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ABSTRACT OF THE DISCLOSURE 

Apparatus and a method for continuously doping semi 
conductor materials whereby substantially independent 
chambers are passed in series through an elongated fur 
nace wherein semiconductor materials placed in the cham 
bers are sequentially exposed to preheating, doping and 
cooling zones in the furnace. 

The present invention relates to a continuous method 
for doping semiconductor materials and to an apparatus 
for carrying out the process. 
For the most part, the doping of semiconductor ma 

terials is currently carried out by “batch” processes. Such 
processes generally comprise placing a body of semicon 
ductor material in a crucible or other suitable vessel, 
pushing the vessel into a furnace and introducing a suit 
able doping agent into the furnace. After doping is com 
pleted, the vessel is then withdrawn and the semiconduc 
tor material removed. 
The batch technique makes it very di?icult to obtain 

a high yield of usable material due to the unreproduc 
ibility of the product. For example, the temperature of 
the boat pushed into the furnace may effect a temperature 
variation of several degrees and this in turn in?uences 
the extent of the doping. Also, the length of exposure of 
the semiconductor material to the doping atmosphere is 
difficult to control under such circumstances and numer 
ous human errors intrude. 
The primary object of the present invention is to pro 

vide a continuous method and apparatus for doping semi 
conductor materials which enables a high yield of usable 
doped semiconductor material to be obtained. 
The invention generally comprises passing a series of 

substantially independent chambers through an elongated 
furnace. Semiconductor material placed in the chambers 
is sequentially exposed to preheating, doping, and cooling 
zones in the furnace. Each of the treating stations within 
the furnace is maintained substantially independent of the 
others and the temperature pro?le, drive speed through 
the furnace, and atmosphere at each treating station are 
all carefully controlled so as to insure reproducible re 
sults. 
The invention will be more fully appreciated in the 

light of the following detailed description of a preferred 
embodiment of the invention and the best method and 
apparatus which has been contemplated for carrying out 
the invention. An appreciation of the invention will be 
further assisted by reference to the accompanying drawing, 
in which: 
FIGURE 1 is a side, elevational view, partly in cross 

section, of an apparatus for carrying out the inven 
tion, 
FIGURE 2 is a top, cross-sectional view of the furnace 

shown in FIGURE 1 of the drawing, 
FIGURE 3 is an end view of the unload end of the fur 

nace shown in FIGURE 1 of the drawing, and a some 
what schematic view of ancillary apparatus for introduc 
ing the doping atmosphere to the furnace, 
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FIGURE 4 is a detailed perspective view of a preferred 

embodiment of a vessel for transporting the semicon 
ductor material through the process and apparatus of the 
invention, and 
FIGURE 5 is a detailed perspective View of another 

vessel for transporting the semiconductor material through 
the process and apparatus of the invention. 

Referring to the accompanying drawing and in par 
ticular to FIGURE 1, it will be seen that one embodiment 
of apparatus in accordance with the present invention 
comprises a furnace 10 having an internal hollow core 
along its longitudinal axis. In the portion of the furnace 
shown in section, it will be seen that the furnace com 
prises an outer housing 11 lined with a suitable insulating 
material 12. A sleeve member 13 which may be of gen 
erally cylindrical con?guration is located in the core of 
the furnace and extends somewhat beyond each end of 
the furnace. Mounted in a compartment between sleeve 
13, enclosure 11 and insulating material 12 are a series 
of heating elements 70-73 by which the internal tempera 
ture of the furnace is controlled. These heating elements 
are preferably independent one from the other so that 
local control of the internal temperature of the furnace 
may be exercised. 

Insulating members 14 are positioned at each end of 
the furnace surrounding the sleeve. 

Positioned along the length of sleeve 13 and extend 
ing beyond each end of the sleeve is a D tube 15. The 
back of the D tube is in a horizontal plane and provides 
a ?at v?oor within sleeve 13. 
A series or train of boats or vessels 50 are positioned 

within the core of the furnace in sleeve 13 and supported 
by D tube 15. The train of boats is driven through the 
furnace by ram 17 which in turn is driven by motor 
18 through gear 19 and rack 20. The rack 20 and ram 
17 may be supported by standard 21 to align them with 
the last boat in the train. 
While the drive means for advancing the train of boats 

or vessels through the furnace has been shown as a par 
ticular variable speed motor and ram arrangement, it 
will be understood that any suitable drive means for 
pushing the boats through the furnace at a desired speed 
may be utilized. 
A series of conduits 30-34 inclusive are shown exiting 

from the side of the furnace and communicating through 
valves 35—37 inclusive with exhaust manifold 40. Each 
conduit 30-34 communicates with a restricted zone or 
chamber within the furnace. 

Referring brie?y to FIGURE 4 of the drawing, the 
substantially independent chambers within the furnace 
are preferably formed by the con?guration of the boats 
themselves. In a preferred embodiment, the boat 50 
preferably comprises a tray or support element 51, in 
which the semiconductor material to be doped is placed. 
A back plate 52 is attached to the tray element 51 and 
has a con?guration conforming closely to that of the open 
section of the furnace. Thus, a series of such boats or 
vessels in end to end relationship form a series of sub 
stantially independent chambers within the core of the 
furnace. 

Alternatively, the D tube 15 may be eliminated and 
boats of the con?guration shown in FIGURE 5 may be 
employed. In this case, the tray element 56 of boat 55 
is in the form of a D tube. The semiconductor material 
is supported on the ?at, horizontal surface 57 of element 
56. Back plate 58 is circular and provides an effective 
barrier between the successive vessels driven through 
sleeve 13. 

Referring now to FIGURE 2 of the drawing which is 
a top sectional view of the furnace portion of the ap 
paratus shown in FIGURE 1, it will be seen that semi 
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conductor Wafers or discs 67 are placed in the tray por 
tion 51 of boats 50. Each back plate 52 of the boats 
closely but slidingly engages the upper arch of sleeve 13 
and the ?oor provided by the back of D tube 15. This 
establishes a series of chambers or compartments within 
the furnace, each compartment being approximately the 
length of an individual boat. 

Conduits 30-34 inclusive are shown extending through 
the side wall of the furnace and communicating with the 
series of chambers formed within the furnace by the 
train of boats. As was noted in connection with FIG 
URE 1, this series of conduits is connected through suit 
able valves with an exhaust manifold 40. On the other 
side of the furnace, conduits 60-64 inclusive also com 
municate with the chambers formed within the furnace. 
These conduits provide means for introducing a desired 
atmosphere into the chambers which are evacuated 
through exhaust conduits 30-34 respectively. 

Conduits 60, 61, 63 and 64 are preferably supplied 
through valves 65 and 66 with a suitable inert gas, such 
as nitrogen, or a mixture of nitrogen with a small amount 
of oxygen to maintain a substantially non-reactive at 
mosphere within the respective chambers during the pre 
heating, and cooling stages. A suitable doping atmos 
phere is introduced through conduit 62 and evacuated 
through conduit 32. 
As illustrated in FIGURES l and 2, the train of boats 

50 containing semiconductor material to be continuously 
doped in furnace 10 is driven from left to right, so that 
the left-hand end of the furnace may be referred to as 
the feed end and the right-hand side as the unload end. 
In the preferred embodiment, the ?rst stage of the treat 
ment to which the semiconductor is subjected within the 
furnace is a preheating step. Heat for this operation may 
be provided by heating coils 70 and 71 and the atmos 
phere is controlled by introducing gases through conduits 
60 and 61 and evacuating through conduits 30 and 31, 
respectively. The heating elements are preferably in the 
form of coils completely surrounding sleeve 13. 

Since gaskets or coils of insulating material 14 are 
positioned at each end of the furnace and since there is 
a certain amount of heat loss through the ends of the 
furnace, the temperature pro?le gradually rises from the 
ends towards the center. In addition, by providing in 
dependent controls for the heating elements, the tem 
perature pro?le within the furnace may be subjected to 
further monitoring. 

Referring now to FIGURE 3 of the drawing, which 
is an end view of the unload end of furnace 10 and 
ancillary apparatus for supplying the doping atmosphere 
to the furnace, it will be seen that each boat 50 is posi 
tioned in sleeve 13 so that boat back 52 substantially 
seals off tray element 51 from following boats. The bot~ 
tom of tray 51 and boat back 52 rest on and slide along 
the back of D tube 15 which rests in the lower half of 
sleeve 13. Inert gas input and output conduits 64 and 
34 are shown communicating with the interior of the 
furnace by dotted lines. Doping atmosphere input con 
duit 62, partly obscured by conduit 64, is shown with its 
associated apparatus for generating the desired doping 
atmosphere. l 
The ancillary apparatus used for supplying dopant to 

the furnace is similar to that conventionally used in batch 
processes and generally comprises a source of oxygen 
or other carrier gas not shown, which is supplied through 
conduit 80. The ?ow of the gas is controlled by valve 
81 which communicates with ?lter 82 and cold trap 83. 
Together, ?lter 82 and cold trap 83 combine to dry and 
purify the carrier gas. The gas is then conducted through 
conduit 84 to conduit 62 for introduction into the fur 
nace. Part of the input stream of carrier gas from con 
duit 80 is conducted through conduit 85 and valve 86 
and thence through ?lter 87. The carrier gas from ?lter 
87 is then passed through doping agent source 88 which 
may contain a body of phosphorus oxychloride (POCl3) 
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4 
or other suitable source of doping agent. The carrier gas 
containing doping agent is then conducted through con 
duit 89 and cold trap 90 and is combined in conduit 62 
with additional carrier gas prior to introduction into the 
fumace. Suitable ?ow meters and valves are inserted in 
the system shown to control the rate of ?ow of the car 
rier gas over the dopant source and to proportion the 
amount of dopant picked up by the carrier. 

In a particular system, the furnace shown may be ap 
proximately 36 inches in length with about 6 inches be 
tween the input and output conduits, 60-64 and 30-34 
respectively. The internal diameter of sleeve 13 may be 
about 3 inches. The boats 50 may be about 6 inches in 
length and may be made of alumina with a semi-cir 
cular alumina disk bonded to a tray section to provide 
backing 52. Sleeve 13 may have a length of about 44 
inches. 

In operation, the heating elements 70-73 are actuated 
to provide a peak internal temperature at the center of 
the furnace in the range of from 800° to 1300° C. The 
?rst of a series of boats 50 are placed on the extension 
of D tube 15 and additional boats are arranged behind 
in end-to-end relationship. Additional support means 
may be necessary outside the furnace to support a par 
ticularly long train of boats or the D tube may simply 
be extended to provide the necessary support. Suitable 
drive means are then actuated to drive the train of boats 
through the furnace at a rate of from about 1/32 to 22 
inches per minute. At the preheat end of the furnace. 
the temperature is gradually raised to about 800° C., and 
an inert gas, preferably nitrogen containing two or three 
percent of oxygen, is continuously ?owed through the 
chambers at the preheat end of the furnace. In the mid 
dle of the furnace, a peak temperature is achieved, pref 
erably around 1000" C., and a gas containing a doping 
agent is introduced through conduit 62 and withdrawn 
through conduit 32. Finally, in the cooling end of fur 
nace, the temperature is reduced gradually back down 
to about 300° C. before the boats exit from the furnace. 
Again, nitrogen containing a small amount of oxygen or 
other inert gas is flowed through conduits 63 and 64 
and withdrawn through conduits 33 and 34 to provide 
the atmosphere in the cooling end of the furnace. In 
this manner, continuous doping of semiconductors may 
be carried out with a very high yield of useful product. 
This is accomplished by forming separate chambers with 
in the furnace by means of the series of semiconductor 
containing boats driven through the furnace at a con— 
stant speed. The preheating in nitrogen enables the tem 
perature in the doping zone to be closely controlled. 
Separate chambers are further ensured by creating a 
slight vacuum in the exhaust lines. 

It will be obvious that the apparatus may be readily 
modi?ed for operation using boats of the con?guration 
shown in FIGURE 5. 

EXAMPLE 

In a preferred embodiment of the invention, semicon 
ductor wafers are placed in a series of boats and ad 
vanced through the furnace at a rate of .4 inch per min 
ute. The peak temperature at the center or doping station 
of the furnace is maintained at 860° C. A mixture of 
dry nitrogen and oxygen in the ratio of 400 cc. per min 
ute of nitrogen to 15 cc. per minute of oxygen is intro 
duced through each of conduits 60, 61, 63 and 64. A 
doping atmosphere is provided in the center chamber of 
the furnace by ?owing through the center chamber with~ 
in the furnace a mixture of 425 cc. per minute of oxygen 
and 40 cc. per minute of oxygen which has been passed 
over phosphorus oxychloride source material. In this 
manner, close control of semiconductor doping is readily 
obtained and reproducible results are achieved. 

It will be obvious to those skilled in the art that vari~ 
ous modi?cations may be made in the process and ap 
paratus illustratively described herein without departing 



3,473,510 
5 

from the spirit or scope of the invention as expressed in 
the following claims. 
What is claimed is: 
1. Apparatus for continuously doping semiconductor 

materials comprising a furnace having an elongated cen 
tral core, a plurality of vessels containing semiconductor 
material to be doped, means for substantially isolating 
each vessel from the others within said core thus form 
ing a plurality of substantially independent chambers, 
means for driving said plurality of vessels through said 
furnace, a plurality of inert gas carrying inlet and outlet 
conduits passing through said furnace and communicat 
ing with said core and at least one dopant gas carrying 
inlet and outlet conduit passing through said furnace and 
communicating with said core, said plurality of con 
duits being spaced along the length of said core so that 
as each of said plurality of vessels is driven through said 
core, each independent chamber is sequentially brought 
into and out of juxtaposition with each of said plurality 
of inlet and outlet conduits thereby sequentially expos 
ing and doping the semiconductor material contained 
within said vessels to the gas carried within said con 
duits, 

2. The apparatus of claim 1 wherein said means for 
isolating said vessels comprises a plate-like barrier at 
tached to each of said vessels, said barrier having a con 
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?guration corresponding to the radial cross-section of 
said core and slidingly engaged therewith. 

3. The apparatus of claim 1 further comprising means 
for cooling said semiconductor material after said 
doping. 

4. The apparatus of claim 2 wherein said vessels hav 
ing said attached barriers are positioned within said core 
in end-to-end relationship such that said independent 
chambers are formed between the walls of said core, the 
walls of each of said vessels and the barrier is attached 
to said adjacent vessels. 
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