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from one substrate to another and can even pro- duce varying thickness of
deposition between in- This invention relates to a chemical vapor de-
dividual substrates. Still another problem Is con- position apparatus and a
method of its use.         tamination which can result from various factors
In the art of manufacturing semiconductor de-   5   such as: the handling
techniques used to load and vices, it has long been a practice to employ
chemi-  unload the substrates; the reactant and carrier gas- cal vapor
deposition equipment for depositing var-   es, and the reaction chamber
itself. The reactant ious materials on substrates at high temperatures.
gas not only deposits the material on the substrate Chemical vapor
deposition equipment includes a       but also on the walls of the reaction
chamber. In reaction chamber configured to contain and control  10  the
relatively large reaction chambers required for the flow of a reactant and
carrier gas therethrough.  multisubstrate processing, the unwanted wall de-
A base, referred to as a susceptor, is located in the  posits can be
inadvertently incorporated Into the reaction chamber for supporting the
substrates       layers being deposited on the substrates. upon which the
material is to be deposited; the         These problems and other factors
all contribute reaction chamber, the susceptor and the substrate   15  to
significant problems as the semiconductor de- are heated to a desired
reaction temperature.        vices produced from the substrates and the
uses to A type of prior art structure (US-A-3 836 751)   which they are put
become more sophisticated. discloses a slablike susceptor fixedly supported
in  Consequently, many changes and improvements a horizontal reaction
chamber to support a mul-      have been made in the equipment that is used
to tiplicity of substrates or wafers. A first radiant heat  20   process
simultaneously a multiplicity of substrates. source is located above the
reaction chamber and     For example, some equipment manufacturers are
includes a plurality of elongated parallel radiant   now using automated
loading and unloading de- heating elements lying along horizontal axes
above   vices to eliminate contamination resulting from hu- the reaction
chamber. A second radiant heat          man handling. However, there are
practical limits source is located below the reaction chamber and   25
which many feel will ultimately make the simulta- includes a plurality of
elongated parallel radiant   neous multisubstrate processing techniques
unac- heating elements lying along horizontal axes trans-  ceptable. One of
the limitations is that of adapting verse to the axis of the first radiant
heat source.  the equipment to handle larger diameter sub- Thermal sensors
are located in the susceptor to      strates. The economics attendant large
diameter monitor the temperatures in various regions of the   30
substrates are beneficial. Increasing the size of the susceptor. The
thermal sensors produce signals       substrate results in problems with
regard to tem- indicative of the temperatures sensed in their re-
perature differentials across the substrate, decreas- spective regions.
Appropriate circuits and controls,  ing concentrations of the deposition
materials responsive to the sensors, adjust the temperatures   across the
substrate and the like. Therefore, steps of the first and second radiant
heat sources in the   35   have been taken by some equipment manufactur-
various regions to produce a substantially flat tem-  ers to make single
substrate processing equipment perature profile in the susceptor.
significantly simpler in controlling the various fac- While simultaneous
deposition of materials on    tors involved in chemical vapor deposition.
Single a multiplicity of substrates is desirable from a man-  substrate
processing is more desirable than mul- ufacturing standpoint, it has some
drawbacks from   40  tisubstrate equipment for large substrates, i.e. a
quality standpoint. The first problem associated   15.24 to 20.32
centimeters (six to eight inches) and with multi-substrate processing
relates to the car-  more in diameter. One important consideration is rier
gas which contains the atoms of the deposition  the cost at risk when
processing one instead of materials. As the reactant gas flows over the
sur-   several substrates; that is, if something goes faces of the
substrate and the susceptor, deposi-  45   wrong, the monetary loss is far
less with one sub- tion of the materials results in changes in the
strate than it is with a plurality of substrates. concentration of the
deposition materials in the        GB-A-2 181 459 discloses the provision
of two carrier gas. Consequently, as the reactant gas       separate
heaters and a single substrate susceptor flows across the susceptor, any
individual substrate  capable of being rotated. and multiplicity of
substrates, different rates of  50  Accordingly, it is an object of the
present in- growth of the deposition of material may occur. A    vention to
provide a heating system for the reaction second problem  is that of
temperature control,      chamber of chemical vapor deposition equipment.
which control is critical at the elevated tempera-      Another object of
the present invention is to tures needed for proper deposition. It is
difficult, if  provide a heating system for use in a horizontal not
impossible, to control the temperature within  55  flow reaction chamber
having a rotatably driven the critical tolerances at all the desired
locations  circular susceptor mounted therein with a master within the
relatively large reaction chambers. This  temperature sensor proximate the
center of the results in different deposition layer thicknesses
susceptor and slave temperature sensors mounted 2   
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about the susceptor in a non     ture sensors produce signals indicative of
the tem- rotating ring concentric with the susceptor.       peratures
sensed. These signals are transmitted to Another object of the present
invention is to   a control means which compares them to a pre- provide a
heating system for a reaction chamber    determined set point temperature
and generates having an upper beating element assembly located   5
signals coupled to a special heating system for above the reaction chamber,
a lower heating ele-   controlling its operation. ment assembly below the
reaction chamber and a         The heating system includes an upper heating
heat concentrator means for directing concentrated  element assembly
disposed above the reaction heat at the center of a rotatable susceptor.
chamber, a lower heating element assembly lo- Another object of the present
invention is to  10  cated below the reaction chamber and a heat con-
provide a heating system for a reaction chamber    centrator means. The
upper heating element as- having an upper heating element assembly of a
sembly includes a housing having a plurality of plurality of elongated tube
type radiant heating   elongated tube type radiant heating elements which
elements disposed along axes parallel with the flow  lie on horizontal axes
in alignment with the direc- of reactant gas through the reaction chamber
and   15  tion of the reactant gas flow through the reaction interacting
with a special configuration of planar  chamber. The housing includes a
combination of and curved reflective surfaces to provide a heat   planar
and curved reflective surfaces to provide a radiation pattern ideally
suited for a rotatable cir-  particular heat radiation pattern ideally
suited for cular susceptor.                                   the susceptor
and the fixed ring temperature sen- Another object of the present invention
is to  20  sor. The lower heating element assembly includes provide a
heating system for a reaction chamber    a housing having a plurality of
elongated tube type having a lower heating element assembly of a
radiant heating elements which lie along horizontal plurality of elongated
tube type radiant heating   axes aligned transverse to the direction of the
elements disposed along axes transverse to the      reactant gas flow
though the reaction chamber. The flow of reactant gas through the reaction
chamber  25  housing includes a combination of planar and and interacting
with a special configuration of    curved reflective surfaces to provide a
heat radi- planar and curved reflective surfaces to provide a  ation
pattern ideally suited for the susceptor and heat radiation pattern ideally
suited for a rotatable  the fixed ring temperature sensor. susceptor.
A radiant heat concentrator means is mounted Another object of the present
invention is to  30  on the housing of the lower heating element as-
provide upper and lower heating element assem-     sembly proximate the
central opening thereof for blies and a concentrator means interacting with
directing concentrated radiant heat toward the cen- master and slave
temperature sensors and a con-    ter of the susceptor to compensate for
heat losses trol circuit means for producing a flat temperature  due to the
depending tubular shaft. In addition, the profile for a substrate supported
on a susceptor in  35  radiant heat concentrator means In combination a
reaction chamber.                                with selected heat input
zones of the upper and These objects are achieved by the apparatus
lower heating element assemblies provides a tem- and method in accordance
with Claims 1 and 15.      perature controlling capability to allow a rapid
The chemical vapor deposition apparatus in-     build-up in the temperature
of the susceptor at the cludes a horizontal flow reaction chamber having a
40  beginning of a deposition cycle and a rapid tem- bottom  surface with a
tubular shaft depending     perature attenuation at the end of a deposition
therefrom. A circular susceptor for supporting a   cycle. The master
temperature sensor produces single substrate is disposed within the
reaction   signals indicative of the changes in temperature chamber on a
driveshaft assembly which axially     and the control circuitry means
reacts to those depends from the susceptor through the tubular  45  signals
by appropriately changing the radiant heat shaft. The driveshaft assembly
is rotatably drivable  output of the other heat input zones of the upper to
rotate the susceptor and the supported sub-     and lower heating element
assemblies. The slave strate. The critical temperatures at various points
of  temperature sensors react to the temperature the susceptor are sensed
by a master temperature    changes resulting from the changes in the heat
sensor extending axially through the driveshaft as-  50  output of the
other heat input zones of upper and sembly into the vicinity of the center
of the suscep-  lower heating element assemblies by producing tor. A
special non rotatable ring is located in the  signals which are fed back to
the control circuitry reaction chamber in concentric relationship with the
means which controls those other heat input zones susceptor. At least one
and preferably three or    of the upper and lower heating elements to
provide more slave temperature sensors are located in the   55   a
balancing effect to obtain a uniform temperature fixed ring for sensing the
temperatures at various  profile in the substrate or wafer. points near the
periphery of the susceptor. The        The present invention will be more
fully under- master temperature sensor and the slave tempera-   stood from
the following description in conjunction 3  



5                 EP 0 363 437 B1                         6 with the
accompanying drawings.                     28, 29 and 30. The slave
temperature sensors sense the temperatures at various points about the
Brief Description of the Drawings:                 periphery of the
susceptor and produce signals indicative of the temperatures sensed. Figure
1 is a perspective view of a heating   5     The heating system includes an
upper heating system shown in exploded relationship with a spe-  element
assembly 32, a lower heating element clalized reaction chamber, a rotatable
circular     assembly 34 and a heat concentrator means 36. susceptor and a
temperature sensing arrangement     The upper heating element assembly
Includes a for a chemical vapor deposition system.             generally
rectangular housing 38 having a planar Figure 2 is an enlarged sectional
view taken   10  top wall 40, a spaced apart pair of sidewalls 41 and along
lines 2-2 of Figure 1 and shows the various   42 and a spaced apart pair of
endwalls 44 and 46 features of the upper heating element assembly
which cooperatively define a downwardly opening and its relationship to a
reaction chamber, a rotat-  chamber. A plurality of elongated tube type
radiant able circular susceptor and a temperature sensing   heating
elements 48A, 48B, 48C and 48D are arrangement of a deposition system.
is   mounted in the downwardly opening chamber and Figure 3 is an enlarged
sectional view taken    disposed in spaced apart parallel relationship and
along lines 3-3 of Figure 1 and shows the various  lie on an axis
substantially parallel with the reactant features of the lower heater
element assembly and   gas flow path through reaction chamber 10. Each the
heat concentrator means and their relationship  of the elongated tube type
heating elements is to a reaction chamber, a rotatable circular suscep-
20  preferably a high intensity tungsten filament lamp tor and a
temperature sensing arrangement of a      having a transparent quartz
envelope containing a deposition system.
halogen gas, such as iodine. Elongated tube type Figure 4 is an enlarged
fragmentary sectional   heating elements, hereinafter referred to as lamps,
view taken along lines 4-4 of Figure 3.             48A, 48B, 48C and 48D
produce radiant heat en- Figure 5 is an enlarged fragmentary sectional  25
ergy of short wavelength (preferably on the order view taken along lines
5-5 of Figure 1.             of [err] meters (one micron)) transmitted
through Figure 6 is a diagrammatic view of the heating  the reaction
chamber walls without appreciable ab- system of the present invention and
also shows an   sorption. electrical schematic.
Although lamps 48A, 48B, 48C  and 48D 30 (hereinafter referred to as lamps)
may be of dif- Description of the Preferred Embodiment:           ferent
wattages, they are of similar configuration. The following description of
one of lamps 48C and The system illustrated in Figure 1 includes a   its
mounting will be understood to apply to the reaction chamber 10 of the
horizontal flow type     other lamps as well. As shown best in Figure 5,
the formed of a material transparent to radiant heat  35  lamp has an
integrally formed axially extending lug energy, such as fused quartz. The
reaction cham-    50 on each of its opposite ends and a suitable ber
includes a planar top wall 12, a planar bottom  connection pin arrangement
51 extends from each wall 14 with a tubular shaft 16 depending therefrom
of the lugs for receiving connectors 52 provided at and the chamber defines
a gas flow passage 17. A    the ends of electrical conductors. Endwalls 44
and reactant gas flows within reaction chamber 10 in a   40  46 of housing
38 are formed with downwardly direction indicated by the arrow 18 to
deposit ma-  opening slots 54 through which lugs 50 extend and terials on a
substrate 19 (Figures 2 and 3) placed  shock pads 55 and 56 are mounted in
the slots in the reaction chamber at the beginning of a       above and
below the lugs. The lugs and the shock deposition cycle and removed
therefrom after the    pads are demountably retained in their respective
cycle is completed.                            45  slots 54 by fastener
means 58 (such as the illus- The substrate is supported on susceptor 20.
trated offset screw washer device). The susceptor is circular and is
supported on and      As shown in Figure 2, elongated linear concave
rotatably driven by a driveshaft assembly 22 ex-   reflective surfaces 59
and 60, which may be para- tending downwardly from reaction chamber 10 and
bolic or elliptical segments in cross section, are coaxially through
tubular shaft 16. Temperature  50   provided above lamps 48A and proximate
sidewall sensors include a master temperature sensor 24      41. Two
similar elongated linear concave reflective extending axially upwardly
through the driveshaft  surfaces 61 and 62 re provided above lamps 48D
assembly for sensing the temperature at the center  and proximate sidewall
42. Reflective surfaces 59, of the susceptor to produce signals indicative
of   60, 61 and 62 may be formed integral with top wall the temperature
sensed. A fixed, non rotating ring  55  40 or may be formed as separate
elements which 26 is supported in reaction chamber 10 in concen-   are
welded or otherwise mounted in housing 38. tric relationship with the
susceptor. The fixed ring  Lamps 48A are located at the focal point of
their contains a plurality of slave temperature sensors  respective
reflective surfaces 59 and 60 so that the 4 



7                 EP 0 363 437 B1                     8 radiated heat
energy will be reflected along parallel  the directly radiated heat energy
to concentrate the paths, as indicated by the arrows. Similarly, lamps
radiated heat energy at the diametrically opposed 48D are located at the
focal points of their respec-  peripheral edges of susceptor 20 at the
upstream, tive reflective surfaces 61 and 62 to produce par-  or leading,
edge of the susceptor and at the down- allel reflected radiant hat energy,
as indicated. The   s   stream, or trailing edge, of the susceptor.
reflected radiant heat energy is directed to the       The exposed planar
portion of inner surface 88 vicinity of fixed ring 26 and concentrates
radiated  of bottom wall 68 is highly reflective and both heat energy in
the vicinity of diametrically opposed  direct and reflected radiant heat
energy from heat lateral edges of susceptor 20 to compensate for     lamps
78B and 78C is directed through bottom wall heat losses which inherently
occur there and at the   10  14 of reaction chamber 10 to heat fixed ring
26 and peripheries of the susceptor and the supported      susceptor 20,
Accordingly, the radiant energy di- substrate.
rected onto the lower surface of the susceptor will The exposed planar
portion of inner surface 64  be diffused. of top wall 40 is highly
reflective (polished, plated  Radiant heat energy from the upper heating or
the like) so that both direct and reflected radiant  15  element assembly
32 will heat fixed ring 26, heat energy from  lamps 48B and 48C will be
susceptor 20 and substrate 19 from the top and the directed through top
wall 12 of reaction chamber   lower heating element assembly 34 will do the
10 and impinge on the upper surface of fixed ring  same from the bottom.
Furthermore, by virtue of 26, susceptor 20 and on supported substrate 19.
elongated concave reflective surfaces 59, 60, 61 The radiant energy which
is directed onto the sub-   20  and 62 of heating element assembly 32,
concen- strate will be of a more diffuse nature than the   trated heating
zones or regions are provided in the concentrated energy directed onto the
fixed ring.  vicinity of the diametrically opposed side edges, Lower
heating element assembly 34 is similar    i.e. those adjacent the sidewalls
of the reaction to upper heating element assembly 32 and in-
chamber. Similarly, by virtue of elongated concave cludes a generally
rectangular housing 66 having a   25  reflective surfaces 80, 82, 84 and 86
of lower planar bottom  wall 68, a spaced apart pair of      heating
element assembly 34, transverse concen- sidewalls 70 and 72 and a spaced
apart pair of     trated heating zones or regions are provided in the
endwalls 74 and 76 which cooperatively define an    vicinity of the
diametrically opposed front and back upwardly opening chamber. A plurality
of elongated  edges. tube type radiant heating elements or lamps 78A,  30
Bottom wall 68 of housing 66 is provided with a 78B, 78C and 78D are
mounted in the upwardly       central opening 90 through which depending
tubu- opening chamber of housing 66 In spaced apart       lar shaft 16 and
the susceptor supporting driveshaft parallel relationship with respect to
each other and  assembly 22 extend. Due to the depending tubular on an axes
transverse to the reactant gas flow path  shaft and the driveshaft
assembly, there will be through reaction chamber 10; they are also trans-
35  some inherent heat losses at the center of suscep- verse to lamps
48A-48D of the upper heating ele-    tor 20. To compensate for this heat
loss and to ment assembly.                                      provide
temperature control, radiant heat concen- Each of lamps 78A, 78B, 78C and
78D may be      trator means 36 is provided. The radiant heat con-
identical with lamps 48A-48D. Further, lamps 78A-   centrator means
preferably includes four identical 78D may be mounted in housing 66 in the
manner  40  heat focusing devices 92, 94, 96 and 98 which are hereinbefore
described with reference to lamps     located in equally spaced apart
relationship about 48A-48D.
vertical axis 100 (Figure 4) defined by central As shown in Figure 3,
elongated linear concave  opening 90. Each of the heat focusing devices is
reflective surfaces 80 and 82, which may be para-   attached to the bottom
wall of lower housing 66. bolic or elliptical segments in cross section,
are  45  As shown in Figure 4, radiant heat focusing provided immediately
below two lamps 78A proxi-    device 98 (as well as 92, 94, 96) includes a
cylin- mate endwall 74 of housing 66. Two reflective      drical body 102
defining an open ended axial bore surfaces 84 and 86 are located below two
lamps      104. The body is disposed so that axis 106 of the 78D proximate
sidewall 76 of the housing. Reflec-   body forms an angle with respect to
vertical axis tive concave surfaces 80, 82, 84 and 86 may be   so  100 on
the order of about 35 . Top end 108 of formed integrally in bottom wall 68
or may be       body 102 is of irregular configuration to fit into the
formed as separate elements and mounted in the     irregular opening 90 of
housing 66, to provide a housing, as shown. Reflective concave surfaces 80,
noninterfering fit with the similar bodies of adjacent 82, 84 and 86
cooperate with their respective       heating devices 92, 96 and to provide
clearance for lamps 78A and 78D, located at the focal points of  55
depending tubular shaft 16 of the reaction cham- the reflective surfaces,
to produce parallel rays of  ber. The lower end of body 102 has an
extending radiant heat energy into the vicinity of and onto  tail portion
110 with an elongated opening 112. An fixed ring 26; this radiant energy
cooperates with  L-shaped bracket 114 is provided with a first flange 
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internally threaded opening 118 for  and produce signals indicative of the
temperatures threadingly receiving a fastener bolt 120 to secure  senses.
The signals from the master temperature the L-shaped bracket to the tail
portion of the body.  sensor are directed to transmitter circuitry 150, as
By virtue of elongated opening, the entire L-shaped  indicated at TCM.
Similarly, signals from tempera- bracket can be adjustably moved axially
toward   5   ture sensors 28, 29 and 30, which may vary in and away from
body 102. L-shaped bracket 114       number as needed, are supplied as
inputs TF1, includes a second flange or base 122 which lies in  TF2, TF3
... TFK, to transmitter circuitry 150. The a plane transverse to axis 106.
A lamp socket 124  transmitter circuitry contains well known compo- is
mounted on flange 122 to extend normally there-  nents and circuits for
transmitting the temperature from toward axial bore 104 of body 102. A bulb
10  indicative signals to an electronic heater control type radiant heating
element, such as a lamp, 126   152, as indicated by the data transfer arrow
153. is mounted in socket 124 and extends axially up-    Electronic heating
control 152 may include any wardly into bore 104. The lamp is preferably a
high  conventional type of master-slave heater control Intensity bulb
having a tungsten filament 128 in a  circuitry which would typically
include a power transparent quartz envelope filled with a suitable  15
supply, a plurality of lamp driver circuits and a halogen gas.
plurality of differential amplifiers with selectively L-shaped bracket 114
is also provided with a    alterable offset controls. bore 130 parallel to
but laterally offset from axis    Temperature control information, such as
data 106 of body 102. A rod 132 is axially slidable in  indicating the
start and finish of a vapor deposition bore  130 and a set screw 134 is
employed to  20  cycle, the desired operating temperature at which
releasably hold the rod in position. The rod has a  the deposition is to be
accomplished, and the like, threaded upper end 135 mounted in a threaded
may be supplied to the electronic heating control bore formed in base 136
of a dish shaped reflector  152 from a temperature control means 154. The
138. The reflector is cylindrical and has a concave  electronic heater
control also receives data from reflective surface 140 and a reflector axis
141   25  temperature sensors 24, 28, 29 and 30. With this normal to base
136 and coincident with axis 106 of  data, it generates a plurality of
control signals to the body. The concave reflective surface may be     add
or subtract power from upper and lower heat- parabolic or elliptical. An
opening 142 extends ax-  ing element assemblies 32 and 34 and concentra-
ially from base 136 of the reflective surface and  tor means 36 for precise
control of the heating of lamp 126 extends axially through opening 142 up
30  the susceptor. As the temperature sensors sense into the area defined
by concave reflective surface  temperatures in various zones in reaction
chamber 140.                                               10, the radiant
heat input of upper and lower heat- Lamp 126 is located to position its
filament    ing element assemblies and the heat concentrator along the
reflector axis proximate the focal point of  means can be operated in a
manner to individually reflector 138 so that the radiant heat energy im-
35  control zones of radiant heating energy. pinging on the concave
reflective surface will be      As shown in Figure 6, the four lamps (48A
and convergingly reflected. As the focal point of reflec-  48D) of upper
heating element assembly 32 have tor 138 is a point and as the filament of
the lamp is  their opposite end terminals connected together by linear, the
entire source of radiant heat energy   conductors 160 and 162 to operate as
an entity cannot physically lie on the focal point. Therefore,  40  through
control signals TC-3 from heater control the convergingly reflected heat
energy will not con-  152. Thus, the four lamps provide two physically
verge at a single point but will instead converge in  spaced apart commonly
controlled heating zones an area which is a fuzzy concentration of radiated
proximate the opposite sidewalls of the reaction heat energy. As a result
of such fuzzy concentra-  chamber; and the zones extend parallel with the
tion of radiated heat energy from each of focusing   45  reactant gas flow
path and heat the opposed lateral devices 92, 94 and 98, an area in and
around the   edges of fixed ring 26 and susceptor 20. Two center of the
susceptor 20 is the recipient of the  lamps 48B have their opposite end
terminals con- concentrated heat energy; the radiation concentra-  nected
together by conductors 164 and 166 and tion can be adjustably varied due to
the axially   are controlled as an entity through control signals
adjustable capabilities of the reflector and lamp   50   TC-2 from heater
control 152. These two lamps 126.
provide two more physically separated heating Reference is now made to
Figure 6 wherein a     zones which are controlled as a single entity; these
schematic diagram to illustrate a preferred manner  zones extend parallel
with the reactant gas flow of operation and control of the heating system
of   path between the zones established by lamps 48A the present invention.
Master heat sensor 24 and   55  and 48D. Three lamps 48C have their
opposite end the temperature follower, or slave, heat sensors 28,
terminals connected by conductors 168 and 170 to 29 and 30, sense the
temperatures at various       operate as an entity through control signals
TC-1. zones in and around susceptor 20 and fixed ring 26  These centrally
located lamps provide a single 
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zone of radiant heating energy which ex-   duces a rapid rise in the
temperature in the central tends across fixed ring 26 and susceptor 20 par-
area of susceptor 20 and in the central area of allel with the reactant gas
flow path through the  substrate 19 being processed. Master temperature
reaction chamber.                                  sensor 24 senses the
rapid rise in temperature and Lower heating element assembly 34 has the   5
sends signals indicative thereof to heater control end terminals of two
lamps 78A connected together  means 152 which compares the sensed tempera-
by conductors 172 and 174 to operate as a single  ture with the desired
operating temperature and entity through control signals TC-7. These two
adjusts the power supplied to concentrator means lamps provide a single
individually controllable   36 and the selected lamps of upper and lower
zone of radiant heat energy extending transversely  10  radiant heating
assemblies 32 and 34 to produce of the reaction chamber below the leading
edges of  and maintain the desired operating temperature in fixed ring 26
and susceptor 20. Similarly, two     the central area of the susceptor and
the substrate. lamps 78D have their end terminals connected          The
sensed temperature signals produced by together by conductors 176 and 178
to operate as  the master temperature sensor are also used si- an entity
through control signals TC-7. These two   15  multaneously by heater
control means 152 to apply lamps provide a single individually controllable
power to lamps 48A, 48D, 78A and 78D of upper zone of radiant heat energy
extending transversely  and lower heating element assemblies 32 and 34,
across the reaction chamber below the trailing     respectively. Thus,
while the temperature in the edges of fixed ring 26 and susceptor 20. Two
central areas of the susceptor and the substrate are lamps 78B of lower
heating element assembly 34   20  being brought up to the desired operating
tempera- have their end terminals connected together by    ture, the
temperatures about the periphery of the conductors 180 and 182 to operate
as an entity by  susceptor an in fixed ring 26 are simultaneously through
control signals TC-6. These two lamps      being brought up to temperature
by lamps 48A, provide two spaced apart transversely extending    48D, 78A
and 78D. The increasing temperatures in zones of radiant heat energy
controlled in unison;  25  the peripherally located heating zones are
sensed one of these zones is adjacent and immediately     by slave
temperature sensors 28, 29 and 30 and downstream of the leading edges of
the fixed ring  additional sensors, if desired. The signals received and
the susceptor and the other zone is imme-      by heater control means 152
from slave tempera- diately upstream of trailing edges thereof. Similarly,
ture sensors 28, 29 and 30 are compared with the two lamps 78C have their
end terminals connected   30  signal received from the master temperature
sen- together by conductors 184 and 186 to operate as   sor to adjust the
power to lamps 48A, 48D, 78A a single entity through control signals TC-5.
These  and 78D to bring the temperatures in the peripher- two lamps provide
two physically spaced apart      ally located heating zones into alignment
with the transversely extending heating zones disposed on  temperature in
the central area of susceptor 20 and opposite sides of the center of
susceptor 20.  35  substrate 19. Lamps 126 of heat concentrator means 36
have          Due to variables such as heat losses at the their respective
terminals connected by conductors  peripheral edges of substrate 19 and
susceptor 20, 188, 190, 192 and 194 connected to receive control  the flow
of reactant gas through reaction chamber signals TC-4. Thus, each of the
radiant heat focus-  10 and the like, lamps 48A, 48D, 78A and 78D may ing
devices operate in unison to provide a con-  40  be ideally set to normally
operated at temperatures centrated radiant energy heat zone at the center
which are offset, i.e., different than the desired area of the susceptor.
operating temperature in the central area of the substrate and the
susceptor. The process of sens- Preferred Operation
ing temperatures and adjusting the power applied 45  to the various groups
or banks of heating elements When an input signal is received from tem-
as needed is continued throughout the deposition perature control input
means 154 to indicate the   cycle. The object is to provide a uniform or
flat start of a deposition cycle, heater control means  temperature
gradient in all of the relevant areas of 152 responds by applying full
power to: radiant    the substrate, the susceptor and the fixed ring heat
focusing devices 92, 94, 96 and 98 of the heat  50  during the deposition
cycles. In the interests of concentrator means 36; lamps 48B, 48C of upper
production time, it is preferable to bring the system heating assembly 32;
and, lamps 78B, 78C of lower  up to temperature as fast as possible at the
begin- heating assembly 34. The same input signal con-    ning of a cycle
and to cool it down when a cycle is tains information indicative of a
desired operating  completed. The rapid increase in temperature at
temperature at which the deposition cycle is to be   55  the beginning of a
cycle is accomplished by heat accomplished. The application of full power
to heat  concentrator means 36 and selected heating ele- concentrator means
36 and to the selected heating  ments of upper and lower heating assemblies
32 



elements of heating assemblies 32 and 34 pro-      and 34 in combination
with the master-slave tem- 7    13                 EP 0 363 437 B1
14 perature sensor arrangement which effectively pro-   2. The apparatus as
set forth in Claim 1, wherein duces a temperature following mode of
operation.        the longitudinal axis of one of said first and Cooling
the system down at the end of a cycle is        second plurality of radiant
heat energy sources accomplished by reversing the above heating pro-
is axially oriented parallel with the flow of the cedure. In other words,
the power applied to con-   5    reactant gas within the reaction chamber
and centrator means 36 and the selected heating ele-         the
longitudinal axis of the other of said first ments proximate the center of
upper and lower           and second plurality of radiant heat energy
heating assemblies 32 and 34 is reduced and the          sources is axially
oriented transverse with the temperature in the peripherally located
heating         flow of the reactant, gas within the reaction zones will
follow along with the reduction of heat at  10  chamber. the center areas
of the substrate and the suscep- tor.
3. The apparatus as set forth in Claim 1, wherein the reaction chamber
includes top and bottom Claims
panels transparent to the radiant heat energy 15      emitted by said first
and second plurality of 1. A chemical vapor deposition apparatus having
radiant heat energy sources and to the radiant a susceptor for supporting a
substrate within a      heat energy emitted by said third radiant heat
reaction chamber and subject to the flow of a        energy source and
wherein said first and sec- reactant gas through the reaction chamber, a
ond plurality of radiant heat energy sources heating apparatus for heating
the substrate in a   20 .,   and said third radiant heat energy source are
temperature controlled environment, said heat-       disposed external to
the reaction chamber and ing apparatus comprising in combination:
radiate heat energy through said top and bot- a) a first plurality of
radiant heat energy       tom panels into the reaction chamber. sources
having a first longitudinal axis for radiating heat upon the top surface of
the   25  4. The apparatus as set forth in Claim 1, wherein substrate and
the susceptor, said first plu-      said first plurality of radiant heat
energy sour- rality of sources capable of radiating greater    ces includes
concave reflective surfaces for heat energy at diametrically opposed gen-
radiating greater heat energy upon the op- erally peripheral areas than at
central areas     posed peripheral areas than the central areas of the
substrate and the susceptor;       30      of the substrate and the
susceptor. b) a second plurality of radiant heat energy sources having a
second longitudinal axis      5. The apparatus as set forth in Claim 1,
wherein orthogonal to the first longitudinal axis for     said second
plurality of radiant heat energy radiating heat upon the bottom surface of
sources includes concave reflective surfaces the susceptor, said second
plurality of sour-  35  for radiating greater heat energy upon the op- ces
capable of radiating greater heat energy      posed peripheral areas than
the central areas at diametrically opposed generally periph-        of the
substrate and the susceptor. eral areas than at a central area of the
susceptor;                                     6. The apparatus as set
forth in Claim 1, wherein c) a third radiant heat energy source for  40
said third radiant heat energy source includes radiating heat energy upon
the generally          concave reflective surfaces for radiating heat
central bottom surface of the susceptor;          energy upon the central
bottom surface of the d) means for sensing the temperature at a
susceptor. plurality of zones within the reaction cham- ber and for
generating signals reflective of  45  7. The apparatus as set forth in
Claim 1, includ- the temperatures sensed; and                      ing a
fixed ring disposed about the peripheral e) control means responsive to the
signals        edge of the susceptor onto which radiant heat generated  by
said temperature sensing            energy is directed by said first and
second means for varying the radiant heat energy         plurality of
radiant heat energy sources. emitted by said first plurality of radiant
heat  50 energy sources, said second plurality of ra-   8. The apparatus as
set forth in Claim 7, wherein diant heat energy sources and said third
said sensing means are mounted in the fixed radiant heat energy source to
establish and       ring for sensing the temperature at different maintain
the substrate at predetermined           locations about the periphery of
the susceptor. temperatures during processing of the sub-   55 strate.
9. The apparatus as set forth in Claim 7, wherein 



said first and second plurality of radiant heat energy sources comprise
discrete heating ele-    13                 EP0363437B1
14          *  C   L  M  S  * perature sensor arrangement which effectively
pro-   2. The apparatus as set forth in Claim 1, wherein duces a
temperature following mode of operation.         the longitudinal axis of
one of said first and Cooling the system down at the end of a cycle is
second plurality of radiant heat energy sources accomplished by reversing
the above heating pro-         is axially oriented parallel with the flow
of the cedure. In other words, the power applied to con-   5    reactant
gas within the reaction chamber and centrator means 36 and the selected
heating ele-         the longitudinal axis of the other of said first ments
proximate the center of upper and lower            and second plurality of
radiant heat energy heating assemblies 32 and 34 is reduced and the
sources is axially oriented transverse with the temperature in the
peripherally located heating          flow of the reactant gas within the
reaction zones will follow along with the reduction of heat at   10
chamber. the center areas of the substrate and the suscep- tor.
3. The apparatus as set forth in Claim 1, wherein the reaction chamber
includes top and bottom Claims
panels transparent to the radiant heat energy 15      emitted by said first
and second plurality of 1. A chemical vapor deposition apparatus having
radiant heat energy sources and to the radiant a susceptor for supporting a
substrate within a      heat energy emitted by said third radiant heat
reaction chamber and subject to the flow of a        energy source and
wherein said first and sec- reactant gas through the reaction chamber, a
ond plurality of radiant heat energy sources heating apparatus for heating
the substrate in a   20 .    and said third radiant heat energy source are
temperature controlled environment, said heat-        disposed external to
the reaction chamber and ing apparatus comprising in combination:
radiate heat energy through said top and bot- a) a first plurality of
radiant heat energy        tom panels into the reaction chamber. sources
having a first longitudinal axis for radiating heat upon the top surface of
the   25   4. The apparatus as set forth in Claim 1, wherein substrate and
the susceptor, said first plu-       said first plurality of radiant heat
energy sour- rality of sources capable of radiating greater     ces
includes concave reflective surfaces for heat energy at diametrically
opposed gen-          radiating greater heat energy upon the op- erally
peripheral areas than at central areas      posed peripheral areas than the
central areas of the substrate and the susceptor;       30       of the
substrate and the susceptor. b) a second plurality of radiant heat energy
sources having a second longitudinal axis      5. The apparatus as set
forth in Claim 1, wherein orthogonal to the first longitudinal axis for
said second plurality of radiant heat energy radiating heat upon the bottom
surface of          sources includes concave reflective surfaces the
susceptor, said second plurality of sour-  35  for radiating greater heat
energy upon the op- ces capable of radiating greater heat energy
posed peripheral areas than the central areas at diametrically opposed
generally periph-         of the substrate and the susceptor. eral areas
than at a central area of the susceptor;
6. The apparatus as set forth in Claim 1, wherein c) a third radiant heat
energy source for  40      said third radiant heat energy source includes
radiating heat energy upon the generally           concave reflective
surfaces for radiating heat central bottom surface of the susceptor;
energy upon the central bottom surface of the d) means for sensing the
temperature at a          susceptor. plurality of zones within the reaction
cham- ber and for generating signals reflective of  45   7. The apparatus
as set forth in Claim 1, includ- the temperatures sensed; and
ing a fixed ring disposed about the peripheral e) control means responsive
to the signals         edge of the susceptor onto which radiant heat
generated  by said temperature sensing             energy is directed by
said first and second means for varying the radiant heat energy
plurality of radiant heat energy sources. emitted by said first plurality
of radiant heat  50 energy sources, said second plurality of ra-   8. The
apparatus as set forth in Claim 7, wherein diant heat energy sources and
said third           said sensing means are mounted in the fixed radiant
heat energy source to establish and        ring for sensing the temperature
at different maintain the substrate at predetermined            locations
about the periphery of the susceptor. temperatures during processing of the
sub-   55 strate.                                        9. The apparatus
as set forth in Claim 7, wherein 



said first and second plurality of radiant heat energy sources comprise
discrete heating ele- 8    15                 EP 0 363 437 B1
16          *  C  L  M  S  * ments with their longitudinal axes being gen-
generally peripheral areas than at central erally evenly spaced apart and
further corn-           areas of the substrate and the susceptor; prise
concave reflective surfaces for reflecting       b) radiating heat upon the
bottom surface of radiant energy from said elements in generally
the susceptor from a second plurality of parallel paths onto said fixed
ring.         5         radiant heat energy sources having a sec- ond
longitudinal axis orthogonal to the first 10. The heating apparatus as set
forth in Claim 9,         longitudinal axis, said step of radiating in-
wherein said control means includes means for          cluding the step of
radiating greater energy modulating the radiant heat energy emitted by
at diametrically opposed generally periph- selected elements of said first
and second   10        eral areas than at a central area of the plurality
of radiant heat energy sources to ad-        susceptor; just the
temperature within the reaction cham-         c) radiating heat energy from
a third source ber to conform with a predetermined tempera-           upon
the generally central bottom surface of ture profile.
the susceptor; 15         d) sensing the temperature at a plurality of 11.
The heating apparatus as set forth in Claim 10,        zones within the
reaction chamber and gen- wherein said control means includes means for
erating signals reflective of the tempera- modulating the radiant heat
energy emitted by          tures sensed; and said third radiant heat energy
source in con-          e) varying the radiant heat energy emitted junction
with said selected elements to adjust  20      by the first plurality of
sources, the second the temperature within the reaction chamber to
plurality of sources and the third source in conform  with a predetermined
temperature              response to the signals generated in said profile.
generating step to establish and to maintain the substrate at a uniform
predetermined 12. The apparatus as set forth in Claim 1, wherein  25
temperature during process of the sub- said apparatus includes a rotatable
drive shaft        strate. assembly concentric with and adapted to sup-
port said susceptor and extending upward         16. The method as set
forth in Claim 15, wherein through a bottom wall into said reaction cham-
said step of sensing includes the step of sens- ber through a tubular
shaft, said third radiant   30  ing the temperature about the susceptor at
heat energy source compensates for the heat          several locations.
loss to the susceptor due to the drive shaft assembly and tubular shaft.
17. The method as set forth in Claim 15, including the step of reflecting
the radiant heat energy 13. The heating apparatus as set forth in Claim 12,
35  from the first plurality of radiant heat energy wherein said third
radiant heat energy source        sources toward the top surfaces of the
sub- comprises a third plurality of heating elements      strate and the
susceptor. generally focussed on a central bottom surface of said
susceptor.                               18. The method as set forth in
Claim 15, including 40      the step of reflecting the radiant heat energy
14. The apparatus as set forth in Claim  12,             from the second
plurality of radiant heat en- wherein said drive shaft assembly is hollow
ergy sources toward the bottom surface of the and part of said sensing
means extends               susceptor. through said hollow shaft assembly
for sensing the temperature at the central bottom surface   45   19. The
method as set forth in Claim 15, including of the susceptor.
the step of adjusting the radiant heat energy upon the bottom of the
susceptor and emitted 15. A method performed in a chemical vapor de-
from the third radiant heat energy source. position apparatus as claimed in
Claims 1-14, wherein for uniformly heating the substrate in a   50   20.
The method as set forth in Claim 15, wherein temperature  controlled
environment,  said         the step of varying the radiant heat energy
method comprising steps of:                          emitted produces a
rapid rise in temperature in a) radiating heat upon the top surface of the
the central regions of the substrate and substrate and the susceptor from
a first         susceptor at the beginning of a production plurality of
radiant heat energy sources hav-  55  cycle. 



ing a first longitudinal axis, said step of radiating including the step of
radiating      21. The method as set forth in Claim 15, wherein greater
energy at diametrically opposed           the step of varying the radiant
heat energy 9    17                 EP 0 363 437 B1                    18
[err]        *  C  L  M  S  * emitted produces a rapid drop in temperature
Mehrzahl von Warmestrahlung-Energiequellen in the central regions of the
substrate and        axial parallel mit der Str6mung des Reaktions-
susceptor at the end of a production cycle.         gases innerhalb der
Reaktionskammer ausge- richtet ist und die LAngsachse der anderen der
PatentansprUche                                5       ersten und zweiten
Mehrzahl von W~rmestrah- lung-Energiequellen axial quer zur Str6mung 1.
Chemische Dampfniederschlagsvorrichtung mit         des Reaktionsgases
innerhalb der Reaktions- einem Trager zurn Halten eines Substrats in-
kammer ausgerichtet ist. nerhalb der Reaktionskammer, das einer Stro- mung
von Reaktionsgas durch die Reaktions-  70  3. Vorrichtung nach Anspruch 1,
bei der die Re- kammer unterliegt, und einer Heizvorrichtung
aktionskammer eine Decken- und eine Boden- zum Beheizen des Substrats in
einer tempera-        platte aufweist, die flr die Warmestrahlungs-
turgeregelten Umgebung, wobei die Heizvor-          energie, wie sie von
der ersten und zweiten richtung in Kombinatlon folgendes aufweist:
Mehrzahl von Wrmrestrahlung-Energloquellen a) eine erste Mehrzahl von
W~rmestrah-   75      emittiert wird, und fUr die von der dritten War-
lung-Energloquellen mit einer ersten LAngs-      mestrahlung-Energiequelle
emittlerte WMrme- achse zum Abstrahlen von W~rme auf die
strahlungsenergie durchsichtig sind, und bei Oberflache des Substrats und
des Tragers,        der die erste und die zweite Mehrzahl von wobei diese
erste Mehrzahl von Quellen           Wgrmestrahlung-Energiequellen und die
dritte _-       dazu in der Lage ist, in einander diametral  20
Warmestrahlung-Energiequelle aul3erhalb der entgegengesetzte Bereiche, die
im wesentli-      Reaktionskammer angeordnet sind und WMr- chen
Randbereiche sind, mehr zu strahlen         mestrahlungsenergie durch die
Decken- und als in die zentralen Bereiche des Substrats      Bodenplatte in
die Reaktionskammer einstrah- und des Tr~gers;
len. b) elne zweite Mehrzahl von Warmestrah-   25 lung-Energiequellen  mit
einer  zweiten     4. Vorrichtung nach Anspruch 1, bei der die erste
LAngsachse rechtwinklig zur ersten Lungs-        Mehrzahl von
Wgrmestrahlung-Energiequellen achse zurn Abstrahlen von Wrirme auf die
konkave, reflektierende Flachen zum Abstrah- Bodenflache des Tr~gers, wobei
diese erste       len von mehr Warmeenergie auf die einander Mehrzahl von
Quellen dazu in der Lage ist,  30   entgegengesetzten Randbereiche als auf
die in einander diametral entgegengesetzte Be-       zentralen Bereiche des
Substrats und des Tra- reiche, die im wesentlichen Randbereiche
gers aufweist. sind, mehr zu strahlen als in den zentralen Bereich des
Trigers;                         5. Vorrichtung nach Anspruch 1, bei der
die zwei- c) eine dritte W~rmestrahlung-Energiequelle  35  te Mehrzahl von
Warrmestrahlung-Energlequel- zum Abstrahlen von Warmeenergie auf die
len konkave, reflektierende Flachen zum Ab- im wesentlichen zentrale
Bodenflache des         strahlen von mehr W~rmeenergie auf die ein-
Tragers;                                         ander entgegengesetzten
Randbereiche als auf d) Einrichtungen zum Messen der Tempera-         die
zentralen Bereiche des Substrats und des tur in mehreren Zonen innerhalb
der Reak-  40    Tragers aufweist. tionskammer und zum Erzeugen von Signa-
len, die die gemessenen Temperaturen wi-     6. Vorrichtung nach Anspruch
1, bei der die dritte derspiegeln; und
Warmestrahlung-Energiequelle konkave, reflek- e) eine Regelungseinrichtung,
die auf die        tierende Flachen zum Abstrahlen von Warme- von den
Temperaturmeoeinrichtungen er-  45       energie auf die zentrale
Bodenflache des Trd- zeugten Signale anspricht, urn die Wirme-        gers
aufweist. strahlungsenergie zu verandern, wie sie durch die erste Mehrzahl
von Warmnestrah-    7. Vorrichtung nach Anspruch 1, mit einem fest-
lung-Energiequellen, die zweite Mehrzahl         stehenden Ring, der um die
Randkante des von  Warrmestrahlung-Energiequellen  und   50    Tregers
angeordnet ist, auf den Warmestrah- die dritte Warmestrahlung-Energiequelle
ab-      iungsenergie durch die erste und zweite Mehr- gestrahlt wird, um
das Substrat wahrend der      zahl von Wgrmestrahlung-Energiequellen ge-
Verarbeitung desselben auf vorgegebene           richtet wird. Temperaturen
zu fUhren und auf diesen zu 



halten.                                 55  8. Vorrichtung nach Anspruch 7,
bei dem die MeBeinrichtungen im feststehenden Ring ange- 2. Vorrichtung
nach Anspruch 1, bei der die            ordnet sind, urn die Temperatur an
verschiede- Langsachse der einen der ersten und zweiten        nen Orten um
den Rand des Tragers zu mes- 10    19                 EP0363437B1
20    1 1HII      i 111W  llilh 1l11 sen.
in den Ansprlchen 1 - 14 beansprucht wurde, wobei das Verfahren zum
glelchmaBigen Auf- 9. Vorrichtung nach Anspruch 7, bei der die erste
heizen des Substrats in einer temperaturgere- und zweite Mehrzahl von
Warmestrahlung-             gelten Umgebung folgende Schritte aufweist:
Energlequellen diskrete Heizelemente aufweist,   5    a) Einstrahlen von
Warme auf die Oberfid- deren Langsachsen im wesentflichen gleichmd-
che des Substrats und des Tragers von Big voneinander beabstandet sind, und
sie fer-         einer ersten Mehrzahl von W~rmestrahlung- ner konkave,
reflektierende Flachen zum Re-            Energiequellen mit einer ersten
Langsachse flektieren von Strahlungsenergie von den Ele-          her,
wobei dieser Schritt des Einstrahlens menten in Im wesentlichen parallelen
Pfaden   10       einen  Schritt des Einstrahlens groBerer auf den
feststehenden Ring aufweist.                   Energie in einander
diametral gegenbber- stehenden Flachen, die im wesentlichen 10.
Heizvorrichtung nach Anspruch 9, bei der die          Randflachen bilden,
als in die zentralen Be- Regelungseinrichtung elne Einrichtung zum
reiche des Substrats und des Trigers bein- Modulleren der
Wgrmestrahlungsenergie auf-  is        haltet; weist, wie sie von
ausgewghlten Elementen der          b) Einstrahlen von Warme auf die
Bodenfla- ersten und zweiten Mehrzahl von W~rmestrah-            che des
Tr~gers von einer zweiten Mehr- lung-Energiequellen  emittiert wird, um
die          zahl von  Wgrmestrahlung-Energiequellen Temperatur innerhalb
der Reaktionskammer so            mit einer zweiten LUngsachse, die
rechtwin- einzustellen, daB sie einem  vorgegebenen   20         klig zur
ersten LAngsachse steht, her, wobei Temperaturprofil genlgt.
der Schritt des Einstrahlens einen Schritt des Einstrahlens grol3erer
Energie in einan- 11. Heizvorrichtung nach Anspruch 10, bei der die
der diametral gegenlberstehenden Flichen, Regelungseinrichtung eine
Einrichtung zum              die im wesentlichen Randflachen bilden, als
Modulleren der Warmestrahlungsenergie auf-  25        in den zentralen
Bereich des Tragers bein- welst, wie sie von der dritten Wgrmestrahlung-
haltet; Energiequelle in Verbindung mit den ausge-             c)
Einstrahlen von Warmeenergie von einer wahlten Elementen emittiert wird,
urm die Term-        dritten Quelle auf die im wesentlichen zen- peratur
innerhalb der Reaktionskammer so ein-         trale Bodenflache des
Tragers; zustellen, daB sie einem vorgogebenen Tem-   3o        d) Messen
der Temperatur in mehreren Zo- peraturprofil genlgt.
nan innerhalb der Reaktionskammer und Er- zeugen von Signalen, die die
gemessenen 12. Vorrichtung nach Anspruch 1, die eine drehba-
Temperaturen reflektieren; und re Antrlebswellenanordnung konzentrisch zum
e) Verandern der Warmestrahlungsenergie, Trager aufwelst, die so
ausgebildet ist, daB sie  35   wie sie von der ersten Mehrzahl von Quel-
den Trager hailt, und die sich durch eine Bo-         len, der zweiten
Mehrzahl von Quellen und denwand durch einen rohrformigen Schaft in
der dritten Quelle emittiert wird, auf die im die Reaktionskammer hinein
erstreckt, wobei            Erzeugungsschritt erzeugten Signale hin, die
dritte Warmestrahlung-Energiequelle den            um die Temperatur
w~hrend der Bearbel- W~rmeverlust am  Trager aufgrund der An-  4o
tung des Substrats auf eine vorgegebene, triebswellenanordnung und des
rohrf6rmigen             gleichmrBige Temperatur zu bringen und Schafts
kompensiert.                                   dort zu halten. 13.
Heizvorrichtung nach Anspruch 12, bei der die   16. Verfahren nach Anspruch
15, bei dem  der dritte Warmestrahlung-Energiequelle eine dritte  45
MelBschritt den Schritt des Messens der Tem- Mehrzahl von Heizelementen
aufweist, die im         peratur urn den Halter an mehreren Orten um-
wesentlichen auf die zentrale Bodenfl~che des       faO t. Tragers
fokussiert sind. 17. Verfahren nach Anspruch 15, mit dem Schritt 14.
Vorrichtung nach Anspruch 12, bei der die  60       des Reflektierens der
Warmestrahlungsenergie Antriebswellenanordnung hohl ist und ein Teil
von der ersten Mehrzahl von Warmestrahlung- der MeBeinrichtungen sich durch
diese hohle         Energiequellen zu den Oberflachen des Sub-
Schaftanordnung erstreckt, um die Temperatur        strats und des Tr~gers.
an der zentralen Bodenflache des Tragers zu 



messen.                                    55   1. Verfahren nach Anspruch
15, mit dern Schritt des Reflektierens der Wgrmestrahlungsenergie 15
Verfahren, das in eaner chemischen Dampfnie-         von der zweiten
Mehrzahl von Warmestrah- derschlagsvorrichtung ausgefUhrt wird, wie sie
lung-Energiequellen zur Bodenflache des Tr&-    21                 EP 0 363
437 B1                    22     1      1C   L  1 1   1111 gers.
d) des moyens destin6es  capter la tempe- rature dans une pluralite de
zones a l'inte- 19. Verfahren nach Anspruch 15, mit dem Schritt
rieur de la chambre de r6action et a engen- dss Einstellens der
Warmestrahlungsenergie            drer des signaux qui refietent les
temperatu- auf den Boden des Tragers, wie sie von der   5        res
captees ; et dritten Warmestrahlung-Energiequelle emittiert        e) des
moyens de commande qui repon- wird.
dent aux signaux engendr~s par lesdits moyens capteurs de temperature en
faisant 20. Verfahren nach Anspruch 15, bei dem  der              varier
l'6nargie thermique radiante dmlse Schritt des Ver~nderns der emittierten
Warme-  10     par ladite premibre pluralilt  de sources strahlungsenergie
einen schnellen Temperatur-         d'6nergie thermique radiante, par
ladite anstieg in den zentralen Bereichen des Sub-           deuxieme
pluralit6 de sources d'energie strats und des Tr~gers zu Beginn eines Her-
thermique radiante et par ladite troisieme stellzyklus verursacht.
source d'energie thermique radiante, pour is        porter et maintenir le
substrat & des tempe- 21. Verfahren nach Anspruch 15, bei dem  der
ratures pred~termindes pendant le traite- Schritt des Verdnderns der
emittlerten Warme-         ment du substrat. strahlungsenergie eonen
schnellen Temperatur- abfali In den zentralen Bereichen des Substrats  2.
Appareil selon la revendication 1, dans loquel und des Tragers am Ende
eines Herstelizyklus   20  I'axe longitudinal d'une desdites premiere et
hervorruft.                                        deuxibme pluralit6es de
sources d'energie ther- mique radiante est orient6e axialement paralle-
Revendlcatlons                                         lement a
I'4coulement du gaz rdactif dans la chambre de reaction, et l'axe
longitudinal de 1. Appareil de dep8t chimique en phase vapeur  25
I'autre desdites premiere et deuxieme plurali- ayant une base destin6e a
supporter un subs-       t6s de sources d'6nergie thermique radiante trat
place dans une chambre de reaction et         est oriente axialement
transversalement a soumis a l'ecoulement d'un gaz reactif a tra-
I'ecoulement du gaz reactif dans la chambre vers la chambre de reaction, et
un appareil de     de r6action. chauffage destine A chauffer oe substrat
dans   30 un environnement a temperature contr8l6e, le-   3. Appareil selon
la revendlcation 1, dans lequel dit appareil de chauffage comprenant en
com-        la chambre de r6action comprend des pan- binaison:
neaux haut et de fond transparents A I'energie a) une premiere plurallte de
sources d'6ner-     thermique radiante 6mise par lesdites premiere gie
thermique radiante ayant un premier axe   35  et deuxieme pluralites de
sources d'6nergie longitudinal destinee a rayonner de la cha-
thermique radlante et a N'Jnergie thermique leur vers la surface superieure
du substrat      radiante 6mise par ladite troisieme source et de la base,
ladite premiere pluralite de      d'6nergie thermique radiante, et dans
lequel sources etant capable de rayonner une plus       lesdites premriere
et deuxieme pluralit6s de grande 6nergie thermique dans des zones   40
sources d'6nergie thermique radiante et ladite sensiblement pdriphdriques
diamdtralement        troisibme source d'energie thermique radiante
opposees que dans les zones centrales du         sont dispos6es a
l'ext6rieur de la chambre de substrat et de la base;
reaction et rayonnent de l'energie thermique b) une deuxieme pluralite de
sources             qui p6n~tre dans la chambre de r6action A d'energie
thermique  radiante ayant un   45     travers lesdits panneaux haut et de
fond. deuxieme axe longitudinal orthogonal au premier axe longitudinal
destin6e A rayon-   4. Appareil selon la revendication 1, dans loquel ner
de la chaleur vers la surface inferieure     ladite premiere plurality de
sources d'energie de la base, ladite deuxieme pluralit6 de
thermique radiante comprend des surfaces r6- sources etant capable de
rayonner une plus   so  fl6chissantes concaves pour rayonner une plus
grande energie thermique dans des zones          grande 6nergie thermique
vers les zones peri- sensiblement peripheriques diam6tralement
ph6riques opposdes quo vers les zones con- opposdes que dans une zone
centrale de la        trales du substrat et de la base. base; 



c) une troisieme source d'energie thermique   55  S. Appareil selon la
revendication 1, dans loquel radianto destin~e a rayonner de l'6nergie
ladite deuxieme pluralite de sources d'energie thermique vers la surface
inf6rieure sensi-      thermique radiante comprend des surfaces r6- blement
centrale de la base;                     fl6chissantes concaves pour
rayonner une plus 12    23                 EP 0 363 437 B1
24           c       L  1 S    I grande energie thermique vers les zones
pdri-       base et adapte pour supporter cette base, et phdriques opposdes
que vers les zones con-         qui s'6tend vers lo haut A travers une
parol de trales du substrat et de la base.                   fond pour
pknftrer dans ladite chambre de r6action en passant dans un arbre
tubulaire, 6. Appareil selon la revendication 1, dans lequel   5  ladite
troisibme source d'energle thermique ra- ladite troisfbme source d'4nergle
thermique ra-    diante compensant la perte de chaleur transml- diante
comprend des surfaces r~fldchissantes       se A la base en ralson de la
presence de concaves pour rayonner de 1'6nergie thermique       lensemble
d'arbre d'entratnement et de I'arbre vers la surface inf~rieure centrale de
la base.    tubulaire. 10 7. Appareil selon la revendication 1, comprenant
13. Appareil de chauffage selon la revendication un anneau fixe dispos6
autour du bord p~ri-         12, dans lequel ladite troisibme source
d'6ner- pherique de la base, sur lequel l'4nergie ther-    gie thermique
radiante comprend une troisib- mique radlante est projet~e par lesdites
pre-      me pluralite d'6l1ments chauffants sensible- miere et deuxibme
pluralltes de sources   1S       ment focalises sur la surface interioure
centrale d'energie thermique radiante.                       de ladite
base. 8  Appareil selon la revendication 7, dans lequel  14. Appareil selon
la revendication 12, dans lequel lesdits moyens capteurs sont montes dans
ledit ensemble d'arbre d'entratnement est l'anneau fixe pour capter la
temperature en   20   creux et une partie desdits moyens capteurs
diff6rents points de la pdriph~rie de la base.     passe a travers ledit
ensemble d'arbre creux pour capter la temperature regnant A la surface 9.
Appareil selon la revendication 7, dans lequel      inferieure centrale de
la base. lesdites premiere et deuxieme pluralit6s de sources d'dnergie
thermique radiante com-   25  15. Procddd mis en oeuvre dans un appareil de
prennent des 6l6ments chauffants discrets          depot chimique en phase
vapeur selon les dont les axes longitudinaux sont espacds sen-
revendications 1 & 14, dans lequel, pour chauf- siblement uniformement et
compronnent en           for uniformement le substrat dans un environ-
outre des surfaces refl6chissantes concaves         nement A temperature
commandde, ledit pro- destinies a reflechir l'6nergie radiante issue   30
cede comprend les phases consistanta: desdits 6lments vers l'anneau fixe,
selon des        a) rayonner de la chaleur vers la surface trajets
sensiblement parallbles.                      sup6rieure du substrat et de
la base en provenance d'une premiere pluralit6 de 10. Appareil de chauffage
selon la revendication 9,      sources d'energie thermique radiants ayant
dans loquel lesdits moyens de commande   35           un premier axe
longitudinal, ladite phase de comprennent des moyens servant a moduler
rayonnement comprenant la phase consis- 1'6nergie thermique radiante 6mise
par doe           tant a rayonner une plus grande 6nergie elements
selectionnes desdites premiere et            dans des zones sensiblement
peripheriques deuxieme pluralites de sources d'energie ther-
diam~tralement opposees quo dans les zo- mique radiante afin d'ajuster la
temperature  40      nes centrales du substrat et de la base; r6gnant dans
la chambre de reaction de fagon          b) rayonner de la chaleur vers la
surface qu'elle soit conforme a un profil de temp6ratu-      inf~rieure de
la base en provenance d'une re pred6tormind.
deuxieme pluralit6 de sources d'4nergie thermique radiante ayant un
douxibme axe 11. Appareil de chauffage selon 1a revendication   45
longitudinal orthogonal au premier axe Ion- 10, dans loquel lesdits moyens
de commando            gitudinal, ladite phase de rayonnement comprennent
des moyens destin~s a modular             comprenant la phase consistant &
rayonner l'6nergie thermique radiante emise par la troi-       une plus
grande energie vers des zones sieme source d'energie thermique radiante en
sensiblement peripheriques diametralement combinaison avec lesdits 6lements
selection-  so      oppos~es quo vers une zone centrale de la nes pour
ajuster la temperature r~gnant dans          base; ladite chambre de
reaction de facon qu'elle           c) rayonner de l'energie thermique en
pro- soit conforme a un profil de temperature pre-         venance d'une
troisieme source vers la sur- determin6.
face inferieure sensiblement centrale de la 



55        base; 12. Appareil selon la revendication 1, dans lequel       d)
capter la temperature dans une pluralitX ledit appareil comprend un
ensemble d'arbre           de zones a l'interieur de la chambre de
d'entratnement rotatif concentrique A ladite          r~action et engendrer
des signaux qui refle- 13    25                  EP 0 363 437 B1
26         1   11111 liii! liii II * C   L   M S   s tent les temperatures
capt~es; et e) faire varier l'energie thermique radiante emise par la
premiere pluralit6 de sources, la deuxibme pluralit6 de sources et la troi-
sibme source en reponse aux signaux en-   5 gendres dans ladite phase de
g6n6ration, pour porter et maintenir le substrat A une temp~rature
pred~termin~e uniforme pen- dant le traitement du substrat. 10 16. Proced6
selon la revendication 15, dans lequel ladite phase de captage comprend la
phase consistant a capter la temperature autour de la base en plusieurs
points. 15 17. Procede selon la revendication 15, comprenant la phase
consistant a r~fldchir l'6nergie thermi- que radlante emise par la premibre
pluralite de sources d'energie thermique radiante vers les surfaces
superieures du substrat et de la base.   20 18. Proc~d6 selon la
revendlcation 15, comprenant la phase consistant a reflechir l'energie
thermi- que radiante issue de la deuxibme pluralit6 de sources d'dnergie
thermique radiante vers la  25 surface inf~rieure de la base. 19. Proc6d6
selon la revendication 15, comprenant la phase consistant a r~gler
l'dnergie thermi- que radiante projetee sur la surface inf6rieure   30 de
la base et 6mise par la troisibme source d'energie thermique radiante. 20.
Procedd selon la revendication 15, dans lequel la phase consistant a faire
varier l'energie ther-  35 mique radiante 6mise produit une OI~vation
rapide de la temp6rature dans les r6gions cen- trales du substrat et de la
base au d6but d'un s~je   cycle de production. 40 21. Proced6 selon la
revendication 15, dans lequel la phase consistant a faire varier l'energie
ther- mique radiante 6mise produit une chute rapide de la temp6rature dans
les r6gions centrales du substrat et de la base a la fin d'un cycle cle  45
production. 50 55 14    


