
Oct. 17, 1939. O. H. BIGGS 
ELECTRON-DESCHARGE TUBE 

Filed May 10, 1934 

an SEL 
SS 

2,176,199 

NVENTOR 

By 4://z- 
ATTORNEY 

  



Patented Oct. 17, 1939 

UNITED STATES 

2,176,199 

PATENT OFFICE 
2,16,199 

ELECTRON-DESCHARGE TUBE 
Orrick Howard Biggs, Beverly, Mass., assignor to 
Hygrade Sylvania Corporation, Emporium, Pa., 
a corporation of Massachusetts 
Application May 10, 1934, Serial No. 724,878 

Claim. 
This invention relates to electron-discharge de 

vices and more particularly to an improved form 
of cathode-ray-tube. 
An object of the invention is to provide a tube 

having a focussed electronic beam in conjunction 
With improved means for controlling the deflec 
tion of Said beam. 
Another object of the invention is to provide 

means for electrostatically deflecting an electron 
beam, wherein the deflecting means are Substan 
tially unaffected by reversely flowing electrons. 
A feature of the invention relates to a cathode 

ray-tube of the electroStatic deflecting type 
wherein the deflecting members are shielded. 

Heretofore, in cathode-ray-tubes of the type 
having a coating or Screen Which is rendered 
fluorescent by an impinging electron-beam, it has 
been the usual practice to provide a metallic coat 
ing On the interior wall of the tube which is 
maintained at a positive potential. The provi 
Sion of these metallic coatings increases the cost 
of manufacture of the tube and also militates 
against the production of tubes having a long life. 
For example, it is very difficult to deposit a me 
tallic coating which is Substantially gas-free. 
Furthermore, such coatings are subject to peel 
ing, discoloration during exhaust, and necessitate 
a special contact through the side wall of the 
tube. Accordingly, an important feature of the 
invention relates to a cathode-ray-tube wherein 
the bean is capable of accurate deflection with 
out employing coatings on the glass wall of the 
tube. 
A further feature relates to a cathode-ray-tube 

having a fluorescent screen at one end and an 
electron-gun at the other end, in conjunction 
with a pair of electrostatic deflecting members 
and a shield between Said members and Screen. 
to prevent secondary emission from said shield 
affecting the potential of said deflecting mem 
bers. 
A still further feature relates to the novel 

Organization, arrangement and relative location 
of parts which go to make up an improved and 
reliable cathode-ray-tube. 
Other features and advantages not specifically 

2numerated will be apparent after a considera 
ion of the following detailed descriptions and 
he appended claim. 
While the invention Will be described herein as 
mbodied in one typical form of cathode-ray 
ube, it will be understood that the invention is 
lot limited thereto but is capable of embodiment 
in any similar types of tube such as are used for 

(Cl. 250-162) 
OScillograph purposes, television purposes or the 
like. 
Referring to the drawing, numeral indicates 

an enclosing envelope of glass or other suitable 
material, comprising a substantially conical por 
tion 2 terminating in a flattened end wall 3, and 
a Substantially cylindrical portion 4. Portion is 
terminates in a reentrant portion 5 which in turn 
terminates in a press S into which are sealed the 
lead-in and Support wires for the various elec- 10 
trodes. The internal wall of the end portion 3 
is preferably provided with a coating 3a of na 
terial which becomes fluorescent when subjected 
to electron bombardment. Coatings for this pur 
pose are well known in the art and a further 15 
description thereof is not deemed necessary at 
this point. - 

The electron-gun may comprise a heater fila 
ment which is mounted within a metallic cath 
ode thimble 8, which may be provided at its for- 20 
Ward end With a depression 9 to contain the elec 
tron-emissive material or materials such as are 
Ordinarily employed in cathode-ray-tubes. Sur 
rounding the thimble 8 is a metal cylinder 
having an opening in its front end, the thim- 25 
ble being preferably mounted so that the open 
ing is symmetrical with respect to the emissive 
coating on thimble 8. Electrode e is adapted 
to serve as an electron-control or grid electrode 
by means of which the intensity of the electron- 30 
beam from the electron-gun may be varied in 
any desired manner. Mounted in alignment with 
the electrodes 8 and 0 is an anode 2 in the form 
of a cylindrical metal tube having its front end 
completely open and its back end closed except 35 
for a Small perforation 3 which is in alignment 
With the opening in the grid or control elec 
trode 9. Preferably also, anode 2 is provided 
on its interior with a diaphragm 4 which is pro 
vided with a perforation 5 in alignment with 40 
perforation 3. Mounted adjacent one end of 
anode 2 is a supplementary anode 6 which is 
open at both ends and is provided on its interior 
with a perforated diaphragm f1. Preferably the 
perforation 8 is larger than either of the per- 45 
forations 3 or 5. While members 7, 8, 9, 2 and 
6 may be mounted in any suitable manner 

within the envelope , preferably they are sup 
ported by wires, as shown, from the press 6. 
Thus the filament is supported by a pair of 50 
wires which provide lead-in connections whereby 
the Said filament may be connected to a suitable 
Source of current 9 for rendering it incandescent. 
Likewise the cathode 8 is provided with a support 
and lead-in wire by means of which it may be 55 
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connected to a terminal 20 of a signal input cir 
cuit. The other terminal 2 of the signal input 
circuit is connected through a lead-in wire as 
shown to the grid or control electrode 0. Like 
Wise the anode 2 is provided with a support and 
lead-in wire for connection to a source of high 
positive potential represented schematically by 
the battery 22 the negative end of which is re 
turned to the cathode 8 which in turn is pref 
erably grounded as shown. Likewise the anode 
6 is provided with a support and lead-in wire - 
by means of which a steady high positive poten 
tial may be impressed thereon. Preferably the 
potential of electrode 6 is higher than the po 
tential of electrode 2. In accordance with the 
accepted theory of operation of tubes of this 
type the electrons emitted from the cathode 9 
pass through the perforation in the control 
electrode 0 and, dependent upon the instan 
taneous potential of this control electrode, the 
intensity of the electron-beam emerging there 
from is correspondingly varied. Because of the 
disposition and arrangement of the opening 
the electron-beam is Subjected to a preliminary 
electrostatic focussing. The varying intensity 
electron-beam then passes through the anode 2 
Where it is Subjected to a principal focussing ac 
tion and in this connection it should be noted 
that preferably the electrode 2 is cylindrical 
and that the openings f, 3 and 5 are prefer 
ably circular. The electron-beam leaving the an 
ode 2 is further accelerated by the high poten 
tial anode 6, the opening 6 of which acts in 
the nature of an electrostatic lens to focus the 
emerging electron-beam in a minute spot upon 
the screen 3a. 

In order to deflect the focussed electron-beam, 
there are provided two deflecting plates 24, 25. 
These plates may be given any desired config 
uration but are preferably flat and are in 
clined to the longitudinal axis of the tube as 
shown. Preferably also the plates 24 and 25 
are Symmetrically disposed with relation to the 
opening 8 so that the plates exert similar de 
flecting actions on the electron-beam. The 
plates 24 and 25 are connected by lead wires 25, 
26 to a source of oscillatory current repre 
sented schematically by numeral 26, for example 
through a coupling transformer 27, the mid 
point of which may be connected to the posi 
tive terminal of source 23. In accordance with 
the well known operation of cathode-ray-tubes, 
the varying potentials on the plates 24 and 25 
cause corresponding deflections of the focussed 
electron-beam causing this beam to oscillate 
back and forth across the fluorescent Screen. 
It will be understood of course, that While the 
drawing shows only a single pair of deflecting 
plates for causing traversal of the beam in one 
direction, a similar set of plates may be posi 
tioned at right angles to the plates shown and 
connected to another source of oscillatory cur 
rent to cause the beam to be deflected in a dif 
ferent direction. In any event, as the focussed 
beam strikes the fluorescent coating, an ap 
preciable quantity of secondary electrons are 
emitted from this coating which, because of the 
relatively high potential of plates 24 and 25, 
tend to travel to these plates and change the 
potential thereof. Unless special means are 
provided for preventing this return of the Sec 
Ondary reversely flowing electrons to the deflect 
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ing plates, these plates will become charged to a, 
potential which is independent of the oscillat 
ing source 26 with the result that inaccuracies 
in the deflection are produced. 
In order to overcome this effect the plates 24 

and 25 are enclosed within a metallic Shield 28 
Which may take the form of a cylinder having 
its front end provided with an opening 29 to 
accommodate the maximum deflection positions 
of the beam. Preferably the shield 28 is con 
nected to a source of high positive potential, 
for example, the same potential as is applied to 
the anode 6. 
With the arrangement disclosed, the deflect 

ing potentials of the plates 24 and 25 are Sub 
stantially independent of any Secondary or re 
versely flowing electrons, consequently the de 
flecting circuits for the plates 24 and 25 may 
be designed to have a relatively high impedance 
for example, of the Order of 10 megohms or 
more. It has been found that a tube construct 
ed in accordance with the above disclosure can 
be designed to have a plate impedance equiva 
lent to that of the ordinary interiorly metal 
coated tube without having the serious disad 
vantages which are necessarily attendant upon 
thin metal coatings. 
While the drawing shows one particular type 

of shield around the plates 24 and 25, it will be 
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understood that the invention is not limited : 
thereto, for example while a cylindrical plate 
shield is shown, it will be understood that a wire 
mesh shield may be employed. Furthermore, it 
is possible to choose a metal for the shield 28 
which is non-Sputtering and if desired, shield 
28 may be provided with a suitable coating to 
prevent Secondary emission from the shield it 
Self. 

It will be understood of course that the en 
velope may be either highly evacuated or may 
contain a filling of one or more inert gases which 
act to focus the electron-beam. 

It has been found however, that the arrange 
ment of electrodes as shown, enables proper 
focussing to be attained in the absence of a 
gas-filling, and without employing metallic 
Coatings on the interior wall of the tube. 
Various changes and modifications may be 

made herein without departing from the spirit 
and scope of the invention. 
What I claim is: 
A cathode ray tube comprising a cathode, a 

Screen, an electrode system for directing a beam 
Of electrons from said cathode to form a small 
Spot upon said Screen, deflecting electrodes for 
defecting said beam over said screen in re 
Sponse to potential differences applied to said 
electrodes, said electrode system including a first 
and a Second hollow electrode positioned to be 
traversed in succession by said beam, said sec 
Ond hollow electrode disposed nearer said screen 
than said first hollow electrode and surround 
ing said deflecting electrodes, adjacent portions 
of Said hollow electrodes Spaced from each other 
to form an electron lens When maintained at 
different positive potentials for focussing the 
beam upon said screen, and an apertured dia. 
phragm arranged between said electron lens anc 
said defecting electrodes substantially Outside 
the electrostatic field of Said electron lens. 
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