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This invention relates to apparatus for the coating of 
metalic and nonmetallic substrates in a vacuum. 
A principal object of the present invention is to pro 

Vide an improved apparatus for the vacuum coating of 
metallic and nonmetallic substrates. 

Another object of the present invention is to provide 
an improved apparatus for the continuous vacuum coat 
ing of Substrates of the above type. 

Another object of the invention is to provide a novel 
type of vacuum Seal for apparatus of the above type. 

Still another object of the invention is to provide a 
vacuum Seal for a Vacuum chamber Which reduces the 
1eakage of air into the chamber,keeps the pumping re 
quirements at a low level,and yetis large enoughto allow 
paSSage of a movingsubstrate withoutphysically or chem 
ically afecting the substrate. 

Other objects of the invention willin part be obvious 
and wilin part appear hereinafter. 
The invention accordingly comprises the apparatus 

pOSSeSSing the construction,combination ofelements and 
arrangement of parts which are exemplified in the fol 
1owing detailed disclosure and the scope of the applica 
tion of which Will beindicatedinthe claims. 
For a fuler understanding of the nature and objects 

of the invention,reference should be had to the follow 
ing detailed description taken in connection with the 
accompanying drawings wherein: 
FIG,1 is a diagrammatic,Schematic view of one em 

bodiment of the invention;and 
FIG,2is a diagrammatic,schematic expanded view of 

one of the vacuum Sealsillustrated in FIG.1. 
The vacuum coating of a moving substrate such as 

Sheet steel,paper,orcellophane with a metal suchas for 
example,aiuminum is generally carried out in a cham 
ber or compartment maintained under a pressure of less 
than about .001 mm. Hg abs. The desired degree of 
Vacuum is determined,in any particular case,by the par 
ticular metal being deposited,the nature of the substrate 
being coated,and various operating factors. 
More recently attempts have been made at truly con 

tinuous operations where the strip to be coated is con 
tinuously introduced from the atmosphere into the vac 
uum System,is coated and then removed from the vac 
uum systeminto theatmosphere. One method ofaccom 
pishing this is the introduction and removal of the sub 
Strate through a series of chambers or compartments 
connected by narrow Slots. By means of a Suitable vac 
uum pumping system,a pressure gradient is maintained 
betWeen each chamber. The requirements for such nar 
row Slots are extremely critical. On the one hand they 
must not be so large as to cause pumping requirements 
to become excessive due to leakage ofairthrough a large 
slot. 
On the other hand they must not be so smal as to 

Seriously interfere with the passage of the substrate with 
consequent tearing,jamming or scratching of the sub 
Strate. In the instantinvention,there is provided a vac 
uum Sealing means Which permits the substrate to be 
introduced into and conveyed through a vacuum system 
and withdrawn therefrom without substantial loss of vac 
uum in the System,and without damage to the substrate. 

In the presentinvention the substrate ispassed through 
a plurality of Seals so as to passinto a plurality of cham 
bers which are evacuated to progressively lower pres 
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Sures. In the lowest preSSure chamber the Substrate is 
coated with a vacuum-deposited film of a metal Such as 
aluminum. It is a primary consideration of the present 
invention that the amount of air that leaks into the sys 
tem be Kept to a minimum and thatthe maximum amount 
of the total mass of air be pumped out of the system at 
the highest possible pressure,Accordingly,it is pre 
ferred that the leak rate of each Seal,particularly those 
used at the high pressures be Kept to less than 5000 milli 
meter cubic feet per minute per inch of substrate width 
passing through the Seal In order to achieve this low 
1eak rate each Seal must have a high impedance to the 
fiow of air therethrough. This is achieved in the present 
inyention by providing agap through Which the substrate 
passes between Stages,this gap being Substantially com 
pletely filed With fibers extending generally normal to 
the substrate Surface. The gap is preferably severaltimes 
thicker than the Substrate and preferably has a length 
alongthe substrate whichis at least one quarterthe width 
of the Substrate. 
Leak rate is defined in terms of the quantity of gas 

fiowing into a system from an external source in terms 
of pressure-volume units per unit time,Inthe expression 
used in the claims the "millimeter°is the pressure in mm. 
Hg abs.,the "cubic feet°is the volume,and "minute°is 
the unit oftime,Thisis astandard method of expreSSing 
1eak rate. In the instant specification the additional di 
mension of leak rate defined in terms of Substrate width 
has been added,Thus,if the Substrate is 36 inches wide 
and the total leak rateis 36,000 milimeter cubic feet per 
minute,the leak rate perinch of substrate is 
36,000 ??= 1,000 millimeter cubie feet per minuteperinch 

In the "Committee on Vacuum Techniques,°1954 Vac 
uum Symposium Transactions,page 138,the folowing 
definition appears: 

Leak-rate.?The quantity of gas flowing into the sys 
tem or through the pump from an external Source in 
terms of pressure-volume units per unit time(usually in 
micron-liters per Second,or liter-microns per Second,or 
cc.-atmoS./Sec. at 25° C.). 

Referring now to FIG,1 there is illustrated one em 
bodiment of the invention wherein 10 represents a vac 
uum chamber comprising four compartments,12,14,16 
and 18 and a coating compartment 20. A Substrate ll, 
Which is to be coated,is arranged to pass betWeen the 
various compartments through vacuum Seals 21,com 
partment 12 havingtwo seals 21 to permit passage of the 
Substrate to and from the atmosphere. The compart 
ments are defined by partitions or wails 22,24,26,28, 
30 and 32,Compartments 12,14,16,18 and 20 are 
evacuated through conduits 34,36,38,40 and 42 respec 
tively by means of Suitable pumping systems,not shown. 
The compartments are maintained at progressively lower 
pressures,the pressure decreasingfrom atmospheric pres 
sure outside compartment f2 to below 0.1 milimeter of 
preSSure inside coating compartment 20. This pressure 
drop is possible due to the low leak rate ofeach seal 21. 
Within coating compartment 20 is a source 44,schemati 
calyillustrated as a crucible,for holdingthe metal such 
as aluminum to be melted and evaporated,The source 
44,is Suitably heated by means 46,schematically shown 
as an induction heating coil. The substrate 11 is guided 
over the Source of coating vapors 44 by means of rollers 
oridlers 48. If desiredasecond such source(notshown) 
may be provided to permit coating both Sides of the sub 
Strate? 

Referring now to FIG. 2 wherein like numbers refer 
to like parts of FIG,1,the vacuum seal21 isilustrated 
in more detail. The individualvacuum seal2?includes 
a rotatablymounted cyinder23which cooperates with a 



2,989,026 
3 

stationary Semi-cylindrical wall 25to define a long nar 
row slot which has a thickness several times greater than 
the substrate 11,a widthslightlyinexcess ofthe Substrate 
width and an arcuate length "L" which is at least one 
quarter,and preferably one half or more the width of 
the slot. This slot is substantially completely filed with 
fibers 3í which extend across the slot in a direction gen 
erally normal to the Substrate Surface. These fibers are 
packed closely together to provide a high impedance path 
which enormously reduces the amount of air that could 
otherwise fiow through the slot. In general,the fibers 
are less than % inch Iong so that they remain Suficiently 
stif to span the slot,this limitation of the fiber length 
being particularly important at the higher preSSures 
where the air attempting to flow through the slot can 
exert considerable bending force on the individual fibers. 
As illustrated Schematically at39,the fibers are pref 

erably Supported by a Suitable carrier Such as a web 29 
which may be a felt base,for example,from which the 
fibers3í extend,In one preferred embodiment the fibers 
are part of a focked fabric wherein the individual fibers 
31 are adhesively Secured atone end to a cloth base 29, 

Within the meaning offibers,as used herein,there are 
inciuded animal hair,human hair,synthetic fibers,bris 
tles and naturally occurring fibrous material,For ex 
ample,animal furs,Synthetic fibers Such as nylon,rayon, 
and the like; and naturally occurring fibrous materials 
Such as cotton,silk,and products thereof Such as felt and 
velvet etc.,can be employed. The fibers are attached or 
imbeddedin the Support29,orindividualyfiockedin any 
manner which will give a dense soft pile of erect fibers. 
The fibers are of suficient length tospan the slot through 
which thesubstrate passes,Itis preferable that the fibers 
be of Sufficient length to slightly overlap onto the Sub 
strate. The bottom portion of the cylinder 23 is also 
engaged by a similargroup offibers 31 covering a port 
ably cyindrical wall portion 27 to prevent leakage of the 
air around the bottom of the cylinder. Other types of 
Seals can be used here where thereis no danger of Scratch 
ing or tearing the Substrate. Typical of Such Seals are 
1abyrinth Seals orgraphite blocks and the like. 

In one preferred embodiment of the invention designed 
for passing a 36 inch wide strip of sheet steel into and 
through a coating chamber the cyinder 23 has a diam 
eter of 16 inches,the spacing between the cyinder 23 
and the housing 25is about 0.075 inch when the sheet 
steelis 0.010 inch thick. This leaves agap of 0.065inch 
which is substantialy completely filled by an artificial 
fiock of cellulose acetate fibers,the fock being approxi 
mately 0.055inch thick and havinga fabric backing 0.010 
inch thick,The length"L" of the slotis approximately 
22inches So thatthis length is aboutequal to 60% of the 
width of the Steel Strip. Such a slot has a total leak rate 
of less than16,500 millimeter cubic feet per minute when 
operating atatmospheric pressure at one side of the seal 
and the pressure of 100 mm. Hg abs. on the other side 
of the Seal. 
The Spacing acroSS the Seal becomes less critical as the 

abSolute preSSure drops across the Seal become less;thus 
as the preSSure drop becomes only afew hundred microns 
or So the gap can be opened up considerably without un 
duly increasing the leakage. Thisis due to the fact that, 
as the leakage flow of airthroughthe slot becomes more 
nearly molecular,the impedance of the individual fibers 
to molecular fow becomes greater, 

While one preferred embodiment of the invention has 
been Shown in FIGS.1 and2 above,a number of modi 
fications can be made. For example,the slot can be 
made Straightratherthan curved,as shown,and the fibers 
constitutingthe Sealingsurface can,ifdesired,be mounted 
on movable supports such as rols or belts so as to move 
either with or against the motion of the Substrate. 

Since certain changes may be made in the above appa 
ratus without departing from the scope of the invention 
herein involved,it is intended that-all matter contained 
in the above description,and shown inthe accompanying 
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4 
drawings,shall be interpreted as illustrative and not in 
a limitingsense. - 
Whatis claimedis: 
1,Apparatus forcoatinga Substratein a vacuum,Said 

apparatus comprising a plurality of vacuum chambers, 
means to evacuate Said chambers,a Source of coating 
vapors within one of said chambers,meansforguiding 
said substrate over said Source of coating vapors,a plu 
rality of vacuum seals to allow passage of Said Substrate 
into and between said vacuum chambers,at least one of 
sad vacuum Seals comprising an elongated paSSage eX 
tending through a wall defining one of Said chambers, 
Said passage having a length at least as long as one half 
its width,one surface ofsaid passage being provided with 
closely packed fibers extending generally normal to the 
subsirate,said fibers being suficiently long to contact 
Said substrate,said fibers contacting an extended area of 
said substrate when said substrate is within Said paSSage, 
Said passage being suficiently long and Said fibers being 
suficientlycloselypacked to provide a leakrate less than 
5000 millimeter cubic feet per minute per inch of Sub 
strate width when a pressure drop of at least 200 mm. 
Hgabs,exists across Said Seal. 

2. The apparatus of claim 1 wherein Said fibers are at 
least twice as long as the thickness of the substrate. 

3. The apparatus of claim 1 wherein Said fibers are 
Suficiently longto extend completely across Said paSSage 
with no Substrate in the passage. 

4. Apparatus for coating a substrate ina vacuum,Said 
apparatus comprising a plurality of vacuum chambers, 
means to evacuate said chambers,a Source of coating 
vapors within one of Said chambers,means forguiding 
Said substrate over said source of coating vapors,a plu 
rality of vacuum Seals to alow passage of Said Substrate 
into and between said vacuum chambers,at least one of 
Said vacuum Seals comprising an elongated passage eX 
tending through a wall defining one of Said chambers, 
Said passage having a length at least as long as one half 
the width of Said Substrate,one Surface of Said paSSage 
being provided with closely packed fibers extendinggen 
erally normal to the substrate,said fibers being Sufi 
cientiy long to contact said substrate,said fibers contact 
ing an extended area of the Substrate when Said Sub 
Strate is within said passage and serving to provide a Seal 
having highimpedance to the passage of airtherethrough, 
and means for moving Said Substrate through Said cham 
bers,said passage defining an arc of between 90° and 
180°in the direction of Substrate travel. 

5. Apparatus for coating a Substrate in a vacuum,Said 
apparatus comprising a plurality of vacuum chambers, 
means to evacuate Said chambers,a Source of coating 
vapors within one of Said chambers,means for guiding 
Said substrate over said source of coating vapors,a plu 
rality of vacuum seals to allow passage of said Substrate 
into and between said vacuum chambers,at least one of 
Said vacuum Seals comprising an elongated passage ex 
tending through a wall defining one of said chambers. 
Said passage havinga length at least as long as one half 
the width of said Substrate,one surface of Said passage 
being provided with closely packed fibers extendinggen 
eraly normal to the substrate,Said fibers being suf 
ciently long to contact Said substrate,Said fibers contact 
ing an extended area of the substrate when said substrate 
is within said passage and Serving to provide a Seal hav 
ing high impedance to the passage of air therethrough, 
and means for moving Said substrate through Said cham 
bers,a plurality of Said Seals being provided with said 
fibers,the fibers in a seal cooperating with a roller to 
form a Sealed passage which curves around the surface 
of the roller in the direction of the Substrate travel, 

6. Apparatus for coating a substrate in a vacuum,Said 
apparatus comprising a plurality of vacuum chambers, 
means to evacuate said chambers,a source of coating 
Vapors within one of said chambers,means forguiding 
Said substrate over said source of coating vapors,a plu 
rality of vacuum Seals to allow passage of said substrate 
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into and between Said vacuum chambers,at least one of of airtherethrough,and meansfor moving Said substrate 
Said vacuum Seals comprising an elongated passage eX? through said chambers,Said passage defining an arc of 
tending through a wall defining one of said chambers, between 90° and 180°in the direction of Substrate travel. 
One Surface of Said passage being provided with closely 
packed fibers extendinggenerally normalto the Substrate,5 References Citedin the file ofthispatent 
Said fibers being Suficiently longto contactsaid Substrate, UNITED STATES PATENTS 
Said fibers contacting an extended area of the substrate 
When Said Substrate is within Said passage and Serving 1799375 Jones ------------------ Apr,7,1931 
to provide a Seal having high impedance to the paSSage 2.384,500 Stol------------------ Sept,11,1945 


