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This invention relates generally to an apparatus for 
coating a substrate and more particularly, it relates to 
an improved apparatus for applying a coating to a con 
tinuous strip of material which evolves gases upon expo 
sure to a vacuum. ' ' 

Conventional methods of coating a substrate with a 
metal alloy, metal, organic polymer, or an inorganic sub 
stance generally include the steps of vaporizing an evap 
orant within a chamber maintained under vacuum and 
then continuously exposing the substrate to the vapor 
thus formed so that the evaporant will be deposited there 
upon in the form of a coating. Frequently, the substrate 
is in the form of a continuous web of plastic, paper or 
other organic material. Several forms of desirable sub 
strate materials, for example, low grade paper such as 
kraft paper, contain substantial amounts of occluded 
gases and other volatile materials which are evolved from 
the substrate upon exposure to vacuum conditions. For 
purposes of the present discolsure, all volatile materials 
present in the substrate which may be evolved from the 
substrate upon exposure to a vacuum are de?ned as “oc 
cluded gases.” The presence of occluded gases in the sub 
strate is undesirable in that they mask or cover the sur 
face of the substrate thereby interfering with the ad 
herence of the evaporant to the surface of the substrate 
and further tend to dull the ?nish of the coating. A fur 
ther disadvantage resulting from the generation of oc 
cluded gases is that they increase the di?iculty of provid 
ing a su?iciently high vacuum within the coating cham 
ber to enable high evaporant ?ow rates and good coat 
ing characteristics. 
A method used commercially to minimize the undesir 

able effects of the presence of occluded gases in the sub 
strate is to place a thin coating of an organic material 
upon one surface of the substrate and then to expose this 
coated surface through a suitable aperture, generally in 
the form of a window, to the vapor cloud within the 
coating chamber. The coating chamber is generally main 
tained at a pressure of about 1 micron of mercury abso 
lute. The substrate acts as a diaphragm across the aper 
ture thereby sealing the gassy back side of the substrate . 
from the coating chamber. thus facilitating the mainte 
nance of a vacuum within the coating chamber. To fur 
ther minimize the passage of gas from the gassy back 
side of the substrate around the edges of the substrate 
and through the aperture and thus improve the vacuum 
within the coating chamber, the longitudinal edges of the 
strip material may be positioned to slightly overlap the 
edges of the aperture. This overlap, however, produces 
a substantial uneoated border along the longitudinal 
edges of the substrate, generally in the order of as to 1 
inch, and represents a signi?cant amount of wasted mate 
rial. To prevent scratching of the coating the coated side 
of the material must not be allowed to touch the wall of 
the aperture between the compartments, therefore the 
strip is suspended slightly above the frame providing a 
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vides a passage for the gases evolved from the gassy 
back side of the substrate to pass around the material 
through the aperture and into the coating chamber. Thus, 
as a result of the aforementioned di?iculties it has been 
heretofore impractical to establish a vacuum of less than 
about 1 micron of mercury within the coating chamber 
and simultaneously reduce the amount of uncoated bor 
der along the edges of the substrate resulting from the 
overlap previously described. , 
A main object of the present invention is to provide 

an improved apparatus for coating a substrate with an 
evaporant. A more particular object is to provide an im 
proved means of applying an evaporant coating to a con 
tinuous strip substrate which gives off a gas upon expo 
sure to a vacuum. A still further object is to provide an 
improved means of exposing a continuous strip of sub 
strate to a coating chamber wherein high vacuum condi 
tions are maintained. Other objects and advantages of the 
invention will become apparent through reference to the 
following description and accompanying drawings which 
show ‘an illustrative embodiment of this invention in 
which: 
FIGURE 1 is a diagrammatic cross-sectional eleva 

tional view of a preferred embodiment of a coating ap 
paratus in accordance with this invention; 
FIGURE 2 is a fragmentary top view of a portion 

of the embodiment illustrated in FIGURE 1 taken along 
line 2-2; ' 
FIGURE 3 is an enlarged fragmentary sectional view 

taken along the line 3-3 of FIGURE 2, and 
FIGURE 4 is an enlarged fragmentary sectional view 

similar to that of FIGURE 3 of an alternate embodiment 
of a coating apparatus in accordance with this inven 
tion. 

Brie?y, a preferred embodiment of this invention in 
cludes a ?rst chamber 11 containing therein in a con 
tinuous strip substrate 12 to be coated. The first cham 
ber 11 is preferably maintained at an absolute pressure of 
between about 50 and about 500 microns of mercury. A 
second chamber 13 is provided which is separated from 
the ?rst chamber by a common wall 15. The second cham 
ber 13 is preferably maintained at an absolute pressure of 
about 0.2 micron of mercury. A vapor source 17 gen 
erally including a means for evaporating an evaporant is 
maintained within the chamber 13. An aperture 19 is pro 
vided in the common wall 15 thereby providing com 
munication between the chambers and permitting ex 
posure of the strip substrate 12 to the evaporant vapors 
within the coating chamber. In accordance with the pres 
ent invention, the aperture 19 is formed such that the 
width of the aperture in the direction normal to the 
movement of the substrate is slightly wider than the width 
of the substrate. A sealing means 22 is positioned about 
the aperture 19 which includes a plurality of parallel 
spaced guide members 23 oriented about the aperture 19 
to receive and position the strip substrate 12 in rela 
tion to the aperture 19 to minimize the gas leakage be 
tween the ?rst chamber 11 and the second chamber 13. 
More particularly, the coating process is performed 

within an enclosure 25 de?ned by a wall 27 of suitable 
material such as. steel. The enclosure 25 is partitioned by 
the wall 15 which divides the enclosure 25 into the upper 
and lower chambers 11 and 13. 
As illustrated in FIGURE 1, an evaporant material 31 
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is vaporized in a crucible 33 positioned beneath the aper~ 
ture 19. The crucible 33 may be constructed of a suitable 
inert material and may be fed with evaporant material 
by a suitable feeder 35 such as a vibrational feeder. The 
feeder 35 is mounted upon a pedestal 37 which is so posi 
tioned that the material expended from the feeder 35 
will fall into the crucible 33. To vaporize the evaporant 
31 within the crucible 33 an electron gun 39, energized 
by a power supply 41, is positioned within the lower 
chamber 13 of the enclosure 25. Any suitable electron 
gun may be utilized in accordance with known tech 
niques. One suitable electron gun such as illustrated in 
FIGURE 1, is described in United States Patent No. 
3,177,535, issued Apr. 13, 1965. 
To facilitate the vaporization of the evaporant, the 

lower chamber 13 is evacuated by means of a vacuum 
pump 45 to a pressure of about 0.2 micron of mercury 
absolute. The upper compartment 11 is maintained by 
a vacuum pump 47 at a pressure of about 50 to 500 
microns of mercury absolute. 
The substrate 12 may take the form of any suitable 

material such as plastic containing volatile plasticizer or 
moisture, or wrapping paper, e.g., kraft paper. Preferably, 
the paper is previously coated on the side upon which the 
evaporant coating is to be applied with an organic coat 
ing, e.g., polyethylene, polypropylene, Saran and coating 
resins, in order to provide a smooth surface upon which 
the evaporant may be deposited. The substrate is conven 
iently supplied in the form of a supply roll 49, which 
may be supported within the enclosure 25, as shown in 
FIGURE 1, or which may be supported externally to the 
enclosure 25 and introduced into the chamber 11 through 
a suitable vacuum seal. The substrate 12 is withdrawn 
from the supply roll 49 and passed longitudinally through 
the sealing means 22 across the aperture 19 in order to 
expose the substrate to the evaporant vapor cloud gen 
erated within the compartment 13. The substrate 12 is 
fed over a positioning member in the form of a ?rst idler 
roller 51 and is then passed between the parallel rails 23 
in a manner to be hereinafter more clearly described. 
After passing between the guide rails 23, the substrate 12 
is fed over a second positioning means in the form of 
second and third idler rollers 53 and 55 and out of the 
chamber through a vacuum seal 57 in the wall 27. The 
vacuum seal 57 permits removal of the coated material 
from the chamber 11 without destroying the vacuum 
therein. 
As determined by the coating desired, as will be later 

considered, the lowermost surface of the idler rollers 51 
and 53 may be located either slightly above the upper 
surface of the passage de?ned by rails 23 or slightly 
below this surface. The rollers are spaced from the aper 
ture 19 in the longitudinal direction of travel of the sub 
strate. ' ' 

In this preferred embodiment, the aperture 19 is shown 
in the form of a rectangular window, however, other suit 
able shapes may be used in accordance with this inven 
tion. The longitudinal sides of the aperture 19 are par 
allel to the direction of movement of the substrate 12 and, 
as previously mentioned, are spaced apart ata distance 
slightly greater than the width of the substrate in order 
that the entire surface of the substrate will be exposed to 
the evaporant vapors as shown in FIGURES 2 and 3. 
To minimize the leakage of gases from the upper cham 

ber 11 to the lower chamber 13, the sealing means 22 
includes parallel rails 23 secured to the wall 15 adjacent 
to the edges of the aperture 19 by suitable fasteners 58. 
The rails 23, as illustrated in FIGURE 3, are provided 
with a longitudinal groove 59 forming a downwardly 
facing retaining surface 61 which extends inwardly of 
the aperture 19 as shown in FIGURE 3. The rails 23 
preferably extend longitudinally beyond the aperture 19 
so that the substrate 12 may be positioned as shown in 
FIGURE 2. A clearance space 63 is provided between 
the surface 61 and the upper face of the wall 15 which 
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is slightly greater ‘than the thickness of the substrate 12. 
It has been found that a clearance space of approximately 
0.05 inch is satisfactory for most applications. ' 

In operation, the strip substrate is stored upon the sup 
ply roll 49. The substrate is passed about the idler roll 51 
and through the passage de?ned by the rails 23 directly 
above tl-e aperture 19. The substrate is then passed over 
the rollers 53 and 55 and is passed out of the chamber 11 
through the seal 57. Suitable drive means, not shown, are 
provided for withdrawing the substrate 12 from the sup 
ply roll 49 at a uniform rate in order to provide a coat 
ing on the substrate of uniform thickness. The supply roll 
is preferably provided with a suitable brake, not shown, 
in order that the substrate will be maintained in a taut 
condition during exposure to the evaporant vapors. As 
clearly shown in FIGURE 3, the downward surface of 
the substrate 12 is exposed to the vapor cloud of evaporant 
within the lower chamber 13 so that when properly posi 
tioned between the rails 23, no portion of the edges of 
the substrate masked by the edges of the aperture. 
When the rollers 51 and 53 are spaced slightly above 

the surface 61 of the guide rails 23, as in the illustrated 
embodiment, they provide an upward pull upon the taut 
substrate and urge the upper surface of the substrate 
against the retaining surface 61 to provide a more effec 
tive seal between the chambers 11 and 13. The position 
ing of the rollers 51 and 53 above the level of the retain 
ing surface 61 also provides a slight clearance between 
the downwardly facing surface of the substrate and the 
wall 15, thereby preventing scratching of the coated sub-‘ 
strate during passage of the substrate over the aperture 19. 
As previously mentioned, in certain applications it may 
be desirable to position the rollers 51 and 53 slightly be 
low the surface 61 so as to provide a slight clearance 
between the surface of the substrate and the rails. 
As previously mentioned, the rollers 51 and 53 are 

longitudinally spaced from the aperture 19 thereby caus 
ing the substrate 12 to be spaced slightly above the wall 
15 for a distance extending on both sides of the aperture 
19. This relation between the substrate and the wall 15 
before and after passing over the aperture improves the 
seal between the compartments 11 and 13 since in order 
for a molecule of gas to pass from the upper to the lower 
chamber, it must be traveling in a path substantially 
parallel to the wall 15 for the distance between the roller 
and the aperture. The number of molecules having such 
a path is exceedingly small at the pressure levels at which 
the illustrated embodiment is operated. 
The evaporant 31 is fed into the crucible 33 by the 

feeder 35 and vaporized therein by the electron gun 39 
thereby producing a vapor cloud 67. The vapor thus 
formed rises through the lower chamber 13 and is de 
posited upon the substrate 12 forming a coating thereon. 
As previously mentioned, the lower face of the sub 

strate 12 upon which the evaporant is disposed, is prefer 
ably coated with an organic polymer to reduce the 
amount of gas emitted therefrom and to provide a smooth 
surface upon which the coating may be deposited. The 
back or uncoated surface of the substrate gives off a. 
considerable amount of occluded gases into the upper 
chamber 11. The gas given off by the upper surface of 
the material is removed by the pump 47 and the upper 
chamber 11 is maintained at a pressure of between about 
50 and about 500 microns of mercury absolute. 
As previously mentioned, the pump 45 is operated to 

maintain the lower compartment at a pressure of less 
than 1 micron, preferably about 0.2 micron of mercury 
absolute. The unique construction of the guide rails 23 
and the location of the rollers 51 and 53 with respect 
thereto provides a relativelygas-tight seal between the 
upper and lower chambers 11 and 13, thereby minimizing 
the ?ow of occulded gas evolved from the substrate from 
the chamber 11 through the aperture 19 into the chamber 
13. This unique sealing means permits the practical main 
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tenance'of a very low pressure of the order of 0.2 micron 
of mercury or less within the chamber 13. This order of 
vacuum is highly desirable in that improved adherence of 
the coating to thesubstrate and brightness of the coating 
are possible at high evaporant ?ow rates. 
The alternate embodiment illustrated in FIGURE 4 

is particularly adapted for use with substrates such as kraft 
paper which evolve a very signi?cant amount of occluded 
gases during coating. During the coating of such substrates 
signi?cant amounts of occluded gases are evolved from 
the uncoated back surface of the paper, a small but meas 
urable portion of which pass from the chamber 11 about 
the longitudinal edge of the substrate 12 into the chamber 
13. As these gases pass about the edge of the substrate 
they are trapped or gettered by the rising evaporant and 
contaminate the evaporant as it is applied to the sub— 
strate. In this connection, it has been found that when 
such gases become gettered to the evaporant, a rela 
tively wide, brown or grey colored border is produced 
along the longitudinal coated edge of the substrate. 
The alternate embodiment illustrated in FIGURE 4 

comprises a pair of spaced guide rails 23a similar to the 
rails 23 of the previously discussed embodiment. The 
rails are secured to the wall 150 about the aperture 19a 
in a manner similar to that illustrated in FIGURES 1 
through 3 inclusive. To vent the occluded gases which 
pass about the longitudinal edges of the substrate a pair 
of de?ection vanes 71 are provided which are secured to 
the wall 150 and positioned adjacent the edges of the 
substrate 120. Each of the vanes are preferably con 
structed from a thin sheet of metal such as stainless steel. 
In the preferred embodiment, the vanes 71 are formed 
outwardly away from the substrate 120 so as not to inter 
fere with the deposition of the evaporant thereon, how 
ever other vane con?gurations may be used without de 
parting from the scope of this invention. The ends of the 
vanes 71 are provided with upwardly projecting support 
arms 73 which may be secured to the wall 15a. The upper 
edges of the de?ecting vanes 71 are positioned parallel to 
and adjacent the longitudinal edge of the substrate 120 
and are preferably spaced inwardly approximately V4 of 
an inch from the edge thereof. The edges of the vanes 71 
are spaced as close as practicable to the surface of the 
substrate in order to prevent as much gas as possible from 
contaminating the evaporant coating. It has been found 
that good results are obtained when the vanes are spaced 
approximately 1%: of an inch along the edges of the sub 
strate. Thus, the gases which pass about the longitudinal 
edge of the substrate are de?ected away from the rising 
evaporant and are quickly removed from the chamber 13 
by the vacuum pump 45. 

In operation, a substrate 12a such as kraft paper is posi 
tioned between the rails 23a in a manner similar to that 
of the previously discussed embodiment. The vanes 71 
slightly overlap the lower surface of the substrate 120 
by approximately 1/4 of an inch. The small amount of 
occluded gases which pass about the edges of the sub 
strate are de?ected by the de?ection vanes away from 
the vapor cloud and withdrawn from the chamber there 
by minimizing the gettering effect of the evaporant as 
it is deposited upon the substrate. The vanes 71 sub 
stantially eliminate the colored border resulting from 
the gettering of occluded gases by the evaporant; how 
ever, the vanes 71 produce a slight uncoated border of 
approximately V4 of an inch along the edge of the sub 
strate. This slight uncoated border represents relatively 
little wasted material and is a substantial improvement 
over the prior art. Thus, a method and apparatus have 
been described for continuously coating gassy materials 
by high vacuum evaporation. 

_ Although speci?c embodiments of this invention have 
been shown and described, it will be understood that the 
details of the invention shown may be altered without 
departing from the spirit-of this invention. 
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Various of the features of the invention are set forth 
in the following claims. 
What is claimed is: 
1. Apparatus for applying a coating on a substrate 

that evolves occluded gases when exposed to a vacuum 
comprising, a ?rst chamber adapted to be maintained at a 
press re between about 50 and 500 microns of mercury 
absolute and a second chamber adapted to be maintained 
at less than about 1 micron of mercury absolute, a wall 
separating said ?rst and said. second chambers formed 
to de?ne an aperture therethrough providing communi 
cation between said ?rst and second chambers, a source 
of substrate material in said ?rst chamber, means for 
passing said substrate ‘material across said aperture, means 
in said second chamber for vaporizing an evaporant ma 
terial which is deposited upon the substrate which is ex 
posed to the second chamber through said aperture, and 
sealing means for maintaining said substrate. in sealing 
relation to the longitudinal edge portions of the aperture 
including parallel spaced guide members forming an ex 
tension of said wall extending into said ?rst chamber and 
disposed adjacent said longitudinal edge portions, said 
guide members having sealing surfaces extending away 
from said wall and inwardly of the aperture for engage 
ment with the substrate material, thereby minimizing the 
gas leakage betweensaid ?rst and second chambers. 

2. The apparatus of claim 1 which further comprises 
means for maintaining said ?rst chamber at a pressure of 
between about 50 and 500 microns of mercury absolute, 
means for maintaining said second chamber at a pressure 
less than about 1 micron of mercury absolute, and where 
'in said guide members each have a longitudinally extend 
ing groove adapted to receive and retain one longitudinal 
edge of said substrate thereby orienting said substrate in 
relation to said aperture to seal said aperture thereby 
minimizing the gas leakage between said ?rst and second 
chambers. 

3. The apparatus of claim 2 wherein said guide mem 
bers are in the form of a pair of parallel guide rails posi 
tioned parallel to the axis of motion of said substrate and 
positioned adjacent the aperture de?ning means, each of 
said guide rails having said longitudinally extending 
groove on one face thereof to receive the longitudinal 
edge of said substrate and displaying an L-shaped con 
?guration in transverse cross section thereby orienting 
and retaining said substrate in spaced relation to said 
aperture while scaling said aperture for minimizing the 
gas leakage between said ?rst and second chambers. 

4. The apparatus .of claim 3 which further comprises 
positioning members positioned upon opposite sides of 
said aperture in the direction of travel of said substrate, 
the engaging surfaces of said positioning members being 
spacially mounted a greater distance from said wall than 
said substrate when said substrate is positioned by said 
guide rails, whereby the surface of said substrate is posi 
tioned from said wall and within the path de?ned by said 
guide rails to seal said aperture and to minimize the 
gas leakage between said ?rst and said second chambers. 

5. The apparatus of claim 4 wherein said positioning 
members are in the form of idler rollers positioned upon 
opposite sides of said aperture in the direction of travel 
of said substrate and transversely oriented thereto, the 
engaging surfaces of said idler rollers being spacially 
mounted a greater distance from said wall than said sub 
strate when said substrate is positioned by said guide 
rails, whereby when said substrate is passed over said 
idler rollers and through said guide rails the surface of 
said substrate is positioned from said wall and within the 
path de?ned by said guide rails to seal said aperture 
and to minimize the gas leakage between said ?rst and 
second chambers. 

6. The apparatus of claim 1 which further comprises 
a plurality of de?ecting vanes disposed within said second 
chamber and positioned inwardly of and spaced sub 
stantially adjacent to the longitudinal edges of the sub 
strate. - 
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7. The apparatus of claim 6 wherein said de?ecting 
vanes are longitudinally shaped and have a ?ared portion 
outwardly directed for de?ecting any leakage gas away 
from the path of the evaporant material. 

8. The apparatus of claim 7 wherein said guide mem 
bers each have a longitudinally extending groove adapted 
to receive and retain one longitudinal edge of said sub 
strate. 
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