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I 
DIFFUSION FURNACE PROCESS TUBE 

BACKGROUND or THE INVENTION 
Heretofore, process tubes for diffusion furnaces with 

cylindrical tubes had open ends and no intermediate 
connection points for the introduction of gases. Process 
gases were usually introduced at one end of the process 
tube and the semiconductor wafers to be treated or 
processed were both loaded and unloaded at the other 
end of the process tube. It has become desirable to con 
tinuously feed semiconductor wafers through a process 
tube in order to mechanize' loading and unloading of 
semiconductor wafers. - _ 

When some process gases are introduced into a pro 
cess tube there is a tendency for the process gas to de 
posit on the colder portions of the process tube as well 
as on the semiconductor wafers. Tubes which collect 
deposits may easily contaminate a different process or 
even affect the rate of the same process. 

BRIEF SUMMARY OF THE INVENTION 
The present invention substantially eliminates the 

cause for process gas deposits in the process tube and 
provides a more uniform processgas mixture in the 
hot-zone of the process tube where active processes oc 
cur. The means employed to achievethe invention do 
not block or interfere with the ends of the process tube, 
leaving it open and freely accessible for automatic 
mechanization equipment.to-continuously pass semi 
conductor wafers through the process tube. 

In accomplishing the invention there is provided a 
process tube having a plurality of chambers af?xed to 
the process tunnel of the tube intermediate the open 
ends of the process tunnel. _ 
Oneprocess chamber is a plenum for mixing and in 

troducing process gases into the process tunnel in front 
of the hot-zone. A second process chamber following 
the hot-zone exhausts the process gases from the pro 
cess tunnel. Gas curtainv chambers are provided inter 
mediate the ends of the process tube and the process 
chambersto restrict the process gases to the process 
tunnel and to allow the ends of the tunnel to remain 
open and accessible for the continuous flow of semi 
conductor wafers‘ through the process tunnel. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevation view of the present inven 
tion process tube. 
FIG. 2 is a top view of the process tube shown in FIG. 

1. 
FIG. 3 is an elevation view in section taken at lines 

3——3 of FIG. I showing the gas inlet end. 
FIG. 4 is an elevation view in section taken at lines 

4—4 of FIG. 1 showing the gas exhaust end. 
FIG. 5 is an elevation view in section showing the ex 

haust chamber and exhaust line. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The process tube of the present invention is adapted 
to be used in a standard diffusion furnace such as those 
shown and described in US. Pat. No. 3,387,078. 
Process tube 10 is preferably made of quartz in order 

to contain highly corrosive or toxic gases and to resist 
temperatures in the range of 1,300“ C. As is well known 
in the semiconductor art, a wafer 11 of silicon or other 
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semiconductor material is placed on a holder or boat 
12 and moved into the hot-zone where a process is con 
ducted at high temperature; The holder 12 and wafer 
'11 are then removed from the hot-zone and another 
holder 12 with wafers 11 are placed in the hot~zone to 
be processed. For purposes of this description the hot 
zone comprises approximately half the length of pro 
cess tube in the center of the tube where process gases 
are passed. It will be understood that the heating ele 
ments in the diffusion furnace, not shown, de?ne the 
length of the hot-zone and the adjacent end zones are 
employed to control the holder 12 and wafer 11 at an 
accurate predetermined temperature. Process tubes 10 
are usually placed inside ceramic protective tubes 9 
which are adjacent to the heating elements in the fur 
nace. . 

Basically three types of processes are conducted in 
the hot-zone. First, oxidization of the silicon wafer is 
performed by introducing water and/or oxygen. Se 
condly, deposition of dopants such as boron, phospho 
rous, antimony and arsenic, etc. are shallow-diffused by 
introduction of dopants and/or gases. Lastly, deep dif 
fusion of the above dopants is performed by raising the 
hot-zone temperatures above those employed for depo 
sition in the presence of controlled gases such as nitro 
gen, argon and/or oxygen. 
Referring now to the ?gures, process tunnel 13 is 

shown to »be preferably rectangular but could have 
other shapes. Four chambers 14, 15, 16, 17 are shown 
on top of the process tunnel. Each chamber 14, 15, l6, 
17 has a line 18, 19, 20, 21 connected thereto for sup 
plying or exhausting gases as will be explained. Each 
chamber l4, 15, 16, 17 has an aperture 23, 24, 25, 26 
therein which connects the chamber to the process tun 
nel 13 for the passage of gas therethrough. 
While the holder 12 and wafer 11 are in the hot-zone, 

process gases are introduced via inlet line 19 through 
plenum chamber 15 and aperture 24 into the hot-zone 
27 of the process tunnel 13 of process tube 10. Process 
gases in the hot-zone 27 are exhausted through aper 
ture 25 of exhaust chamber 16 and out exhaust line 20. 
The path of the process gases is indicated by arrows at 

g the apertures 24, 25. 
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To maintain the process gases in the center portion 
of the process tube, gas curtain chambers 14 and 17 are 
provided having inlet lines 18 and 21 respectively. Gas 
entering inlet lines 18 and 21 passes through chambers 
14 and 17 and apertures 23 and 26' into the end portion 

' of process tunnel 13. The gas passing through the rect 
angular shaped apertures 23 and 26 is maintained 
slightly higher than atmospheric pressure and equal or 
slightly higher than the process gas in the hot-zone 27. 
Accordingly, no process gas is permitted to leave the 
ends of the process tunnel and enter the atmosphere. 
Likewise the gas forming the gas curtain prevents air 
from entering the process tunnel 13, but may mix with 
the process gas without affecting the process. The 
valves and controls for maintaining gas pressures bal 
anced or constant are well known and do not form a v 
part of this invention. The path of the gas forming the ' 
gas curtain is indicated by arrows at apertures 23 and 
26. 
The roofs or domes 28, 29 of gas curtain chambers 

l4, 17 are arched and provided with end closures 31. 
The roof or dome 32 of plenum chamber 15 is arched 
and provided with end closures 33. The long chamber 
15 extends into a heated portion of the furnace which 
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preheats as well as mixes all process gases before they 
enter the process tunnel 13. 
The roof or dome 34 of exhaust chamber 17 is arched 

and provided with end closures 35. it will be noted that 
exhaust aperture 25 and exhaust line 20 are made 
larger than other apertures and lines to insure complete 
and proper exhaust. - 

In actual practice, there is a pressure differential 
along the process tunnel 13 between apertures so that 
process gases are blocked and restricted to the hot 
zone 27. This condition continues to exist even though 
holders 12 with wafers 11 are inserted and withdrawn 
from the process tunnel or continuously passed through 
the process tunnel 13 by known means. 
Dopant gases have a tendency to condense on the 

cool end portion of prior art tubes. The present process 
tube by restricting process gases to the hot-zone por 
tion 27 of the process tunnel 13 substantially eliminates 
condensation of gases at the cool ends, and wafers are 
only exposed to process gases under controlled condi 
tions in the hot-zone. ‘ 
The shape of the components of the process tube 10 

are selected to allow ease of manufacture and do not 
substantially effect the quality of the process. It is be 
lieved best to introduce and exhaust gases through 
chambers having rectangular apertures therein rahter 
than to connect the intake and exhaust lines 18, 19, 20, 
21 directly into the process tunnel 13. Having ex 
plained the functions of plenum chamber 15, its advan 
tages are well recognized. 
The advantages of a process tube 10 which eliminates 

dopant deposits, prevents corrosive and toxic gases 
from entering the atmosphere, permits continuous 
feeding processes, and provides more uniform proc 
esses, should be apparent from the description of the 
preferred embodiment. 

l claim: 
1. An improved process tube for a diffusion furnace 

comprising, 
a process tunnel for receiving semiconductor wafer 

to be processed, ' 

said plenum chamber comprising an elongated cham 
ber attached to the top of said process tunnel to 
provide mixing and preheating of process gases 
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4 
being introduced therein, 

an aperture connecting said plenum chamber and 
said process tunnel, 

an inlet in said plenum chamber for introducing pro 
cess gases, and 

a process gas exit point connected to said process 
tunnel intermediate an end of the process tunnel 
and said plenum chamber, said exit point providing 
an outlet for drawing off said introduced process 
gases before they reach the end of the process tun 
nel. ‘ 

2. An improved process tube for a diffusion furnace 
as set forth in claim 1 wherein said process gas exit 
point further comprises a chamber having an aperture 
connecting said process tunnel and an outlet for con 
necting to an exhaust line. 

3. An improved process tube for a diffusion furnace 
as set forth in claim 1 which further includes a ?rst gas 
curtain intennediate said plenum chamber and an end 
of the process tunnel. 

4. An improved process tube for a diffusion furnace 
as set forth in claim 3 which further includes a second 
gas curtain intermediate said plenum chamber and the 
opposite end of said process tunnel. 

5. An improved process tube for a diffusion furnace 
as set forth in claim 4 wherein one or more of said gas 
curtains comprise a chamber having an aperture con 
necting to said process tunnel and an inlet for connect 
ing an inlet line. 

6. An improved process tube for a diffusion furnace 
as set forth in claim 5 wherein said aperture comprises 
a slot having a substantially rectangular shape for intro 
ducing a curtain of gas which forces process gases to 
?ow through the center of the process tunnel. 

7. An improved process tube for a diffusion furnace 
as set forth in claim 6 wherein the pressure of the gas 
curtain is higher than the atmospheric pressure and the 
pressure of the process gas. 

8. An improved process tube for a diffusion furnace 
as set forth in claim 1 wherein said plenum chamber 
comprises an arch shaped dome attached to the top of 
a rectangular shaped process tunnel. 

* * * * * 


