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This invention ‘relates to an electrode 
structure for electron discharge-devices and ' 
the method of making the same. More par 
ticularly, it relates to a novel type of grid 
electrode for a vacuum tube, in which vcer 
tain cross bars of the id have anie?ective 
width in the plane of t I e grid less than their 
actual width.‘ ' ‘ , 

The electrode structure of this invention 
will be described for convenience in con 
nection-with a vacuum tube of the three elec 
trode type, although it will be apparent that 
its utility is not limited to tubes of any 
vparticular‘ type. ‘ , 
As is well known in theart, the vacuum 

tube of the'threeelectrode type comprises 
a thermioniccathode, ananode, and a con 
trol electrode which usually, though not nec 
essarily, is placed between the other two elec 
trodes. The control electrode heretofore em 
ployed has usually comprised a plurality of 
parallel wires, to which have been fastened 
or welded cross wires at regular intervals .so 
as to form a network or grld. Such a grid, 

7 however, is difficult and expensive to manu 
. facture in any quantity because of the num 
ber of operations required in fastening the 
wires across at proper intervals on the 
framework. Some grids, for example, re 
quire as many as 150 welds or more to com~v 
plete a single grid electrode. 

It is proposed, as one form of this inven 
tion, to manufacture the grid electrode out 
of a sheet of metal by punching apertures, 
preferably rectangular in sha e, in the sheet 
at‘spaced intervalsyso that t e sheet, after 

, the punching, comprises two side pieces 
with a plurality of cross bars or strips there 
between. The distance between, and the 
width of the cross bars will depend onv the 
type of tube in which the grid is to be used. 
For low power tubes, such as those oper 
ating on a plate voltage of 60 volts, a wldth 
of cross bars of. .031 inch, and a distance 
between the cross bars of approximately .080 
inch, has been found satisfactory. For high 
'power tubes , however, such as those opera 
ting on a p ate voltage of 275 volts, where. 
the width of the cross. bars becomes quite 
a factor in determining the electrical‘ charac 
teristics of the tube, it has been found that 
the width of the cross bars should be about 
.008 inch, which is less than it is- practical 
to make it by punching the grid from sheet 
meta .. - 
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In accordance with this invention, the use 
of a punched grid in a high power tube is 
made possible by twisting the cross bars un 
til the planes of the cross bars are at right 
angles to the plane of the electrode. The 
cross ‘bars of such a grid offer ractically 
no_ obstruction to the passage -0 electrons 
between the cathode and .anode, since the 
effective width ofv each cross bar is now the 
thickness of a sheet of metal and not the 
actual width between the punches made 
originally in the sheet of metal. ' 
This invention will be better understood 

by reference to'the following detailed de 
scription taken in connection with the ac 
companying drawings, in which ' 
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" Figure 1, represents a sheet of metal af- -‘ 
ter a plurality of rectangular apertures have 
been made therein to form a grid~like struc- - 
ture. 75 
‘Figure 2 represents the grid after the. 

cross bars have been twisted until the planes 
of the cross bars are at right angles to the i 
plane of the’ id, 

Figure 3_s ows the grid bent double, in 
order that 1t may be used in a double-grid 
double-plate tube, such as that shown in 
F1 ure 4. 

‘ igure 5 illustrates 'a tool that may be‘ 
employed-in twisting the cross bars of the 
grld; and 
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Figure 6 shows how the tube, of the t pe , 
illustrated in Figure 4, may be adapte to 
repeat or amplify electric currents in a sig 
naling system. - 

'Referrin to the drawings, Figure 1 shows 
a rectangu ar sheet of metal after a plu 
rality _of rectangular apertures’ have been 
made 1n the sheet, so as to form a grid-like 
structure.‘ The grid, as shown, comprises . 
.two parallel side pieces, 8 and‘ 9, which are 
connected by a plurality of cross bars 10, 11', 
12, 13, and so forth. In the manufacture of 
a punched grid, such as that shown in Fig 
ure 1, it has been found practically impos 
sible to make the width of the cross bars 
much less than about .031 inch where the 
thickness of the sheet was only/.009 inch. 
Any attempt to make the cross bars of a > 
much narrower width results in the punch 
ing machine carrying away the cross bars 
with it. _ J 

In. accordance‘ with this invention, the use 
of a punched grid in a vacuum tube, re 
quiring cross bars, of a narrower width than 
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it is possible to make them by the punch 
ing process, is made possible by twisting the 
cross‘bars. Such a grid, with twisted cross 
bars, is illustrated in Figure 2. When the 
cross bars are twisted at right angles to 
the plane of the grid, the effective width 
of each cross bar becomes the thickness of 
the sheet metal employed, which, in the ex 
ample cited .above, was only .009 inch. 

It is evident that the cross bars may be 
twisted by any suitable means, such as pin 
cers or the like. Figure 5 illustrates a type 
of tool that may be employed in twisting 
the cross bars. The tool comprises a handle, 
16, attached to two stationary jaws, 17 and 

' 18, the length of which is slightly less than 
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theldistance between the side pieces, 8 and 
9. of the grid. A slit between the two jaws, 
17 and 18, is just su?icient to receive one 

‘ of the cross bars of the grid. 
Figure 3 represents the grid structure of 

Figure 2 bent so as to form two parallel 
portions, thereby adapting the grid to be 
employed in the double-grid double~plate 
tube_shown in Figure 4. The tube, 20, com 
prises a cathode. 21, two anode plates, 22, 
23, and a grid electrode, 24, which may be 
of the punched grid type illustrated in Fig 
ure 3. > 

Figure 6 shows how the tube 20 may be 
employed in an electric system to repeat and 
amplify currents from line 27—27 to line 
28-28. Space. current for tube 20 is sup 
plied by a battery, 30, while the cathode, 
21, is heated by a battery, 31. vThe grid 
and cathode electrodes are connected to the 
incoming line by a transformer v32, while 
the anode and cathode are connected to the 
outgoing line 28——-28 by a transformer, 33. 
Tube 20, connected up in such a manner, 
will 'yimprcss on line 28—‘—28 ampli?ed cur- ‘ 
rents of the form received by the tube from 

.the incoming line 27-27. 
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It vis apparent that the unched' grid with 
.-‘ twisted cross bars, descri ed above, repre 

sents only one of various ways of manufac 
turing a grid having cross bars arranged 
so that the projection of each cross bar, on 
a- plane parallel to the plane of the grid, is. 
‘less than the actual width of each cross bar; 
It is also apparent that this invention may 
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be ap lied to grids of other ty es than that 
descrl ed above. Thus it is wit in the scope 
of this invention to make the cross bars in 
the well-known welded grid, have an eti'ec 
tive width in the plan-e of the grid less than 
their actual Width. Furthermore, this in 
vention is not limited to types in which the 
decrease in the effective width is accom 
plished by distorting the cross bars. Dis 
torting the side pieces, for example, to make 
each in a_ zig-zag form, will produce the 
same result. > 

l/Vhat is claimed is: 1 
1. The process of manufacturing a grid 

electrode out of a sheet of metal, which com 
prises forming apertures in said sheet, so 
shaping the sheet. that a plurality of the. 
strips of metal remainingbetween said a er‘ 
tures present an effective width in the p ane 
of said grid less than the actual width of 
said strips, and bending said sheet to pro 
vide two parallel surfaces. 

2. The process of manufacturing a uni 
tary grid electrode out of a sheet of metal, 
which comprises punching apertures in said 
sheet, shaping the strips of metal remain— 
ing between the apertures to prevent the 
planes thereof substantially at right angles 
to the plane of the grid, and bending said 
sheet to provide two parallel surfaces. 

3. The process of manufacturing a uni 
tary grid electrode out of a sheet‘ of metal, 
which comprises punching apertures in said 
sheet, placing the strips of metal remaining 
between the apertures at an angle to the 
plane of the sheet, and bending said sheet 
to provide two parallel surfaces. 

4. The process of manufacturing a grid 
electrode out of a sheet of metal, which com 
prises forming apertures in said sheet, shap 
ing the sheet so that one of the strips of 
metal remaining between said apertures has 
an effective width in the plane of said grid 
less than the actual width of said strip, and 
bending said sheet to provide a pair of 
parallel surfaces. 
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In witness whereof, I hereunto subscribe 
my name this 30th day of‘Mar'ch, A. D., 
1920. i ' ' 

W. FERRIS HENDRY. 


