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APPARATUS FOR MOVING EXHAUST TUBE OF BARREL REACTOR 

BStckground of the Invention. . . . . . . 
. :.:.·:.-::=·~ ···;. ·. . . . . . • 

The present-~nt-i~I_l,:re-Iates generally to barrel 

reactors and more particularly to apparatus for moving an 

5 exhaust tube of a barrel r~actor between an operating 

position and a maintenance position. 

Barrel reactors, such as generally indicated by 

the reference numeral 10 in Fig. 1, are used to deposit 

epitaxial layers on semiconductor wafers by a process known 

10 as chemical vapor deposition. The epitaxial layers have 

lattice structures which are identical to those of the 

wafers, but may be grown so they have different 

conductivity than the wafers to obtain necessary electrical 

properties. As illustrated in Fig. 2, the barrel reactor 

15 10 comprises a reaction chamber 12 constructed from an 

inverted bell jar 14 for containing wafers w. A gas ring 

30 sits atop an upper opening 16 of the bell jar 14. 

Nozzles 32 are provided in the gas ring 30 fo~ introducing 

a reactant gas (e.g., silicon) into the reaction chamber 

2 o 12. T~is gas forms the epitaxial layer on the· wafers W 

contained in the chamber 12. After deposition is complete, 

the reactant gas is purged from the reaction chamber 12 

through an exhaust tube, generally designated by 50' in 

Fig. 1, at the bottom of the bell jar 14. (Prime symbols 

25 are used with reference numbers herein to indicate that the 

designated component differs from the present invention.) 

The exhaust tube SO' includes an exhaust cup 52', flexible 

tubing 54 connected to the cup and rigid facility piping 

56. Once purged, a seal plate 36 mounted on the gas ring 

30 30 may be lifted to open the reaction chamber 12 to remove 

the wafers W from the barrel reactor 10. 

Not only does material deposit on the wafers W 

contained in the reaction chamber 12, but it also deposits 

on the various components of the barrel reactor 10 during 

35 the chemical vapor deposition process. These deposits can 
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become dislodged from the components and contaminate wafer$ 

during subsequent deposition operations. Consequently, the 

barrel reactor components must be replaced periodically to 

avoid contaminating wafers. ~ince the reactors 10 must be 

5 removed from service when the components are· replaced, it 

is beneficial to reduce the time during which the reactors 

are out of service to reduce production costs associated 

with downtime. · 

In the past 1 apparatus such as that generally 

10 designated 150' in Fig. 1 has been used to move the exhaust 

tube so' , and more particularly the cup 52' , be~ween an 

operating position in which it is tightly sealed against an 

exhaust port 18 (Fig. 3) of the bell jar 14 and a 

maintenance position in which the exhaust tube is spaced 

15 from the exhaust port of the bell jar. Separating the 

exhaust cup 52' from the bell. jar 14 permits the bell jar 

and/ or portions of the exhaust tube to be replaced or 

serviced. The prior apparatus 150' comprises a cylinder, 

generally designated 90' , positioned directly below the 

20 bell jar 14 and exhaust tube 50'. The cylinder 90' is 

connected to the exhaust tube 50' so that the exhaust tube 

seats asainst . the bell jar exhaust port 18 when the 

-cylinder is extended and separates from .the exhaust port 

when the cylinder is retracted. As shown in Fig. 1, . 

25 flexible tubing 54 is connected between the exhaust tube 

and facility exhaust piping 56 to permit the exha:ust tube 

to move· easily between ··the operating position and the 

maintenance position. 
Prior apparatus 150' such as that described above 

30 ·are prone to failure due to the high temperature 

environment in which they are used. In particular, seals 

(not shown) in the cylinders 90' tend to fail when exposed 

to heat emitted by the bell jar 14 during chemical vapor 

deposition. Further, the prior exhaust cups 52' tend to 

35 fail in a region around their upper flanges 68'. This 

region has reduced material strength because the flange 68' 
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is welded to the tube. Moreover, o-ring se~ls (not shown) 

used to seal the interface between the flange 68' and the 

bell jar 14 fail when exposed to high temperatures. 

Summary of the Invention 

5 Among the several objects of the present 

iµvention may be noted the provision of improved apparatus 

for moving an exhaust tube of a barrel reactor between an 

operating position and a maintenance position; the 

provision of such apparatus which reduces the downtime 

10 necessary to replace barrel reactor receptacles; and the 

provision of such apparatus which is resistant to heat 

produced by the barrel reactor. 

Briefly, apparatus of this invention is an 

epitaxial barrel reactor for depositing a material on a 

15 semiconductor wafer by a chemical vapor deposition process 

using a reactant gas. The barrel reactor includes a 

receptacle defining a reaction chamber sized to receive at 

least one semiconductor wafer. The receptacle has an inlet 

port for introducing reactant gas to the reaction chamber 

2 o and an exhaust port for removing reactant gas from the 

reaction chamber. The reactor also includes an exhaust 

tube sealingly engageable with the exhaust port of the 

receptacle for transporting reactant gas to facility piping 

to remove the gas from the reaction chamber after the 

25 chemical vapor deposition process. In addition, the 

reactor includes an actuator spaced from the receptacle for 

moving the exhaus~ tube between an operating position in 

which the tube sealingly engages the eXhaust port of the 

receptacle and a maintenance position in which the tube is 

30 spaced from t_!1.e exhaust port to provide access to the 

receptacle. Further, the reactor includes a mechanism 

operatively connected between the exhaust tube and the 

actuator for transmitting motion from the actuator to the 

exhaust tube to move the tube between the operating 

35 position and the maintenance position. 
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In another aspect, apparatus of this invention.is 

for use with an epitaxial barrel reactor to move an exhaust 

tube between an operating position and a maintenance 

position .. The apparatus ·comprises an actuator spaced from 

5 the reactor for moving the exhaust tube between the 

operating position and ·the maintenance position. Further, 

the apparatus includes a mechanism operatively connected 

between the exhaust tube and the actuator for transmitting 

motion from the actuator to the tube to move the tube 

10 between the operating position and the maintenance 

position. 
In yet another aspect, the present invention 

includes an exhaust tube for transporting reactant gas from 

an epitaxial barrel reactor. The tube comprises a tubular 

15 shell having an inlet and an outlet and a flange adjacent 

the inlet sized and shaped for connecting the tube to an 

outlet port of the barrel reactor. The tube also comprises 

a water-tight jacket surrounding the tube. The jacket and 

tube define an annular c~oling passage extending at least 

20 partially along the tube for circulating cooling water 

around the tube ·to cool the tube during chemical vapor 

deposition. 
Other· objects and features of the present 

invention will be in part apparent and in part pointed out 

25 hereinafter. 

Brief Description of the Drawings 

Fig. 1 is a fragmentary front elevation of a 

prior art barrel reactor; 

Fig. 2 is a fragmentary cross section of the 

30 barrel reactor showing interior features.common to both the 

prior art reactor and the reactor of the present invention; 
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Fig. 3 is a fragmentary front elevation in 

partial section showing an exhaust tube of the barrel 

reactor and an apparatus of this invention for moving the 

exhaust tube between an operating pos~tion and a 

S maintenance position; and 

10 

Fig. 4 is a cross section of the exhaust tube 

taken in the plane of line 4-4 in Fig. 3. 

Corresponding reference 

corresponding parts throughout the 

drawings. 

characters indicate 

several views of the 

Detailed Description of the Pref erred Embodiment 

Referring now to the drawings and in particular 

to Fig. 1, a conventional epitaxial barrel reactor is 

designated in its entirety by the reference numeral 10. 

15 Such barrel reactors 1 O are used to deposit epitaxial 

layers on semiconductor wafers by a process known as 

chemical vapor deposition. As illustrated in Fig. 2, the 

barrel reactor 10 comprises a reaction chamber 12 

constructed from a receptacle such as an inverted bell jar 

20 14 for containing·wafers w. The bell jar 14 includes an 

upper opening 16 for inserting and removing wafers Wand an 

exhaust port 18 (Fig. 3) at the bottom of the bell jar for 

purging reactant gases from the reaction chamber 12 after 

deposition is complete. A rim 20 is provided around the 

25 upper end of the bell jar 14 for supporting the bell jar 

when it is installed in a work station platform P as shown 

in Fig. 1. 

As further illustrated in Fig. 2~ a gas ring 30 

is mounted on· top of the bell jar 14 above its upper 

30 opening 16. Two nozzles 32 (only one of which is shown) 

are provided in the gas ring 30 for introducing a reactant 

gas (e.g., silicon) into the reaction chamber 12. This gas 

forms the epitaxial layer on the wafers W contained in the 

chamber 12 ~ The gas ring 30 is held in place by screw 

35 fasteners 34 (only one of which is shown) which are 
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fastened to the platform P. Thus 1 the gas ring 30 acts as 

a clamp for holding the rim 20 of the bell jar 14 against 

the work station platform P. 

A seal plate 36 is mounted on the gas ring 30 to 

5 seal the top of the reaction chamber 12. The seal plate 36 

may be lifted to open the reaction chamber 12 to remove the 

waf~rs W from the barrel reactor 10. A pentagonal 

susceptor 38 suspended from the seal plate 36 includes 

circular recesses 40 for holding the wafers w in a 

10 generally vertical orientation so one face of each wafer is 

exposed to gases in the reaction chamber 12 . The susceptor 

38 may be lifted out of the reaction.chamber 12 to permit 

the wafers W to be removed from the recesses 40 once the 

deposition is complete. A controller 42 (Fig. 1) and motor 

15. - '(not shown) positioned above the seal plate 36 spin the 

susceptor 38 about its vertical axis to evenly distribute 

the epitaxial layer on the wafers W as is well knOTA71l in the 

art . A cooling jacket 44 surrounds the bell jar 14 for 

cooling the jar and associated equipment. 

20 After deposition is complete, the reactant gas is 

purged from the reaction chamber 12 through an exhaust 

tube,_ generally designated by so in Fig. 3, extending from 

the exhaust port 18 at the bottom of the bell jar 14. The 

exhaust tube 50 comprises an · exhaust cup 52, flexible 

25 tubing 54 connected to the cup and conventional facility 

piping 56 (Fig. 1) connected to .. the flexible tubing for 

venting reactant gases from the facility. As illustrated 

in Fig. 3, the exhaust cup 52 includes a tubular inner 

shell 58 for transporting the reactant gases and a water~ 

30 tight cooling jacket 60·surrounding the shell.· The jacket 

6~ and shell · 58 define an annular passage 62 extending 

along the exhaust cup 52 for circulating cooling water 

around the cup. The inner shell s~ has a gas inlet 64 at 

its upstream end and a gas outlet 66 at its downstream end. 

35 A first flange 68 is provided at the inlet 64 for sealably 

connecting the exhaust cup 52 to the exhaust port 18 of the 
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bell jar 14. A second flange 70 at the outlet 66 of the 

shell 58 connects the exhaust cup 52 to the flexible tubing 

54. A similar flange 72 is provided on the flexible tubing 

54 for connecting the cup 52 and tubing with screw 

5 fasteners 74. Although screw fasteners 74 are used to 

connect the exhaust cup 52 to the flexible tubing 54 in the 

preferred embodiment, other connect·ion means such as a 

strap clamp (not shown) are also envisioned as being within 

the scope of the present invention. 

10 As shown in Fig. 3, the jacket 60 abuts the first 

flange 68 which includes an annular re~ess 76 extending 

upward into the flange from the annular cooling passage 62. 

The recess 76 circulates water through the flange for 

cooling. Cooling the flange 68 increases the life of the 

15 exhaust cup 52 in the region of the flange which was 

susceptible to cracking in prior art designs. Two 0-ring 

seal grooves 7Ba, 78b are formed in the upper face of the 

first flange 66 for holding o-rings aoa, sob to seal the 

interface between bell jar 14 and exp.aust cup 52 when the 

20 first flange is pressed upward against the exhaust port 18 

of the bell jar. A vacuum may be drawn between the o-rings 

aoa, sob through a vacuum passage (not shown) to further 

seal the first flange 68 against the exhaust port 18 of the 

bell jar 14. Copling water circulating through the annular 

25 cooling passage 62 in the first flange 68 also reduces the 

temperatures of the 0-rings 80a, 80b which prolongs their 

lives. As illustrated in Fig. 4, an inlet passage 82 

delivers cooling water to the annular passage 62 and an 

outlet passage 84 at an opposite end of the annular passage 

30 permits water to exit. from the annular passage to remove 

heat from the exhaust cup 52 during chemical vapor 

deposition. 
As illustrated in Fig. 3, a gas-operated 

actuator, generally designated 90, moves the exhaust tube 

35 50 between an operating position in which the first flange 

68 of the exhaust cup 52 sealingly engages the exhaust port 
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18 of the bell jar 14 and a maintenarice position in which 

the first flange is ·separated from the exhaust port for 

servicing the exhaust tube and the bell jar. The actuator 

90 comprises a cylinder body 92 and a.piston 93 connected 

s to a piston rod 94 slidclbly received in the body so the rod 

moves between an extended position and a retracted position 

corresponding to the operating arid maint·enance positions of 

the exhaust cup, respectively. In addition, the actuator 

has a head end pressure port 96 and ~ ··rod end pressure .port 

10 98 through which pressurized gas .•·(e.g., nitrogen) is 

introduced for moving the piston rod 94 with respect to the 

cylinder body 92 between the extended and retracted 

positions, respectively. A cooling water inlet and outlet 

100, 102, respe·ctively, permit cooling water to be 

15 circulated through an internal cooling passage (not shown) 

in the cylinder body 98 to cool ·the actuator 90. To 

further reduce the temperature of the actuator 90, it is 

physically spaced trom the bell jar 14. 

A mechanism, generally designated 110, 

20 operatively connects the exhaust tube so and the actuator 

90 for transmitting motion from the actuator to the exhaust 

tube to move the tube between the operating and maintenance 

positions. The mechanism 110 includes a base 112 having 

two vertical parallel plates 114 (only o:p.e of ·Which is 

25 shown) and a lever 116 positioned -between the plates. The 

lever 116 is pivotally connected to the plates 114 with a 

bolt 118. 

One end of the lever 116 is pivotally connected 

to the rod 96 of the actuator 90 . The cylinder bo!iy 98 is 

30 pivotably attached to a !:?racket 120 connected across the 

top of the plates 114 so the actuator 90 is fre_e to pivot 

as the rod 96 moves in and out of the cylinder body. 

Because the actuator 90 is free to pivot with respect to 

both the base 112 and the lever 116, bending forces in the 
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rod 96 are avoided. A heat shield 122 attached to the 

bracket 118 is positioned between the bell ]ar 14 and the 

actuator 90 for reflecting heat away from the actuator and 

thereby preventing damage to the actuator . 
. \ 

5 The end of the lever 116 opposite the actuator 90 

is attached to a slider assembly, generally designated 130. 

The slider assembly 130 comprises a hollow guide 132 and a 

cylindrical follower 134 slidably received within the 

guide. The follower 134 slides up and down in the guide 

10 132 as the piston rod 94 moves between its extended and 

retr~cted positions, respectively. The follower 134 has a 

circular hole 136 extending inward from one side. A ball 

138 mounted on the end of the lever 116 attached to the 

slider assembly 130 is received in the hole 136 so the 

15 follower 134 slides freely up and down in the guide 132 as 

the actuator 90 pivots the lever. A slot 140 formed in the 

side of the guide 132 provides clearance for permitting the 

lever 116 to travel up and down. A clevis 142 extending 

from the bottom of the exhaust cup 52 receives an eye 144 

20 attached to the top of the follower 134. The clevis 142 

and eye 144 are pivotally joined by a bolt ~46. Together 

the mechanism 110 and the actuator 90 form an apparatus, 

generally designated 150 for. raising and lowering the 

exhaust tube so in response to the actuator rod 94 moving 

25 between the extended· and retracted positions. 

Under normal operating conditions, the head end 

pressure. port 96 of the actuator 90 is pressurized to 

extend the rod 94. · With the rod 94 extended, the lever 116 

is pivoted to the position shown in Fig. 3 in which the 

3 o first flange 68 of the exhaust cup 52 is pressed upward 

against exhaust port 18 of the bell jar 14 to seal the 

corresponding interface between the cup and port . 

Periodically, when deposits form in the exhaust tube so and 

bell jar 14, the rod end pressure port 98 of the actuator 

3 5 90 is pressurized to retract the rod 94. As the rod 

retracts, the lever 116 pivots (clockwise as shown in Fig. 
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3) to ·separate the exhaust cup 52 from the exhaust port 18 

of the bell jar 14. Once separated, ·the bell jar 14 and/or 

the exhaust tube 50 may be serviced. 

As will be apparent to those skilled in the art, 

5 when the actuator 90 . presses the cup Upward against the 

bell jar 14, the beli jar rim 20 is pushed upward against 

the gas ring 3 O which tensions · the screw fasteners 34 

holding the ring against the platform P. Lowering the 

exhaust cup 52 relieves the tension so that the fasteners 

10 may be .. unscrewed when the bell jar 14 is being replaced. 

As previously explained, prior apparatus 150' for 

raising and lowering the exhaust cup 52' are prone to 

failure due to the high temperature environment in which 

they are used. In particular, the· actuators 90' fail 

15 because-·seals (not shown) inside the actuators .fail when 

exposed to heat emit"ted by the bell jar 14 during chemical 

vapor deposition. As explained above, the apparatus of the 

present invention overcomes this problem by increasing the 

distance between the bell jar 14 and the actuator 90, by 

20 · shielding the actuator with a heat.· shield 122, and by 

circulating cooling water through the actuator. Further, 

the upper flanges 68' of prior exhaust cups -52' and the 

seals between the flanges and the bell jars 14 fail due to. 

the high temperature environment . As explained above, the 

25 exhaust tube SO, and more particularly, the exhaust cup 52 

of the present invention are water cooled to prolong the 

life of the exhaust tube and seals aoa, 80b. 

In view of the above, it will be seen that the 

several objects of the invention are achieved and other 

30 advantageous results attained. 

As various changes could be made in the above 

constructions without ·departing from the scope of the 

invention, it is intended that all matter contained in the 

above description or shown in the.· accompanying drawings 

35 shall be interpreted as illustrative and not in a limiting 

sense. 



W099/47732 PCTIUS9!>/04216 

11 
I If IJllJ 11111111111111111111 

C L H S * Claims 

WHAT :CS CLAIMBD :CS: 

1. Apparatus for use with an epitaxial barrel 

reactor to m.Ove an exhaust tube therefor between an 

operating position in which the tube engages an exhaust 

port of the reactor for transporting·reactant gas from the 

5 reactor after chemical vapor deposition is complete and a 

maintenance position in which the tube is spaced from the 

reactor to provide access to the reactor, said apparatus 

comprising: 
an actuator spaced from the reactor for moving 

10 the exhaust tube between said operating position and said 

maintenance position; and 

a mechanism operatively connected between the 

exhaust tube and the actuator for transmitting motion from 

the actuator to the tube to move the tube between said 

15 operating position and said maintenance position. 

2. Apparatus as set forth in claim l further 

comprising a heat shield for positioning between the 

reactor and the actuator for preventing heat transfer from 

the reactor to the actuator. 

3 . Apparatus as set forth in claim 1 wherein the 

actuator is a water cooled actuator having cooling passages 

for transmitting cooling water through the actuator to 

remove heat from the actuator. 

4. Apparatus as set forth in claim 1 wherein the 

mechanism comprises a base and a lever pivotally connected 

to the base, the lever being adopted to extend between the 

actuator and the tube for transmitting motion from th;e 

5 actuator to the exhaust tube. 
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5. Apparatus as set forth in claim 4 wherein the 

actuator is pivotally connected to the base and to the 

lever. 

6. Apparatus as set forth in claim 4 wherein the 

lever and the exhaust tube are pivotally connected. 

7. Apparatus as set forth in claim 1 wherein the 

actuator is a gas~operated actuator comprising a cylinder 

body and a piston slidably received within the cylinder. 

body, said piston moving with respect to the cylinder body 

5 between an extended position and a retracted position in 

response to fluid entering and exiting the cylinder. 

8 . Apparatus a~ set forth in claim 7 wherein the 
_, . 

mechanism moves the _exhaust tube to said operating po~ition 

when the ·piston moves to said extended position and the 

mechanism moves the exhaust tube to said maintenance 

s position when the piston moves to said retracted position. 

9. Apparatus as set forth in claim 1 in 

combination with the epitaxial bari;el reactor. 

10. An exhaust tube for transporting reactant 

gas from an epitaxial barrel reactor after chemical vapor 

deposition is complete, said tube comprising: 

a tubular shell having an.inlet and an outlet and 

5 a flange adjacent the inlet sized and shaped for connecting 

the tube to an outlet port of the barrel reactor; and 

.a water-tight jacket surrounding the shell, the 

jacket and shell defining an annular cooling passage 

extending at least partially along the tube for circulating 

10 cooling. water around the shell· to cool the sh~ll during 

chemical vapor deposition. 


