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57 ABSTRACT 

A plurality of gas deposition chambers are arranged in 
a row and positioned over a heating slab. A work 
piece carrying pallet is advanced through the row of 
deposition chambers by a moving ribbon and two ca 
bles which also provide rotary motion to the pallet as 
it is being advanced. Preheat and cooling stations are 
provided at opposite ends of the row of deposition 
chambers and are each provided with a collimated gas 
flow "curtain' by the use of honeycomb material posi 
tioned in the path of a gas stream. 

22 Claims, 11 Drawing Figures 
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CONTINUOUS DEPOSITION REACTOR 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the art of 
depositing thin layers of material on a heated surface 
in an appropriate gaseous atmosphere, and more spe 
cifically to improved techniques and mechanical ele 
ments for accomplishing such a deposition process. 
The need for depositing thin layers of materials on 

substrates of various types is found in a number of tech 
nical areas. Generally the technique includes the heat 
ing of a substrate through a supporting pallet or sus 
ceptor in the presence of a gaseous atmosphere such 
that the hot substrate surface causes a chemical reac 
tion among the various gases in the atmosphere to re 
sult in depositing a thin layer of material on the sub 
strate. One specific technical area in which this general 
technique is used is for the deposition of layers on semi 
conductor elements, such as depositing a thin layer of 
silicon dioxide onto a silicon wafer substrate. In per 
forming this particular deposition, a silicon wafer is me 
chanically or chemically cleaned, placed on a pallet ei 
ther alone or along with a plurality of other wafers and 
the wafer is then heated through heating of the pallet. 
The heated pallet and wafers are then moved into a de 
position chamber wherein an appropriate gaseous mix 
ture exists. An example of such a mixture is the combi 
nation of silane (SiH), oxygen for the appropriate re 
action and an inert carrier gas such as nitrogen. The 
gaseous mixture can further be provided with the mate 
rial for doping the resulting silicon dioxide layer to pro 
vide a certain resistivity, or the silicon dioxide layer can 
remain undoped. 
One prior machine for making such gas depositions 

in forming semi-conductor elements is a rotating silicon 
oxide reactor manufactured and sold by Hugle Indus 
tries of Sunnyvale, California under their tradename of 
ROTOX. Wafers are carried by a pallet and four pallets 
are held by a rotating platform. By rotating the plat 
form, a given pallet may be moved from a loading/un 
loading station to preheat station, then into a single 
heated gas deposition chamber, to a cooling station and 
then back to the loading/unloading station. A nitrogen 
curtain isolates the deposition chamber from the atmo 
sphere but yet permits the transfer of pallets there 
through. The pallet is slowly rotated while in the depo 
sition chamber. Audible sounds are automatically pro 
vided to tell the operator when a pallet should be re 
moved from the deposition chamber. The RoTOX ma 
chine is semi-continuous and contains many automatic 
features. It is, however, a primary object of the present 
invention to provide an improved machine which in 
creases the potential production per unit time. 

It is another object of the present invention to pro 
vide a semi-automatic machine for a deposition process 
for reducing the necessity of operator control. 

It is yet another object of the present invention to 
provide a deposition machine that minimizes undesir 
able deposition on machine parts. 

it is a more specific object of the present invention 
to provide an improved deposition machine with a pal 
let advancing and rotating mechanism adaptable for 
continuous operation. 

It is yet another specific object of the present inven 
tion to provide a deposition machine with an improved 
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2 
gas curtain for isolating its deposition chamber from 
the atmosphere. 

SUMMARY OF THE INVENTION 

These and additional objects are accomplished by the 
techniques of the present invention wherein, briefly, a 
plurality of pallets that each support work pieces such 
as silicon wafers are successively pulled through at least 
one deposition chamber which forms a deposition 
zone. A source is provided for heating the pallets in the 
deposition zone. Radiant heat energy, induction, 
heated walls or a heated deposition chamber floor slab 
may be employed. A gas inlet within the chamber 
supplies the required gaseous atmosphere for reaction 
with the hot surface of a work piece being drawn 
through the deposition zone. 
The use of a plurality of deposition chambers adja 

cent one another in a row has certain advantages over 
the use of a single chamber to form the deposition 
zone. The gaseous atmosphere may be the same in each 
of the row of deposition chambers or, alternatively, dif 
ferent gaseous atmospheres may be employed for se 
quentially depositing layers of different compositions 
onto a substrate, one on top of the other. When the 
same gaseous atmosphere is used, the plurality of 
chambers has the advantage of permitting more pallets 
per unit of time being passed through a gas deposition 
atmosphere. A plurality of small deposition chambers 
are preferred to one large chamber of an equal length 
since the small chambers permit better control of gas 
flow and density when striking the work pieces, thereby 
permitting the formation of thin layers with better uni 
formity and respectability. 
At one end of the deposition zone, a preheat station 

is provided for raising the temperature of the pallet 
prior to its entering the deposition zone. The preheat 
station also includes a gas flow which is collimated by 
use of a honeycomb material before crossing an aper 
ture through which a pallet travels when passing from 
the preheat zone into the deposition zone. Similarly, a 
cooling station is provided adjacent another end of the 
deposition zone and a similar collimated gas curtain is 
provided. The gas curtains help to prevent atmospheric 
gases from entering the deposition chamber or cham 
bers and also to contain the deposition gases within the 
chamber or chambers. 

Pallets are pulled in line from a loading station in ad 
vance of the preheat station, through the preheat sta 
tion, through the chamber or chambers of a deposition 
zone, through the cooling station and lastly to an un 
loading station at an end of the machine. The pallets 
are preferably so pulled by a flexible ribbon having a 
plurality of pins periodically spaced along its length and 
extending upward therefrom. Each pin engages an ap 
erture in a pallet bottom. The flexible tape is continu 
ously driven and preferably is carried by a slot beneath 
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the surface of a floor member in a manner to permit the 
pins on the flexible member to extend above these sur 
faces for engaging pallets. 

It is desirable in many cases that the pallets be given 
rotary motion simultaneously with translational motion 
through the various stations of the machine, at least in 
its deposition zone. In this case, only one flexible rib 
bon is employed and each pallet is engaged by only one 
of its pins at the pallet's center from its bottom side. 
The pins do not hold the weight of their associated 
driven pallets but rather the pallet is supported against 
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gravity, in at least the deposition zone, by a pair of ca 
bles that are guided along the heated surface in paths 
parallel to the flexible ribbon slot but on opposite sides 
thereof. These cables are given motion in opposite di 
rections with speeds that rotate a pallet simultaneously 
with its being linearly advanced by the ribbon and one 
of its pins. Such rotation is desirable to compensate for 
any deposition gas density variations in a deposition 
chamber. The flexible ribbon and the pair of cables are 
all preferably given motion by a common motor source 
through appropriate mechanical elements so that their 
relative speeds remain fixed. 
Additional objects, advantages and various aspects of 

the techniques of the present invention will become ap 
parent from the following detailed description which 
should be taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a deposition machine incorpo 
rating the various aspects of the present invention; 
FIG. 2 is a partially sectioned view of the machine of 

FIG. 1 taken across section 2-2 of FIG. 1; 
FIG. 3 is a top view of the machine of FIG. 1; 
FIGS. 4 and 5 show an enlarged view of the pallet 

support and pulling mechanism taken across section 
4- 4 of FIG. 2; 
FIG. 6 is a cross-sectional view of the preheat station 

of the machine of FIGS. 1 and 3 taken across section 
6-6 of FIG. 3; 
FIG. 7 is a side sectional view of the preheat section 

of the machines of FIGS. 1 and 3 taken across section 
7-7 of FIG. 6; 
FIG. 8 is a sectional view of a deposition chamber 

taken across section 8-8 of FIG. 3; 
FIG. 9 is a side sectional view of two deposition 

chambers taken across section 9-9 of FIG. 3; 
FIG. 10 is a side sectional view of the cooling station 

taken across station 10-10 of FIG. 3, and also shows 
the cable driving mechanism; and 
FIG. 11 is is a top view of the cooling station and 

cable driving mechanism taken across section 11-11 
of FIG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring primarily to FIGS. 1 and 3, the various sec 
tions of a machine embodying the various aspects of 
the present invention are described. A loading station 
11 is provided with an idler roller assembly 13 for hold 
ing a flexible ribbon 15. The roller assembly 13 is rotat 
ably attached to a frame member 17. The flexible rib 
bon 15 is driven at a uniform velocity across the top of 
the frame member 17 in a direction away from the 
loading station 11 and into a preheat station 19. The 
ribbon 15 contains a plurality of pins attached thereto 
and extending substantially perpendicular to the ribbon 
15. One such pin 21 is shown in FIGS. 1 and 3 in the 
loading work station 1 1. A work piece supporting pallet 
is positioned in the loading station in a manner that the 
pin 21 extends upward into an aperture formed in the 
middle of the pallet, as described hereinafter in more 
detail. 
After loading, a pallet is drawn by the motion of the 

ribbon 15 through an opening in a baffle 23 into the 
preheat work station 19. While travelling between the 
baffle 23 and a baffle 25, a pallet is heated to a very 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
high temperature and thus the substrates to be coated 
by gas deposition are also heated. The temperature de 
sired may be in the region of 350° to 450° C. depending 
on the particular materials and the desired coating 
characteristics. After preheating, the pallet is drawn by 
the continued motion of the ribbon 15 through an 
opening in the baffle 25 into the deposition zone 27. 
The deposition zone 27 includes a plurality of deposi 
tion chambers, the number of chambers shown herein 
to be five. These five chambers are formed in part by 
five pyramidal shaped shells 29, 31, 33, 35 and 37 
which have gas inlets 39, 41, 43, 45 and 47, respec 
tively, installed on their top surfaces. It is through these 
gas inlets that the deposition gases which react in the 
presence of the hot wafer surfaces are supplied to each 
of the deposition chambers. The shells 29, 31, 33, 35 
and 37 are removably clamped, such as by a clamp 49, 
to a deposition head frame 51 that extends the length 
of the deposition zone 27 between the baffle 25 and a 
baffle 53. This removability permits access to the inter 
ior of each deposition chamber for cleaning and other 
purposes. The deposition head support 51 is made to be 
vertically adjustable relative to a support frame 55 of 
the machine by hand operated cranks 57 and 59 at op 
posite ends of the deposition zone. As is explained 
hereinafter, this vertical adjustment affects the gas 
pressure within each of the deposition chambers. 
The interior surface of the deposition head frame 51 

is itself shaped from two outside sides of a lower por 
tion of each deposition chamber. The other two sides 
of each deposition chamber are formed by cross pieces 
within the frame, for example wedges 61, 63, 65, and 
67 which each form one side wall of each of two adja 
cent deposition zones. These wedge like elements are 
further water cooled to maintain the temperature of the 
surfaces below that temperature which will cause depo 
sition gases to coat a layer of material thereon. 
A heating slab 69 extends through the preheat zone 

19 and deposition zone 27 in order to bring the work 
piece carrying pallets up to a desired temperature in 
the preheat zone 19 and thereafter to maintain their 
temperature in the deposition zone 27. The work piece 
carrying pallets are pulled by the ribbon 15 along the 
heating slab very close to its top heating surface but not 
in direct contact therewith. 
A ribbon 15 pulls each pallet completely through the 

deposition zone 27, through an opening in the baffle 53 
and into a cooling work station 71. The cooling work 
station 71 includes a slab 73 that is cooled by passing 
heat transferring liquid in pipes about the slab 73. A 
pallet is then delivered through an opening in a baffle 
75 to an unloading work station 77 by the continuous 
motion of the flexible ribbon 15. It is at this work dis 
charge end that the driving motor for the ribbon 15 and 
associated gears and pulleys are located. 

In order to isolate the deposition chambers from the 
atmosphere as much as possible, a gas curtain is pro 
vided as part of the preheat zone 19 and the cooling 
zone 71 adjacent the openings in the baffles 25 and 53 
for entrance and exit, respectively, of a pallet. A supply 
pipe 79 provides an inert gas flow downward toward 
the heating slab 69 as part of the preheat section 19. 
Similarly, a pipe 81 provides a source of inert gas for 
a gas curtain in the cooling section 7. The gases intro 
duced to form the gas curtains as well as those supplied 
to the gas deposition chambers are all vented through 
vent pipes extending the length of the machine on ei 
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ther side thereof which are connected by some conve 
nient means to a vacuum source. 
Besides the lower frame portion, the machine ele 

ments are supported by suspending the baffles 23, 25, 
53 and 75 from higher frame members (not shown) 
with cables attached to their upper corners in a manner 
shown in FIGS. 1 and 2. The flexible ribbon 15 is con 
tinuous, looping back from the unloading stage 11 
under the main operable portions of the deposition ma 
chine. 

Referring primarily to FIGS. 2, 4, and 5, the structure 
of the heating slab 69, its associated elements, and the 
technique for moving a pallet through the various work 
stations of the machine may be described. The heating 
slab 69 is viewed in FIG. 2 from its end in the preheat 
section 19. A pair of dowel pins 83 and 85 are rigidly 
attached to the machine frame in the vacinity of the 
baffle 23 of FIG. 1 and are loosely received by cooper 
ating apertures in an end of the heater slab 69 in a man 
ner that the heater slab 69 can expand and contract 
over the dowel pins 83 and 85. 
A slot 87 extending the length of the heater block 69 

is provided in the top surface thereof. Guide rods 91 
and 93 are permanently attached to the bottom of the 
slot 87 and provide a minimum contact support for the 
ribbon 15 as it is drawn along the length of the heater 
pad 69. 
The heater block 69 is covered with two stainless 

steel plates 95 and 97 that each extend the length of the 
heater block 69. The plates 95 and 97 are attached to 
the top surface of the heater block 69 in a manner to 
form a space 99 therebetween through which pins at 
tached to the flexible ribbon 15, such as pins 101 and 
103, may protrude upward. The plates 95 and 97 by ex 
tending over a portion of the slot 87 of the heating 
block 69 limit the exposure of this slot to unwanted de 
position therein. The plates 95 and 97 are removable 
from the heater block 69 for cleaning by etching or 
some other appropriate process without having to re 
move the entire heating block 69 from the machine. 
Cleaning will be required periodically since layers of 
material will be depositioned thereon in the gas deposi 
tion zone 27. 

It will be noted primarily from FIG. 4 that a pallet 
105 that is being carried through the various work sta 
tions of the machine includes a hole 107 at its center 
that extends a distance through its thickness from its 
bottom surface. The hole 107 receives a pin 103 and 
both are preferably round with a loose connection 
therebetween in order to permit rotation of the pallet 
105 with respect to the pin iO3. 
The pin 103 and hole 107 in the pallet 105 are fur 

ther designed so that the pin does not carry any of the 
weight of the pallet. This is accomplished by making 
the depth of the hole 107 longer than required to ac 
cept the full length of the pin 103. The weight of the 
pallets as they pass through the deposition zone of the 
machine is carried by a pair of cables 109 and 111 that 
run the length of the heater block 69. The cables 109 
and 111 are guided by V-shaped grooves 113 and 115, 
respectively, in the surfaces of plates 95 and 97. Fric 
tional engagement between the underside of the pallets 
and the top of the cables 109 and 111 permits running 
these cables at a speed relative to the speed of the rib 
bon 15 that will rotate the pallets about their associated 
ribbon pin as that pin drives a pallet along the length 
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6 
of the heater block 69. For counterclockwise rotation 
of the pallet 105 when looking down upon it, the cable 
115 is driven in the same direction but faster than the 
ribbon 15 while the cable 113 is driven in a direction 
opposite to that of the ribbon 15. The grooves 113 and 
115 in the heater block plates 95 and 97 hold the cables 
at a fixed distance from and parallel to the slot 99 along 
the length of the heater block 69. Each of the cables 
109 and 111 contacts its associated heater plate at two 
points around its outer surface and at one point with 
the pallet. 

In order to permit easy rotation of the pallet 105, the 
grooves 113 and 115 are designed with respect to the 
size of the cables 109 and 111 so that the cables sup 
port each pallet a small distance 117 above the top sur 
face of the plates 95 and 97. The space 117 is made to 
be very small so that heat transfer from the covering 
plates 95 and 97 to the pallet is efficient. The result of 
rotation of the pallet 105 as it is pulled along by its pin 
103 through the deposition zone 27 of the machine is 
that its wafers, such as wafers 119 and 121, are passed 
through a large cross-section of the deposition gas 
within each deposition chamber to compensate for any 
non-uniformities in gas distribution across the pallet 
105 while in the deposition zone. This technique of 
compensation has been found to be easier than at 
tempting to make the gas distribution highly uniform. 

It has been found to be most convenient to drive both 
of the cables 109 and 1 1 as well as the ribbon 115 
from a single electrical motor source. It has further 
been found easiest to use a single continuous length of 
cable to form the two cable sections 109 and 1 and 
thereby to advance the cable at the same speed relative 
to the heater block 69, but, of course, in different di 
rections. It will be appreciated that if the cables 109 
and 111 are travelling at the same speed and contact 
the pallet 105 at the same radial distance from its driv 
ing pin 103 when that pin is not moving, there will be 
rotation of the pallet 105 without any substantial slip 
between the cables 109 and and the bottom sur 
face of the pallet 105. However, when forward motion 
is given to the pin 103, the radial distances from the pin 
103 to the points of contact by the cables 109 and 111 
must be made unequal. In the embodiment shown in 
the drawings, the cable 1 i 1 that moves in the same di 
rection as the driving pin 103 is spaced closer to the pin 
slot 99 than is the cable 109 which travels in the oppo 
site direction on the opposite side of the pin slot 99. 
This assures rotation of the pallet 105 without substan 
tial slip between it and the cables 109 and 111, simulta 
neously with the pallet being advanced along the length 
of the heater block 69. This is accomplished with a very 
simple mechanical drive means, the details of which are 
shown in FIG. 0. 
The heater block 69 is heated by a plurality of heater 

cartridges such as those shown in FIG. 2, one of which 
is identified with the reference numeral 123. These 
heater cartridges extend in holes provided through the 
heater block 69 across its width. When a heater car 
tridge burns out, it is easily removed and replaced with 
another one. Thermocouples, not shown, are also desir 
ably affixed to the surface of the heater block 69 at var 
ious locations along its length in order to monitor its 
temperature. The temperature of the wafers or other 
substrates carried by the pallets is controlled by the 
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heater block temperature and thus also the chemical 
reactions between the substrate surfaces and the depo 
sition gas are controlled thereby. 

Specific structure of the individual chambers in the 
deposition zone 27 may best be observed with respect 
to FIGS. 8 and 9. The perspective view of FIG. 2 also 
shows some deposition chamber detail. Each of the de 
position chambers within the deposition zone 27, such 
as the chamber formed partially by the shell 37, has a 
small cross-sectional area at its top portion through 
which a gas supply hose 47 passes for connection with 
a gas diffusion discharge jet 125. The jet 125 is mov 
able for vertical positioning by means of a boss 127. 
The cross-sectional shape of the deposition chamber 
internal space shown in FIG. 8 is recilinear, or in this 
case a square, at any position along its height when ob 
served by a projection upon a horizontal plane. A bot 
tom square opening for exposing work pieces on a pal 
let 129 to the gaseous atmosphere within the deposition 
chamber is formed by the lower edges of the pyramidal 
sides which lie in an imaginary plane identified by the 
reference character 131. This plane is parallel to the 
heater surface and spaced a distance therefrom which 
permits passage of a pallet and its wafers or other work 
pieces from one deposition chamber to the other under 
the influence of the ribbon 15. The sides of each depo 
sition chamber extend no lower than the plane 131 on 
the edges wherein adjoining deposition chambers are 
joined together. 
However, along the outside walls of each deposition 

chamber are flanges 133 and 135 that extend the entire 
length of the deposition zone 27 on opposite sides 
thereof. These flanges 133 and 135 extend closer to the 
heating block 69 than the imaginary plane 131 in a 
manner to form slits 137 and 139 extending the length 
of the deposition zone 27 on opposite sides thereof. 
The slits 137 and 139 serve to exhaust the gaseous at 
mosphere from within each of the deposition cham 
bers. These slits are made to be at an elevation below 
the surface of a pallet so that any particulate material 
that is deposited and then broken away into particles 
will be exhausted out of the deposition chambers 
through the slits 137 and 139 rather than finding their 
way to the work pieces carried by the top surface of the 
pallet. This particular structure improves the resulting 
work product. 
As part of the exhaust system, exhaust chambers 141 

and 143 are provided on opposite sides of the deposi 
tion zone and extend its full length. These chambers are 
formed, respectively, by metal shells 145 and 147. The 
shells 145 and 147 are pivotable about pivot rods 149 
and 151, respectively, in order to provide for access to 
the sides of the machines when these chamber struc 
tures are pivoted downward and out of the way. The ex 
haust chambers 141 and 143 are connected to some 
convenient vacuum source (not shown). 
The height of the slits 137 and 139 are adjustable by 

moving the deposition zone frame structure 51 up and 
down with respect to the rest of the machine. Such an 
adjustment controls the deposition gas pressure within 
each of the deposition chambers. The frame 51 is ad 
justable by the mechanisms 57 and 59 at opposite ends 
thereof. The adjusting mechanism 57 is shown in some 
detail in FIG. 7 wherein a bracket 153 is attached to the 
baffle 25. A crank 155 and a worm 157 are attached to 
a shaft that is journaled in the bracket 153. The worm 
157 when rotated by the crank 155 drives a worm gear 
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8 
159 up and down a threaded shaft 161. The worm gear 
157 is threaded in its interior opening and the threaded 
shaft 161 is rigidly attached to the deposition zone 
frame 51. 
The heater block 69 is supported by small cross 

sectional support pins at periodic locations along its 
length. Referring again to FIG. 8, pins 163, 165 and 
167 are shown to support the heater block 69 across its 
width on a support frame plate 169. These pins are 
made of a small area in order to reduce the heat re 
moved thereby from the heater block 69. A heat re 
flecting shield 171 is positioned beneath the heater 
block 69 and has sides that wrap around and extend up 
wards adjacent the sides of the heater block 69 to re 
flect upwards. This heat reflecting shield also forms a 
chamber under the heating block 69 that is purged by 
an inert gas (such as nitrogen) that is introduced 
therein by a number of gas diffuser nozzles extending 
the length of the deposition zone, such as the nozzles 
173 and 175. The gas introduced in this region is also 
exhausted through the exhaust chambers 141 and 143. 
The preheat station 19 is shown in detail in FIGS. 6 

and 7 wherein it will be noted that the heater slab 69 
extends thereinto and contains a density of heater car 
tridges, including the cartridges 123, that is greater 
than the density of heater cartridges along the heater 
slab 69 within the deposition zone 27. 
An opening 177 in the baffle 25 permits enough 

space for a pallet containing wafers or other work 
pieces to pass therethrough from the preheat zone 19 
to the deposition zone 27. Since the atmosphere within 
the deposition chambers of the deposition zone 27 is 
carefully controlled, it is desirable that no undesired 
gases enter through the opening 177. It is further de 
sired that the deposition gases within the deposition 
chambers not escape through the opening 177. There 
fore, a gas curtain is provided within the preheat sec 
tion 19 adjacent the opening 177 which permits the 
pallets and wafers to pass therethrough but at the same 
time helps isolate the deposition chamber gas atmo 
sphere from the outside. The gas curtain within the pre 
heat section 19 is chosen to be an inert gas such as ni 
trogen and preferably the same gas that is used as a car 
rier for the gaseous mixture within the deposition 
chambers. 
The gas input through a hose 79 in the preheat sec 

tion 19 is passed through an enclosure 179 to a diffu 
sion gas head 181 wherein the gas is discharged in ran 
dom directions. Beneath the gas head 181 is a block of 
honeycomb material 183 which is used for its charac 
teristic of providing a large number of small tube-like 
openings oriented in a vertical direction for collimating 
the gas flow downward past the opening 177. Each of 
the tube-like openings is preferably in the order of less 
than one-eighth of an inch across. Other specific struc 
tures than the honeycomb material could be used, but 
the honeycomb material is preferred for its conve 
nience of already providing a large number of small 
tube-like structures held together and further does so 
with a very thin wall structure therebetween. 
A purging inert gas is also provided beneath the 

heater block 69 by nozzles 172 and 174. Both this purg 
ing gas and the gas curtain above the heater block 69 
are exhausted into exhaust chambers 176 and 178 on 
sides of the preheat section. The chambers 176 and 178 
are constructed of shells that are pivotable away from 
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the machine in order to provide access to the sides of 
the preheat section. 
The cooling station 71 has its cooling block 73 posi 

tioned so that the flexible ribbon 15 draws a pallet 
thereover for cooling. The pallets are drawn from the 
last of the deposition chambers within the deposition 
zone 27 to the cooling station 71 through an opening 
185 in the baffle 53. The cooling station 73 is cooled 
by passing a liquid, such as water, through a tubular 
structure 187 that is in contact with the cooling block 
73. The liquid in the tube 187 is cooled by external 
configuration equipment (not shown). The cooling 
block structure is similar to that of the heating block 69 
with respect to the accommodation to the ribbon 15 
and the cables 113 and 115, as described with respect 
to FIG. 3. However, there is a significant difference in 
that a slot 189 in the surface of the cooling block for 
carrying and guiding the cable 113 has a rectangular 
shape in cross-section and is deep enough so that the 
cable 113 is lodged beneath the surface of the cooling 
block 73. The cable 1 15 is recessed in a similar slot 
191. The cables 13 and 15 thereby do not support a 
pallet in the cooling station 19 but rather the pallet is 
in direct contact with the top surface of the cooling 
block 73. There is no need in the cooling station 71 for 
rotating the pallets. 
The cooling station 71 also provides a gas curtain for 

preventing exchange of atmospheric gases through the 
opening 185 into the deposition chambers. The gas 
supply hose 81 passes through a cover enclosure 193 
and terminates in a diffusing gas nozzle 195. A block 
of honeycomb material 197 is positioned beneath the 
gas diffusing head 195. The bottom edge of the honey 
comb material 197 is adjacent the upper edge of the 
slot 185. The gas discharged from the honeycomb ma 
terial 185 is thus collimated since the individual pas 
sages of the honeycomb material 195 are small, such as 
less than one-eighth inch across, to reduce turbulence 
and maintain a uniform downward gas flow. 
Referring again to FIGS. 10 and 11, a preferred me 

chanical drive system for the ribbon 15 and the cables 
113 and 115 is described. A single electric motor 199 
mounted on a frame member 201 applies motion 
through appropriate motion translating elements, as 
shown, to a ribbon driving pulley assembly 203 which 
is rotatably held by a machine frame member 205. As 
sociated pulley assemblies 207 and 209 assure that the 
ribbon 15 is held firmly by the driving pulley 203 to 
prevent slippage therebetween. The pulley assembly 
207 includes two rollers spaced apart on its rotating 
shaft in order to provide a space therebetween for the 
pins attached to the ribbon 15 to travel. 
As mentioned hereinabove it is preferred for simplic 

ity and assurance of the proper speed relationship that 
the cables 1 13 and 115 be in fact a single continuous 
cable that is driven at one point. A driving pulley 21 
receives motion from the motor 199 by appropriate 
motion transmitting elements. The cable section 115 
reaches the pulley 211 after first passing over an idler 
direction changing pulley 213. A second direction 
changing pulley 215 directs the cable across the width 
of the machine to another direction changing idler pull 
ley 217. The path of the cable continues through an 
other pulley (not shown) in order to give it a vertical 
direction to contact an idler pulley 19 to give the cable 
direction along the opposite side of the deposition ma 
chine. There are numerous specific mechanical drive 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

O 
arrangements possible, but the single motor drive ar 
rangement with a single pallet rotating cable is pre 
ferred for simplicity and ease of controlling the relative 
velocities between the ribbon and cable sections. 
The various aspects of the present invention have 

been described with respect to a preferred embodiment 
thereof, but it will be understood that the invention is 
entitled to protection within the full scope of the ap 
pended claims. 
We claim: 
1. A continuous deposition reactor, comprising: 
a deposition chamber having a gas inlet positioned 

therein for introduction of deposition gas into the 
chamber and an open area at its bottom a distance 
above a surface sufficient for a pallet to pass there 
between, 

means associated with said deposition chamber for 
heating pallets therein, 

means associated with said surface for moving pallets 
laterally along the surface beneath the deposition 
chamber, said moving means including means for 
rotating the pallets simultaneously with providing 
lateral motion, 

said means for simultaneously moving laterally and 
rotating including; 

a flexible transmission member positioned in a recess 
in said surface and extending along the length of 
said surface, said member containing a plurality of 
periodically spaced pins protruding therefrom for 
engaging an aperture in the bottom of a pallet to 
give lateral motion thereto as said member is pulled 
along the length of the heated surface, said pins ex 
tending above the heated surface from said recess 
to engage said pallets, 

a pair of elongated pallet supporting elements carried 
by said heating surface on either side of said trans 
mission member carrying recess and guided 
thereby along paths that are substantially parallel 
thereto, and 

means for giving motion to said transmission member 
and to each of said pair of supporting elements to 
provide lateral and rotary motion to pallets carried 
thereby. 

2. A continuous deposition reactor according to 
claim 1 wherein the deposition chamber has an interior 
wall shape of a pyramid with its bottom opening being 
rectangular in shape and formed by the bottom edge 
termination of said pyramidal shaped walls, the bottom 
edges of the pyramidal shaped forming walls being 
spaced a constant distance from said surface. 

3. A continuous deposition reactor according to 
claim 2 wherein there are a plurality of the pyramid 
like deposition chamber associated with said means to 
heat and move said pallets and each of the pyramidal 
interior shaped deposition chambers is oriented rela 
tive to one another with one bottom edge side of its 
rectangularly shaped opening being parallel with one 
side of the rectangularly shaped opening of an adjoin 
ing deposition chamber. 

4. A continuous deposition reactor according to 
claim 3 wherein adjoining deposition chambers share a 
common wall structure. 

5. A continuous deposition reactor according to 
claim 4 wherein said common wall structure is cooled 
to prevent deposition on the interior wall surface of the 
deposition chambers. 
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6. A continuous deposition reactor according to 
claim 3 wherein an elongated venting chamber is pro 
vided along both sides of said row of deposition cham 
bers for exhausting gas from within said chambers 
through a gap between the bottom edge of its outside 
walls and the surface. 
7. A continuous deposition reactor according to 

claim 6 wherein the bottom outside edges of said depo 
sition chamber walls include a flange attached thereto 
and extending downward below the bottom edge of the 
deposition chamber forming walls in a manner to form 
a gap for exhausting the chambers into the vacuum 
chambers that is below the top surface of a pallet to be 
passed along the heated surface, whereby deposited 
particles move into the vacuum chamber. 

8. A continuous deposition reactor according to 
claim 6 wherein each of the deposition chambers is 
held to a frame that is adjustable in elevation relative 
to the surface, whereby the deposition gas pressure 
within the chambers may be controlled. 

9. A continuous deposition reactor according to 
claim 1 which additionally comprises a preheat section 
adjacent one end of the deposition chamber for heating 
a pallet to a predetermined temperature before it en 
ters the deposition chamber, said preheat section in 
cluding: 
a heated surface and means for advancing a pallet 

thereacross, 
a gas inlet introducing a gas flow downward against 

said heating surface to isolate the deposition cham 
ber from the atmosphere, and 

a plurality of small tube-like structures placed sub 
stantially perpendicular to the heating surface in 
the path of the gas flow for collimating said gas 
flow above said heated surface. 

10. A continuous deposition reactor according to 
claim 9 wherein said plurality of tubular gas collimating 
members are formed of a honeycomb cellular material. 

11. A continuous deposition reactor according to 
claim 1 which additionally comprises a cooling section 
positioned adjacent one end of the deposition chamber 
for cooling a pallet after passing through the deposition 
chamber, said cooling section including: 
a cooling surface and means for advancing a pallet 

thereacross, 
a gas inlet introducing a gas flow downward onto the 
cooling surface in order to isolate the deposition 
chambers from the atmosphere, and 

a plurality of tube-like elements positioned substan 
tially perpendicular to said cooling surface with 
their lower edges a distance from said cooling sur 
face that allows a pallet to pass therebetween, said 
tubular structures additionally positioned in the 
path of the gas flow for collimating it. 

12. A continuous deposition reactor according to 
claim 1 1 wherein said plurality of tubular gas collimat 
ing members are formed of a honeycomb cellular mate 
rial. 

13. A continuous deposition reactor according to 
claim 1 wherein said means for giving motion to said 
member and to each of said pair of pallet supporting 
elements includes a single motor means that drives 
each of these elements. 

14. A continuous deposition reactor, comprising: 
a deposition chamber including a gas inlet for intro 
duction of deposition gas thereinto and a bottom 
surface, 
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12 
means for heating a pallet passing along said bottom 
surface through said deposition chamber, 

an elongated carrier having a plurality of pins period 
ically spaced along its length, said carrier posi 
tioned for movement along the bottom surface for 
driving pallets continuously therealong, 

a pair of transmission members positioned for move 
ment along the bottom surface on either side of 
said elongated carrier and oriented substantially 
parallel thereto, and 

means for providing motion to said carrier and to said 
transmission members along their lengths in a man 
ner that a pallet resting on said transmission mem 
bers and being pulled by a pin of said elongated 
carrier travels through said deposition chamber 
along the bottom surface while simultaneously 
being rotated about the pin. 

15. A continuous deposition reactor according to 
claim 14 wherein said elongated carrier travels along 
the bottom surface in a slot provided therein, said car 
rier being held below said surface in a position for its 
pins to protrude upward above said surface for engag 
ing a pallet, and further wherein said heating means in 
cludes means beneath the bottom surface for heating 
said surface, whereby pallets passing thereover are 
heated from the bottom surface. 

16. A continuous deposition reactor according to 
claim 14 wherein each of said pair of transmission 
members is guided along a predetermined path on the 
bottom surface by an associated groove in said bottom 
surface that restrains the cable against lateral move 
ment and holds a portion of the cable above the bottom 
surface so that a pallet moving along the bottom sur 
face is not in direct contact there with but rather is car 
ried by said pair of cables. 

17. A continuous deposition reactor according to 
claim 14 which additionally comprises: 
a slot extending along the length of said bottom sur 
face for carrying said elongated carrier, 

a pair of removable plates for attachment to a sup 
porting structure to form said bottom surface, said 
plates being held apart from one another over said 
slot a distance sufficient to allow the pins of said 
elongated carrier to extend upward from said slot 
above said bottom surface for engaging an aperture 
in a pallet, and 

an elongated groove extending along each of said 
plates for guiding one of said pair of transmission 
members, said groove being shaped to support a 
portion of the transmission member above said bot 
tom surface so that a pallet supported thereby does 
not directly contact said bottom surface. 

18. A continuous deposition reactor according to 
claim 14 wherein said elongated carrier and said pair 
of cables are all given motion by a common motor 
source through appropriate motion transmitting ele 
ments. 

19. A continuous deposition reactor according to 
claim 14 wherein the relative speeds of each of the pair 
of transmission members relative to the speed of the 
elongated carrier is such that a pallet carried by said 
transmission members and a pin of said carrier is ro 
tated about said pin without significant slippage be 
tween either of said pair of transmission members and 
said pallet. 

20. A continuous deposition reactor according to 
claim 18 wherein each of said pair of transmission 
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members is formed from a single continuous wire cable 
and further wherein each of said pair of cables is driven 
in opposite directions relative to the heated surface, the 
distance between said elongated carrier and each of 
said pair of cables being different and further being cal- 5 
culated so that a pallet carried by said cables will be 
given rotary motion about one of said pins that engages 
the pallet without substantial slippage between either 
of the cables and said pallet. 
21. A method of moving a pallet across a heated sur- 10 

face through a gas deposition chamber, comprising the 
steps of: 

resting the pallet on a pair of parallel elongated ele 
ments guided along opposite sides of said heated 
surface, 15 

providing forward motion to said pallet by inserting 
a pin through its bottom surface into an aperture 
located at approximately its center without carry 
ing any weight of the pallet by the pin and moving 
said pin along the heated surface in a direction sub- 20 
stantially parallel to said elements, and 

pulling said elements along their length in opposite 
directions relative to the heated surface with 
speeds calculated to give rotary motion to the pal 
let about its pin without a substantial amount of 25 
slippage as said pallet is laterally moved along the 
heated surface by said pin. 

22. A continuous deposition reactor, comprising: 
a plurality of deposition chambers positioned adja 
cent one another in a row, each chamber having an 30 
opened area at its bottom and a gas nozzle therein 
positioned near its top for introduction of deposi 
tion gas into the chamber, 

a preheat station adjacent a deposition chamber at 
one end of the row of deposition chambers, said 35 
preheat station including a gas stream flowing 
downward through a honeycomb structure and 
thence across an opening between the preheat sta 
tion and a deposition chamber as a collimated gas 
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stream, 
an elongated heat slab extending beneath each of 

said deposition chambers and said preheat station 
honeycomb material for forming a hot surface 
along which a pallet may be advanced from the 
preheat station through the row of deposition 
chambers, 

a cooling station adjacent a deposition chamber at 
another end of said row of deposition chambers, 
said cooling station including means for providing 
a gas flow through a honeycomb material and 
thence as a collimated gas flow downward across 
an opening between the cooling station and an ad 
jacent deposition chamber, said cooling station ad 
ditionally including a cooling slab beneath said 
honeycomb material for cooling the pallets as they 
exit from the adjacent deposition chamber, 

a flexible ribbon extending the length of said heat 
slab and across said cooling slab in a groove pro 
vided along the length of said slabs, said flexible 
ribbon having a plurality of periodically spaced 
pins extending outward therefrom and through a 
slot in the heating and cooling surfaces for engag 
ing an aperture in the bottom of a pallet for moving 
said pallet therealong, 

a pair of cables positioned on opposite sides of said 
ribbon groove and guided by additional grooves in 
the heating and cooling slabs, said heating slab 
grooves permitting said cable to extend above the 
heating surface to support a pallet being carried 
therealong, and 

means for giving motion to said flexible ribbon and 
to said pair of cables for advancing a pallet through 
the preheat station, the row of deposition chambers 
and the cooling station while simultaneously pro 
viding rotary motion to the pallet by the cable mo 
tion in at least that portion of the heating slab 
within the row of deposition chambers. 
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