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1. 
The present invention relates to control elec 

trodes for electron tubes and to methods for pro 
ducing the same. Cellular grid structures of the 
type here disclosed are especially adapted for use 
as the control electrodes in thermionic tubes, 
Such as klystrons, but also have many other uses. 

In the past, it has been common practice to 
make the control electrodes or the grids of elec 
tron tubes either from fine wire Screening or by 
fabrication. In general, such structures have 
been relatively unsatisfactory for the purpose. 
Both types of construction lack sufficient rigidity 
when the Supporting Wires or interstitial metal or 
webs are so reduced in size and volume as to per 
mit the development of maximum desired in 
terstices or pores. Neither of these two types of 
construction provides a grid which has at least 
One regular geometrical Surface. For example, a 
perforated sheet normally cannot have a regul 
lar geometrical Surface, since the Surface is de 
formed by the punching operation. An attempt 
to remove the deformation of the sheet which re 
Sults from the unilateral burring due to the per 
forating operation almost invariably causes ir 
regularities in the size and shape of the perfora 
tions. When a Woven wire screen is used, the 
Weaving operation bends the wires and thus in 
herently eliminates the possibility of developing 
a regular geometrical surface on either side of 
the screen. This is also true of other types of 
Wire Screens. The shape of the openings has also 
been found to be of importance. Experiments 
have shown that better collimation of the elec 
tron beam is achieved when hexagonal openings 
than with the previously more readily obtained 
circular Orrectangular configurations. 
Grids and other control electrodes previously 

used have been characterized by a relatively high 
electron interception factor. Too large a portion 
of the total area occupied by the structure was 
necessarily utilized to provide proper structural 
stability and other mechanical properties, so that 
the area available for the passage of electrons 
was unduly restricted. As electron density and 
velocity increase with improvements in electron 
tubes, it becomes increasingly important to mini 
nize the interception factor of the grid and other 
control electrodes. At the same time, the neces 
sity for providing a structure which has at least 
one regular geometrical Surface and high struc 
tural rigidity is increased, Since dimensional 
tolerances and the tendency toward microphonic 
effects are increasingly important problems under 
these conditions. 

Accordingly, it is a feature of the present in 
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vention to provide an improved grid member or 
foraminous disc of multicellular construction 
which has desirable mechanical properties result 
ing in reduced microphonic effectS and a rela 
tively low interception factor. 

It is another feature of the present invention 
to provide a method of producing Such grids or 
foraminous discs on a quantity basis with ex 
tremely good unifornity. 
The invention contemplates the formation of 

cellular grid members, desirably in disc form, 
and in the following manner. A plurality of 
wires of a first metal are employed as mandrels 
which are later removed. Each of the wires is 
plated or otherwise coated or sheathed with a 
Second metal. In a preferred form of the inven 
tion, the coated Wires are bunched and Sur 
rounded by a suitable sheath or housing. The re 
Sultant assembly is then consolidated, as for ex 
ample by drawing or Swaging, after which wafers 
of a Suitable thickness are cut off. The wafers 
are then Subjected to a chemical action which 
preferentially dissolves or etches the wires out of 
their coatings, leaving a cellular, honeycomb-type 

5 structure formed from the original coatings or 
sheaths of the Wires. The adjacent walls of the 
coatings, in turn, are autogenously joined or 
coalesced, as for example by Subjecting the Wafers 
to heat treatment Such as Sintering. If desired, 
the coalescing may be accomplished before the 
individual Wafers are Sliced Off, or after Slicing 
but before etching is accomplished. 
The foraminous disc or grid member in ac 

cordance with the present invention is formed 
by a plurality of tubular or tubiforn. Sections or 
cells having substantially parallel longitudinal 
axes and with their adjacent Wall Surfaces joined 
together. The Sections have relatively thin walls, 
so the interception factor of the grid member is 
desirably low. Since the axial length of the sec 
tions is preferably of the order of their open 
ing size, however, the grid member has substan 
tial structural rigidity, each section being Sup 
ported by, and in turn contributing to the Sup 
port of, several adjacent sections. 
The above features and brief description of the 

invention will be better understood by reference 
to the following detailed description taken in con 
nection with the accompanying drawing, in which 
like components are designated by like reference 
inlinerals and in Which: 

Fig. i is a flow chart, in diagrammatic form, 
of the method of the present invention; 

FigS. 2, 3 and 6 are partial sections taken re 
Spectively on lines 2-2, 3-3 and 6-6 of Fig. 1; 
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Fig. 4 is a section of a curvilinear grid struc 
ture made in accordance with a modification of 
the method of Fig. 1; 

Fig. 5 is a section of a curvilinear grid struc 
ture made in accordance with another modifica 
tion of the method of Fig. 1; 

Fig. 7 is a section taken on line 7-7 of Fig. 6; 
and 

Fig. 8 is a plan view of a foraminous disc, or 
grid structure in accordance with the present 
invention. 

Referring now to Fig. 1, the first step in the 
method of producing foraminous discS is the 
selection of a plurality of wires 0. These Wires 
are of a soft malleable material, such as Zinc or 
aluminum, although iron may also be employed. 
The wires preferably have a Substantially cir 
cular cross section, but other shapes may be en 
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4. 
the cutting action of a saw 6 which cuts off in 
dividual wafers 7. It will be understood that 
instead of cutting the assembly in a plane per 
pendicular to its longitudinal axis, wafers having 
a surface other than flat may readily be formed 
by machining off discs of the desired shape. If 
desired, wafer 7 may be cut with transverse 
plane surfaces, and then subjected to modifica 
tion by a parallel, stepped displacement of the 
individual cellular sections to provide an approxi 
mation of a desired curvilinear Surface. Such a 
grid structure, after this forming Operation, is 
shown in section in Fig. 4. In this View, the de 
sired geometrical surface contour is indicated by 
broken line 9... If high precision is necessary, 
the surface of the grid structure may readily be 

ployed if desired. It is not absolutely essential . . . 
that wires to be metallic. Wire-like rods or fila 
ments of other materials, as for example fibers 
of hemp, cotton, etc., may be utilized with Satis 
factory resultS. 
The second step of the method comprises coat 

ing wires 0 with another suitable material, this 
step being indicated generally by unit ft. The 
coating may be accomplished in a number of 
ways, including electroplating, dipping in molten 
metal, anodizing, metalizing, or painting with a 
fluid mixture of powder and binder. In Some 
cases, the coating may be applied to Wires 9 by 
winding a ribbon of the coating material Spirally 
around each wire and spot welding its ends to 
hold it in place. The coating material may either 
be a good conductor, such as copper, gold or 
silver; or metal having a high melting point but 
being of only fair conductivity may be employed, 
such for example as nickel, platinum, molybde 
num, tungsten or rhenium. The coating material 
need not necessarily be metallic. Graphite grids, 
for instance, may be produced by coating the 
wires with colloidal graphite, such for example 
as “Aquadag.'” “Aqua dag' is a dispersion of 
water-graphite paste in water, and it comprises 
a solution of Substantially 22% 
graphite in water. The essential requirements 
are that the coating be substantially homogene 
ous and that it be malleable and ductile. The 
thickness of the coating is normally made ap 
proximately half the desired grid web thickness. 
The coated wires are next passed through an 

assemblying funnel 2 and into a sheath f3. The 
sheath 3 comprises a tube of some material 
which can be readily drawn, as for example cop 
per. The coated wires need not necessarily com 
pletely fill sheath f3. The appearance of the 
bunched and sheathed wires at this point is in 
dicated in Fig. 2, in which the coating on the 
wires is designated by the reference nurneral 4. 
The sheath 3 and its contents are now con 

solidated, as for example by drawing through a 
die 5, or by SWaging. Although only a single 
die is shown in Fig. 1, it will be understood that 
the drawing operation may be repeated as often 
as necessary to reduce the assembly to the desired 
outside diameter. 

Fig. 3 shows the mosaic formed as the result 
of the consolidating operation. It will be ob 
served in this figure that the individual Wire fo 
and their respective coatings 4 form a mosaic 
and have now assumed a substantial hexagonal 
cross section with the coatings taking the form 
of cell walls, due to the lateral pressure exerted 
upon them during the drawing operation. 
The consolidated assembly is now Subjected to 
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machined to this line. 
In some cases, it may be desired to provide a 

grid structure having a curvilinear Surface but 
in which the individual cellular Sections are ra 
dially disposed. Such a structure is illustrated 
in Fig. 5 of the drawing. It may be produced by 
first plating or otherwise Coating or encasing a 
wafer having transverse plane surfaces with a 
matrix of zinc or other suitable relatively soft. 
material. The coating is made thicker on One 
face of the Wafer than on the other. The coated 
Wafer is then pressed into the desired curvilinear 
or spherical shape, the side with the thinner coat 
ing being concave. In this manner, the wafer 
itself is kept under compression in a transverse 
direction during the shaping operation, so there 
is no tendency for the individual elements to sep 
arate as they are displaced. After the coating 
material is removed, the resultant shaped disc. 
Will comprise a plurality of individual sections 
which have their axes radially disposed with re 
Spect to the center of curvature of the disc. 

. The wafers T are now subjected to preferential 
or Selective etching in unit 8. The purpose of 
this operation is to remove or dissolve the man 
drel Wires 0 while leaving intact their individ 
ual sheaths or coatings 4 to form individual cell 
walls. If zinc Wire is used, hydrochloric acid is 
Suitable for performing this operation. For alu 
minum Wire, Sodium hydroxide is equally suitable. 
The Wafers which emerge from unit 8 com 

prise a plurality of small tubular sections or cells 
Which are movable with respect to each other so 
that the same may tend to separate. The walls 
of these individual sections, therefore, are coa 
lesced or otherwise suitably joined or bonded to 
gether by use of suitable apparatus as indicated 
at 20. One way of accomplishing this is by sin 
tering in a hydrogen furnace. If the grids are 
of copper, a sintering temperature between 800 
and 900 C. is appropriate. For nickel, the tem 
perature is about 1300° C., and for silver about 
500 C. In addition to joining the individual tu 
bular sections or cell walls together, the coalesc 
ing operation tends to bond the walls of the outer 
Er Sections to the sheath f3, as indicated in 
1g. 6. 
The thickness of wafers f is preferably so cho 

Sen as to be of the order of the individual aperture 
size of the cells of the finished grid structure. As 
clearly shown in Fig. 7, each cell or tubular 
section is substantially square in longitudinal 
Section and has appreciable depth so that the 
completed grid structure has a maximum struc. 
tural rigidity reducing microphonic effects. AS 
also clearly shown in Fig. 7, the thickness of 
each of the Walls comprising the cells of the 
grid structure is relatively small compared with 
the Width of each opening. Accordingly, the 
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overall grid structure has a relatively low inter 
ception factor when it is interposed in the 
electron Stream of an electron tube. 

Fig. 8 indicates the general appearance of the 
completed grid structure. If desired, the outer 
sheath 3 may be silver plated, prior to the 
cutting Operation, in order to provide the proper 
amount of Silver to permit the grid structure to 
be Soldered in place in an electron tube, as for 
example to the resonator of a klystron. If a 
rimleSS grid structure is desired, outer sheath 
13 may be etched away or otherwise removed 
following coalescing. 

Several modifications in the above-described 
method of producing cellular grid structures may 
be made without departing from the present 
invention. For example, the last two operations 
illustrated in Fig. 1 may be reversed if wires 

are made of relatively refractory material, 
Such as iron. In this case, the cell Walls of the 
individual tubular sections would be coalesced 
before their cores were etched or dissolved away. 
Another modification is to accomplish the steps 
of etching and coalescing Substantially simul 
taneously. Still another change, which may in 
some cases be desirable, is to effect coalescing 
prior to the cutting operation, this being ac 
complished, for example, by induction heating 
of the assembly after drawing. 

After the cutting operation, it has been found 
desirable in some cases to remove the feather 
edge on each wire. This is especially true if the 
grid structure is to be bowed or otherwise shaped 
before the etching step, as described above in 
connection with Figs, 4 and 5. The removal 
of these feather edges is conveniently accom 
plished by lapping each Wafer With Sandpaper 
or by dropping the wafers into a non-selective 
reagent which etches the Wires and their coat 
ings more or less equally. 

In accordance with the method of the present 
invention, it has been found entirely feasible 
to make cellular grid structures having Webs as 
thin as 0.0001 inch and to provide such grid 
structures with at least One highly precise 
regular geometrical Surface. The utility of Such 
cellular grid structures in electron tubes, as for 
example klystrons, will be readily apparent and 
their use greatly minimizes the production of 
secondary electrons due to impact of the primary 
electrons upon the grid structure. 
Instead of cutting Off Wafers, longer portions 

of desired axial length may be utilized as heat 
exchangers, chemical filters, or the like. The 
close proximity of adjacent openings of the 
structure in accordance with the present in 
vention is especially advantageous in Such ap 
plications of the invention. 
The interception factor of a cellular grid 

structure may, in accordance with the present 
invention, be varied without changing the size 
of wire used merely by Omitting the Coating 
on a portion of the Wires. In this Way a grid 
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Structure will result in which there are a number 
of Openings Substantially larger than the croSS 
Section of the wire after consolidation. 
While there has been described what is at 

present considered the preferred embodiment of 
the invention, it will be obvious to those skilled 
in the art that various changes and modifi 
cations may be made therein. Without departing 
from the invention, and it is, therefore, aimed 
in the appended claim to cover all such changes 
and modifications as fall within the true spirit 
and Scope of the invention. 
What is claimed is: 
A method of forming curvilinear grid elec 

trodes having a hexagonally shaped mesh com 
prising individually coating a plurality of wires 
of a first metallic material with a relatively 
thin coat of second metallic material, assembling 
said coated Wires in a sheath, drawing said 
assembly so that said coated wires are deformed 
into substantially hexagonal cross-sections with 
the abutting Surfaces of Said coatings contacting 
one another and retaining their identities, Said 
coatings being relatively displaceable after Said 
drawing, cutting Said drawn assembly trans 
versely to form relatively thin discS, displacing 
the individual elements of Said discs in a di 
rection substantially at right angles to the plane 
of Said discs, removing completely Said Wires 
of first material from said discS, and Sintering 
the abutting Surfaces among Said coatings and 
said sheath so that they are coalesced, whereby 
an integral, unitary electrode is formed of 
curved configuration. 

SIGURD F. WARIAN. 
RUSSELL. H. WARIAN. 
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