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UNITED STATES 
2,212,645 

ELECTRONTUBE 
George A. Morton, Audubon, N.J., assignor to 

of Delaware 

the phenomenon of Secondary emission is utilized 
for control purposes. : 

If an insulated element is bombarded by an 
electronbeam, it must assume an equilibrium 
potential such that as many electrons leave the 
element as reach it. If it emits no secondary 
electrons, it will go sufficiently negative to pre 
vent any primary electrons from reaching it. If 
it emits Secondary electrons, it will assume a po 
tential such that the ratio of primary to secondary 
electron is unity. The potential of the bom 
barded element will in this case be determined 
by the potential of the element in the tube which 
collects the secondary electrons, or which con 
trols the field around the element being bom 
barded. Therefore, by regulating the potential 
of this controlling element, the potential of the 
bombarded element can be adjusted to any de 
sired value, or varied at will. 

If the element is not insulated, but is connected 
to Some other point in such a way that the cur 
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rent leaving it is small compared with the beam 
current, the same method can be applied. If 
the current leaving or reaching the element 
through this connection is comparable with the 
beam current, its potential may be controlled in 
the same way, but the equilibrium secondary 
emission ratio will not be unity. This method 
may be applied to a single element in the tube, 
to a number of elements which are struck simul 
taneously by the beam, or it may be applied to 
an element or elements which are scanned by an 
electron bean. 
My invention may be applied to various cir 

cuits such as television receiver systems. 
especially useful in systems wherein it is desired 
to cause each of a plurality of electrodes to ac 
quire a potential determined by a control volt 
age, and wherein it is further desired that each 
of said electrodes remain at this potential for a 
certain period of time. 
From the foregoing discussion, it will be ap 

parent that an object of my invention is to pro 
vide an improved electron discharge tube where 
in the potential of an electrode is to be con 
trolled. 
A further object of my invention is to pro 

vide an improved method of controlling the po 
tential of an electrode in an electric discharge 
device. . . . . . . . . . 

A further object of my invention is to provide 
an improved electric discharge tube wherein the 
potentials of a plurality of electrodes are con 
trolled successively. - 
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It is 
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PATENT office 
Radio Corporation of America, a corporation. 

Application May 29, 1937, serial No. 145,413 . 
. . . . . . . 10 Claims. (CL 250-27). : 

My invention relates to electron tubes wherein. A still further object of my invention is to pro 
vide an improved method of and means for con 
trolling the potential of an insulated electrode. 

with the accompanying drawings, in which I. : : 
Figures 1 and 2 are diagrams of electronic 

tubes and associated circuits: embodying my in 

Figures 3, and 4 show electronic tubes embody 
ing a preferred form of my invention, which are 
connected in a television receiver having a bank 
or nosaic of lamps to form the receiver Screen, 
and 

Figure 5 is a view of another embodiment of 
my invention. . . . . . . . 

Referring to Fig. 1, this particular embodiment 
of my invention comprises a highly evacuated 
envelope having therein an electron gun com 
prising an indirectly heated cathode 2, a control 
electrode 3, an anode. 4 and a second anode 5. 
At the opposite end of the envelope there is an 
electrode 6, the potential of which it is-desired 
to control. . . . . . . . . 

A ring electrode, which is maintained at a 
slightly higher positive potential than the anode 
5, by means of a battery 8, functions as a col 
lector of secondary electrons emitted from elec 
trode 6 when it is bombarded by a beam of elec 
trons from the electron gun. The electrons in 
this beam, which is represented by the broken 
line 9, will be referred to as the primary elec 
trons, as distinguished from the secondary elec 
trons resulting from bombardment of the elec 
trode 6 by the primary electrons. 
The electrode 6 is connected to the grid of a 

vacuum tube , whereby the current flowing 
through a glow tube. 2 will vary in accordance 
with the potential of electrode 6. It will be seen 
that the electrode 6 is insulated, whereby it ac 
quires a potential such that the number of sec 
ondary electrons leaving it equals the number 
of primary electrons reaching it. It follows that 
by controlling the number of secondary elec 
trons, leaving the electrode 6, the potential of 
this electrode is controlled. 
Thus, by impressing picture signals, for ex 

ample, upon electrode 7 through a transformer 
6, the potential of electrode 6 is varied in ac 

cordance with the picture signal, and the light 
emitted from glow lamp 2 also varies with the 
picture signal. The lamp 2 may be located be 
hind a scanning disc, such as a Nipkow disc, to 
reproduce a television picture in a well known 
alle. : . 

The invention will be better understood from 
the following description, taken in connection 
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2. 
Considering more specifically the manner in 

which the potential of electrode 7 controls the 
potential of electrode 6, it will be apparent that, 
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as electrode is made more negative by an in 
coming signal, it will draw fewer secondary elec 
trons from electrode 6. Thus electrode 6 be 
comes more negative until a sufficient number of 
the primary electrons are being repelled to make 
the ratio of primary electrons to secondary elec 
trons unity. . . . . . . . . m * :- m 

In Fig. 2, where parts similar to those in Fig. 
1 are indicated by like reference numerals, my 
electron tube is the same as in Fig. 1, except that 
an additional control electrode 7 is provided. 
This control electrode may be one of any shape 
placed near the electrode 6, but in a preferred 
formit is in the shape of a ring surrounding elec 
trode 6 and has a screen portion located between 
electrode 6 and the electron gun. The potential 
of electrode 6 is varied as previously described, 
-the incoming signal being applied to electrode 7. 

3. In Fig. 3, there is illustrated one of the pre 
ferred embodiments of my invention wherein 
the potentials of a plurality of electrodes may 
be: changed in rapid. Succession in accordance 
with a picture signal or the like. In Fig. 3, parts 
similar to those in Fig. 1 are indicated by like 
reference numerals. - ;.. 

In my electronic tube shown in Fig. 3, there 
are a plurality, of electrodes 6a, 6b, 6c, 6d, etc. 
In the particular application of this... tube indi 
cated in Fig. 3, that is, in a television receiver 
having a screen 2. comprising a mosaic. of glow 
lamps 22, the envelope . . contains many more 
electrodes, such as 6a, than indicated, and they, 
like the lamp 22, are arranged as a mosaic. 
;: A control electrode 23 is located between the 
electrodes 6a, 6b, etc., and the electron gun, this 
electrode controlling the potentials of electrodes 
-6d, 6b, etc., in the same way that electrode 
in Fig.2 controls the potential of electrode 5. 
The electrode 23 may be in the form of a Screen 
as indicated. Preferably, metal plates. 23d, which 
may be in the form of a honeycomb structure, 
are provided to prevent secondary electrons from 
-going from a bombarded electrode such as 6b, 
to an adjacent electrode such as, 6a, instead of 
to the collector electrode 7. As indicated, the 
partition plates 23a and the screen, forming the 
main part of electrode 23 are electrically con 
nected. . . . 

i 5 

through an amplifier 27. 

5 

... The gas lamps 22 are in the plate circuits of 
amplifier tubes 26a, 26b, etc., whereby they are 
lighted to a brilliance depending upon the poten 
tials of the amplifier tube grids, the potentials of 
these grids in turn depend upon the potentials of 
electrodes 6a, 6b, etc., to which they are con 
nected. . . . . . . . . . - . . . . 

... The picture signals, or other control signals in 
the case of other applications of my invention, 
are impressed upon the electrode 23, preferably 

The Cathode: ray 9 
is caused to scan Successive rows of the electrodes 
6a, 6b, etc., by means of scanning coils 28, and 29 
through, which saw-tooth currents flow. The 
scanning, of course, is maintained in Synchro 
nism with the scanning of the subject at th 
transmitter in any well known manner. 
... For the purpose of explanation, it will be as 
sumed that the ray 9 is being deflected rapidly 
in: the plane of the paper and over the row of 
electrodes 6a, 6b, etc., and that it is being de 
flected comparatively slowly in a plane perpen 
dicular to the plane of the paper. As the cathode 
ray is deflected over the row of electrodes 60, 

2,212,645 
6b, etc., the upper row of lamps 22 will light up, 
the action being as follows: 
At the instant that the cathode ray strikes 

the electrode 6a, the control screen 23 is at a 
certain potential, determined by the incoming 
picture signal. The electrode 6d emits second 
ary electrons, the number depending upon the 
potential of screen 23, whereby the resulting po 
tential of electrode 6a is a function of the picture signal, as previously explained. 
As the movement of the cathode ray continues 

and it strikes electrode 6b, the potential of 
screen 23 has changed to a different picture. Sig 
nal value, and the electrode 6b acquires a corre 
sponding potential. Electrode 6a, meanwhile, 
remains at the potential it acquired when it was 
struck by the cathode ray. Thus electrodes 6a, 
Sb, SC, etc., Successively acquire potentials in 
accordance with the incoming picture signal and 
remain at these potentials until they are again 
scanned by the cathode ray. When scanned the 
Second time, the action is repeated. . . . 

It will be apparent that the grids of tubes 26a, 
23b, etc., assume the potentials of electrodes 6d, 
6b, etc., whereby each of the lamps 22 glows with 
an intensity depending upon the illumination of 
a corresponding picture element of the subject 
being transmitted. Each glow lamp remains 
lighted, and glows. With unchanging intensity 
until its intensity is changed by the next scan 
ning-cycle of the cathode ray. 9... . . . . . . . . - - 

It should be noted that in my above-described 
tubes the potential of the control electrode with 
respect to the bombarded electrode (the potential 
of electrode 23. With respect to electrode. 6d. in 
Fig. 3, for example) determines the number of 
secondary electrons: leaving the bombarded ele 
ment only during the period that the bombarded 
element is acquiring a new equilibrium potential. 
As Soon as the new equilibrium potential is 
reached, the ratio of primary electrons to sec 
Ondary electrons is again unity and the number 
of secondary, electrons leaving the bombarded 
element is the same as before. 

In Fig. 4, where parts similar to those in Fig. 3 
are indicated by the same reference numerals, I 
have illustrated an electronic tube similar to that 
shown in Fig. 3, but which has the picture signals 
applied to the Secondary electron: collector elec 
trode, as described in connection with Fig. 1. 
The operation of this television receiver is the 
same as that of the receiver in Fig. 3. 

In Fig. 5 there is shown an embodiment of my 
invention in which a plurality of electrodes are 
bombarded simultaneously by electrons sprayed 
from an electron gun. It comprises an evacuated 
envelope 3 having therein an electron gun com 
prising a cathode 32 and an anode 33. An addi 
tional anode 3 is provided for accelerating the 
electrons and for collecting Secondary electrons. 
A plurality of Output electrodes. 36d, 36b, etc., 
are located at the end of the envelope 3 where 
they are: bombarded by the primary electrons 
from the electron gun. 
Each of the output electrodes is provided With 

a control electrode, as indicated at 37a, 3 Tb, etc. 
It will be evident that the potentials of the Out 
put electrodes may be changed simultaneously 
for control purposes by Varying the potentials 
of the electrodes 37a, 3b, etc., whereby a plu 
rality of circuits may be controlled simultane 
ously by the Single control tube 3f. 
By the expression “secondary emission equi 

librium potential,' used in the claims, is meant 
the potential of an electrode being bombarded 

O 

5 

20 

25 

30 

35 

iO 

5 

50 

55 

60 

70 



2,212,645 
With a beam of primary electrons With respect to 
an electrode determining the ratio of Secondary 
electrons leaving the first electrode to the num 
ber of electrons in the said beam, said beam being 
Such that the number of said secondary electrons 
equals the number of said primary electrons. 
I claim as my invention: 
1. In an electric discharge device having an 

insulated or floating electrode to be controlled 
10 

15 

and a control electrode, the method of causing 
Said first electrode to assume any one of a plu 
rality of desired potentials. which comprises 
bombarding said first electrode with a beam of 
primary electrons with Sufficient velocity to re 
lease a quantity of secondary electrons therefrom 
such that the ratio of Secondary electrons to 
primary electrons may be greater than unity, 

said control electrode to make said first electrode 

30 

Said Secondary electrons causing said first elec 
trode to assume substantially secondary emis 
sion equilibrium potential with respect to said 
control electrode, and changing the potential of 

assume a different desired potential. 
2. The method of controlling the potential of 

an insulated or floating electrode which com 
prises bombarding said electrode with primary 
electrons With Sufficient velocity to release a 
quantity of secondary electrons therefrom such 
that the ratio of secondary electrons to primary 
electrons may be greater than unity and whereby 
said electrode assumes substantially secondary 
emission equilibrium potential and controlling 
the instantaneous electric field in the region of 
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Said electrode to control the instantaneous ratio 
of Secondary electrons to primary electrons 
whereby said electrode assumes a different po 
tential which is substantially secondary emission 
equilibrium potential. 

3. An electric discharge tube comprising an 
evacuated envelope having therein means for 
generating a beam of electrons having a certain 
velocity, a plurality of insulated or floating elec 
trodes capable of secondary electron emission 
and positioned to be bombarded by said beam 
with sufficient velocity to release, a quantity of 
secondary electrons therefrom such that the ratio 
of secondary electrons to primary electrons may 
be greater than unity, each of said electrodes 

. having an output conductor extending outside 
said envelope, and means for controlling the 
number of secondary electrons leaving said elec 
trodes for the purpose of controlling their po 
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tentials. 
4. The invention according to claim 3 char 

acterized in that Said last means includes a con 
trol electrode common to said plurality of elec 
trodes. 

5. In combination, an electric discharge tube 
comprising an evacuated envelope having therein, 
means for generating a beam of electrons hav 
ing a certain velocity, a plurality of insulated or 

65 

floating electrodes capable of secondary electron 
emission and positioned to be scanned by said 
beam with sufficient velocity to release a quantity 
of secondary electrons therefrom such that the 
ratio of Secondary electrons to primary electrons 

3 
may be greater than unity, means for deflecting 
said beam across said electrodes, each of Said 
electrodes having an output conductor extending 
outside said envelope, and means for controlling 
the number of secondary electrons leaving said 
electrodes for the purpose of Controlling their 
potentials. 

6. The invention according to claim. 5 char 
acterized in that said last means includes a con 
trol electrode common to said plurality of elec 
trodes. 

7. In combination, an electric discharge tube 
comprising an evacuated envelope having therein 
means for generating a beam of electrons hav 
ing a certain velocity, a plurality of insulated or 
floating electrodes capable of secondary electron 
emission and positioned to be scanned by said 
beam with sufficient velocity to release a quantity 
of secondary electrons therefrom such that the 
ratio of secondary electrons to primary electrons 
may be greater than unity, means for deflecting 
said beam across said electrodes whereby Sec 
ondary electrons are released therefrom, each 
of said electrodes having an output conductor 
extending outside said envelope, an electrode for 
collecting said secondary electrons, and means 
for controlling the number of secondary elec 
trons leaving said electrodes for the purpose of 
controlling their potentials. 

8. The invention according to claim 7 chair 
acterized in that said last means includes a con 
trol electrode common to Said plurality of elec 
trodes. 
... 9. An electric discharge tube comprising an 
evacuated envelope having therein means for 
generating a beam of electrons, a plurality Of 
electrodes positioned to be bombarded by said 
beam, each of Said electrodes being substantially 
insulated or floating whereby it may acquire sub 
stantially a secondary emission equilibrium po 
tential, each of said, electrodes being adapted to 
be connected to an element for controlling its 
potential, and means for controlling the num 
ber of secondary electrons leaving said electrodes 
and thereby causing them to acquire a new po 
tential which is substantially the secondary emis 
Sion equilibrium potential. 

10. In combination, an electric discharge tube 
comprising an evacuated envelope having there 
in means for generating a beam of electrons, a 
plurality of electrodes positioned to be bombarded 
by said beam, each of Said electrodes being sub 
stantially insulated or floating whereby it may 
acquire substantially a secondary emission 
equilibrium potential, each of said electrodes 
having an output connection, means for con 
trolling the number of secondary electrons leav 
ing Said electrodes for the purpose of controlling 
their potentials, and electric discharge means 
comprising a plurality of electrically insulated 
electrodes, each of said output connections being 
connected to one of said last-named insulated 
electrodes, said output connections being the sole 
connections to Said last named electrodes. 

GEORGE A. MORTON. 
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