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[57] ABSTRACT 
There is disclosed an apparatus and method for apply 
ing a relatively thin and substantially uniform coating 
of photosensitive material to at least one side of a sub 
stantially vertically oriented metallic strip and for sub 
stantially drying said photosensitive material thereon 
as said metallic strip moves in a substantially horizon 
tal direction along a predetermined path. Drying of 
the photosensitive coating in order to achieve uni 
formity is accomplished in a substantially progressive 
manner whereby the upper portion of the strip is sub 
stantially dried before the lower portion. 

15 Claims, 6 Drawing Figures 
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APPARATUS AND METHOD FOR COATING . ' 

METALLIC STRIPS 

BACKGROUND OF INVENTION 
This invention relates to coating'apparatus and meth 

ods and particularly to coating vertically aligned metal 
lic strips as said strips move in substantially horizontal 
direction. ' ' " ‘ 

More specifically, this invention relates to the appli 
cation of a relatively thin coating to at leastone side of 
a moving metallic strip and to the drying of the coating 
thereon. 
Even more speci?cally. this invention relates to the 

application and drying of relatively thin coatings of 
photosensitive material on moving metallic strips to 
eventually be utilized in the production of aperture 
masks for color television cathode ray tubes. 
As is known in the art, most color television cathode 

ray tubes employ an apertured metallic mask posi 
tioned within the tube to aid in directing the‘ electron 
beams emitted from the tube’s electron guns in striking 
the tube‘s screen. These beams excite in a pre 
established manner the pattern of cathodoluminescent 
materials positioned on the screen to produce a desired 
color. A typical aperture mask contains hundreds of 
thousands of openings therein for this purpose and, as 
can be appreciated, producing masks of this variety is 
a highly complicated and precision demanding process. 
Previous methods for manufacturing apertured 

masks for color television tubes have substantially in 
cluded coating a thin metallic strip with a photosensi 
tive material. drying the material thereon, photoprint 
ing a desired pattern on the strip, removing selective 
portions of the coating from the strip, and thereafter 
subjecting the strip to an etching process whereby the 
unprotected metal surfaces are etched through. 
A typical example of an ‘apparatus and method for 

producing light sensitive coatings on metal sheets is il 
lustrated in US. Pat. No. 2,786,443. The coating mate 
rial is applied via utilization of a nozzle member to de 
posit the coating material along the upper surface of 
the upright sheet. As' explained in US. Pat. No. 
2,786,443, excessive coating along the lower edge of 
the sheet is removed by hand, using a squeegee or 
sponge. > 

While this and similar methods have resulted in a 
coating being applied to a metallic strip, on most occa 
sions the coating thicknesses at the bottom of the strip 
have proven greater than at the top. This in turn has 
usually been the result of thicker concentrations of 
coating material accumulating at the bottom and not 
being able to dryat a sufficient rate with those concen 
trations along the upper surfaces. As can be appreci 
ated, in precisely defined articles such as aperture 
masks, this difference in thicknesses can result in mis 
alignment of the photoprinters during the subsequent 
photoprinting process. This in turn results in the pro 
duction of uneven patterns of exposed or unexposed 
areas. Additionally. nonuniform ' thicknesses of the 
coatings can result in unequal rates of etching of the 
'metal. thereby resulting in some openings being larger 
or smaller than desired. I 

Still another prior art method involves the dipping of 
individual metallic plates into photosensitive solutions 
and thereafter withdrawing the plates and permitting 
them to dry. However, it has been found that this pro 
cess also yields the “coating wedge" described above 

2 
‘l wherein the coatings at the bottom are thicker than 

5 

5 

30 

40 

45 

50 

55 

60 

65 

those along the upper areas of the panel. Still another 
prior art method incorporates a press apparatus which 
presses a dried photosensitive material having a poly 
meric backing onto the metallic strip. While this pro 
cess eliminates the “coatin wed e,” it does not rove P 
satisfactory in obtaining relatively thin coatings on the 
strip and is therefore excessively time consuming and 
expensive. I 

It is believed therefore that an apparatus and method 
for applying a relatively thin and substantially uniform 
coating to at least one sidéof a substantially vertically 
oriented metallic strip moving in a substantially hori 
zontal direction which wouldv overcome the above cited 
disadvantages of prior art- methods would constitute an 
advancement in the art. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is therefore a primary object of this invention to 
provide an apparatus and method for applying a rela 
tively thin and substantially uniform coating of photo 
sensitive material to at least one side of a moving metal 
lic strip. 

lt is a further object of this invention to provide an 
apparatus and method for applying said coating which 
obviates the above cited disadvantages of prior art 
methods. 

It is a still further object of this invention to provide 
an apparatus and method for coating moving vertically 
oriented metallic strips as said strips move in a substan 
tially horizontal direction. 
An even further object of thisinvention is to provide 

an apparatus and method forapplying a relatively thin 
and substantially uniform coating of photosensitive ma 
terial to a moving metallic strip to be utilized in the pro 
duction of apparatus masks for color television cathode 
ray tubes. 

In accordance with one aspect of this invention there 
is provided an apparatus for applying a relatively thin 
and substantially uniform coating of photosensitive ma 
terial to at least one side of a substantially vertically ori 
ented metallic strip and for substantially drying said 
photosensitive material thereon as said metallic strip 
moves in a substantially horizontal direction. The appa 
ratus comprises a means for supplying the strip to the 
apparatus along a predetermined path, said strip having 
at least one side having an upper and lower portion. 
The apparatus further comprises a coating means for 
applying a relatively thin coating of photosensitive ma 
terial to said side in a manner whereby the coating will 
flow substantially downward and cover both upper and 
lower portions. The apparatus even further comprises 
a drying means for drying the coating on said side of the 
strip in a substantially progressive manner whereby the 
coating on the upper portion of the side will be substan 
tially dried before the coating on the lower portion. 

In accordance with another aspect of the invention, 
a method is provided for applying a relatively thin and 
substantially uniform coating of photosensitive mate 
rial to at least one side of a substantially vertically ori 
ented metallic strip and for drying the material thereon 
as the strip moves in a substantially horizontal direc 
tion. The method comprises the steps of continuously 
supplying the moving vertically oriented strip having at 
least one side having an upper and lower portion in a 
substantially horizontal direction along a predeter~ 
mined path, applying a relatively thin coating of the 
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photosensitive material to the side of the strip in a man—l 
ner whereby the coating will flow substantially down 
ward along the side and cover both upper and lower 
portions, and thereafter drying the coating in a substan 
tially progressive manner whereby the coating on the 
upper portion of the side will be substantially dried be 
fore‘ the coating on the lower portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view of a known prior art 
coating apparatus for coating metallic strips; 
FIG. '2 is a section view as taken along the line 2—2 

in FIG. 1; 
FIG. 3 is a side elevational view of the coating appa 

ratus in accordance with a preferred embodiment of 
the present invention; 
FIG. 4 is a section view as taken along the line 4--4 

in FIG 3; 
FIG. 5 is a side elevational view of an alternate em 

bodiment of the present invention; and 
FIG. 6 is an end elevational view of still another em 

bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For a better understanding of the present invention, 
together with other and further objects, advantages. 
and capabilities thereof, reference is made to the fol 
lowing disclosure and appended claims in connection 
with‘ the above described drawings of the invention. 
With particular reference to FIG. I, there is illus 

trated an example of a knownv apparatus for applying 
light sensitive coatings to substantially vertically ori 
ented moving metallic strips and for thereafter drying 
said coatings. A prior art apparatus substantially similar 
to that illustrated in FIG. 1 is described in US. Pat. No. 
3,385,745 and comprises a supply reel 10, a cleaning 
and coating means 13, and a drying oven 14. Drying 
oven 14 usually consists of a closed container having 

‘either a series of vertically positioned heaters or a 
means whereby hot air or a similar media is forced 
therein to dry the coating. As illustrated and described 
in the aforementioned patent, the strip with the dried 
coating thereon is further subjected to subsequent pro 
cesses including photoprinting, etching, scrubbing, etc. 
Such processes are well known in the production of 
metallic apertured masks for utilization in color televi 
sion ‘cathode ray tubes and further description of these 
processes is not believed necessary. In FIG. 1, as well 
as in the apparatus referred to, the metallic strip re 
ceives a coating on both sides at the described coating 
station 13. This coating is applied via a piping or similar 
nozzle member'15 and is allowed to ?ow in a substan 
tially downward manner across both sides of the verti 
cally oriented strip. 
FIG. 2, taken along the line 2—2 in FIG. 1, illustrates 

in cross-section the described coating as applied. As ev 
idenced in FIG. 2, the downward ?owing coating pro 
duces a “wedge" or similar configuration on each side 
of the metallic strip when coated and dried in the meth 
ods known in the prior art. That is, the resulting thick 
nesses at the lower portion 17 of the strip (dimension 
[1) tend to be substantially greater than those at the 
upper portion 19 (dimension :1). As described previ 
ously in the application, this resulting differences in 
thicknesses as typically found in the prior art results in _ 
a deleterious effect with particular regard to the de 
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4 
scribed‘ subsequent photoprinting and etching pro-. 
cesses. More speci?cally, the greater thickness at the 
bottom results in misalignment of the photoprinters 
during the photoprinting step, resulting in the‘produc 
tion of uneven patterns of exposed and unexposed ar 
eas. The described differences in thicknesses addition 
ally results in the unequal etching of the metal, in turn 
producing openings either larger or smaller than de 
sired. As has been stated, the described results are 
highly disadvantageous to the production of precision 
metallic articles such as aperture masks and lead 
frames for integrated circuitry. 
With particular reference to FIG. 3, there is illus 

trated a coating and drying apparatus in accordance 
with a preferred embodiment of the present invention. 
Apparatus 20 is adapted for applying a relatively thin 
and substantially uniform coating of photosensitive ma 
terial 21 to at least one side of a substantially vertically 
oriented metallic strip 23 and for substantially drying 
material 21 thereon as strip 23 moves in a substantially 
horizontal direction. In FIG. 3, apparatus 20 is illus 
trated as coating and drying photosensitive material on 
both sides of strip 23. It is to be understood, however, 
that apparatus 20, in the broader concepts of the pres 
ent invention, can be adapted for coating and drying 
only a single side of a vertically oriented metal strip. 
Apparatus 20 is illustrated as comprising a supply 

means 25 (illustrated as supply reel 27) for supplying 
the substantially vertically oriented metallic strip 23 to 
apparatus 20 in a substantially horizontal direction 
along a predetermined path, indicated by arrow 29. 
Strip 23 includes at least one side having an upper por 
tion 31 and a lower portion 33. As in understood, strip 
23 also has an opposing side (not shown) also having 
an upper portion and lower portion similar to those de 
scribed. ' 

Apparatus 20 further comprises a coating means 35 
for applying a relatively thin coating of photosensitive 
material 21 to the strip 23 in a manner whereby the 
coating will flow substantially downward and cover 
upper and lower portions 3l‘and 33 respectively. As 
illustrated, coating means 35 comprises at least one 
nozzle member 37 for providing a continuous ?ow of 
the photosensitive material to the uppermost portion of 
upper portion 31. A substantially similar nozzle mem 
ber also provides the coating in the manner described 
to the other side of strip 23. 
The coating material preferably utilized in the pres 

ent invention is one well known in the art of manufac 
turing color television aperture masks, that being di 
chromated glue, often referred in the industry as “fish 
glue." This photosensitive material is preferred to have 
a speci?c gravity of between 1.025 and 1.060. When 
using the photosensitive material as de?ned, it is pre 
ferred to move the metallic strip 23 through apparatus 
20 at a speed of from about 30 to about 200 inches per 
minute. The described speeds through apparatus 20 are 
more than suitable for production and thus constitute 
a particular advantage of the present invention. 

Prior to the described application of the coating ma 
terial on strip 23, the strip is subjected to a cleaning or 
similar process to remove residue or other contami 
nates which may have accumulated on the strip during 
manufacture or packaging. Such a cleaning process is 
well known in the art and further description is not be 
lieved necessary at this time. Should apparatus 20 be 
employed in the manufacture of aperture masks for 
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color television cathode ray tubes or similar relatively 
thin and fragile articles. it is often desirable to protect 
the wound metallic strip with backing paper or similar 
material. This paper is interwound onto spool 27 be- v 
tween each layer of strip 23 by the manufacturer of the 
un?nished strip. It is necessary therefore to provide a 
means for unwinding this paper concurrently with the 
unwinding of the strip. To do so a winder (not shown) 
may be relatively positioned near supply means 25 to 
provide this function. 
Apparatus 20, as illustrated in FIG. 3, further com 

prises a drying means 39 for drying the coating on strip 
23 in a substantially progressive manner whereby upper 
portion 3l’will be substantially dried before lower por 
tion 33. With particular regard to coating of photosen 
sitive materials. substantially dried is meant to define a 
condition whereby the applied material is sufficiently 
dried to prohibit further downward draining of the ma 
terial. More specifically, sufficiently dried in this par 
ticular regard is meant to define the condition whereby 
the coated solution has reached a set condition. Drying 
means 39 is illustrated in FIG. 3 as comprising a angu 
larly positioned heater means 41 positioned substan 
tially adjacent strip 23 and adapted for having the strip 
pass thereby. Heater means 41, preferably a low tem 
perature infrared heater having an output of approxi 
mately 750 watts per square foot, is shown as compris 
ing first and second opposing ends 43 and 45, with first 
end 43 positioned relative to upper portion 31 of strip 
23 and second end 45 positioned relative to lower por 
tion 33. As illustrated, angularly positioned heater 
means 41 is positioned preferably at an angle within the 
range of from about 2° to about 20 degrees to the hori 
zontal direction of travel indicated by arrow 29. This 
angle, illustrated by the designate c, is preferred when 
utilizing the formulations described and the speeds 
mentioned for strip 23 through apparatus 20. Further 
more, when using the infrared heater as described, in 
addition to the solutions and strip speeds mentioned, it 
is preferred to position heater means 41 at a distance 
of from about 3 to about 9 inches from the side of strip 
23 being coated. 
As further illustrated in FlG. 3, it is preferred to posi 

tion heater means 41 within a housing 47 or similar 
containing article. Housing 47 substantially eliminates 
the possibility of air currents or similar undesirable mo~ 
tion between heater means 41 and strip 23 during the 
coating and drying process. As can be appreciated, 
such motion could result in the deposition of undesir 
able contaminates to the freshly coated surface in addi 
tion to upsetting the drying rate of the coating. When 
using the described ranges for the above mentioned 
variables, housing 47 is preferably from about 10 to 
about 45 feet in length. 
FIG. 4, taken along the line 4—4 in FIG. 3, illustrates 

the resulting cross-sectional configuration for the coat 
ings as applied by apparatus 20. As can be seen, the 
previously disadvantageous “coating wedge" has been 
eliminated with the thickness of the coating along the 
upper portion 31 being substantially identical to that 
along lower portion 33. As has been described, this uni 
form thickness for the substantially dried coating has 
been achieved as the result of the initial heating of 
upper portion 31 prior toheating of lower portion 33. 
With particular regard to the production of precision 
metallic articles. the described advantage of a uniform 
coating on strip 23 results in a more precise "drawing 
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6 
up.” of the photoprinters in the subsequent photoprint 
ing process. In addition, this even coating along the en 
tirety of strip 23 assures a more precise etching vof the 
strip when the established portions of the exposed or 
unexposed coating are removed. 7 
Referring back to FIG. 3, it is preferred to position 

nozzle 37 of coating means 35 substantially adjacent 
first end 43 of heater means 41. In this manner, the up 
permost coated areas of upper portion 31 are thus al 
most immediately subjected to heater 41. This in turn 
substantially eliminates any excessive downward ?ow 
or draining of the photosensitive material prior to its 
sufficient drying. , 

In FIG. 5 there is illustrated an alternate embodiment 
of the invention, apparatus 20’. Similar to apparatus 20 
in FIG. 3, apparatus 20' comprises a coating means 35’ 
having at least one nozzle 37’ for providing a substan 
tially continuous flow of photosensitive material 21' to 
strip 23. Apparatus 20' is further illustrated as compris 
ing a drying means 39’ which in turn comprises a pair 
of spacedly positioned heater means 41 ’ and 41 ”. Simi 
lar to heater means 41 in apparatus 20, heater means 
41' and 41" are preferably low temperature infrared 
heater assemblies having an output of approximately 
750 watts per square foot. Additionally similar to appa 
ratus 20, heater means 41' and 41 " are preferably posi 
tioned within a housing or similar member 47' (illus 
trated in phantom). Each of the spacedly positioned 
heater means are respectively angularly positioned 
(designates d and e) to the substantially horizontal di 
rection of travel of strip 23, illustrated as arrow 29'. 
Angle d is preferably within the range of from about 2° 
to about 5°. Angle e is preferably from about 2° to 
about 15°. The described angle ranges-for heaters 41' 
and 41" are particularly adaptable to housings of sub 
stantial length, e.g. approximately 45 feet. As can be 
seen, first heater means 41' is positioned relative to 
upper portion 31' of strip 23 while the second heater 
means 41" is preferably positioned relative to lower 
portion 33'. As can be appreciated, the embodiment in 
FIG. 5 provides greater drainage periods for the lower 
portion of the metallic strip. 
As also illustrated in FIG. 5, it is preferred that oone 

of the opposing ends of ?rst means 41’ be positioned 
substantially adjacent nozzle 37' of coating means 35’. 
The resulting coating as achieved by apparatus 20’ is 
substantially identical to that achieved in FIG. 4 by ap 
paratus 20. 
With particular regard to FIG. 6, there is illustrated 

anrend elevational view, partly in section, of still an 
other embodiment of .the present invention. In this 
view, heater means 42 is illustrated as being angularly 
positioned (designate g) with regard to the substan 
tially vertically oriented metallic strip 23. Angle g is 
preferably within the range of from about 5° to about 
15°. ln FlG. 6, strip 23 is illustrated as moving either di 
rectly toward or away from the viewer. Thus heater 
means 42 is also angularly positioned with regard to the 
substantially horizontal direction of travel for strip 23. 
Coating means 35", substantially similar to coating 
means 35 in apparatus 20, is also illustrated as compris 
ing a singular nozzle member 37" for providing a con 
tinuous ?ow of photosensitive material 21" to at least 
one side of the strip. vAs further illustrated in HO. 6, it 
is preferred to substantially encase heater means 42 
within a housing or similar member 47" in much the 
same manner as previously described for apparatus 20 
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and 20'. It is to be further understood that the appara 
tus as illustrated in FIG. 6 could be utilized in a manner 
to provide a coating to both sides of strip 23 with the 
mere addition of a second coater and heater means on 
the opposing side of strip 23 from that as illustrated. 
The embodiment as described in FIG. 6 thus permits a 
means whereby the upper portion 31" of strip 23 hav 
ing the coating thereon is subjected to a drying means 
of substantially greater intensity than that of lower por 
tion 33". With the formulation and strip speeds as de 
scribed, it is preferred to position the upper end 43’ at 
approximately 2 inches from the uppermost portion of 
upper portion 31". Accordingly, it is preferred to posi 
tion the lower opposing end 45' of heater means 42 at 
approximately 9 inches from the lowermost portion of 
lower portion 33". The end result as illustrated is a sub 
stantially uniform coating along the entire side of strip 
23 from the described uppermost to the described low 
ermost portion of the strip as coated. 
Thus there has been shown and described an appara 

tus and a method for applying and drying a relatively 
thin and substantially uniform coating to at least one 
side of a substantially vertically aligned moving metal 
lic strip as the strip moves in a substantially horizontal 
direction along a predetermined path. The resulting 
uniform coatings produced by the described apparatus 
and method are achieved through the progressive dry 
ing of the coating in a manner whereby the upper por 
tion of the coating on the strip are substantially dried 
before the lower portion. 
While there has been shown and described what are 

at present considered the preferred embodiments of 
the invention, it will be obvious to those skilled in the 
art that various changes and modi?cations may be 
made therein without departing from the scope of the 
invention as de?ned by the appended claims. 
What is claimed is: 
1. An apparatus for applying a relatively thin and 

substantially uniform coating of photosensitive mate 
rial to at least one side of a substantially vertically ori 
ented metallic strip and for substantially drying said 
photosensitive material thereon as said metallic strip 
moves in a substantially horizontal direction along a 
predetermined path, said apparatus comprising: 
means for supplying a substantially vertically ori 
ented metallic strip to said apparatus in a substan 
tially horizontal direction along a predetermined 
path, said strip having at least one side having an 
upper and a lower portion; 

coating means for applying a relatively thin coating 
of photosensitive material to said side of said me 
tallic strip in a manner whereby said coating will 
?ow substantially downward and cover said upper 
and lower portions; and 

drying means angularly positioned with regard to said 
horizontal direction of travel of said metallic strip 
for drying said coating in a substantially progres 
sive manner whereby said coating on said upper 
portion of said side will be substantially dried be 
fore said coating on said lower portion. 

2. The apparatus according to claim 1 wherein said 
coating means comprises at least one nozzle member 
adapted for providing a continuous ?ow of said photo 
sensitive material to the uppermost portion of said 
upper portion of said side. 

3. The apparatus according to claim 1 whereinsaid . 
angularly positioned drying means comprises at least 
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8 
one heater means positioned substantially adjacent said 
side of said metallic strip. ‘ 

4. The apparatus according to claim 3 wherein said 
heater means includes ?rst and second opposing ends, 
said ?rst end positioned relative to said upper portion 
of said side of said metallic strip, said second end posi 
tioned relative to said lower portion of said side of said 
metallic strip. 

5. The apparatus according to claim 4 wherein said 
coating means comprises at least one nozzle member 
adapted for providing a continuous ?ow of said photo 
sensitive material to the uppermost portion of said 
upper portion of said side, said nozzle member posi 
tioned immediately adjacent said ?rst end of said 
heater means. ' ' 

6. The apparatus according to claim 3 wherein said 
heater means is a low temperature infrared heater 
member. 

7. The apparatus according to claim 3 wherein said 
angularly positioned heater means is positioned at an 
angle within the range of from about 2° to about 20° to 
said substantially horizontal direction of travel of said 
metallic strip. 

8. The apparatus according to claim 3 wherein said 
angularly positioned drying means comprises ?rst and 
second heater means positioned substantially adjacent 
said side of said strip, said ?rst heater means positioned 
relative to said upper portion of said side of said metal 
lic strip, said second heater means'positioned relative 
to said lower portion of said side of said metallic strip. 

9. The apparatus according to claim 8 wherein said 
?rst heater means is positioned at an angle within the 
range of from about 2° to about 5° to said substantially 
horizontal direction of travel of said metallic strip. 

10. The apparatus according to claim 9 wherein said 
second heater means in positioned at an angle within 
the range of from about 2° to about l5° to said substan 
tially horizontal direction of travel of said strip. 

11. The apparatus according to claim 8 wherein said 
first and second heater means are low temperaturein~ 
frared heater members. 

12. A method for applying a relatively thin and sub 
stantially uniform coating of photosensitive material to 
at least one side of a substantially vertically oriented 
metallic strip having an upper and a lower portion and 
for substantially drying said photosensitive material 
thereon as said metallic strip moves in substantially 
horizontal direction, said method comprising: 
continuously supplying a moving substantially verti 

cally oriented metallic strip having at least one side 
having an upper and lower portion in a substan 
tially horizontal direction along a predetermined 
path; 

applying a relatively thin coating of photosensitive 
material to said side of said metallic strip in a man 
ner whereby said coating will flow substantially 
downward along said side of said metallic strip and 
cover said upper and lower portions and thereafter 

substantially drying said coating on said side of said 
strip in a substantially progressive manner whereby 
said coating on said upper portion of said side will 
be substantially-dried before said coating on said 
lower portion. 

13. The method according to claim 12 wherein said 
photosensitive material is dichromated glue. 

14. The method according to claim 13 wherein said 
metallic strip continuously moves along said predeter 
mined path at a rate of from about 30 inches per min 
ute to about 200 inches per minute. 

15. The method according to claim 14 wherein said 
dichromated glue has a speci?c gravity within the range 
of from about 1.025 to about 1.060. 

* * * * * 


