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3 Claims. 

The invention relates to thermionic tubes, such 
as are utilized in electrical amplification systems, 
and more especially to a tube adapted for ampli 
fying Systems of the nature more particularly 
Set forth in my U. S. Letters Patent No. 1,755,938 
in which tubes of relatively very high amplifica 
tion constant are used as power tubes operated 
at Zero or positive grid biases. Under these 
Conditions, Substantial electron currents flow in 
the grid circuit of these tubes, while in the ordi 
nary amplifying Systems, negative biases are ap 
plied to the grids of the usual, well-known tubes 
to prevent the flow of electron currents in the 
grid circuit. Tubes for use in the aforesaid pat 
ented System have, therefore, been required to 
allow relatively large grid-current flow; and, to 
facilitate the distortionless transmission of sig 
nals With this System, it has been required that 
the relation between grid voltages and grid cur 
rents should be as nearly linear as possible. 

If a pair. of natched tubes, used in the com 
pensated arrangement of the patented system 
referred to, are operated at zero grid potential, 
the combined grid circuits will function like a 
pure resistance if the grid-current grid-voltage 
Curves are linear for the tubes and there is a 
negligibly Small grid current at zero grid. 

If there is a curvature in the region of zero 
grid, and the remainder of the characteristic 
is linear, the combined curves of the two tubes 
may be made to overlap to give a continuous 
Straight line, usually by the application of a 
slight positive bias to each tube. 

If but a Single One of these tubes is used, a 
Suitable positive bias may be applied so the op 
erating point is in a linear region of this grid 
Voltage grid-current characteristic, thus also 
giving a "pure resistance' characteristic for sig 
inals not exceeding the linear region. 

It is the object of the present invention to 
provide tubes with adjusted grid-voltage grid 
current characteristic as nearly linear as possible 
and adapted for the flow of relatively large elec 
tron currents in their grids, which are therefore 
to be operated at Zero or positive biases. 

I have found that tubes may be constructed 
and operated to respond to the requirements 
aforesaid, in part through the selection of the 
proper filament voltage and particularly through 
the adjustment of secondary electron emission 
fron the grid. Reduction of the voltage of the 
filament to as low a value as practicable for 
the necessarily increased filament current for 
the same filament emission, tends to eliminate 
Curvature in the grid-voltage grid-current chair 

(C. 179-171) 
acteristic near Zero grid potential. By adjust 
ment of the Secondary emission from the grid to 
desired amounts, the net grid current-which is 
represented by the difference between the pri 
mary electrons entering the grid and the sec 
Ondary electrons leaving Said grid-may be re 
duced to a degree. Such that the grid-Voltage 
grid-current characteristic may be made very 
nearly linear. 
The nechanism of Secondary emission fron 

the grid is as follows. When the grid is nega 
tive, there is no electron-grid-current flow or 
flow of primary electrons into it, since the nega 
tive field of the grid tends to repel them; and 
aS, the grid approaches equal potential with the 
filament, the primary electrons are allowed to 
increase in velocity since the repelling negative 
field of the grid is being reduced. When the 
grid becomes positive, primary electrons flow into 
it and the velocity of these electrons is acceler 
ated by the positive field of the grid. When 
sufficient positive grid potential is reached to 
bring the primary electrons which strike the 
grid to a sufficiently high velocity, they eject 
secondary electrons from the grid. 

If these secondary electrons are ejected with 
sufficient velocity to carry them into a region 
where the field of the positive plate is stronger 
than the field of the positive grid from which they 
came, they will go to the said plate. These sec 
Ondary electrons which go to the plate thus rep 
resent a current leaving the grid, while the pri 
mary electrons represent a current entering the 
grid, and the net grid current is the difference 
between the two currents. 
The grid-voltage grid-current curve of a tube 

Without secondary emission from the grid usu 
ally obeys a law of the nature of:- 

Ig=KEge 

Where Ig represents the grid current, Eg the 
grid voltage, K a constant, and ac an exponent 
which is usually 3/2 to 2. 

It is evident that the introduction of a factor 
which reduces the net grid current in the proper 
amount will make the relation more nearly 
linear; and I have found that carefully con 
trolled secondary emission will do this. 
The result of too much Secondary emission Will 

be so much reduction in the net grid current that 
the curvature reverses. Actually, it is possible 
to have the secondary emission factor So high 
that the net current becomes Zero for Some 
positive grid potential, the secondary electron 
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Current leaving the grid being equal then to the 
primary electron-current entering it. 
A nain factor governing the amount of sec 

Ondary emission from the grid is the physical 
material of the grid surface; and it has been 
found that the best material for producing the 
right amount of secondary emission depends 
largely on the type of tube. For power tubes 
using 450 volts on the plate, I have found tanta 
iu in to give the best results, tantalum being fairly 
resistant to Secondary emission; while for power 
tubes using 250 volts on the plate, a material 
giving off Secondary electrons with more ease, 
Such as molybdenum, gives good results. 
Although copious secondary emission may oc 

cur from the grid, it is possible, by separating 
the plate further therefrom, to make a smaller 
proportion of the Secondary electrons reach the 
region where the positive field of the plate will 
prevent them from falling back into the grid. 
Consequently the degree of separation of grid 
from plate to get the best results is important, 
although this factor must be so adjusted as to 
also determile the desired amplification factor 
and plate impedance of the tube. - - 

In the drawing, Fig. 1 shows in elevation the 
novel amplification tube as a triode; and Fig. 3 
illustrates the manner of connecting a pair of 
such triodes in the aforesaid patented amplifying 
circuit. - - - 

In constructing the novel triode, the same is 
provided with the usual three elements, viz.: 
filament 10, grid 11 and plate 12, all being in 
cluded and mounted in an evacuated container 
23 in the Sal and Well-known or Special rain 
re". The grid 11, however, is of suitable na 
terial for the particular type of tube, as, for ex 
aKilple, tantalun, for the 450-volt type of tube 
used; or, molybdenum, for a 250-volt type. 
A plate 12, or preferably a pair of plates for 

affording a strong electrostatic field Surrounding 
the grid, is located the optimum distance from 
Said grid 11, giving the desired amplification con 
stant, plate impedance and secondary-emission 
control in connection. With the grid material 
used; and a 1'elatively high voltage is arranged to 
be applied thereto as from the battery 14, for 
example, 250-450 volts, while the filament heat 
-ing-current is received from a suitable source 

1,983,714 
of Supply as the battery 15 and preferably at 
potentials ranging from 2 to 3.5 volts, 

An accordance With the use to which these tubes 
are usually to be put, the same are to be matched 
as to their grid-voltage grid-current character 
istics, and two of such tubes 20 and 21 are inter 
COinlected in the Inanner indicated and more fully 
Set forth in my prior Patent No. 1,755,938. In 
this System and as indicated in Fig. 2, an input 
circuit represented by the leads 22 and 23 has 
the former lead connected to the grid of tube 20 
and the latter lead to the grid of the tube 21, 
While the filament of said former tube is also 
connected to the lead 23 and the filament of the 
latter tube to the lead 22. The grid currents 
flowing are thus compensated to produce dis 
tortionless transmission of an incoming signal 
applied to the said input circuit. 

claim: 
1. In a thermionic tube having a cathode, a ; 

grid of material adapted to emit secondary elec 
trons by impact of electrons from the cathode, 
and a plate, the method of obtaining distortion 
leSS amplification by operating the tube on a 
linear portion of the grid-voltage grid-current 
characteristic, which consists in adjusting the 
Csitive potential on the grid to such value that 

the enaission of secondary electrons therefrom 
Substantially neutralizes that portion of the pri. 
nary electrons impinging on the grid from the 
Cathccle which causes the non-linear grid-volt 
aga grid-clifi'e characteristic. 

2. In a thernionic valve, an electron-emitting 
eie:20nt, a plate, and an intermediate grid ele 
ment of tantialuin adapted to emit secondary : 
elections, and means to apply a positive potential 
to the grid of a magnitude to effect an emission 
of the Secondary electrons sufficient to reduce the 
grid-Current to an extent affording substantially 
Ilinaar grid-voltage grid-current characteristics. 

3. In a thermionic valve, an electron-emitting 
element, a plate, and an intermediate grid ele 
13: at Cf molybdenum adapted to einit secondary 

electrons, and Ineans to apply a positive potential 
to the grid of a magnitude to effect an emission 
of the Secondary electrons sufficient to reduce the 
grid-current to an extent affording substantially 
linear grid-voltage grid-current characteristics. 

LINCOLN THOMPSON. 
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