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[57] ABSTRACT 

A CVD reactor includes a vacuum chamber having ?rst and 
second thermal plates disposed therein and tWo 
independently-controlled multiple-Zone heat sources dis 
posed around the exterior thereof. The ?rst heat source has 
three Zones and the second heat source has tWo Zones. A 
Wafer to be processed is positioned beloW the ?rst thermal 
plate and immediately above the second thermal plate, 
thereby being indirectly heated from above by the ?rst heat 
source via the ?rst thermal plate and indirectly heated from 
beloW by the ?rst Zone of the second heat source via the 
second thermal plate. A thermal ring plate Which laterally 
surrounds the edge of the Wafer absorbs heat energy emitted 
from the second Zone of the second heat source and heats the 
outer edge of the Wafer. First and second sensors embedded 
in the ?rst thermal plate and the thermal ring plate, 
respectively, measure and provide the respective tempera 
tures thereof to a computer Which, in response thereto, 
adjusts poWer to the three Zones of the ?rst heat source and 
the tWo Zones of the second heat source to maintain the ?rst 
thermal plate and the thermal ring plate, respectively, at a 
constant temperature. In this manner, a uniform temperature 
is maintained across the Wafer. 

17 Claims, 12 Drawing Sheets 
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METHOD AND APPARATUS FOR COLD 
WALL CHEMICAL VAPOR DEPOSITION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

[FIELD OF THE INVENTION] 

BA CKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention-relates to a cold wall Chemical Vapor 

Deposition (CVD) process chamber. More particularly, this 
invention relates to maintaining a wafer at a constant and 
uniform temperature in a vacuum chamber and controlling 
the injection of reactant gases into the chamber so that a 
uniform layer of thin ?lm may be deposited on the wafer. 

[BACKGROUND OF THE INVENTION] 
2. Brief Description of the Prior Art 
Polysilicon is widely used in the manufacture of semi 

conductor devices. Typically, polysilicon is deposited on 
silicon wafers by injecting silane or dichlorosilane and 
hydrogen in a hot wall CVD reactor 10 as is depicted in FIG. 
1 and described by T. Kamins, Polycrystalline Silicon for 
Integrated Circuit Applications, Kluwer Academic 
Publishers, 1988, pp. 12—14, herein incorporated by refer 
ence. 

A hot wall chamber such as the chamber 10 illustrated in 
FIG. 1 is, however, problematic. For instance, during CVD 
processing of wafers 12, the surface of chamber 10 becomes 
hot enough that a thin layer of the reactant vapor forms on 
the walls 14 of chamber 10. As this layer becomes thicker, 
it may break off of walls 14 and contaminate wafers 12. 
Further, the formation of such a layer may deplete the 
reactant species such that little or no vapor deposition occurs 
on the wafers 12. 

In response to this problem, a “cold wall” process has 
been developed in which a silicon wafer is placed on a 
heating chuck and inserted into a vacuum chamber having 
induction coils provided on an outside surface thereof. The 
heating chuck absorbs RF energy from the induction coils, 
indirectly heating the wafer. The walls of the vacuum tube 
are transparent and non-obstructive to radiant heat energy 
such that the walls do not absorb RF energy emitted from the 
induction coils. Thus, the walls of the vacuum tube are 
relatively cool and remain well below the reaction tempera 
ture (i.e., the temperature of the wafers). Accordingly, very 
little vapor deposition occurs on the walls of the vacuum 
chamber. 
A signi?cant limitation of the cold wall CVD reactor lies 

in its inability to uniformly heat each wafer. Simply applying 
heat in a uniform manner across a wafer results in signi?cant 
temperature differences between the center and outer por 
tions of the wafer. FIG. 2A shows a cross-sectional view of 
wafer 12 being heated uniformly by radiation emitted from 
a heat source 16 within a cold wall CVD reactor (not 
shown). FIG. 2B shows the typical pattern of radiative heat 
loss from wafer 12. The heat loss at the edge of wafer 12 is 
greater than heat loss of the center of wafer 12, resulting in 
a temperature difference between the edge and center of 
wafer 12. This temperature difference is illustrated graphi 
cally in FIG. 2C, where line 18 represents the temperature of 
wafer 12 as a function of distance across the cross-section of 
wafer 12 shown in FIG. 2B. 
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2 
The deposition rate of a reactant gas upon wafer 12 is 

proportional to the temperature of wafer 12. Thus, tempera 
ture variations between the center and edge of wafer 12 will 
undesirably result in the deposition of a non-uniform layer 
of such material (i.e., a layer of non-uniform thickness). For 
instance, the deposition rate of polysilicon may vary 2.0—2.5 
percent per degree Centigrade (see R. S. Rosler, Low 
Pressure CVD Production Process for Poly, Nitride, and 
Oxide, Solid State Technology, April 1977, pp. 63—70). 
One approach to compensate for the higher heat loss at 

edge of a wafer is to apply more heat to the edge of the wafer 
by using a multi-Zone heat source, as described by M. 
Moslehi et al, Texas Instruments Technical Journal, Vol. 9, 
No. 5, September, October. 1992, pp. 44—45. Unfortunately, 
such a technique is not completely effective. Since heat 
energy is not directional (i.e., it emits from a source in all 
directions), it is virtually impossible to direct this additional 
heat energy to only the edge of wafer 12. Some of the heat 
energy directed at the edge of wafer 12 will heat portions of 
wafer 12 as much as 5 mm away from the edge of wafer 12. 
Accordingly, there will still exist an undesirable variation in 
temperature between the edge and center of wafer 12. 
A further problem of the cold wall CVD process is its 

limited processing speed. When the reactant gas is held at a 
low partial pressure, i.e., less than approximately 10 mTorr, 
its deposition rate is primarily a function of temperature. The 
deposition rate may be increased by increasing the partial 
pressure of the reactant gas. At higher partial pressures, 
however, the deposition rate becomes a function of not only 
temperature but also of the distribution pattern of the gas 
over the surface of the wafer. The high velocities at which 
the reactant gas enters the chamber, as well as the turbulence 
generated within the chamber due to reactant gases striking 
objects within the chamber, make it nearly impossible to 
achieve a truly laminar gas ?ow within the chamber. Thus, 
dif?culties in accurately controlling the distribution pattern 
require the reactant gas to be held at low partial pressures in 
order to achieve a uniform deposition layer on wafer 12 
which, in turn, undesirably limits the deposition rate. 

The deposition of rate of polysilicon is typically on the 
order of 100—200 A/min at 10 mTorr. In a typical hot wall 
CVD process, in which a hundred or more wafers may be 
simultaneously processed, such a deposition rate is accept 
able. In a cold wall CVD process, however, only one wafer 
may be processed at a time. Accordingly, in a cold wall CVD 
device, a deposition rate on the order of 100—200 A/min 
results in an unacceptably low wafer output. Thus, there is 
a need for a cold wall CVD device which exhibits an 
increased processing speed without any sacri?ce in the 
uniformity of the deposited layer. 

SUMMARY OF THE INVENTION 

An improved cold wall CVD reactor is disclosed which 
overcomes problems in the art described above. In accor 
dance with the present invention, the CVD reactor includes 
a vacuum chamber having ?rst and second thermal plates 
disposed therein and two independently-controlled multiple 
Zone heat sources disposed around the exterior thereof. The 
?rst heat source has three independently controlled Zones 
and the second heat source has two independently controlled 
Zones. Awafer which is to be processed is positioned below 
the ?rst thermal plate and immediately above the second 
thermal plate. The wafer is indirectly heated from above by 
the ?rst heat source via the ?rst thermal plate and is 
indirectly heated from below by the ?rst Zone of the second 
heat source via the second thermal plate. Athermal ring plate 
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which laterally surrounds the edge of the wafer absorbs heat 
energy emitted from the second portion of the second heat 
source and heats the outer edge of the wafer. 

As the wafer is rotated at approximately 5 RPM, a 
reactant gas is injected into the chamber by a gas injector 
having a plurality of independently rotatable noZZles. The 
orientation and How of gas through each noZZle may be 
adjusted such that the reactant gas is distributed in a highly 
uniform manner across the surface of the wafer. This high 
uniformity allows the partial pressure of the reactant gas to 
be increased, thereby increasing its deposition rate, without 
sacri?cing the uniformity of the layer deposited upon the 
wafer. 

A?rst sensor embedded in the ?rst thermal plate measures 
the temperature of the ?rst thermal plate and provides this 
temperature to a computer which, in turn, adjusts power to 
the ?rst Zone of the ?rst heat source to maintain the ?rst 
thermal plate at a constant temperature. The computer 
maintains the heat intensity of the second and third Zones of 
the ?rst heat source at a predetermined factor of heat 
intensity of the ?rst Zone such that a uniform temperature 
exists across the wafer. 

A second sensor embedded in the thermal ring plate 
provides the temperature of the thermal ring plate to the 
computer. In response to this temperature, the computer 
adjusts the intensity of the second Zone of the second heat 
source to maintain the thermal ring plate at a constant 
temperature. The computer maintains the intensity of the 
?rst Zone of the second heat source at a predetermined factor 
of the intensity of the second Zone such the wafer is held at 
a uniform temperature, i.e., to minimiZe temperature varia 
tions between the outer edge and the center of the wafer. 

[BRIEF DESCRIPTION OF THE DRAWINGS] IN 
THE DRAWING 

FIG. 1 illustrates a prior art hot wall CVD process 
chamber; 

FIGS. 2A—2C illustrate the heat loss pattern of a silicon 
wafer processed in a cold wall CVD chamber; 

FIG. 3 is a front view of a CVD cold wall process reactor 
in accordance with the present invention; 

FIG. 4 is a front cross-sectional view of the CVD reactor 
of FIG. 4; 

FIGS. 5A and 5B are a cross-sectional view of a vacuum 
chamber within the CVD reactor of FIGS. 3 and 4; 

FIG. 6 is an exploded view of a portion of the vacuum 
chamber of FIGS. 5A and 5B showing also a multi-Zone 
heating assembly in accordance with the present invention; 

FIG. 7 is a perspective view of a multi-gas injector in 
accordance with the present invention; 

FIG. 8 is a cross-sectional view of the multi-gas injector 
of FIG. 7; 

FIG. 9 illustrates a stacked gas injector in accordance with 
the present invention; 

FIG. 10A is a cross-sectional view of a portion of the 
multi-Zone heating assembly shown in FIG. 6; 

FIG. 10B is a bottom view of the heating assembly of 
FIG. 10A; and 

FIG. 11 is a schematic view of a temperature control 
system in accordance with the present invention. 

[DETAILED] DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The description of the preferred embodiment is made with 
reference to FIGS. 3—11, where common parts are denoted 
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4 
with the same numerals. The operation of the above 
described preferred embodiment will be discussed below in 
the context of the deposition of polysilicon on wafer 12. It 
is to be understood, however, that embodiments in accor 
dance with the present invention may be used to deposit any 
suitable material on a wafer while still realiZing the advan 
tages of the present invention. 

Referring ?rst to FIGS. 3—6, a chemical vapor deposition 
(CVD) reactor 30 includes a vacuum chamber 32 having a 
top plate 34 and a base plate 36. Top plate 34 and base plate 
36 are both water cooled. Side walls 38 are attached and 
vacuum sealed to top plate 34 with an 0-ring 38a and to base 
plate 36 with an 0-ring 38b (FIG. 5). 
A wafer 12 which is to be processed in accordance with 

reactor 30 is placed inside chamber 32. Reactant gases are 
injected into chamber 32 via a gas injector 40 and are 
removed from chamber 32 using a suitable vacuum pump 
(not shown) via a hose 42. Infrared heat energy is applied to 
chamber 32 from a ?rst heat source positioned above the 
wafer and from a second heat source positioned below the 
wafer, as will be described below. 
An upper lamp assembly 43 is disposed above top plate 34 

(FIG. 3) and includes nineteen (19) two-kilowatt tungsten 
halogen lamps 44a—44c (FIG. 4). An upper quartZ window 
45, through which infrared energy emitted from lamps 
44a—44c may pass and heat a wafer 12 situated in chamber 
32, is mounted within top plate 34 and attached thereto by 
clamps 46. 0-rings 48, 49 form a vacuum seal between upper 
quartZ window 45 and top plate 34 (FIG. 5). A graphite 
gasket 50 forms a seal between upper quartZ window 45 and 
chamber 32. Clamps 46 apply a downward pressure on 
upper quartZ window 45 to ensure a snug ?t between upper 
quartZ window 45 and graphite gasket 50. Clamps 46 are 
secured to top plate 34 by bolts 52 (FIGS. 4—6). 

Infrared energy emitted from lamps 44a—44c in upper 
lamp assembly 43 heats a graphite thermal plate 54 posi 
tioned between approximately 0.5 and 0.75 inches above the 
top surface of wafer 12 (FIGS. 5 and 6). Thermal plate 54 
preferably has a low thermal mass to allow for rapid thermal 
cycling of plate 54. A plurality of clips 56 secure thermal 
plate 54 against a thermal insulating quartZ ring 58 (for 
simplicity, only one clip 56 is shown in FIG. 5). QuartZ ring 
58 reduces the thermal conduction between thermal plate 54 
and top plate 34. The temperature of thermal plate 54 is 
measured by a thermocouple 60 imbedded therein (FIG. 
5A). 
A lower lamp assembly 62 is disposed beneath base plate 

36 (FIG. 3) and includes eighteen (18) two-kilowatt lamps 
64a and 64b. In the same manner that upper quartZ window 
45 is sealed to top plate 34, a lower quartZ window 66 is 
provided within base plate 36 and vacuum sealed to base 
plate 36 via clamps 68, O-rings 70, 71, and a graphite gasket 
72 (FIG. 5). 
The wafer 12 is positioned within chamber 32 such that an 

outer edge of wafer 12 rests on a circular graphite carrier 74 
(FIGS. 5A—5B). Preferably, carrier 74 should be as thin as 
possible (i.e., approximately 0.1 inches) so as to minimiZe 
thermal mass. This low thermal mass allows for the rapid 
thermal cycling of carrier 74. 
A heat block 78 is disposed immediately below an outer 

portion of ring 74. An outer edge of ring 74 overlaps an inner 
edge of heat block 78, such that the bottom surface of carrier 
74 and the top surface of heat block 78 are separated by 
approximately 0.04 inches. A quartZ ring 80 provides ther 
mal isolation between heat block 78 and base plate 36. A 
thermocouple 86 (FIG. 5b) imbedded in heat block 78 is 
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sealed from the exterior of chamber 32 by O-ring 88 Within 
thermocouple clamp 90 Which, in turn, is sealed to side Wall 
38 by O-ring 92. 

Carrier 74 is supported by a quartz ring 93 Which is 
attached to a thermal plate 94. Preferably, plate 94 is 
graphite and exhibits a loW thermal mass to alloW for rapid 
thermal cycling of plate 94. Plate 94 is coupled to an upper 
end of a tube 96 Which extends through chamber 32 via an 
opening in loWer quartZ WindoW 66. Tube 96 passes through 
and may rotate freely Within a ferro?uidic seal 98, Which 
seals vacuum chamber 32 from exterior atmosphere (FIG. 
4). The loWer end of tube 96 is-connected to and sealed to 
a shaft adapter 100. A belt 102 is situated around a ?rst 
pulley 104, Which is coupled to tube 96, and a second pulley 
106, Which is coupled to a motor 108. When motor 108 
engages pulley 106, tube 96 rotates and thereby causes 
carrier 74 and, thus Wafer 12, to rotate. 
A shaft 110 situated Within tube 96 has a loWer end 

attached the inner portion of belloWs 112 Which, in turn, is 
coupled to a lift block 114. Lift block 114 is driven vertically 
by a motor 116 via an eccentric assembly 118. The upper end 
of shaft 110 is attached, via a shaft adapter 122, to a quartZ 
pin holder 120 having attached thereto lift pins 124 (FIGS. 
5 and 6). Lift pins 124 are used to raise Wafer 12 above 
carrier 74 such that Wafer 12 may be removed from chamber 
32 via a robotic arm (not shoWn for simplicity). 
A plug 125 having a gas ?tting 126 disposed therein is 

provided in top plate 34 and connected to a channel 128 
(FIGS. 4 and 5). An O-ring 130 seals plug 124 from exterior 
atmosphere, While an O-ring 132 seals plug 124 from the 
interior of chamber 32. Argon injected into gas ?tting 126 
?oWs through channel 128 and enters chamber 32 in the 
region betWeen thermal plate 54 and upper quartZ WindoW 
45, as indicated by arroW 133 (FIG. 5). 

Referring also to FIGS. 6 and 7, gas injector 40 includes 
an assembly 150 having six (6) independently rotatable 
noZZles 152 disposed on a side thereof. In some 
embodiments, noZZles 152 may rotate in vertical and hori 
Zontal directions. NoZZles 152 direct the How of reactant 
gases toWards the surface of Wafer 12. Each of noZZles 152 
has an associated control screW 154 Which controls the How 
rate and velocity of gas exiting from each noZZle 152. 

Gas injector 40 is secured to base plate 36 by clamp 162 
(FIGS. 4 and 8). An O-ring 164 seals gas injector 40 to base 
plate 36. A Clamp 167 is also used to secure injector 40 in 
place. Water ?ttings 168 provided on the underneath side of 
injector 40 are connected to a Water line 170 Within assem 
bly 40. Water is circulated through line 170 to cool injector 
40. 

Reactant gas injected into a tube 172 ?oWs through a gas 
line 174 and enters a chamber 176 Within assembly 150 of 
injector 40 (FIG. 8). Each of six gas lines 178 (only one is 
visible in FIG. 8 for simplicity) disposed Within assembly 
150 has a ?rst end connected to chamber 176 and a second 
end connected to an associated one of noZZles 152. As 
explained earlier, gas ?oW through each of noZZles 152 may 
be controlled via an associated one of control screWs 154 
coupled to an associated one of gas lines 178. 

In another embodiment, gas injector 40 may be provided 
With tWo assemblies 150 stacked upon one another, as shoWn 
in FIG. 9. This arrangement alloWs tWo different reactant 
gases to be injected into chamber 32. 

The gas injector 40 described above alloWs Wafer 12 to be 
processed at rates much faster than those of conventional 
cold Wall CVD devices Without any resultant degradation in 
the uniformity of the polysilicon layer deposited on wafer 
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6 
12. As discussed earlier, the deposition rate of polysilicon 
may be increased by increasing the partial pressure of the 
reactant gas. As the partial pressure is increased above 
approximately 10 mTorr, variations in the distribution pat 
tern of the reactant gas over the surface of Wafer 12 result in 
increasingly signi?cant variations in the uniformity of the 
polysilicon layer deposited on Wafer 12. 

To solve this problem, Wafer 12 is rotated While reactant 
gases are dispersed from injector 40 to chamber 32. The 
rotation of Wafer 12 results in an averaging of the amount of 
gas available for deposition over the entire surface of Wafer 
12. Thus, non-uniformities in the distribution pattern of the 
reactant gas become have a much less signi?cant impact 
upon the uniformity of the layer of polysilicon deposited on 
Wafer 12. It is, nonetheless, desirable to maximiZe the 
uniformity of distribution pattern of the reactant gas so as to 
achieve the highest possible uniformity of the polysilicon 
layer. The uniformity of the reactant gas distribution pattern 
may be optimiZed by manipulating the orientation and How 
rate of gas through each of noZZles 152. 

Minimizing the signi?cance of the distribution pattern of 
reactant gas alloWs the partial pressure of the reactant gas to 
be increased to approximately 200 mTorr Which, in turn, 
alloWs for polysilicon deposition rates in excess of 2500 
A/min. This increased deposition rate is realiZed Without 
sacri?cing the uniformity of the polysilicon layer deposited 
on Wafer 12. Thus, by reducing the gas boundary layer at the 
surface of Wafer 12, gas injector 40 alloWs for higher 
deposition rates at a given partial pressure than do conven 
tional cold Wall CVD reactors. 

FIG. 10A is a cross-sectional vieW of Water-cooled upper 
lamp assembly 43 (see also FIG. 4). Lamp sockets 171 
provided Within lamp assembly 43 house the lamps 44a—44c 
described above. Water pumped into lamp assembly 43 via 
Water ?ttings 173 circulates Within and cools lamp assembly 
43. Lamp sockets 171 are cooled by air entering lamp 
assembly 43 through a duct 179 and exiting lamp assembly 
43 through a duct 175. Electrical poWer is provided to lamp 
assembly 40 through a socket 177. 

FIG. 10B is a bottom vieW of upper lamp assembly 43 
illustrating three independent concentric heat Zones 178, 
180, 182. Outer Zone 178 includes an outer ring comprising 
tWelve lamps 44a, middle Zone 180 includes an inner ring 
comprising six lamps 44b, and inner Zone 182 includes lamp 
44c at the center of lamp assembly 43. 

Referring also to FIGS. 3 and 4, the arrangement of lamps 
in loWer lamp assembly 62 is similar to that of upper lamp 
assembly 43, With an outer ring comprising tWelve lamps 
64a and an inner ring comprising six lamps 64b. HoWever, 
loWer lamp assembly 62 has no central lamp comparable to 
lamp 44c in upper lamp assembly 43 and instead has an 
opening through Which tube 96 extends (FIG. 4). 

Referring noW to FIG. 11, a computer 190 regulates the 
temperature of Wafer 12 by controlling the intensity of lamps 
44a—44c and 64a—64b. PoWer to lamps 44a (outer Zone 178), 
lamps 44b (middle Zone 180), and lamp 44c (inner Zone 182) 
of upper lamp assembly 43 is managed by silicon-controlled 
recti?er (SCR) controls 192, 194, and 196, respectively, 
While poWer to lamps 64a and 64b of loWer lamp assembly 
62 is managed by SCR controllers 198 and 200, respectively 
(see also FIGS. 9A and 9B). Each of SCR controllers 
192—200 is controlled by a separate proportional integral 
derivative (PID) loops contained Within the softWare of 
computer 190. These PIDs loops may be of conventional 
design. 
The deposition of polysilicon on Wafer 12 in accordance 

With the present invention Will be discussed beloW. Wafer 12 



Re. 36,957 
7 

is placed on carrier 74. Plate 94 should be positioned such 
that the top surface of plate 94 lies approximately 0.5 inches 
beloW the bottom surface of Wafer 12. Wafer 12 is rotated at 
a speed of approximately 5 RPM While reactant gases are 
emitted from noZZles 152 (FIG. 5A). As described above 
With reference to FIGS. 7 and 8, the gas is distributed in a 
uniform manner over the surface of rotating Wafer 12 via 
injector 40. Rotational speeds higher than about 5 RPM may 
cause Wafer 12 to slide off ring 74. 

Argon gas injected into reactor 30 through gas ?tting 204 
?oWs through channel 205 (FIG. 4) and enters chamber 32 
at a rate of approximately 100 cc/min in a region beloW heat 
block 78, as indicated by arroWs 206 (FIG. 5). The argon, 
?oWing through the 0.04 inch gap betWeen heat block 78 and 
carrier 74, prevents the reactant gas from coming into 
contact With loWer quartZ WindoW 66. If the reactant gas 
Were alloWed to accumulate over quartZ WindoW 66, poly 
silicon Would deposit on quartZ WindoW 66 and thereby 
reduce the ef?ciency of lamps 64a—64b Within loWer lamp 
assembly 62. 

In a similar manner, argon gas injected into through gas 
?ttings 126 enters chamber 32 in a region betWeen upper 
quartZ WindoW 45 and plate 54 to prevent reactant gas from 
coming into contact With and depositing on upper quartZ 
WindoW 45 (FIG. 5). 

Wafer 12 is indirectly heated from above by indepen 
dently controlled lamps 44a, 44b, 44c of upper lamp assem 
bly 43 (FIGS. 4, 10). Lamp 44c, i.e., inner Zone 182, of 
upper lamp assembly 43 heats a center portion of thermal 
plate 54. The middle and outer portions of plate 54 are 
heated by lamps 44b (middle Zone 180) and lamps 44a (outer 
Zone 178) of upper lamp assembly 44, respectively. Com 
puter 190 monitors the temperature of plate 54 via thermo 
couple 60 and in response thereto adjusts the poWer pro 
vided to lamp 44c so as to maintain plate 54 at a constant 
temperature. Computer 190 adjusts the poWer provided to 
lamps 44a and 44b based upon predetermined factors of the 
amount of poWer being provided to lamp 44c. That is, ?rst 
and second predetermined percentages of the total poWer 
applied to lamps 44c is applied to lamps 44a and 44b, 
respectively. These predetermined factors are empirically 
determined by measuring the uniformity of the deposited 
polysilicon layer as a function of poWer provided to, and 
thus the temperature of, lamps 44a, 44b, and 44c. Applicants 
have found that optimiZation of the uniformity of the poly 
silicon layer is achieved Where temperature variations exist 
across thermal plate 54, i.e., Where the center of plate 54 is 
at a temperature different from, for instance, an outer portion 
of plate 54. 

Plate 54 acts as a thermal diffuser betWeen lamps 44a, 
44b, 44c and Wafer 12 to prevent hot spots on Wafer 12 and, 
accordingly, helps to ensure the deposition of a uniform 
layer of polysilicon on Wafer 12 (since directly heating 
Wafer 12 With lamps 44a, 44b, 44c Would almost certainly 
result in local hot spots on Wafer 12 immediately beloW each 
of lamps 44a, 44b, 44c). 

The outer edge of Wafer 12 is indirectly heated primarily 
by the tWelve outer lamps 64a of loWer lamp assembly 62. 
Heat energy emitted from independently controlled lamps 
64a is absorbed by heat block 78 Which, in turn, heats the 
outer edge of Wafer 12 (FIGS. 4 and 6). The temperature of 
heat block 78 is measured by thermocouple 86 and provided 
as feedback to computer 190. Computer 190 monitors this 
temperature and in response thereto adjusts the poWer pro 
vided to lamps 64a in order to maintain heat block 78 at a 
constant temperature. Surrounding the outer edge of Wafer 
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8 
12 by temperature-controlled heat block 78 thereby mini 
miZes heat loss at the outer edge of Wafer 12. 

Wafer 12 is indirectly heated primarily from beloW by the 
six inner lamps 64b of loWer lamp assembly 62 (FIGS. 4 and 
6). Thermal plate 94 absorbs heat energy emitted from inner 
lamps 64b and, acting as a thermal diffuser in a manner 
similar to plate 54, heats Wafer 12 from beloW. Computer 
190 controls the poWer provided to inner lamps 64b based 
upon a predetermined factor of the amount of poWer being 
provided to outer lamps 64a. As discussed above, this 
predetermined factor is empirically determined by measur 
ing the uniformity of the deposited polysilicon layer as a 
function of poWer provided to lamps 64a and 64b. 

In other embodiments, the amount of poWer provided to 
lamps 64a and 64b, and thus the temperatures of heat block 
78 and plate 94, respectively, are maintained as predeter 
mined percentages of the poWer applied to upper lamps 44a. 

Table 1 shoWs those predetermined percentages of poWer 
provided to each of lamps 44a, 44b, 44c, 64a, and 64b Which 
Applicants have found to result in an optimiZation of the 
uniformity of the polysilicon layer at an operating tempera 
ture of 650 degrees Centigrade. 

TABLE 1 

% of PoWer 
Applied to % of Full Max. Actual 

Zone Lamps 44A PoWer Watts PoWer 

Lamps 44a 100% 33% 24,000 7,920W 
Lamp 44c 82% 27% 2,000 540W 
Lamps 44b 27% 9% 12,000 1,080W 
Lamps 64b 40% 13% 12,000 1,560W 
Lamps 64a 73% 24% 24,000 5,760W 

The reactor 30 described above With reference to FIGS. 
3—11 minimiZes temperature variations betWeen the outer 
edge and center of a Wafer. As mentioned earlier, Wafer 12 
exhibits a higher heat loss at its outer edge than at its inner 
portions. This higher heat loss at the outer edge is compen 
sated by indirectly heating the outer edge of Wafer 12 With 
independently controlled lamps 64a. Heat energy emitted by 
outer lamps 64a is absorbed by heat block 78 Which, in turn, 
heats the outer edge of Wafer 12. Since heat block 78 
laterally surrounds the outer edge of Wafer 74, the magnitude 
of heat energy radiating from heat block 78 and provided to 
Wafer 12 is proportional to the distance from the outer edge 
of Wafer 12, i.e., more heat energy is provided to the edge 
of Wafer 12 than to portions of Wafer 12 1 mm aWay from 
the outer edge, and so on. This feature, along With the 
continuous adjustment of lamps 44a—44c and 64a—64b by 
computer 190, alloWs for the deposition of a highly uniform 
layer of polysilicon on Wafer 12. 

Applicants have found that reactor 30 alloWs for the 
deposition of a polysilicon layer having less than 1% non 
uniformity, as measured betWeen the outer edge and a point 
3 mm from the edge of a 200 mm diameter Wafer, While 
achieving polysilicon deposition rates in excess of 2500 
A/min. 

While particular embodiments of the present invention 
have been shoWn and described, it Will be obvious to those 
skilled in the art that changes and modi?cations may be 
made Without departing from this invention in its broader 
aspects and, therefore, the appended claims are to encom 
pass Within their scope all such changes and modi?cations as 
fall Within the true spirit and scope of this invention. 
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[We claim] What is claimed is: 
1. A CVD reactor comprising: 

a chamber containing; 

a ?rst thermal plate, 

a second thermal plate positioned beloW said ?rst thermal 
plate, Wherein a Wafer is interposed betWeen said ?rst 
and second thermal plates and not in contact With ?rst 
and second thermal plates; and 

a thermal ring plate laterally surrounding an outer edge of 
said Wafer; 

a ?rst heat source positioned above said ?rst thermal 
plate, said ?rst thermal plate absorbing heat energy 
emitted from said ?rst heat source and heating said 
Wafer; 

a second heat source having ?rst and second portions and 
positioned beloW said second thermal plate, said sec 
ond thermal plate absorbing heat energy emitted from 
said ?rst portion of second heat source and heating said 
Wafer, said thermal ring plate absorbing heat energy 
emitted from said second portion of said second heat 
source and heating said outer edge of said Wafer. 

2. The device of claim 1 Wherein said ?rst and second 
thermal plates comprise graphite. 

3. The device of claim 1 further comprising means for 
rotating said Wafer. 

4. The device of claim 3 Wherein said ?rst and second 
thermal plates have an emissivity of approximately 1.0. 

5. The device of claim 1 Wherein said ?rst and second heat 
sources each comprise a plurality of tungsten halogen lamps. 

6. The device of claim 1 further comprising: 

a computer; 

a ?rst thermocouple embedded Within said ?rst thermal 
plate and coupled to said computer, said thermocouple 
measuring the temperature of said ?rst thermal plate; 

a second thermocouple embedded Within said thermal 
ring plate and coupled to said computer, said second 
thermocouple measuring the temperature of said ther 
mal ring plate; 

Wherein said computer adjusts the intensity of said ?rst 
heat source in response to said temperature of said ?rst 
thermal plate and adjusts the intensity of said ?rst and 
second portions of said second heat source in response 
to said temperature of said thermal ring plate. 

7. The device of claim [6] 8 further comprising: 
a second plurality of independently rotatable noZZles; and 
a plurality of third gas lines, each of said third gas lines 

being connected to an associated one of said second 
noZZles, Wherein said shaft includes a fourth gas line 
having a ?rst end connected to each of said third gas 
lines and having a second end connected to a second 
gas ?tting such that a second gas, different from said 
?rst mentioned gas, injected into said second gas ?tting 
may be directed toWard said Wafer through one or more 
of said second noZZles. 

8. The device of claim 1 further comprising a gas injector 
for injecting a reactant gas into said chamber, said gas 
injector comprising: 

a top plate having a plurality of independently rotatable 
noZZles and a plurality of ?rst gas lines, each of said gas 
lines being connected to an associated one of said 
noZZles; and 
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a shaft comprising a second gas line having a ?rst end 

connected to each of said ?rst gas lines and having a 
second end connected to a gas ?tting, Wherein said gas 
is injected into said gas ?tting and is directed toWard 
said Wafer through one or more of said noZZles. 

9. The device of claim 8 further comprising a plurality of 
controls, each of said controls being connected to an asso 
ciated one of said ?rst gas lines for controlling the velocity 
of gas ?oWing through each of said associated noZZles. 

10. The device of claim 1 further comprising a window for 
passage of radiant heat energy from at least one of the heat 
sources to at least one of the thermal plates, a gas injector 
for injecting a reactant gas into said chamber; and an inert 
gas injector for infecting an inert gas between the window 
and at least one of the thermal plates that receives heat 
energy through the window, thereby creating a positive inert 
gas pressure to reduce reaction of the reactant gas between 
the window and the heat receiving thermal plates. 

11. The device of claim 6 further comprising: 
(a) a window for passage of radiant heat energy from at 

least one of the heat sources to at least one of the 
thermal plates; 

(b) a gas injector for injecting a reactant gas into said 
chamber; and 

(c) an inert gas injector for injecting an inert gas between 
the window and at least one of the thermal plates that 
receives heat energy through the window, thereby cre 
ating a positive inert gas pressure to reduce reaction of 
the reactant gas between the window and the heat 
receiving thermal plates. 

12. The device of claim 7 further comprising: 
(a) a window for passage of radiant heat energy from at 

least one of the heat sources to at least one of the 
thermal plates,‘ and 

(b) an inert gas injector for injecting an inert gas between 
the window and at least one of the thermal plates that 
receives heat energy through the window, thereby cre 
ating a positive inert gas pressure to reduce reaction of 
the reactant gas between the window and the heat 
receiving thermal plates. 

13. The device of claim 8 further comprising: 
(a) a window for passage of radiant heat energy from at 

least one of the heat sources to at least one of the 
thermal plates,‘ and 

(b) an inert gas injector for injecting an inert gas between 
the window and at least one of the thermal plates that 
receives heat energy through the window, thereby cre 
ating a positive inert gas pressure to reduce reaction of 
the reactant gas between the window and the heat 
receiving thermal plates. 

14. The device of claim 8 further comprising a liquid 
cooling system for cooling the gas injector. 

15. The device of claim 14 wherein the cooling system 
includes a liquid channel to permit circulation of liquid to 
cool the gas injector. 

16. The device of claim 10 further comprising a liquid 
cooling system for cooling the gas injector. 

17. The device of claim 16 wherein the cooling system 
includes a liquid channel to permit circulation of liquid to 
cool the gas injector. 


