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This invention relates to vacuum tubes of the 
type including a cathode, a control grid and a 
plate. - 

In my copending application Serial No. 437,225, 
filed March 19, 1930, I have described vacuum 
tubes that are particularly useful as transmission 
control elements in amplifier systems. With the 
known tube constructions, it is not possible to 
effect a distortionless transmission, at low ampli 
fication, of Strong signals if the tube design is such 
as to provide high amplification for weak signals. 
As described in my prior application, distortion 
leSS Volume. Or transmission control for high input 
voltages may be secured when the elements of 
the tube are so constructed and arranged that 
different portions. Of the electron stream are in 
fluenced at different rates by the signal voltages 
applied to the control grid. This particular 
characteristic may be obtained in several ways, 
Such as, for example, the Omission of one or more 
turns from an end or an intermediate portion of 
the control grid Winding, or by the use of a con 
trol grid winding of non-uniform pitch. 
Tubes of such construction exhibit the desired 

transconductance characteristics which prevent 
distortion when the operating potentials are so 
adjusted as to reduce the amplification to a small 
fraction of its maximum value, but there is, in 
general, a relatively large flow of plate current 
(direct current) at the portion of the tube where 
the control grid is omitted or is of relatively 
coarse. pitch. . . W - 

... An object of the present invention is to pro 
vide a vacuum tube exhibiting improved trans 
mission control characteristics in that no dis 
tortion is introduced even though the input signal 
voltage is raised to values substantially higher 
than was previously permissible. An additional 
object is to provide a vacuum tube capable of 
transmitting high signal, voltages without sub 
stantial distortion or with distortion which is 
slight, but substantially constant over a wide 
range of signal voltage, and exhibiting a lower 
plate current drain and higher plate resistance 
than tubes of the general type described in my 
copending application. A further object is to 
provide, in a vacuum tube which at different por 
tions thereof exhibits the properties of a high 
:mu and of a low mt tube, a shield or grid for re 
ducing the flow of plate current at the low mu 
Section of the tube. NIOre Specifically, an object 
is to provide, in a vacuum tube having a control 
grid of the general type of a winding of non-uni 
form pitch, allow potential element for reducing 
ithe flow of plate current at the portion of the 

(C. 250-2.5) 

electron stream which is controlled by the rela 
tively open or coarse Section of the grid. 
These and other objects of the invention will 

be apparent from the following specification when 
taken with the accompanying drawing in which: 

Figs. 1, 2 and 3 are Somewhat diagrammatic 
Views, in Vertical central Section, of typical emi 
bodiments of the invention, and 

Fig. 4 is a curve sheet illustrating transcon 
ductance characteristics of a tube embodying the 
invention and other tubes of the same general 
type. . . . . . - 
The invention is illustrated in connection with 

tubes of the known screen grid type employing 
concentric cylindrical elements, but it is to be 
understood that the invention is not limited to 
Screen grid tubes or to the cylindrical type of 
electrodes. 
As shown in Fig. 1, the tube includes within 

the usual evacuated envelope E, an equipoten 
tial cathode C, screen grid S.G. and a plate P. 
The control grid CG is constructed in accordance 
with the invention described in my copending 
application and takes the form of a helical wind 
ing having a section of close and uniform pitch. 
and another more open section 2 of uniform but 
coarser pitch. 
This general type of control grid results in a 

tube which exhibits the characteristics of a high 
mu tube when the control grid bias falls within 
the range of bias voltages corresponding to rela 
tively high amplification of Weak signals. As 
the signal strength increases, an effective and 
practically distortionless control of amplification 
is afforded by that portion of the electron stream 
that is influenced by the relatively coarse or 
more Open Section 2 of the control, grid CG. As 
is explained in my copending application, this in 
Crease in the effective range of distortionless aim 
plification is accompanied by a high plate current 
flow which may be reduced by an appropriate de 
Sign or location of the other tube elements. 
In accordance with the present invention, an 

additional element or shield S is located adjacent 
the low musection of the tube to prevent an ex 
cessive flow of plate current when the grid bias 
is adjusted for high amplification. The shield 
element S is maintained at a fixed or constant 
potential materially lower than that of the Screen 
grid, and preferably is connected directly to the 
cathode by a lead 3. The shield Stherefore low 
ers the positive field from the screen grid, there 
by raising the plate resistance and reducing the 
plate current flow at the coarser section of the 
control grid. 
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The shield S may be supported by the insu 

lator disk 4 and, in tubes of the general type 
known commercially as the "224 tube', may be 
constituted by the metal sleeve to which, in the 
known commercial tubes, the supporting wires. 5 
of the screen grid SG are attached. The tube as 
shown in Fig. 1 may therefore conform to the 
Standard 224 tube construction. So far as con 
cerns the structural details other than the spe-- . 
cial form of control grid winding and the elec 
trical connection of the shield or sleeve S-to-the 

. . . . . . . application. Since modulation distortion arises 
- when the tube is operated upon a sharply curved 
portion of the transconductance characteristic, 

cathode instead of the screen grid. 
Except for the addition of a shield element, the 

tube shown diagrammatically in Fig.2 may be 
Substantially identical. With the tube illustrated 
in Fig. 1 of my copending application, i.e., it may 
conform to standard design of a high muscreen 

: grid tube except for the omission of a plurality 
of turns from the central section of the helical. 
winding which constitutes the control grid CG. 
In accordance with the invention, the shield ele 
ment S comprises a ring which is located between 
the control grid CG and Screen grid SG at ap 
proximately the longitudinal center of that por 
tion of the control grid from which two turns 
are omitted to form a more open portion. The 
shield S is maintained at a potential lower than 
that of the plate, or if desired, at cathode po 
tential by means of a connecting lead 3. 
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It will be apparent that the same reduction 
of plate current may be effected when the shield 
is located at any place between the control grid 
and the accelerating grid SG. As shown in Fig. 
3, the shield S. comprises a grid positioned be 
tween the cathode C. and control grid CG, and 
opposite one end of that portion of the control 
grid Which is more open and of coarser pitch. 
Tests made with tubes embodying the present 

invention have shown that the transconductance 
characteristics of tubes having control grids of 
the non-uniform pitch type are not, within the 
range of control grid; bias voltages appropriate 
for Such tubes, substantially affected by the in 
troduction of a shield element which estab 
lishes a desirable low potential field between the 
highly positive screen grid SG and the zero po 
tential cathode, the shield and the screen grid 
constituting field electrodes which cooperate to 
produce the desired kind of a positive electro 
static field. The total space current in a tube 
containing the shieldS may be, however, about 
One-half that of a similar tube not containing 
a shield. . . . . . . . : - - - 
As will be evident from the transconductance 

curves of Fig. 4, the shield Shas the further ad-- 
Vantage of considerably extending the range of 
practically distortionless... amplification control. 
In Fig. 4, the curve A is the transconductance 
curve for a commercial-tube of the 224 type and 
Curve B is a similar curve for a tube which dif 
fered from standard design by the omission of 
two turns from the center, of the control grid. 
The curve C is the transconductance curve for a 
tube which includes the low-potential shield ele 
ment adjacent the coarse section of the control 
grid. It Will be noted that curves B and C. sub 
stantially coincide throughout a wide range of 
Control grid bias voltages, i.e., up to about 65 
Volts. As the bias voltage is made more negative 
to effect a further reduction in amplification, the 
characteristic for the tube embodying the in 
vention, i.e., curve C, falls off less rapidly than 
the characteristic, curve B, of a tube which does 
not include the shield element. For each tube, 

2,048,228 
the possibility of amplification control is lost 
when the bias voltage reaches the Value at Which 
the transconductance curve meets the leakage 
conductance, curve D, which is substantially 
identical for all of the tubes. . .5 
An examination of the transconductance con 

trol grid bias curves of Fig. 4 shows that the ad 
dition of the shield electrode S increases con 
siderably the useful range of transmission con 
trol which was a feature of the invention de-10 
scribed and claimed in my aforesaid co-pending 

it will be evident that the invention also in- 15 
creases the range of signal voltages, which may 
be transmitted without distortion since the curva 
ture of characteristic C is less than that of char 
acteristic B, particularly at those portions of 
curve B which are most sharply curved. 20 
The particular tube designs which I have illus 

trated and the data obtained in one series of tests 
are to be taken as illustrative of the invention. 
To one familiar with the design and operation of 
vacuum tubes, it will be apparent that the in-25 
vention is applicable to other types of tubes and 
to other physical arrangements of the electrodes 
in tubes of various types. . . . . . . - - - - 

I claim: . . . . . . . . . . . . ... - 1. A vacuum tube including an equipotential 
cathode, a plate and a control grid coextensive 
with the cathode and which exercises different 
rates of control over different portions of the 
electron stream, and a shield element disposed 
adjacent said grid for establishing a low poten 
tial field only at that portion of the electron 
strean over which the said control grid exer 
cises a lesser control. . . . . . . . . . . 
2. An electron discharge tube including an 

equipotential cathode, anode, screen grid and a 
control grid coextensive with the cathode and 
which exercises different rates of control over 
different portions of the electron stream, a shield 
element adjacent said cathode for establishing 
a low potential field at that portion of the elec-45 
tron stream over which the said control grid 
exercises a lesser control, and a direct electrical 
connection from said shield element to the cath 
Ode. ... . . . . . . . . . . . . . . . . . 

3. A vacuum tubehaving a cathode, a plate, 
and a control grid constituted by a winding of 
non-uniform pitch, of a shield element adjacent 
only that portion of said control grid which is 
of the coarser pitch. . . . . . . . . . . . . . . . . 
- 4. A vacuum tube having a cathode, a plate, 55 
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and a control grid constituted by a winding of 
non-uniform pitch, of a shield element adjacent 
only that portion of said control grid which is 
of the coarser pitch, and a direct electrical con 
nection from said shield element to the cathode. 

5. A vacuum tube comprising a cylindrical 
cathode, a control grid constituted by a helical 
winding surrounding said cathode, the pitch of 
said winding being non-uniform and more open 
adjacent one end of said cathode, a screen grid, 

60 

a plate, and a shield element positioned between 
'Said cathode and screengrid, said element being 
in transverse alinement with a portion of the 
more open section of said control grid. 70 

6. The invention as set forthin claim 5, where 
in said shield element is located between said control grid and said screen grid. . . . . 
7. Theinvention asset forthin claim 5,in com 

bination with an insulating disk fitted over the 75 
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2,048,228 
Said end of the cathode, said shield element con 
stituting a sleeve supported by said disk and elec 
trically connected to said cathode. 

8. An electron discharge tube including a cath 
Ode, anode, Screen grid and a control grid which 
exercises different rates of control over different 
portions of the electron stream, and a shield ele 
ment adjacent said cathode for establishing a low 
potential field at that portion of the electron 
stream over which the said control grid exercises 
a lesser control, said element being connected to 
Said cathode, said shield element being disposed 
between said screen grid and cathode. 

9. An electron discharge tube including a cath 
Ode, anode, Screen grid and a control grid which 
exercises different rates of control over different 
portions of the electron stream, and a shield ele 
ment adjacent said cathode for establishing a low 
potential field at that portion of the electron 
stream over which the said control grid exercises 
a lesser control, and a direct electrical connection 
from said shield element to the cathode. 

10. An electron discharge tube including a 
Cathode, anode, screen grid and a control grid 
which exercises different rates of control over 
different portions of the electron stream, and a 
Shield element adjacent said cathode for estab 
lishing a low potential field at that portion of the 
electron stream over which the said control grid 
exercises a lesser control, said element being con 
nected to said cathode, said control grid being 
provided with fine and coarse spaces, said shield 
Surrounding Said coarse space and being disposed 
between said screen and control grid. 

11. An electron discharge tube including a 
cathode, anode, Screen grid and a control grid 
Which exercises different rates of control over 
different portions of the electron stream, and a 
Shield element adjacent said cathode for estab 
lishing a low potential field at that portion of the 
electron stream over which the said control grid 
exercises a lesser control, said element being con 
nected to said cathode, said control grid being 
provided with an open portion at substantially its 
longitudinal center, and said shield surrounding 
Said open portion. 

12. An electron discharge tube including a 
cathode, anode, Screen grid and a control grid 
Which exercises different rates of control over 
different portions of the electron stream, and a 
shield element adjacent said cathode for estab 
lishing a low potential field at that portion of 
the electron stream over which the said control 
grid exercises a lesser control, said element being 
connected to said cathode, said control grid being 
provided with a more open portion adjacent one 
end of said Cathode, said shield Surrounding said 
Cathode and being disposed between the control 
grid and cathode adjacent Said Open portion. 

13. A vacuum tube comprising an electron emit 
ting element, a Screen grid, a plate, and a con 
trol grid which exercises different rates of con 
trol over different portions of the electron Stream, 
and means for reducing the flow of plate current 
at that portion of the electron stream Over which 
the said control grid exercises a lesser Control 
comprising a shield element disposed adjacent 

3 
that portion of the control grid which exercises 
the lesser control, 

14. A vacuum tube comprising a control grid 
constituted by a winding of non-uniform pitch, 
a cathode, a plate, a screen grid, and means for 5 
reducing the flow of plate current at that portion 
Where the control grid is of coarser pitch, without 
Substantially altering the transconductance of 
the tube, comprising a shield element disposed 
adjacent the coarser-pitched portion of the con- 10 
trol grid. 

15. An electron discharge device comprising a 
Cathode, a control grid which exercises different 
rates of control over different portions of the 
electron stream from said cathode, a plate and a 15 
shield electrode adjacent only that portion of said 
grid Which exercises a lesser rate of control than 
elsewhere, and means for maintaining said shield 
electrode at a fixed potential different than the 
potential of said grid. 

16. An electron discharge device comprising a 
Cathode, a control grid coextensive with and sur 
rounding Said cathode and having a portion which 
is more Open and exercises a lesser rate of control 
over the electron stream from said cathode than 25 
the remainder of said grid, a plate, and a shield 
electrode cooperating only with the more open 
portion of Said grid to exercise on the electron 
stream from said cathode through the more open 
portion of Said grid a rate of control which dif- 30 
fers from the rate of control exercised by the 
other portions of said grid. 

17. An electron discharge device comprising a 
cathode, an anode, a control grid coextensive with 
Said cathode and interposed between said cathode 35 
and Said anode and having a portion more open 
than other portions and exercising a lesser rate 
of control on the electron stream from said cath 
Ode to said anOde, and an electrode of fixed poten 
tial adjacent only the more open portion of said 
grid for making the positive field of said anode 
Weaker at said more open portion of Said grid than 
at other portions. 

18. An electron discharge device comprising a 
cathode, a control grid coextensive with and sur 
rounding said cathode and having a portion more 
open than other portions and exercising a lesser 
rate of control on the electron stream from said 
cathode, a positive electrode surrounding said 
control grid, an auxiliary cold electrode disposed 
adjacent only said more open portion of said con 
trol grid, and means for establishing on said aux 
iliary electrode a fixed potential different than 
the potential of said positive electrode. 

19. An electron discharge device comprising a 55 
cathode, a high potential plate Surrounding said 
cathode, a control grid coextensive With and in 
terposed between said cathode and said anode 
and having a portion more open than other por 
tions and exercising a leSSer rate of control on 
the electron stream from Said cathode to Said 
plate, and an element which is disposed adjacent 
only the more open portion of Said control grid 
and which at a fixed potential lower than the 
potential of said anode reduces the flow of plate 65 
current at said more open portion. 
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