand
vwheel 42. '

The above described vertically adjustable
elevating.means 36 is a coarse adjustment for
positioning the susceptor 30 at an optimum position
within the reaction chamber 22 and/or 26 and a fine
'adjustment device is also provided as will
hereinafter be described.

" The susceptor 30 is of circular substantially
planar configuration and is demountably carried and
rotatably driven by a spider structure 44 having a
central hub 45 from which at least three arms 46
extend radially. Each of the arms 46 is bent or
otherwise formed at its distal end to provide an
upétanding peg 47 upon which the susceptor 30 is

'supported. The hub 45 of the spider 44 is provided
with a truncated conical bore 48 in which the tapered
upper end 49 of a driveshaft assembly 50 is disposed.



contai ns gaseous forns of the atons of the material to be depositéed, is
introduced into what is referred to as a reaction chanber in a manner whi-:ch
causes the reactant gas to flow through the reaction chanber in a path
which is determned by reaction chanber configuration. gas injection
| ocation and the |like. Reaction chanbers are heated to relatively high
tenperatures, which are determ ned by the various factors of the particular
process to be acconplished. By virtue of gh% novenent, tenperature and
chem cal reaction, the material carried by the gas will _be deposited and
adhere to whatever isti®c %ﬁe?ha?ﬁeaﬁégmg}%mgﬁa%ﬁ ﬁnB“&FFprgsside a
deposi tion | ayeraddwisDy. fhéFudengr ah ebengseédvapeatdeposhafenseakni que
is widely used in the electr nic§ agt %or man fggtur&ﬁﬁ'sggi-conductor
devi ces. R rRRETIRORE paRe of hPFya%3S dr afPfigEO F38Pes 1 and 2
show t he rot at aldlvattiBl ; chevingpthei bgperedanppexroenthddpassent invention
which is indicated in it tirety b f ce.n I ég. g'gure 1
shows t he necmmﬂﬁﬂﬁékp%é %@?ﬁﬁ'uggdxfép§%%§dﬁ%?ﬁo%nmﬁgzag ? &t gn chanber
22 of the type. farateassns ewhichdwidl abecoherappatrehti Rawthiacti on
chanber, and fi é%éPP g IS i ' | Ra CQQLUNCti on
w th an axi al ff%%gée |%§ é gﬂggggggf 2g£$§g§%g§%?gbg§ﬁgﬁo$%zgg%afgfIow
and enlarged tapered lower end 53 of inverted frusto-
conical configuration with an enlarged diameter
upwardly facing annular shoulder 54 in axially spaced
relationship with the lower open end of the shaft.
As is customary in the art, the reaction
chambers 22 and 26 are fabricated of a suitable
transparent material, such as fused quartz, for the
transmission of heating radiation from a su@table
heat source (not shown). Since the depending‘tubular
_ shafts_24 and 28 depend integrally from their
respective .reaction chambers 22 and 26, they too are
formed of the same transparent material.. For the
same heat transmission reason, the above described
spider structure 44 and the rotation shaft 51 are
also formed of transparent material.
The driveshaft assembly 50 further includes a
spindle 56 having an upper body portion 57 and a
lower body portion 58 which may be formed as a single
unitary structure or may be formed as two separate
pieces for ease of fabrication and jbined together
such as by welding in the ménner_indicated in the
drawing. In either case, the upper body portion 57
is of generally cylindrical configuration with a
reduced diameter upper end 59 which forms an
L 4 ’ .
upwardly facing annular shoulder 60 on the upper body



axial flow reaction chanbers have been devised in various configurations
and the particular chanbers 22 and 26, which are only partially shown, are
i ntended to be typical representations of such reactlon chanbers. It--
will be noted however, that the reaction

12 chanber 22 has a planar bottom surface 23 with a tubul ar shaft 24
depending integrally therefrom and simlarly, the reaction chanber 26 has
a planar bottom surface 27 fromwhich-a tu #gar shaft 28 integrally
depends. As wil|l hereinafter be described in’detail, .the rotatable

Fubotrate SUPPOr AR ECTER! LS SEABLER 4 LLELSoREREk g TEy0L g et O
upwar dly through ﬁf&vi&%dﬂwixneﬁxtérnﬁm climéadsi asoindbcatedrabr 6af ahlde
(eaction NATDET 68 AREHEIpa0s A, FLOHOBEe0 RER e OB pPa) = o1
substrate 32 is nbcacterbmrﬁ‘the ‘Bmscaapiaﬂ: B@r@rﬁws aotcpanedcmeheto&it he
Gopoet ) on P B 144 Fo 0 L A0 A Lo RSB LORCHHARY .
end 53 of the rotation shaft 51 is seated.
sultable hold-down nut 66 is threadingly carried on
the upper end of the bsédy portion 57 and a wave
washer 68, or other suitable biasing means, is
contained within the hold-down nut 66 to wedgingly
hold the tapered lbwer end 53 of the rotation shaft
51 in the socket 64 of the spindle body poftion 57.
The hold-down nut 66 is provided with a suitable
aperture through which the rotation shaft extends.
For reasons which will hereinafter be described
in detail, the upper body portion 57 of the spindle
56 is further provided with a depenhing externally
threaded boss 70 and a plurality (two shown) of
passages 72 which extend downwardly from the annular
shoulder 60 into intersecting relationship with the
axial bore 62 at a location spaced below the tapered
socket 64 portion of the axial bore. '
The lower body portion 58 of the spindle 56 is
of elongated cylindrical configuration and defines
an axial bore 74 which has an inside diameter that is
considerably larger than the axial bore 62 formed
through the spindle‘'s upper -body portion 57 and is
larger than the -outside diameter of the depending
boss 70 thereef'for reasons which will be explained
below. The lower body portion 58 is provided with a
reduced diameter ldwer end 76 and has external

threads 77 formed thereon immediately above the point



conpleted. The rotatable substrate supporting nmechanism 20 is carried
I m a manner which will be described in detail below, on a suitable support
pl ate 33 which is disposed bel ow the reaction chanber 22 and/or 26. The
plate 33 is provided with a plurality of bushing nounts 34 (one shown) each
of which is slideably novable along a different one of a plurality of fixed
vertical rod 35 (one shown). The plate 33,- and thus the entire nmechani sm
20, is vertically adjustable relative to the!® eaction chanber 22 and/or 26

0y 2 vertical o RO o8 B0 0% ld sl Yok W TERRS 3 hac! U
el ongat ed rot at abredweed.gear 38. The wormgear 38 is . .
30 that 15 fixedly carfi SR80 nfay oo, His B ofied oroeh ok CraRaz a0
contains a suitabbeageao.tiainnmgﬂidﬁdtWﬁthléLnnnftqthhtmm1geati§ﬁ 8k ch
5t B B TRRARNCh ! el P, om0 i YRS SBRkepatRek! |,
the | ower end of beedeserjbedd wmdnhpmirars@®ldligated rotatable sleeve

82 journaled for rotation therein, with the sleeve

being axially disposed in the bearing means with a

dependingly extending lower end 83 having external

- threads 84 on the lowermost part of depending end 83.

The driveshaft assembly 50 is disposed so as to

extend coaxially through the rotatable sleeve 82 in a

manner whefeby the sleeve 82 and the driveshaft

assembly 50 rotate as a single entity.

Thus, the bearing means 80 is employed in the
substrate supporting mechanism 20 to support and
rotatably journal the driveshaft assembly and to
prevent gas leakage for reasons which will beconme
apparent as this description progresses. The bearing
means in the form described is commercially available
from the Ferrofludics-Corporatipn of 40 Simon Street,
Nashua, New Hampshire 03061 and is identified as .
Model Number HS-1500-F-W. |

'A driven pulley 86 is attached, such as by means
of the set screw shown, to the dependingly extending
lower end 83 of the sleeve 82 and a position
indicdtbr wheel 88 is threadingly mounted immediately
below the pulley on the threads 84 provided on the
lowermost end of the sleeve 82. Both the driven
puLlef 86 and the position indicator wheel 88 form a
part of a drive means 90 which will hereinafter be
described in detail.



manual rotation of the hand wheel 42.in the appropriate direction will, by
wirtue of the gears 41 and 43, cause the wormgear 38 to be rotatably
driven. Such driving of the wormgear 38 will cause the wormgear nut 37 to
travel along the worm gear 38 and thereby raise or |ower the support plate
33 as determned by the direction of rotation of the hand wheel 42.

The above described vertically adjustable elevating neans 36 is a coarse
adj ust mrent for positioning the susceptor 30 at an optimum position wthin
the reaction chanber 22 and/or 26 and a fingyadjustnment device is also
provided as will hereinafter be descri bed. The susceptor 30 is of

circular substantially g a1C YHdIUhet 1 99 1ding serDved@adyigarried and
rotatably driven by a spider structure 44 hayiggka central _hub 45 from

whi ch at | east tkh&eageds uppezii RRF YRR 33 Whigh i3thFgadinglys i s bent

or otherwise for@erdled bh Ehd Ahruklsd BHPION | €iee g1 dPoé 8 diga P9 47 upon
whi ch the susceptor 30 iis supported, . The hub 45 of 4ﬁmas i der 44 is .
provided with a &R%eERAddYcShreades kPver iRPRHIN P4 Y upper end 49

of a driveshaft apsREAiINGAY icardid®eitl.the threads 77 of the spindle

14 56. The upper and lower portions 93 and 94 of the
cage nut 92 are interconnected in axially spaced
relationship by at least two diametrically opposed
ribs 95 {(one shown) which provided openings for
access to an adjustment nut 96 which is captively
retained between the upper and lower portions 93 and
94 of the cage nut 92. As shown, the adjustment nut
96 is threadingly mounted on the threaded end 77 of
the spindle 56.° Manual rotation of the adjustment
nut-96 will axially slideably move the entire
driveshaft assembly 50 relative to the sleeve 82 of
the rotary'seal bearing means 80, and this is used to
make the above mentioned fine vertical adjustments of
the susceptor 30 in the reaction chamber 22 and/or
26.

The substrate supporting mechanism 20 is carried
on the ‘above mentioned support plate 33 which has an
opening 100 formed therethrough. An adjustment plate
102 is mounted atop the support plate 33 and is
providgd with an opening 104 which is substantially
coaxial with respect to the opehing 100 of the
support plate. The adjuétment plate 102 is connected
to the support plate 33 by a suitable bolt 105 about
which the plate 102 is pivotably movable for
adjustable location in a horizontal plane of the
open@nq 104. The adjustment plate 102 is lockable in

the desired position by a diametrically opposed bolt



The driveshaft assenbly 50 is a nulti-piece assenbly including an el ongated
retation shaft 51 at the uppernost end of the assenmbly. The rotation shaft
51, having the tapered upper end 49 as nentioned above, is provided with an
axi al bore 52 for reasons which will becone apparent as this description
progresses. The rotation shaft 51 has an enlarged tapered | ower end 53 of

i nverted frusto- conical configuration withy,an enlarged di aneter upwardly
facing annul ar shoul der 54 in axially spaced relationship with the | ower

open end of the fi GUSHP h r reaction
chanbers 22 andléga Wb i %ﬁu{ﬁ? #Ia.SU|%a.?%Etggﬁs%%?égggnaterial, such
as fused quartzdomwardy reinsonigisiam exilaeged ngpentiunei 308f ofnthesui t abl e

heat source (no}ﬂ_g)f Wri)0 Sﬂ oeéﬂee %g@cwpﬂéaﬁnggﬁéﬁgzg gggg%

depend i nt egr al rom-t elr respective reaction cha
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rotation shaft 51 are also fornmed of transparent eri al
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the lower surface of the boss 112 so that it extends
approximately half way up into the opening 104 of the
adjustment plate 102. The bearing mounting plate 102
is mounted in place by the bolt 105 and others {(not
shown) which, as previously diécussed, are used to
fix the adjustment plate 102 on the support plate 33.
In addition to supporting the bearing means, the
bearing mounting plate 110 is adjustably tiltable by
means of the adjustment screw 113 which depends from
the seal mounting plate 110 into beariné engagement
with the upper surface of the adjustment plate 102.
From the above, it will be seen that the adjustment
plate 102 and the bearing mounting plate 110 are
indepéndentlx adjustable and cooperatively interact
to provide the properly aligned coaxial and vertical
relationships of the bearing 80 and the driveshaft
assembly 50.

A coupling plate 114 is positioﬁed atop the
bearing mounting plate 110 and is free to float into
aligning relationship with the bearing mounting plate
110 and the depending tubular shaft 24 and/or 28 of

the reaction chambers 22 and 26 respectively. Once



15 portion 57. The reduced di aneter upper end 59 is provided wth external
threads as indicated at 61 and an axial bore 62 is fornmed through the upper
body portion 57. The axial bore has a tapered socket 64 at its upper end in
whi ch the enl arged tapered | ower end 53 of the rotation shaft 51 is seated. -
A sui tabl e hol d-down nut 66 is threadingly carried on the upper end of the
body portion 57 and a wave washer 68, or other suitable biasing neans, is
contained within the hold-down nut 66 to wedgingly hold the tapered | ower
end 53 of .the rotation shaft 51 in the socket 64 of the spindl e body
portion 57. The hold-down nut 66 is provided9ith a suitable aperture

t hrough which the rotation shaft extends. For reasons which wll

herei nafter be detbei 8tighrddeedationsbirppas keen matabdisied suwh
spindle 56°is furfpe i L& h i readed boss 70
and a plurality ( go&gg%%) gggt%%gsggggﬁ’%;%ggr@g(?é%%%&é&ardI y fromthe
annul ar shoul der 80pparbtingt mecbenisy 28 .atthensaypliing nlatendild maY e 62

at a location spaggd e ered s ' s ol i al hore.
The | ower body pggtgi S?SESWSFR ﬁ%%gl F%‘?gg‘g%t“f é%‘ﬁ[g%érfgamléeg& ttcl |£r311)c§|ri cal
configuration andndeenapt suchxas byomeans ®f &h%é&%ﬁmaé btildret er

that is considerapyy,! éﬁﬁ%thggg t(g‘é.taéh@wanf € qire (B dd AL e

spi ndl e' s upper-body portion and is
is formed with an axially upwardly extending
externally threaded boss 118, and an axial bore 120
is formed through the coupling plate. An O-ring seal
122 is provided at the upper end of the boss 118 so
as to be in sealed circumscribing engagement with the
peripheral surface of the depending tubular shaft 24
or 28. A clamping nut 124 having an axially opening
125 formed therethrough is threadingly carried on the
boss 118 to exert a éircumferentially compressive
force on the O-ring seal 122 by virtue of a
compressing ring 126 carried in the clamping nut.

A heat sensing means in the preferred form of a
thermocouple 130 is mounted in the upper end of a
sheath 132 formed of suitable heat resistant
material. The sheath 132 is of elongated
configuration and is open on the end 133 thereof
which is ppposite to the closed end in which the
thermocouple 130 is contained, with the open end
being provided for exiting of the thermocouple wires
134 from the sheath. The lower end portion of the
sheath 132 is axially disposed in a tube 136 having a
fitting means 138 on its upper end and having a nut
140 on its lower end. The tube 136 and its
associated fitting 138°and nut 140, is used to
install and hold the sheath 132 in the axial bore
that i3 cooperatively formed by the bores of the



| arger than the-outside dianeter of the depending boss 70 thereof for
reasons which will be explained below. The |ower body portion 58 is
provided with a reduced di aneter |ower end 76 and has external threads 77
fornmed thereon i medi atel y above the point

16 which the diameter of the | ower body portion 58 is reduced. A
bearing neans, in the preferred formof rgpary seal 80, is provided with a
non-rotating portion 81, which is nounted in a manner which wll

hereinafter be d@ﬁmwe@omﬁ&deﬂas aﬁlehOﬂaﬁbedpr ¢het ablieeshagee 82
journaled for rotatio erein, m%? t he sI ve beln aX|gIIy di sposed in

the bearing neddESHPP Aepehdii B VnexFBﬁd §t98ﬂep 38h48i ng external

threads 84 on ttieréadbndDptapraéhed dopendi aepehd:.&a bdBs d0i BES thkt
assenbly 50 is disposed,so as o eg% g ggaX|aII hggugh he rotatable

sl eeve 82 in a WRRFErPUHERETEIAR : s sRAdndle 3frvaBAaR: assenhly 50
rotate as a Slngﬁfti%ﬁetqbr1ng d6éa}, 14beibeprovddedaat 8Hei Juagrhioned in

t he substrate ort nechanlsnl and atabl urnal the
dri veshaft asse @h 1Y HBARS g i38|8§ S % sFegéohg RﬁF i ||
becone apparentgas lénxagbsdoﬁnbandlprbgreashsthih&ubeamssgas will
hereinafter be described. The lower end, that is,
the nut 140 extends below the open bottom end of the
spindle 56 and is used simply as a tool for attaching
the upper end fitting of the tube to the boss 70.

As shown,the upper closed end of the sheath 132
extends from the bore 52 of the rotation shaft 51
upwardly into a blind central cavity 144 formed in"
the lower surface of the susceptor 30. In this way,
the thermocouple 130 will sense the temperature at
the center of the susceptor 30 and produce an
electric signal indicative of the sensed temperature
in the manner-wéll known in the art. The
thermocouple 130 forms part qf a temperature sensing
system of the substrate supporting mechagism 20 ;s
will hereinafter be described in detail.

In that the sheath 132 is axially carried in the
driveshaft assembly 50 as described aﬁﬁve} it will
rotate along with the driveshaft assembly. For this
reason, a slip-ring means 146 is provided on the
lower end of the substrate supporting mechanism 20.
The slip-ring means 146 is commercially available
from the IEC Corporation, 3100 Longhorn Boulevarad,
Austin Texas 78759, and is a sealed unit identified
as Model NQ. IECFCS. The slip-ring means 146 has an
axial sleeve 148 therein which is coupled by means of



means in the formdescribed is commercially available fromthe Ferrofludics
Corporation of 40 Sinon Street, Nashua, New Hanpshire 03061 and is

i dentified as Mddel Number HS-1500-F-W A driven pulley 86 is
attached, such as by means of the set screw shown, to t‘he dependi ngly
extendlng | ower end 83 of the sleeve 82 and a position indicator wheel 88
is threadingly nounted i mediately bel ow the pulley on the threads 84

provi ded on the | owernost end of the sleeve 82. Both the driven pulley 86
and the position indicator wheel 88 forma part of a drive neans 90 which
wi Il hereinafter be described in detai

17 A special cage nut 92 having an ?%ternally threaded upper portion
93 which is threadln R carrlqugn thaméhre ds %4 of t eeve 82 .and an
internal Iy thr &adpn Y 14 cheqece gﬁﬁ?ﬁ ﬁVFFeﬁnSn t he

threads 77 of tfe omitnk espindle B2 wrr@:uitiomethaaeirians 9%nhend 94 of
| east To di am TSR AEAARe 1F 8B4 o1 of ORRS “aRERRLe 61 aea Speni ngs
for extends axially through the sleeve 148 of the slip- -

rzng means 146, and the lower end of the sleeve 148

is coupled, such as by a pin 152 to the rotatable

outer portion 154 of the slip-ring means. The slip-

ring means 146 has a fixed core 156 which is

~coaxially disposed between the inner sleeve 148 and

the rotatable portion 154. The core 156 is fixed

against rotation by means of a flange 158 that is

suitably attached to the upper end of the core 156

and is also attached by bolts 160 to the lower end of

a housing 162.. ' )

The thermocouple wires 134 whiqh extend from the
sheath are connected by means of a suitable plug 164
to the wires 166 which extend from the rotatable
outer portion 154 of the slip-ring means 146. The
electric signal produced by the thermocouple 130 is
thereby transmitted via the wires 134 and 166 to the
rotatable portion of the slip-ring means 146, and by
‘the well known slip-ring method, are conducted to the
fixed core 156 thereof. The signal received in the
fixed core 156 is coupled by suitable wires 168
extending from the core 156 to a point of use (not
shown) .

- The housing 162 is of cylindrical open ended
configuration defining a bore 170 with a counterbore
171. The housing 162 is suspendingly carried by the
rotary bearing means 80 such as by means of the
bayonette mgunting arrangement 172 shown in Figures 1
and.z. and the split clamps 173 and 174 shown best in



access to an adjustnment nut 96 which is captively retai ned between the
upper and | ower portions 93 and 94 of the cage nut 92. As shown, the

adj ustment nut 96 is threadingly nounted on the threaded end 77 of the
spindle 56. Manual rotation of the adjustnent nut . 96 will axially
slideably nove the entire driveshaft assenbly 50 relative to the sleeve 82
of the rotary seal bearing neans 80, and this is used to nmake t he above
mentioned fine vertical adjustnents of the susceptor 30 in the reaction
chanber 22 and/or 26. The substratedﬁfpporting mechani sm 20 is carried
on the above nentioned support plate 33 ch has an opening 100 forned

t her et hr ough. A%qu%ustne . plate 102 is nounted atop the support plate 33
and is provide %ﬁ??ﬁgﬁéﬁﬁfﬁﬂ4 which is substantially coaxial with
respect to the openiling thit fthd heesathps ichamtiers TI2 @xidLst nBeitapbate 102

I S connected 't ppqrh. plate Syl le bqglt, 10 bou ich the
plate 102 is p \’/:tgtgg'b ?er"g\;%‘ol é:%feord%}(ﬁ%sﬁigbl%é}qq%caa isg}]aq%s }ﬁcﬁ’f‘ioﬁ]m
pl ane of the oped theldtiveshafd] assembilyplSdt dslGbwldmcktid e in the
desired positi i tri.call t . :
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provided with a purging system by which the reactant

gas, and deposition material carried thereby, through

the reaction chamber, will be prevented from flowing

into the area below the susceptor 30 and downwardly
into the mechanism 20. -
As shown in Figure 3, the bearing mounting plate
110 is provided with a passage 176 one end of which
. opens into the bore 111 thereof, with the other end
being provided with means 178, such as the fitting
shown, for dirécting a suitable purge gas ‘under
elevated pressure from an external source (not shown)
into the bore 111 of the bearing mounting plate. A
gas restrictor housing 180 is mounted in the bore 111
of the bearing,mounting plate 110 and is configured
to have an inverted cup-shaped body 182. The body
182 is provided with an annular groove 183 which
aligns with the inwardly opening end of the passége
176 fqrﬁreceiving the'pnrge'gas therefrom. A
plurality of incrementally spaced injection ports 184
extend from the annular groove 183 radially into the
cavity 186 defined by the ¢up-shaped body 182. In
that thé-body 182 opens-downwardIY1 the purge gas
received in the cavity 186 will flow downwardly into
the annular recess between the reduced diameter upper
end 59 of the spindle 56 and the upper end of the
sleeve 82 of the rotary bearing means 80. The gas
received in fhat annular recess will flow through the



downwardly through an enl arged aperture 108 of the plate 102 into threaded
attachment with the support plate 33. A bearing nmounting plate 110 havi ng
an openi.ng 111 forned therethrough is positioned atop the adjustnent plate
102 and is configured to provide an axially dependi ng reduced di aneter boss
1412 whi ch extends approximately half way down into the opening 104 of the
adj ustnent plate 102. The non:=rotating portion 81 of the bearing neans 80
is bolted fast to the | ower surface of the boss 112 so that it extends
approximately half way up into the opening 104 of the adjustnment plate 102.
The bearing nounting plate 102 is nounted in ppgce by the bolt 105 and

ot hers (not shown) which, as previously discussed, are used to fix the

adj ust nent platehloaayyddugsmnnugttn%égﬁiﬁﬁhe|553ﬂﬂtéleﬂetﬁoﬁfpeg{EfnﬂhEhe
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thermocouple sheath 132 can extend therefrom to the

susceptor 30, upwardly flowing purge gas will exit

the rotation shaft 51 under the.central port1on of

the susceptor 30.

The gas restrictor housing 180 further includes

a boss 188 which extends axially upwardly .from the

cup-shaped body 182 and defines a .bore 190 through

which the rotation shaft 51 axially extends. The

outside diameter of the rotation shaft 51 is smaller

than the inside diameter of the bore 190 to provide

an annular gap therebetween. Therefore, some of the

purge gas received in the cavity 186 will flow

upwardly through that annular gap into the bore of

the tubular shaft 24 or 28 of the reaction chambers

22 or 26, and that gas will flow upwardly into the

area below the susceptor 30.

A suitable bracket means 192 is mounted so as to

depend from the support plate 33 and a variable

speed DC motor 194 is carried by the bracket. A

drive pulley 195 is mounted on the output shaft 19§

of the motor, and a belt 198 is employed to transmit

rotary power from the DC motor 194 to the driven

pulley 86 carried on the driveshaft assembly 50 of

the substrate supporting mechanism 20.



19 the aligned rel ationship has been established, such as-during initial
assenbly of the substrate supporting nechani sm 20, the coupling plate 114
may be tightened down against any further additional novenent such as by
means of the illustrated bolt 116, and others (not shown). The coupling
pllate 114 is formed with an axially upwardly extending externally threaded
boss 118, and an axial bore 120 is fornmed through the coupling plate. An
Oring seal 122 is provided at the upper end_of the boss 118 so as to be in
seal ed circunscri bing engagenent mnth the pe?ﬂpheral surface of t he

dependi ng tubul ar shaft 24 0 124 "havin xiaI
opening 125 forned ther®® Qékﬁ??% ?ﬂ PV é&PFPe&noﬁ s "0
exert a circunfer et imdt yamnprmueaéeﬁcerenpi—bei@eaj Ii@.t:&ea] nbtahby

f d AR
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upper end of a shekédidad’lé othoxel the Ssusabptobhedd besstbgmhdnn&ethd The

h h 132 i f i ' ' 33 h f
whoh i s oppost (e T RothE ShEHhERRTER eReRREpcban dY8T S O
contained, with trﬁtqmnmdemmbtnia@pmmuvidnd femovnltbﬁgaobubb&rﬂhennncouple
Wres 134 from t hey {%{? 1g§h%9§@§1€£9np9£&i83t8§ Whel"83. Nwhizn %ras

axi ally di sposed |n a
. hereinbefore mentioned as being part of the drive

means 90, is provided with a circular base 200 to
which a nut 201 is dehountably attached, such as by
means of the illustrated threaded engagement, to hold
an index means 202 therebetween. The index means 202
preferably includes a pair of ring-shaped plates 203
and 204 which are in contiguous coaxial engagement
with each other. As shown in Figure 9, the upper
plate 203 has a notch formed in its peripheral edge
and the lower plate 204 has a similar notch. The two
plates 203 and 204 may be adjustably rotated relative
to each other so that the notches thereof
cooperatively form a slot 206 which is adjustably
variable as to its length. This adjustment feature
of the index means 202 is desirable to provide the
rotatable susceptor mechanism 20 with the capability
df_being repeatedly stopped at the same place,
i.e. home position, regardless of the rotational home
speed at which the mechanism is to be driven.
However an index means having a fixed size slot (not
shown) may be used whenever a single rotational home
speed is to be used, as will hereinafter be
described. _

The indgx means 202 is disposed so that the
variably sized slot 206 thereof is rotatably driven



fitting neans 138 on its upper end and having a nut 140 on its | ower end.
The tube 136 and its associated fitting 138 and nut 140, is used to instal
and hold the sheath 132 in the axial bore that is cooperatively forned by

t he bores of the 20 various conponents
whi ch make up the driveshaft assenbly 50. As shown, the fitting nmeans 138
Is threadingly attached to the depending boss 70 of the upper body portion
57 of the spindle 56, and a suitable Oring seal 142 is provided at the
junction of the fitting neans 138 and the boss 70 to prevent gas-|eakage
downwardl y 't hrough the tube 136 as will hereinafter be described. The | ower
end, that is, the nut 140 extends bel ow t he oggn bottom end of the spindle
56 and is used sinply as a tool for attaching the upper end fitting of the
tube to the boss 7Ghrough/s ghowmet BO7ufipghedl @nedhendbiFuridaeedhenidh ok32

extends fromthe bore 52 of the _rotation aft 51 u o, a blind
central cavity L¢4§(ﬁ?REPTrFYﬁgcﬁoab 'suigﬁcé BF°Fp€"§g§§b§p In this
way, the thernnccnuﬂarﬁfiBVﬁhJaSSﬂseabhe meuneﬁabub&a&ke&helwemhibhOEsthe
Susceptor 30, AN, prodkis e chERRERS o3, UiRhchl €3 1S ToublBe" T8
that the bifurcated end of the switch 208 extends
radially into the interior. of the housing 162 and
straddles the rotational path of the index means 202
of the position indicator wheel 88.

Reference is now made to the schematic wiring
diagram of PFigure 13 which shows the various
components which cooperatively form a control system
212 for driving the rqtétable substrate supporting
mechanism 20. First of all, a suitable programmable
input system 214, which is not bart of the -control
system 212, except for its supplying of-an input
signal having a predetermined time duration, is used
to adjustably determine, among other things, the
length of time of a mechanism cycle. The input
system 214 applies an inpu; signal, i.e. a voltage,
via a conductor 215 to a junction point 216 so that
the voltage is simultaneously applied by a conductor
217 to the first terminal of voltage comparator 218
and by a conductor 219 to a potentiometer P1. The
potentiometer Pl is adjustably set for determining
the normal rotational speed of the mechanism 20, in
otherﬁords, the input system 214 cannot drive the
mechanism 20 at speeds above that set by the
potentiometer P1l. The output voltage from the
potentiometer Pi ﬁrovides a first control signal
which is directed through a two position contactor
220 of a relaw R1 and through a resistive-capacitive
network 221 (RC) by'a conductor 222 which applies



thernmocoupl e 130 fornms part of a tenperature sensing systemof the
substrate supporting nmechanism 20 as will hereinafter be described in
detail. In that the sheath 132 is axially carried in the driveshaft
assenbly 50 as described above, it will rotate along with the driveshaft
assenbly. For this reason, a slip-ring neans 146 is provided on the | ower
end of the substrate supporting nechanism 20. The slip-=ring neans 146 is
commercially available fromthe I EC Corporation, 3100 Longhorn Boul evard,
Austin Texas 78759, and is a sealed unit iden2éfied as Mddel Ng. | ECFCS.
The slip-ring neans 146 has an axi al sleeve 148 therein which is coupled by
means of ’ that voltage to a suitable amplifider| 22BL noThet 150 to

The | ower reduced ARRied¥prkadh ncatfadied B8 & bohBhetariatd ta ough

the sleeve 148 of ttie stari-ablen@peshsDdAfotandlsdefopvdrieing othéhe sl eeve

the s1ipering meandriimeiadh Heine ot o S OAPLIRE gl SRebl 158 whicn | s

A second potentiometer P2 is used to apply an

adjustably variable voltage to the second input
terminal of the above mentioned voltage comparator
218. The comparator 218 .is non-conductive when the
voltage value from the input system 214 is above the
voltage value applied by the pdtentiometer P2. In
otherwords, when the voltage frop the input systenm
214 is at a relatively high value, for producing
normal rotational speed of the motor 194, the
comparator 218 pill be non-cénductive. However, when.
the voltage from the input system 214 begins to
decrease in value, indicative of an end of a cycle of
the mechanism 20, the comparator 218 will be enabled
when the voltage from the input system 214 drops in
value below that applied by the potentiometer P2.
When the comparator 218 is enabled, a voltage at its
output terminal will be coupled by conductor 225 to
the relay R1l, for energizing therecf. When Eﬁe relay
R1 is energized in this manner, it will move the two
position contactor 220 out of its normal position
into contact with the terminal 226, and
simultaneously close the normally open contactor 227
thereof. When the'two-position contactoxr 220 is
moved into contact with the terminal 226, the output
voltage from a third potentiometer P3 provides a
second control signal which is coupled through the RC
network 221, the amplifier 223 to the D.C. motor
194. The potentiometer P3 is adjustably set ﬁo a



coaxi ally di sposed between the inner sleeve 148 and the rotatable portion
154. The core 156 is fixed against rotation by neans of a flange 158 t hat

is suitably attached to the upper end of the core 156 and is al so attached-
by bolts 160 to the |ower end of a housing 162.. The thernocoupl e
wres 134 which extend fromthe sheath are connected by nmeans of a suitable
plug 164 to the wires 166 which extend fromthe rotatable outer portion 154
of the slip-ring means 146. The el ectric signal produced by the .
t hermocoupl e 130 is thereby transmtted via 9e wires 134 and 166 to the
rotatable portion of the slip-ring neans 146, and by the well known

Fecoi ved i n o 1 S O R Gl 34 688 CERfn Bllab6E SBhe CUERRL TG
fromthe core 156 “adue @fl reheof peenticmetemnll for rohetablyidpidigis of
171 "The housi ng 108 e ni Ad M 3 Aeudied, LS RMe ) dedar e ane 50
such as by means. of th&hsaphene amenhianed) sensogeswhtch7208hbsnann Fi gures
1 and 2, and the gdiled B L3 iHAUSThS 'O PhOO8Emt Pter diode 230
and "a normally open photoreceptor transistor 232 on
opposite sides of the index means 202 of the position
indicator wheel 88. When the slot 206 of the index
means 202 is rotated intO'positién between the
photoemitter diode 230 and the photoreceptor
transistor 232, impinging light will render the photo
transistor 232 conductive. When enabled in this way,
the supply voltage applied to the input terminal of
the photo trandistor 232 by conductor 234, will pass
through the contactor 227, which was closed upon
energization of the relay R1l, and will energize
another relay R2. When the relay Rlﬂis energized it
will close its contactor 236 which completes a
grounding circuit at the input of the amplifier 223
to drop the voltage at the input to zero thus
stopping the motor 194. :
The RC network 221 of the control system 212 is
a time constant circuit which is used to control
start-up and slow-down speeds of the rotational drive
. of the mechanism. In otherwords, the start-up and
slow-down speeds must not be too abrupt or the
substrate carried on the susceptor could be
dislodged. Thus, the RC network produces in a well
known manner, relatively smooth build-up or ramp, in
the applied voltages to the motor 194, and a
relatively smooth decrease or ramp, in those voltages
when they are being removed from the motor 194.



22. those sane figures. In that the reaction chanbers 22 and/or 26 are
provided with the dependi ng tubutar shafts 24 and 28 and the driveshaft
assenbly 51 is tubular, the rotatable substrate supporting nmechanism 20 is
provided with a purging system by which the reactant gas,- and deposition
material carried thereby, through the reaction chanber, will be prevented
fromflowng into the area bel ow the susceptor 30 and downwardly into the
mechani sm 20. As shown in Figure 3, the bearing nounting plate 110 is
- provided with a passage 176 one end of which opens into the bore 111
thereof, with the other end being provided we8h neans 178, such as the
fitting shown, for directing a suitable purge gas under elevated pressure
from an external sourcéwh¥&# theowwontred spstemr2l2lisoprelierbbayi ng

g Pt ot (A1 E8A T £hR ehO U hBTedBhohSBPYNEEY bD GRS B3 gol't O

t he bearing nDuntlng I S con ure ale an inverte
cup- shaped body ]iﬁﬂjQ$mﬁhbﬂyviﬁiatslptﬁvpﬁedheﬁmhchaniamuﬁau Gtowi21183

which aligns withyg Ja Qﬁng eﬂgsefnéﬁg P$§§ggaée§§x28rv iﬁlelng

t he purge gas there ron1 A ura I ncre |njec on
ports 184 extend fyoktage @nqn@%mggxesietess ladta$h9wn t gouhd baquydlBG

defined by the cup-shapgd PosdiedSda i Fhat FheFdi u;géggﬁfng ? rﬁgdly

the purge gas received in the cavity 186 w |
annul ar recess betRReVided réitledy ﬂ@ﬁﬁﬁhe?lapbﬁruERGrSSuﬁfaFHezéﬁlnnbe 56

and the upper’ end 3 &i€a St QE¥Er Se Ot ol BE b%ééysbéaisnsuﬁsaeeaﬁk The gas

received in that %ﬂggégirregggstgﬁéétLnghtg%Ogge susceptor and the
flow of gas through the reaction chamber 22 and/or ~
26, it is preferred that the susceptor be formed with
a non-smooth upper planar surface for positional
stability of the substrate. In a first modified
susceptor 30A shown in FIG. 7, 'a circular central
recessed area 242 is provided for receiving a
substrate and retaining it in the desired position
within a circular rim 244. In a second modified
susceptor 30B shown in FIG. 8, the upper surface 246
has a plurality of concentric grooves 248 of varying
diameters, and a plurality of radially extending -
channels 250 formed therein. The groobes 248 and
channel 250 cooperatively interact to allow the free
flow of gasses between the substrate and the
susceptor during placement and removal of the
substrate to prevent undesired slipping movement of
the substrate. .

As hereinbefore mentiohed, the substrate
supporting mechanism 20 includes a temperature
sensing system with the hereinbefore describeé heat
sensing means 130 forming a part thereof. The
temperature seﬁsing system further includes a fixed
ring structure 252 which is supported in



23 passages 72 of the spindle 56 into the bore 62 of the spindle. By
vittue of the Oring seal 142 which sealingly separates the |ower end of
the bore of the driveshaft assenbly 51 fromthe upper end thereof, the
purge gas received fromthe passages 72 will flow upwardly in the bore 62
of the spindle 56 into the bore 52 of the rotation shaft 51. In that the
top end of the rotation shaft 51 is open so that the thernocoupl e sheath
132 can extend therefromto the susceptor 30, upwardly flow ng purge gas
will exit the rotation shaft 51 under the central portion of the susceptor
30. The gas restrictor housing 180 furth%r I ncl udes a boss 188 which
extends axially upwardly fromthe cup-shaped Body 182 and defines a bore

190 through which the rotati shaft 51 gxially extends. .The outside

di aneter of the rOTQP?gﬂ“?%ﬁi?YSfuf§°§H€FP€r SRR S FEE ﬁﬂ%ﬁhﬁ&ﬂ of
the bore 190 to preglaeiee Bonther syareprerclol.wedhe THowelstrmctaee 352 t he
purge gas received,in_the c?vit 186 mﬁla fl ow upwar dl .thr%ﬁ h L&_t
annul ar gap into thd BYPROBFednAn WRHRIaly, spacss gelatrigns Peact i on
chanbers 22 or 26, ragpetbatogahenblolt tiomowurfaried23 ioxt @7t o€ the

reaction chambers 22 or 26 by a stand.254 which is
preferably formed of transparent material. The stand
254 as best seen in FIG. 6, has a multi-sided
substantially ring-shaped rail 256 having depending.
feet 258 for resting on the bottom surface of the
reaction chamber and upstanding pins 260 for
supporting the ring structure 252 in a fixed non-
rotating position. . Although the stand 254 is shown
as being of a fixed height relative to the bottom
surface of the reaction chamber(s), that height may
~be change such at the time of manufacture, by
employing feet and/or pins of different lengths.

As shown in FIGs. 4 and 5, the fixed ring
structure 252 includes an inner ring body 262 and an
outer ring body 264 which cooperatively define an
annular passage 266 about the ring structure. In the
illustrated embodiment, three temperature sensing
means 268, 270, and 272 are shown as being disposed
at various locations in the annular passage 266 of
the ring structure 252. It will be understood that
as few as one temperature sensing means can be
employed or a multiplicity can be used as necessary
to achieve the desired temperature sensing
capability. It has been found that in horizontal
flow reaction chambers, such as the one indicated at
22 in FIG. 1, the three temperature sensing means
268, 270, and 272 provide ideal temperature sensing
capabilities when used in conjunction with the



area bel ow t he susceptor 30. A suitable bracket neans 192 is nounted so
as to depend fromthe support plate 33 and a vari abl e speed DC notor 194 is
carried by the bracket. A drive pulley 195 is nounted on the output shaft
196 of the notor, and a belt 198 is enployed to transmt rotary power from
the DC notor 194 to the driven pulley 86 carried on the driveshaft assenbly
50 of the substrate supporting nmechani sm 20.

24 As indicated in phantomlines in Figure 4, nost, if not all,
substrates are provided with a notch 199 for orientation purposes. For this
reason, it is desirable that the susceptor 30 be stopped at the sane point

inits rotation each tine_that it,is stopped for placenent and rig%val of a
substrate. Therefe¥evienslpodesreibed renpsrakize se8sifg BFaRgs 199.

her ei nbef ore mentignedassabenpypene afroWeadai ia PIEns 490 thies gasovi ded
wth a circular base 200 to which,a put 201,is denoyntgbly att.gached, such
as by means of tHEAFFY¥ EﬁrSPdeFﬁFﬁﬁaeéegﬂ§§§éﬁﬁnPF G%ﬁ&%h §ﬁiﬁn%gfmheans
202 therebet ween. adRgssNERE PFEAGSsLPdcpuebenshl in ackdidestiopaifron. .
ring-shaped plat &g, 205 and, 204 101 40r25°5" RO 1043y GHB 7SRRI
| trailing edge 278. The temperature sensing means - 268
is located at the leading edge 276 to sense the
temperature at that- point. The. temperature sensor
means 130 will, as hereinbefore described, sense the
temperatures at the center of the rotatable susceptor
20, and the other two temperature sensor means 270
and 272 will sense the temperature proximate the .-
trailing edge 278 of the ring structure 252. The
tempefature sensing means 268, 270, and ?72 are
preferably of the same configuration as the -
previously described temperature sensor means 130.
That is, the temperature sensor means are in the
preferred form of thermocouples each of which is
mounted in a sheath 280 of transparent material. The
sheaths 280 of each of the thermocouples 268, 270,
and 272 are of elongated configuration and extend
from the ring structure 252 via suitable apertures
282, 283, and 284 formed through the outer ring body
264. In this way, the conductive wires 286, 288, and
290 of the thermocouples 268, 270, and 272~ el
respectively, extend out of the hostile environment: -
of the susceptor 20 and ring structure 252. The
electric signals produced by the Ehermocouples 120,
268, 270, and 272 are coupled to a suitable
temperature control device (not shown) which forms no
part of the substrate supporting mechanism 20 of this

invention.



wi th each other. As shown in Figure 9, the upper plate 203 has a notch
formed in its peripheral edge and the |ower plate 204 has a sinilar notch.
The two plates 203 and 204 nmay be adjustably rotated relative to each other
so.that the notches thereof cooperatively forma slot 206 which is
adjustably variable as to its l'ength. .This adjustnment feature of the index
nmeans 202 is desirable to provide the rotatable susceptor nmechanism 20 with
the capability of being repeatedly stopped at the sane place, i.e. hone
position, regardl ess of the rotational hone eed at which the nmechanismis
to be driven. However an index neans having a fixed size slot (not shown)

may be used whenever a_si rég__le%crecl)_tiast !no lmi@ﬁé%ﬁél i.ss?ilagpggegxslgg as wll

herei nafter be describgﬁf he i'ndex neans 1tzhat t he
vari ably sized sl ghe2@fnt her auidiifsiedtfxinablof kkhieerotatable substrate

25 through a grogye 207 Loy tRdyldhitdie 4 4R She"fsOhndsageagr v toh
generally by the reference numeral 20A. The :
mechanism 20A is essentially the same as the
previously described mechanism and has a modified
form of.gas restrictor housing 294 mounted in the
bore 111 of the bearing seal mounting plate 110. The
gas restrictor housing 294 has an inverted cup-
shaped body 296 with the annular groove 298 and
injection ports 299 for receivihg the purge gas from .
the passage 176 of the seal mounting plate 110. The
‘purge gas is directed into the downwardly opening
cavity 300 of ‘the gas restrictor housing 294, for
-movement downwardly and then upwardly into the bore
52 of the rotation shaft 51 in the manner
hereinbefdfe_fully described with reference to the
mechanism 20. The modified gas restrictor housing
294 of the mechanism 20A has an elongated tube 302
extending axially upwardly therefrom. The rotation
shaft 51 extends axially through the tube 302 which
is sized io provide an annular gap 304 between the
outside diameter of the rotation shaft 51 and the
inside diameter of the tube 302 of the gas restrictor
housing 294. Therefore some of the purge gas
received in the cavity 300 of the gas restrictor
housing 294 will flow upwardly through the annular
gap 304 and emerge from the tube 302 below the
susceptor 30.

The upperﬁost end of the tube 302 of the gas
restrictor housing 294 is suitably configured to
carry a stand means 306 preferably of transparent



carried in a suitable nmounting bracket 210 which is bolted or otherw se
attached to the housing 162 so that the bifurcated end of the switch 208
extends radially into the interior, of the housing 162 and straddles the
rotational path of the index neans 202 of the position indicator wheel 88.
Ref erence is now made to the schematic.w ring diagramof Figure 13 which
shows the various conponents which cooperatggely forma control system 212
for driving the rotatabl e substrate supporting mechanism 20. First of all,

a suitabl e progrygEdia PEn i@ e, rihgCBtikackakePast &l the control
o edot er i hed £ 1 MERRRRAEdm. The (RG] PPaBRas LB JTHIE8eH Redigtong of h
predeterm ned ti : s e, ng ot her
things, the |engidhdfed ivBuY 308 oPimgsatcyehet theeenpuinsspaem 214
applies an input signal, i.e. a yoltage, vja ? %gnductor %5.to a junction
poi nt 216 so trwue%qﬂPQRﬂQe&ﬂ9F%£éﬁﬂvlt%ﬂﬁbu? y “&Fp R B§ atSonduct or. 217
to the first tergpsdiddd wilmoen coppeanddng?pinaddibypancahdett @he219 to a
potenti onmeter Pl. The polentioneterﬁglaéﬁ adj ustahl v, set for determ ning
chiafi

the normal rotatifH8d PG TFrERES &ih 585 5HF6t herwor ds, the i nput
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conduct or 222 Mhigghémgiéggture 252 and the temperature sensing means
268, 270, and 272 (FIG. 4) carried thereby, are
vertically adjustable along with -the susceptor 30 as
hereinbefofe described with reference to the
mechanism 20. ' )

The modified form of substrate supporting
mechanism 20A further includes a modified coupling
.blate 312 which, as in the case of the previously
described cqupling-piate 114, is free to float into
aligning relationship with the bearing mounting plate
110 and the depending tubular shaft 24 and/or 28 of
the reaction chamber 22 or 26. The coupling plate
312 is provided with an axi;ily upwardly extending

" externally threaded boss 314 defining an axial bore
316. Th; clamping nut 124, is Ehreadingly carried on
the boss 314 for exerting a circumferentially
compressive force on the O-ring seal 122 by virtue of
the compression ring 126Jc§;%ied in the clamping nut
124. Purge gas, from an ‘external source is supplied
to . a passage 318 formed in the coupling hlate 312
such as through a suitable fitting means 320 so that
the purge gas is directed into the counterbored lower
end 322 of the coupling plate 312 and will flow



26 that voltage to a suitable anplifier 223. The anplified voltage is
directed by a conductor 224 to the vari able speed DC notor 194 for driving
the driveshaft neans at a relatively high speed. A second
potentionmeter P2 is used to apply an adjustably variable voltage to the
second i nput term nal of the above nmentioned voltage conparator 218. The
conparator 218 i s non-conductive when the voltage value fromthe input
system 214 i s above the voltage val ue applied by the potentionmeter P2. In
ot herwords, when the voltage fromthe inputgsystem 214 is at a relatively
hi gh val ue, for producing normal rotational speed of the notor 194, the
conparator 218 waphab@lPofinCeRdUahhvudarti@pRieay 32 dBetvden Wald age fromthe

i nput system 214 _begi to decrease in value, indicative of an end of a
cycle of the macﬂﬁﬂggai?@, tPﬁBEBGnﬁEP&%abﬁ 1o, Fhs AR ARFIRRen t he
vol tage from t hechapbbersgat ot 264 dhdothien eddnia ] ubaBon Y iwee by the _

potentioneter P2. When the conparatqr 2 Is enabled, a voltage at its
out put terninal ﬁf?|rﬁéE666§P€d s&&ﬁhé@@br 225 to the relay R1, for

energi zi ng thereof. VYRarefiere¢l dy Bhe modidigia eribgtrdties stpparting Wil |
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a .
upstanding tube 302 of the gas restrictor housing

294, and through the annular space 324 discussed
above. .

The free floating coupling plate 114 of the
first embodiment of the present invention was
described as being bolted in a fixed position
subsequent to its having been positioned in the
desired aligned position. In many reaction chamber
installations, such bolting in place may not be able
to be accomplished due to the inability to reach the
necessary points for accomplishing such bolting.
Therefore, the modified mechanism 20A is shown as
including an automatic clamping device 326.

The clamping device 326 includes a lever 328
which. is pivotably carried on a suitable pin 330.
The pivot pin.330 is mounted in clevis 332 which is

~ mounted atop the support plate 33A, and a depending
lug 334 is mounted on the lever 328 with the pivot
pin 330 passing through a suipable aperture provided
in the lug. One end 336 of the lever 328 extends
away from the mechanism 20A and a suitable adjustment
screw assembly 338 is carried in that end 336 of the
lever. An electrically, pneumatically, or otherwise
operated actuator mechanism 340 is mounted in the



second control signal which is coupled through the RC network 221, the
anmplifier 223 to the D.C. notor 194. The potentioneter P3 is adjustably set

to a ' 27 voltage value which is |ess
than that of the output value of the potentioneter Pl for rotatably
driving the mechanism 20 at a reduced, or "hone" speed. The above

menti oned sensor switch 208 is an optical device including a photoemtter
di ode 230 and a nornally open photoreceptor 3@gransi stor 232 on opposite
sides of the index nmeans 202 of the position indicator wheel 88. Wuen the
slot 206 of the iggsyoreapla?@2ana, ahat 8¢ opeFadlds tfomn extiendmg and
photoemi tter diode 230 and the photoreceptor tra SiStQHﬁgi% i3§4n I ng
light will renderre¢hEagkeépg mPYETEL-P ZQQ a§ O @RV en inthis

way, the supply vgbtageeapplueth he falte thepbegitminplobfan tpearattional

transistor 232 by copductor 234, wil| ss_through t contactor, 7. which
was closed upon eRBFHRzaPFofYSeEHe Ofel C%éﬁ%%ﬂ hjl‘;‘OAe'ner]‘:trtlgel A gtﬁfer-

relay R2. Wien thgifneBap Rilils mowe giozddsi ﬁ.l\’MdsItnaquzia exterstz@ act or 236
which compl etes 2 grounding of (SWducd' o Aot ticiYciied BV o 223
movement of the lever 328, as viewed in FIG. 10.

The other end 344 of the lever 328 is bifurcated
to pra;ide a pair of spaced apart arms 346 which are
stradlingly disposed on diametrically opposed sides
of the upwardly extending boss 314 of the coupling
plate 312. Each of the arms 346.is provided with a
depending pin 348 which will bear down on the
coupling plate 312 when the lever 328 is pivotably
moved in the manner hereinbefore described.. When the
clamping force is applied to the.coupling plate 312 a
-comﬁressive force will be applied ;o'the O-ring seals
350 to prevent gas leakage between the coupling plate
312 and the bearing mounting plate 110.

Reference is now made to FIG. 14 wherein a
modified form of the rotatable substrate supporting -
mechanism is shown with the modified configuration
being indicated in its entirety by the reference
numeral 20B.. The mechanism 20B, which may be
identical to the hereinbefore described mechanisms 20
or 20A with the exception of the changes discussed
beléw,'inclﬁdes-a modified susceptor 30B which is
provided with a central aperture 360 rather than the
blind cavity 144 mentionéd in the previous
émbodiments; - The driveshaft assembly 50B includes
the rotation shaft 51 with a modified spindle 56B.
The spindle 56B includes the upper portion 57 and a



to drop the voltage at the input to zero thus stopping the notor 194.

The RC network 221 of the control system 212 is a tine constant circuit
which is used to control start-up and sl ow down speeds of the rotational
drive of the nmechanism In otherwrds, the start-up and sl ow down speeds
must not be too abrupt or the substrate carried on the susceptor could be
di sl odged. Thus, the RC network produces in a well known manner, relatively
snooth build-up or ranp, in the applied voltages to the notor 194, and a
relatively snmooth decrease or ranp, in those voltages when they are being
renoved fromthe notor 194. 35

Wiile the control system 212 is preferably provided with the potentioneters
P1, P2 and P3 for nedifdedpleves: poxitiony 5B thdakeditia deRendingihosspe

under stood than i RgabYR iﬁQ'i%%hkoﬁ%dfwﬁﬁ%$‘ﬁﬂ‘é&ﬁ@¥ﬁéﬂ¥§‘¥ﬂ¥&ﬁ&&h
resistors (not shown) could be used As Iindicated in FIG 6, the

susceptor 30 may H@°EPOV|ded with a snooth pl anar upper surface 240 upon
which a substrate to benar @¢8%%c@hia¥ tS WAL SoFAeritles G 014Dt ati on

of the susceptor and the
passage 364 which in this embodiment, is used for
the transmission of radiated heat from the center of
the substrate 32 and is, therefore left open. The
radiated heat enters the axial bore, or passage, 364
through the central aperture 360 of the susceptor
30B, and is transmitted by radiation to a window
means 366 which is carried on the depending boss 362
of the drive shaft assembly 50B. A suitable mounting
means 368, such as the illustrated nut, is used to -
mount the window means 366 on the drive shaft
~ assembly for rotation therewith. The window means
.366 includes a lens 370 which is formed of a material
such as magnesium to the particular wavelength of
_ radiated heat and are not dependent on the
temperature for their transparency. The lens 370 is
mounted in a suitable ring 372 and is carried by the
mounting means 368 with a suitable O-ring gasket 374
is employed to prevent the passage of purge gas
around the window means 366. The radiated heat
passing through the window means 366 is sensed by a
radiation pyrometer 376'of a type well known in the
art, which produces an electric signal indicative of
the sensed temperature.
While the principles of the invention have now
been made clear in the illustrated embodiments,
¢ there will be immediatély obvious to thdsq skilled in
the art, many modifications of structure,

arrangements, proportions, the elements, materials



fl ow of gas through the reaction chanber 22 and/or 26, it is preferred that
t-he susceptor be forned with a non-snooth upper planar surface for
positional stability of the substrate. Ina first nodified susceptor 30A
shown in FI'G 7, a circular central recessed area 242 is provided for
receiving a substrate and retaining it in the desired position within a
circular rim244. In a second nodified susceptor 30B shown in FIG 8, the
upper surface 246 has a plurality of concedbric grooves .248 of varying
dianeters, and a pJurality of radially extendi ng,channels 250 formed
Cher ol n. - The oAStk GORRRRERES CaRcIHoEhe CBERELAEP BEy thA SRYEACLONaI | ow
tlhe freet fl ow Ofar@&?ﬂﬁefﬁﬁ]w;envtt)ﬁ?%fdbtstbai:eiaﬁ!lairhlg saaﬁgaafgoéyri ng
pl acement and renoval_.o e, substrate revent undesirted slipping
Toverent of 1 he SARAELR Evitonnenfa, spfLEPETECHeN: FARBITERABE Uba  at e
supporting mechadithioul) desareingaftonpehaser prineiplgssystre with the
her ei nbef ore descri?gﬁg?qﬁi §$nsing gﬁans 130 to&niag a gart t hereqf. The
tenperature sen$PR§ STH3HPT h3F S| hBPREERTS +RYERIPR§OsCPVeF uRrRADS)
whi ch i s supporiembriace any such modifications within the limits only

' of the true spirit and scope of the invention.



29 substantially surr rng concentric relationship relative to the

susceptorrlmmm ' ucture 252 is supported in upwardly spaced
relations ' ﬂ"'ygﬂlﬁ"'!ro the bottom surface 23 or 27 of the reaction
chambers 22 of 26 by & skand 254 which is preferably formed of transparent
nmeterial. The stand 254 as best seen in FIG 6, has a nulti-sided

subst anti al Ié(lg_' |l -shaped rail 256 havi ng depending. feet 258 for resting
on the bottof=Strfrace of the reaction chanber and upstanding pins 260 for
supporting the rji ng u [ figxed s LAt afrk P RSG5

Al t hough the sté_Ln'd 254 i%bgﬁg?mgégés eei%ngleé? a, ixlﬁqhg?%jﬁ?rrg%g%%\%glfg t%fe
bot t om sur MRtEeTIR k%O SSLEALERaRHNER (25, seRigonBIhar Fafer8. cRameErlising:
at the tinme of manuf act gitculyr enphbytagtigtly apllanar pisusceptorf eranly an

| engt hs. As shown in FIGs. 4 a the fixed ri ctuyre 252 .
neludes an | nndPRTAUBAAGe R SERTERTAN EFCH TR S AN EhE Ehmical
cooper ativel y de¥eposihiicanpukpespassand 266 about the ring structure. In

the illustrated enbod] RiceptBresih8 PRt Nife SEIPH A TR20R 3880 SUSeeittSl

272 are shown as bejng disposed at, Vvarious chst{lon i n the annul gr passarge
266 of the ringRAiRG ufB ZJgper (digmeter SIdGPELEoLANEAT LRFRWERE SRRte
t enper at ure sendimeteanofcaaillesaspépyerl 06 enahlld ithe posytianibhe of eshibd
necessary to achi.ev ir | Lh I L.
been ound ¢ hat HinthSthsteze’ Hl bPRESALLLELY Ahc¥AeRAR RE b don il e
i ndi cated at 22 susqeEptor] andHeo Eemabd e 8apdr P LEIH EPne metasedoghibg (the
and 272 provide ﬁi@ﬁflsﬁﬁ{m&t Yls€ FI&RSI, NA neaRARhY| hi pSsBAgE ES6LUsupporting

conjunction with the .
J one or more sensors close to the periphery of the susceptor to

monitor the temperature adjacent the periphery of the

susceptor.

2. The apparatus of Claim 1, wherein said passage is annular
and said ring structure includes one or more apertures for
inserting sensors into said passage.

3. The apparatus of Claim 2, wherein said apertures include
an aperture on a side of said ring structure for inserting a sensor
to a location at a leading edge of the ring structure, with respect
to the direction of gaseous flow across the ring structure, an

- aperture for positioning a sensor at a trailing edge of said
susceptor spaced about 180° from the leading edge, and an aperture
for positioning a sensor in the passage at a location between the
leading and trailing edges.

4. The apparatus of Claim 1, wherein said ring structure
includes an inner ring body and an outer ring body which
cooperatively define said passage.

5. The apparatus of Claim 4, wherein said inner ring body
has an inner, imperforate annular vertical wall and an imperforate,
annular, radially extending horizontal wall, and said outer ring
body engages a surface of said horizontal wall and includes a
vertical, outer, annular wall with one or more apertures formed
therein for inserting sensors into said passage. '

6. The apparatus of any of Claims 1-5 and 13, wherein said

ring structure includes one or more recesses in a lower surface for



will fl*rowtac¥oss tshesring structure 252 in a direction from. what may be

considered as the | eading edge 276 to the trailing edge 278. The

t enperature sensing neana 268 is | ocated at 38he | eadi ng edge 276 to sense

the tenperature at that-point. The tenperature sensor neans 130 wll, as

her ei nbef ore descri bed, sense the tenperatures at the center of the

r2 (7)t2 at a:a: e s-u&e&ptgﬁg dfe endndie upwaadliyvextenPinaipirms tgw&emoﬂshny sifgbaand
Wi sen t Latyr X} . f.he trai bl edge 278 of the rin

structure %gig tr‘]'ﬁg ?’g’eﬁ%é?ia ursgségnaéél%seln%%%s Jﬁ%@!be go, gnd 272 are °

preferably of tfAe safbheceppayatusioh any t9fe GFedmsodsPyandss?; belgerein said

tenper at ur g,3888ebrTERAS b3Q .dPaAmors. AdedRUECiAl Ut® SESREF BRRR&cAl §d |
the -preferred fo&r of therr.mcouglis eac I n a sheath

H;glof whi %h 1.5_nmount ed

280 of traRSPAVERLYEESPEXINITRE L7Rak Hhza) Upetandingr PRER % FRRAT DG

268, 270, sadd?giseeptofr.el ongated configuration and extend fromthe ring

Structure 202 vid sUrh@dlBranakly O Bhaikfs 807130 dRnRYnG P Wikt
spider having a central hub with a plurality of spaced radially

30 pm [ med tenperature sensing nmeans 130. As indicated by the
arrow Hm"ml’l nEHII he gas carrying the desired deposition materials,

extending arms with upstanding pegs which fit into said recesses.

9. The apparatus of any of Claims 1-8, wherein said
susceptor upper surface is generally non-smooth. ' '

10. The apparatus of any of Claims 1-9, wherein said
susceptor has a central recess in its upper surface for receiving
and retaining a substrate within a rim.

11. The apparatus of any of Claims 1-10, wherein said
susceptor upper surface has a plurality of grooves and channels
which cooperatively interact to allow the free flow of gases
between the substrate and the susceptor.

12. Chemical vapor deposition apparatus comprising a
generally circular substantially planar susceptor having an upper
surface for centrally receiving a substrate for deposition
purposes, said upper surface having a plurality of grooves and
channels that cooperatively interact to allow the free flow of
gases between the substrate and the susceptor.

13. Chemical vapor deposition apparatus comprising a separate
ring structure for positioning in concentric relation with a
susceptor adapted to receive a substrate for deposition purposes,
said ring structure having an annular passage about said ring
structure, and apertures leading into said passage for receiving
and supporting one or more sensors for monitoring the temperature
adjacent the periphery of the susceptor.



264. In this way, the conductive wires 286, 288, and 290 of the
t.her nocoupl es 268, 270, and 272 respectively, extend out of the hostile
envi ronnent of the susceptor 20 and ring strycture 252. The electric
signal s produced by the thernocouples 120, 268, 270, and 272 are coupled to
a- suitabl e tenperature control device (not shown) MhiChTf@%ﬁﬁjﬂﬂ:ggff“ﬁf
the substrate supporting mechani sm 20 of this inventionliis SHEET HAS BEEN
31 Reference is now made to FIGs. 1Qpsifaapd 12 hher eiREPAAGEDI i ed
formof the rotatable substrate supporting nechani smi S SHown and 1S
I ndi cat ed gqqﬁ%agéy q§ t he reference nuneral 20A. The mechani sm 20A is
essential |y tfe WHRNTION He SHTAAGUATY aRAATA WY Uhech £0s mhamd ciads vapor
nodi fi ed fordepafs iaionr @t i actieari 19 Mok bt mavet adidhn dshe diacenbilittef the
beari ng seala rgi late 110. The gas restrictor housing 294 has an
I nverted cu&- shape §HQSQ§§'mdth t he annul ar groove 298 and i njection
or LS. 200 for T eoel VLRg L g P 06 o {811} NB1RASS WD HEVERS! u
upper surface for centrally receiving a substrate for chemical

deposition purposes; and

a susceptor rihg structure separate from said susceptor
having an inner diameter slightly larger than the outer
diameter of said susceptor to enable the positioning of said
ring structure in substantially concentric relation with the
susceptor and to enable said susceptor to be rotated while the
ring structure is fixed, including a passage for supporting
one or more sensors close to the periphery of the suéceptor to
monitor the temperature adjécent the periphery of the

susceptor.

This gp,

/ /II/I///III// ///I?I?/ii]ced



purge gas is directed into the downwardly opening cavity 300 of the gas
restrictor housing 294, for novenent downwardly and then upwardly into the
bore 52 of the rotation shaft 51 in the manner hereinbefore fully described
with reference to the nechani sm 20. The nodified gas restrictor housing 294
pf the mechani sm 20A has an el ongated tube 302 extending axially upwardly
therefrom The rotation shaft 51 extends axially through the tube 302 which
is sized to provide an annul ar gap 304i/Bet ween t he outside dianeter of the
rotation shaft 51 and the inside dianetier of the tube 302 of the gas
restrictor housing 294. Therefore soneJof the purge gas received in the
cavity 300 of the gas restrictor housirlg 294 will flow Upardly through the
annul ar gap 304 and energe fromthe tulde ) bel ow t Me susceptor 30.

The uppernost end of the X j ng 294 is
suitably configured to carry — 1 p¥@f erably off transparent
32 material upon whic ry : e 2 S su?g?rted. e stand
means 306 includes a disd sha ' SarFeast thrde arns 310
extending therefrom Each : .
254 44 : 256 23
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provi ded with an upstandi ng pin 311 upon which the fixed ring structure 252
s carried. By mounting the ring structure 252 on the stand neans 306,
rather than the stand 254 of the nechani sm 20, the stand nmeans 306, and
thereby the ring structure 252 and the tenperature sensing neans 268, 270,
and 272 (FIG 4) carried thereby, are vertically adjustable along with the
susceptor 30 as herei nbefore described with reference to the nmechani sm 20.
The nodified formof substrate supporting n8hani sm 20A further includes a
nodi fied coupling plate 312 which, as in the case of the previously

descri bed coupling plate 114, i ree 0 I gni ng rel ationship
with the bearing nounting plate 10 and t hg dependi n@g4 t ubul ar shaft 24
and/ or 28 of the reaction chanb 22 or 26. The coupliing plate 312 is

provided with an axially upwardlfy extendi ng external f thr@aded boss 314
defining an axial bore 316. The gl anpi ng nut 124, is hrea ingly carried on.
the boss 314 for exerting a cirgynferentially conpre force on the

Oring seal 122 by virtue of thg{conpressign ring 12 carrled in the

cl anpi ng nut 124. Purge gas, fr an ggger al ggugge s supplied to a
passage 318 fornmed in the coupli pl at e asp hrough a suitable

t he counterbored

A

fitting neans 320 so that the
| ower end 322 of the coupling

25 t a4 . 27 "256

178, (/3 - ,2:/
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33 wupwardly in the annul ar space 324 between the dependi ng tubul ar shaft
24" or 28 of the reaction chanber 22 or 26, and the el ongated tube 302 of
the gas restrictor housing 294. Therefore, in the nodified substrate
supporting mechani sm 20A the purging gas will flow upwardly through the
rotation shaft 51, through the annular gag,$04 between the rotation shaft
51 and the upstanding tube 302 of ghe, gas 3@st ey housi ng 294, and
through the annul ar space 324 floating

coupling plate 11’4‘ ~RER > ention was
- described as befiRy e9sd P BAA i t pitaschavi ng been
" positioned in p :To‘n N e - hanmber
i nstal lations, su (AT A AN DY fhofz . i shed due
to the inability tou e Shid g s for @l i ¥sgng such
bolting. Therefore, fhe nodi fie _ g,28shown as i ncluding an
automatic clanping device 326. 125_y g devi ce 326 include
| ever 328 which is.pivotably c#ffy . @2 pin 330. The pi ? pin
330 is mounted in clevis 332 s 1 ajap ths ,wpport e 33A
and a depending lug 334 & n@ : t ot pin 330
passi ng through 78 uf@pbl _ ] I,ded I}& ﬁ}r%l 336 of the
| ever 328 extends—tvEe: - ¥/ altte a9 ust nent
screw assenbl ye WA 14 27 bio ;3 - /06
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| ever. An electrically, pneumatically, or otherw se operated actuator
mechani sm 340 is nmounted in the : 34
support plate 33A, and is operable for extending and retracting novenent of
an actuator pin 342. Wen actuated, such as at the beginning of an
operational cycle, or cycles, of the'nechgq;sn120A, the actuator pin 342

will nove to its illustrated extended pgsis and produce a

countercl ockwi se pivot novenment of the&essaggar 328, ag vagyedn FIG 10.

The other énd 344 of the | ever Aot ?Q# N/ OV i | pair of
spaced apart arnms 346 which are N [ trically
opposed sides of the upwardly ext=&Qing Y ling plate 312.
Each of the arms 346 is provided W a depenzE=EE=4) ijch wi Il bear
down on the coupling plate 312 whep=is ei=="r—-2% qa\ y noved in the
manner herei nbefore described.. ) e il plied to the
coupling plate 312 a conpressi V£ i) PIRUN % O-ring seals
350 to prevent gas | eakage bet ’ : t he bearing
nounting plate 110. Ref er ¢ rein a

nodi fied form of the rotatabl el Nis shown with

the nodified configuration

Frso7/



being indicated in its entirety by the reference nuneral 20B. The
mechani sm 20B, which nay be identical to the hereinbefore described
mechani sms 20 or 20A with the exception of the changes discussed bel ow,
i ncludes a nodified susceptor 30B which is provided with a central aperture
360 rather than the blind cavity 144 nentipged in the previous enbodi nents.
The driveshaft assenbly 50B i ncludes the fotation shaft 51 with a nodified
spi ndl e 56B. The spindle 56B includes the|upper portion 57 and a
35 nodified |l ower portion 58B which has gpending boss 362 on its | ower
end which is externally threaded as shown The drive shaft assenbly
50B defines an axi al passage 364 which in this enbodinent, is used for the
transmi ssion of radiated heat from t&& cent §F 2é4€ substrate 32 and is,
therefore left open. The radiated . e Ea% bore, or passage,
364 through the central aperturg r-30B, and is
| transmtted by radiation to : carried on the
dependi ng boss 362 of the j abl e nounti ng
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means 368, such as the illustrated nut, is used to nmount the w ndow neans
366 on the drive shaft assenbly for rotation therewth. The w ndow neans
366 includes a lens 370 which is forned of a material such as nagnesiumto
the particular wavel ength of radiated heat and are not dependent on the
tenperature for their transparency. Theghgns 370 is nounted in a suitable

ring 372 and is carrl?,.%zthe m)uw nwgean 4368 vmyb a suitable Oring

gasket 374 is enplo ed to preye . ound t he
w ndow neand 866 ,)’-‘}} means2366 i s
I,

sensed by a-tadiatio
produces an

Wil e the principles of thmai
illustrated enb D RER S S NTECES TR
in the art, many nodifications 030
el enent s, naterlals 304
used in the practice of the |nvent|o

adapted for specific environnment
departing fromthose principles. )Th

ar r a g&gent S, B&%ﬁ)l’t i ons, the

, 36 and conponents
ef%ﬁse, which are particularly
ofi24 equi renment s wi t hout
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appended clains are therefore intended to cover and enbrace any such

nodi fications within the limts only of the true spirit and scope of the

i nvention. 37 Cl ai s 1. An apparatus used for chem ca
vapor deposition of materials on substrates such as sem conductor wafers,
conpri sing: a circular, substantially planar susceptor having an
upper surface for centrally receiving a substrate for chem cal

deposi tion purposes; and a susceptor ring structure separate from
sai d susceptor havi ng an inner dianeter slightly larger than the outer
di anmeter of said susceptor to enable the g?gitioning.of sai d ring
structure in substantially concentric relation with the suscept or and
to enabl e said susceptor to be rotated while the ring structure is
fixed, including a passage for supporting one or nore sensors close to
t he periphery of the susceptor to nonitor the tenperature adjacent the
peri phery of the susceptor. 2. The apparatus of Caiml,

wherein said passage is angular and said ring réﬂt ture includes one
or nore apertures for iﬁgg%iing sensors i nyp eh\passage. 3 The
appar atus of d ai mvZ, _ said ap

of said ring structure fjr '
edge of the ring structuL
across the ring structur

ertures ingl uge fn aperture on a side
} a<l ogation at a |eading
F ection of gaseous flow

|'th resg
n
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aperture for positioning a sensor at a trailing edge of said susceptor
spaced about 180[err] fromthe | eading edge, and an aperture for
positioning a sensor in the passage at a | ocation between the | eading and -

trailing edges. 4, The apparatus of Caim1, wherein said ring
sfructure includes an inner ring body and an outer ring body which
cooperatively define said passage. S The apparatus of Caim 4,
wherein said inner ring body has an inner, Bfferforate annular verti cal
wal | and an inperforate, annular, radially extending horizontal wall, and
sai d outer ring body engages #surface of said @zontal wall and includes
a vertical, outer, annular _ X herein
for inserting sensors int - ks any of
Clainms 1-5 and 13, whergein shi dgpi st s ol nor
recesses in a | ower suﬁﬁﬁbég$or =11 W =/ ‘208 38
recei ving one or nore upwardl yWeRie NSHtAr pport said
ring within a vapor deposition chamber. A52 e appar éygapf any of
Clainms 1-6 and 12, wherein said susceptor re recedsses inits
| ower surface for renovably receiving at | g 2% &8di ng pegs for
supporti.ng said susceptor. 8. The ar f/ /2g8 7 or 12,
i ncludi ng a support spider having a cent h a plurality of spaced
radially extending arnms with upstanding gs i t’}+ﬁﬁksaid recesses.
9. The apparatus of any of Qarme 1 S Wi | :
208 AT
!66 o o}
: ! BO
NA 7
< A
2 ARE
\ ) 80
72_YRs ~
57 &/
s68_//%
_ 82
NV
S588 364 i 508
86 _
N N .
N 2
~_g2
‘-\
92

a7/ %/—374

36 N ; NG
370 =X L 372
l———o

376 1 PYROMETER

_FI = ¢:714 ————0




Susceptor upper surface is generally non-snooth. 10. The apparat
of any of Caims 1-9, wherein said susceptor: has a central recéggaﬁé??%g
upper surface for receiving-and retaining a substrate within a rim '

11. The apparatus of any of Cains 1-10, wherein said susceptor upper
surface has a plurality of grooves and c@ggnels whi ch cooperatively
interact to allow the free flow of gases Detween the substrate and the
susceptor. - 12. Chem cal vapor degpgstihe® apparatus conprising a
generally circul ar substantially planar susceptor having an upper surface
for centrally receiving a substrate for deposition purposes, said upper

- surface hRotytabld urshbhéyrate gr sappsrtingchaechhaishat withpertdnpetature

Isﬂts gregfz) r ?soenegil.noéjé_é@ dd .etE"oé1 e %in Yiems a?fig V@%:o} h&géggféfgﬁ _eeﬁ&fngﬁt

separate ring structure for positioning in concentric relation with a

~ susceptor adapted to receive a substrate for deposition purposes, said ring
. structure having an annul ar passage about said ring structure, ,and

- apert ur es Thendinyenkions degcrides;an oppPaEatysnyisad % pshemigadnerapor
nor e Sens@epdsirt iGH) ber ingtdital€MRAr ASubStratés e tudh cagerdgictiondictde

: susceptorwafers' comprising: a circular, subStantially planar susceptor.

having an upper surface for centrally receiving a substrate
for chemical deposition purposes; and a suscebtor ring
structure separate from said suscepfor having an inner
diameter slightly larger than the outer diameter . of said
susceptor to enable the positioning of said ring structure in
substantially concentric relation with the susceptor and to
enable said susceptor to_be rotated while the ring structure
is fixed, including a passage for supporting one or more
sensors close to the peripheral of the susceptor to monitor
the temperature adjacent the periphery of the susceptor.

(Figure 3)
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