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2 Claims 

ABSTRACT OF THE DISCLOSURE 
A relatively thick sheet of material containing fine fila 

mentary apertures is produced by etching a combination 
of a relatively thick and a relatively thin layer of the same 
material bonded together but separated by an extremely 
thin layer of another material. The latter protects each of 
the layers when etching the other in order to get a high 
degree of definition by etching the thinner layer. The inter 
mediate layer is so thin that it has virtually no effect on the 
physical properties of the finished piece. 

This invention relates generally to the production of 
precision articles by etching. More particularly the inven 
tion is directed to a process for producing improved 
articles of metallic, sheet-like construction containing a 
plurality of precision-formed filamentary apertures and in 
which the articles are of sufficient thickness relative to 
their other dimensions to be substantially rigid or inflexible 
so that they are mechanically stable. 

Experience has taught that in the art of making preci 
sion articles by etching a metallic plate, as the thickness of 
the plate increases the quality of definition of the etch 
decreases. This is principally due to the undercutting effect 
of the etchant which is a natural result of the etching time 
period being greater near the surface of the plate to which 
the etchant is applied as compared to the other more 
further removed surface. Where physical stability or rigid 
ity of the finished article has been an important factor re 
quiring that the article be produced from a relatively thick 
sheet of metallic material, a "bimetal' process is often 
used. A type of "bimetal' process for etching a metal plate 
is described in the Golay Patent 2,829,460. As described 
more thoroughly therein, this process involves coating a 
relatively thick plate of the basic metal with a thin layer of 
a different metal which in turn is coated with a non-metal 
lic protective material. In those areas where apertures are 
to be etched, the protective coating is removed and an 
etchant is applied to the thin metallic layer to remove this 
material from the unprotected areas. This etchant does not 
attack the thicker base metal. Sharply defined, precise 
dimensions can be maintained in etching through this thin 
metal layer. As the next step, an etchant which will not 
attack the thin metal layer is applied to remove the base 
material underlying the exposed areas. Even though the 
dimensions of the aperture formed through the thicker 
layer may be indefinite, the effective dimensions of the 
aperture are defined by the etched-out portion of the thin 
metal layer and therefore the degree of precision which is 
required is maintained. There are variations in this “bi 
metal' process. For example, the thin metal layer pattern 
can be electroformed onto the thicker base material rather 
than etched out. In any event, in order to overcome the 
effect of undercutting which limits the degree of precision 
and definition, the two metallic layers are of different ma 
terials so that they are not both attacked by the same 
etchant. The principal disadvantage of the “bimetal' proc 
ess is that the article is then produced from two different 
metals which have different characteristics which does 
create problems in some areas of use. Specifically, articles 
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constructed by the "bimetal' process which have been used 
in environmental conditions in which relatively large varia 
tions in temperature take place, have been damaged or 
otherwise rendered useless because of the different coeffi 
cients of expansion of the metals involved. It is the object 
of this invention to overcome the disadvantages of the “bi 
metal' process which have been encountered heretofore. 

Articles constructed according to the teachings of the 
instant invention can be considered, in a general sense, to 
be made according to a "bimetal' process but yet the 
finished article has virtually all the physical characteristics 
of an article which is constructed from a single metallic 
material. Briefly, in this improved process, the relatively 
thick strengthening base sheet of a first metallic material is 
coated with a very thin layer of a different metallic mate 
rial. The pattern which defines the apertures to be formed, 
is laid out over this coating with a thin layer of metallic 
material which is the same as that in the base sheet. This 
may be done by electroforming or etching or the like. The 
base sheet can then be selectively etched from its underside 
in those areas corresponding to where the apertures are 
desired. The very thin coating layer will prevent the etch 
ant from attacking the pattern-defining, top, thin layer of 
the same metal. When the base sheet has been suitably 
etched, the very thin coating material can be quickly 
stripped away because of its thinness so that apertures 
passing completely through the article are formed. As in 
the "bimetal' process, the thin layer defines the precision 
dimensions for the aperture. Because the great bulk of the 
metallic material in the finished product is to such an over 
whelming degree a single metallic material, the article has, 
for all practical purposes, all of the physical characteris 
tics of an article constructed solely from this single mate 
rial. 

Features and advantages of this invention will become 
apparent during the course of the following detailed de 
scription with reference to the accompanying drawings in 
which: 

FIG. 1 is a fragmentary top view of a rectangular 
shaped metallic plate article containing filamentary aper 
tures made according to the teachings of this invention. 

FIGS. 2-7 are sectional views taken along line 7-7 
illustrating the same article as it appears during various 
stages of the process of this invention. 
An example of the type of articles that can be con 

structed according to the teachings of this invention is 
illustrated in fragmentary form in FIG. 1. This article, 
which is identified generally by the numeral 10, may be 
a flat, relatively rigid 3' x 3' square sheet with suitable 
locating or mounting holes, not shown, at its edges. 
This article 10 contains a plurality of filamentary aper 
tures 11 which may all be of equal size or may vary in 
size and pattern as desired, depending on the ultimate 
use for the article. Articles of this nature may be used 
as stencils, as viewing masks, or a variety of other uses. 
In any event, it is contemplated that the intended use 
is such that the article must be structurally stable, i.e., 
relatively rigid or inflexible, and the apertures must be 
formed to a relatively high degree of precision. 

FIG. 7 is a view of the finished article taken along 
section 7-7 of FIG. 1. FIGS. 2-6 illustrate the condi 
tion of the article during various steps of the inventive 
process. Although in the following detailed description 
of the invention certain materials will be specified for 
use in the construction of the article, it should be under 
stood that a variety of materials can be utilized provid 
ing they are compatible with the various processing steps 
included in the invention and as recited in the appended 
claims. 
The base supporting layer 12 may be a 3' x 3' sheet 

of nickel having a thickness in the order of .005 inch. 
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This order of thickness as compared to the other dimen 
sions of the base sheet affords the latter a substantially 
rigid or inflexible construction as required for the in 
tended use. The top surface of the base sheet 12, after 
being suitably cleaned, is coated with a very thin layer 
of gold 13 which may be flashed onto the nickel surface 
to a thickness in the order of .0001 inch, as illustrated 
in FIG. 2. Gold plating to a thickness in this order of 
magnitude relative to the thickness of the base sheet 12 
will in general adequately serve its intended function, 
which will be apparent shortly, but will have negligible 
effect on the structural characteristics of the finished ar 
ticle. The upper exposed surface of the gold layer 13 is 
then coated with a suitable light sensitive enamel and 
the desired pattern of filamentary apertures is photo 
printed thereon in the usual and well-known manner. The 
photoprinting step results in the protective enamel 4 
covering only those areas of the gold plating which cor 
responds to the areas defining the filamentary apertures 
which are to be formed, as seen in FIG. 3. The gold 
plated nickel article containing the partial enamel coat 
ing is then placed in suitable electroplating bath and a 
thin layer of nickel 15 is deposited on the gold plating 
in those areas not covered by the protective enamel 14, 
in the well-known manner. The nickel is preferably elec 
troplated in this manner, and as illustrated in FIG. 4, 
to a thickness in the order of .0004 to .0005 inch. Next, 
the bottom surface of the base sheet of nickel 12 is cov 
ered with a protective coating of light sensitive enamel 
and the negative image of the pattern which was photo 
printed on the gold plating is photoprinted on this bot 
tom Surface in the well known manner. As a result of 
this photoprinting step, protective enamel 16 remains on 
those areas of the bottom surface which underlie those 
top surface areas which are covered by the thin nickel 
layer 15 over the gold plating as seen in FIG. 5. There 
is an absence of protective enamel on the bottom surface 
in those areas underlying the top surface areas which are 
coated with the protective enamel 14 over the gold plat 
ing. As stated earlier, those top surface areas covered by 
the enamel 14 so that they are void of thin-layer nickel 
15, define the filamentary apertures which are to be 
formed. A suitable etchant is then applied in the well 
known manner to the bottom surface of the base nickel 
12 So that it attacks the nickel in those areas unprotected 
by the enamel 16. FIG. 6 illustrates the general pattern 
of the openings etched through the relatively thick base 
sheet nickel 12. This tapered effect is due to the fact that 
the etchant has a longer reaction time with the material 
closest to the surface at which it in applied than it has 
with the material at the further surface. The etching of 
the base sheet 12 is continued until the base sheet nickel 
which underlies the enamel coated areas 14 has been re 
moved. It goes almost without saying that the etching 
should not be allowed to continue to an extent where it 
would cause a structural deficiency by over-etching the 
base sheet. The etchant which is applied to the base sheet 
12 does not attack the pattern-defining thin layer of 
nickel 15 since it is shielded from the latter by the very 
thin gold plating 13. 

After etching the areas of enamel 14 and 16 are re 
moved, either chemically or by stripping, so that the arti 
cle appears as illustrated in FIG. 6. Finally, the gold 
plating 13 is removed from those areas underlying the 
aperture-defining areas of the upper thin layer of nickel. 
Because the gold plating is so very thin, it is readily 
stripped away or it can be etched away chemically. The 
end result is as illustrated in FIG. 7. The filamentary 
apertures, 11, shown in sectional view are effectively de 
fined by the thin layer of nickel 15 with the desired pre 
cision even though etching done through the relatively 
thick supporting base sheet 12 would not have provided 
the degree of precision required. The minute amount of 
gold in the finished article, as compared to the great bulk 
of nickel, with the gold limited to an extremely thin 
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4. 
plating or flash coating, has negligible effect on the phys 
ical and structural characteristics of the finished article. 
These characteristics are then determined for all practi 
cal purposes by the dominant nickel material. 
Although in the foregoing description, the aperture 

defining pattern is formed by the upper thin layer of 
nickel being electroformed or deposited over the gold 
plating, this can be done in other ways. For example, in 
stead of coating the gold plating 13 with enamel, a uni 
form thin layer of nickel can be placed over the gold 
plating by, for example, electroforming to a thickness in 
the order of .0004-0005 inch. This thin layer of nickel 
can then be coated with enamel and a suitable pattern 
photoprinted thereon. In this event, the pattern would 
be the same as that photoprinted on the bottom surface 
of the base sheet nickel 12, such as illustrated in FIG. 5. 
The thin layer of nickel would then be etched and only 
those areas not protected by the enamel, which would 
correspond to areas 4 shown in FIG. 5, would be etched 
away leaving the other areas of nickel, 15, intact in the 
same manner as illustrated in FIG. 5. Electroforming the 
thin layer of aperture-defining pattern of nickel has been 
found preferable, however, since it provides better defini 
tion of the filamentary apertures. 

Articles constructed according to this invention have 
been used in environmental conditions in which the tem 
perature has varied over a wide range with no resulting 
impairment in the physical structure nor reduction in the 
effective use thereof. This can be compared to the diffi 
culties encountered where a different metal has been used 
in the “bimetal' process for forming the aperture-defining 
pattern resulting in loss of reliability and permanent 
damage. 

I claim: 
1. A method for producing a substantially inflexible 

metallic sheet article containing a pattern of a plurality 
of precision filamentary apertures, comprising the steps 
of: 

(a) coating a surface of a relatively thick substantial 
ly inflexible base sheet of nickel with a flash coating 
of gold in the order of 60 the thickness of the base 
sheet of nickel; 

(b) forming on the gold flash coating a thin layer of 
nickel arranged in a pattern defining a plurality of 
filamentary apertures, said thin layer being sub 
stantially thinner than the base sheet yet not less than 
four times the thickness of the gold flash coating; 

(c) chemically etching away areas of the base sheet of 
nickel which underlie the aperture areas in the thin 
layer of nickel with a chemical etchant which does 
not react with the gold flash coating; and 

(d) then removing the areas of the gold flash coating 
corresponding to the aperture areas of the nickel. 

2. The invention as described in claim 1 wherein the 
patterned thin layer of nickel is formed on the gold flash 
coating by: 

(a) first covering the gold flash coating with a light 
sensitive enamel; 

(b) then exposing the enamel to actinic light so that 
only the areas of the enamel corresponding to the 
desired aperture areas are hardened by the light 
from the source; 

(c) removing the unhardened areas of enamel; and 
(d) electrodepositing nickel to the desired thickness on 

the gold flash coating in those areas from which the 
enamel had been removed. 

References Cited 

UNITED STATES PATENTS 
2,469,689 5/1949 Gresham ------------ 204-24 
2,649,361 8/1953 Springer et al. -------- 156-18 
JACOB H. STEINBERG, Primary Examiner. 

U.S. C. X.R. 
156-2, 18; 204-143 


