2,743,391

K. A. HOAGLAND

April 24, 1956

CATHODE RAY TUBE

Filed Nov. 2, 1951

¥8 98 2g o5
EhiE— - A .f_ﬁ___.rl
88— 8L o~ 08 /
] 7 vL 304N0S
B 39VLI0A _
8¢ “m/wm 2L NO11037430 | |85 - +[7¥9
IVOILE3A
i T
82— =_w_
I
9 i—"e
0l
27 1_op
11
0]
0]
AU 308N0S e b4
og 39VLI0A .
NOI1937143G
TVLNOZIHOH
8g
b
2s :
/a, / b1o
N 1 E .... >
H B¢ *
8ehl 17 %% 22 8l %_m/ON b 3
\.. ° /@N// \ / . ‘
g i i ——
<7
X TE
/ [y
92 02 /o_ 8\
v 8
G

Y

INVENTOR,
KENNETH A. HOAGLAND

BY

Dt Doy

ATTORNE*S



 United States Patent O

2,743,391
Patented Apr. 24, 1956

ce

1

2,743,391
CATHODE RAY TUBE

Kenneth A, Hoagiand, Nautley, N. J., assignor to Allen
B. Du Mont Laboratories, Inc., Clifton, N. J., a corpo-
ration of Delaware : o

Application November 2, 1951, Serial No. 254,575
9 Claims. (Cl 315—17)

The present invention relates to cathode ray tubes and |

particularly to improvemenis in cathode ray tubes of
the post deflection acceleration type.

Cathode ray tubes in which electron acceleration is
obtained after deflection have the desirable character-
istic of a high degree of deflection sensitivity at substan-
tially lower deflection control voltages. Heretofore,
this desirable characteristic has been obtained in cathode
ray tubes by providing either an electrically conductive
ring or a plurality of electrically conductive rings spaced
between the deflection means and the screen of the tube,
Such rings have commonly been referred to as intensi-
fier rings and where a single ring has been utilized, the
tube is generally operated with the ring at a voltage sub-
stantially higher than the anode voltage to obtain the de-
sired electron acceleration. Where a series of spaced
rings have been utilized, the tube js generally operated
with each of the rings at voltages substantially higher
than the anode voltage and at successively increased
voltage as the rings approach the screen.

Tubes of these types have not been entirely satisfac-
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tory, however, because of the electron lens effect caused '

by the rings and the consequent distortion of the beam
along paths angularly displaced from the central axis
of the tubes.

Accordingly, it is an object of the present inventicn
to provide an improved cathode ray tube of the post de-
flection acceleration type.

It is another object of the present invention to provide
an improved cathode ray tube of the post deflection ac-
celeration type in which post deflection beam distortion
is substantially eliminated.

it is still another object of the present invention to
provide an improved cathode ray of the post deflection
acceleration type in which the eleciron lens effect is
substantially eliminated between the deflection means and
the screen of the tube. } ‘

These and other desirable objects are attained in ac-
cordance with the present invention by providing a cath-
ode ray tube in which acceleration of the electrons is
obtained after deflection thereof by an electron accel-
eration region in the tube formed by spaced electrically
conductive elements positioned transversely of the tube
and adjacent the screen.

For a better understanding of the invention, refer-
ence may be had to the following description along with
the drawing in which Figure 1 is a longitudinal cross-
sectional view with parts broken away of a cathode ray
tube embodying the present invention and Figure 2 is
a diagrammatic illustration of the tube with a schematic
illustration of circuit relationship of the elements of the
tube.

- Referring now to the drawing and particularly to Fig-
ure 1, there is illusirated a cathode ray tabe embodying
-the present invention and comprising a substantially tu-
bular container 2 which is generally made of glass but
~may be made of other suitable materials. One end of

40

80

85

70

the container is reduced to provide a neck portion 4
and the other end of the container is provided with a
face plate 6. Supported within the neck portion 4 is an
electron gun 8 such as are commonly used in cathode
ray tubes and comprising a cathode 10, a grid 12, a first
accelerating electrode 14, a focussing electrode 16 some-
times referred to as a first anode, and a second accel-
erating electrode 18 also known in the art as a second
anode. Each of the aforementioned elements are sup-
ported in axial alignment in a unitary assembly within
the neck portion by a_pair of insulating rods 20.” A pair
of horizontal deflection plates 22 and a pair of vertical
deflection plates. 24 are secured in spaced  relationship
on opposite sides of the longitudinal axis of the electron
gun and are respectively positioned parallel with the per-
pendicular cross-sectional axes of the electron gun, and
at one end thereof. = The deflection plates are secured to
supporting wires 26 which, in turn, are supported by a
pair of insulating discs 27, one of which is attached to
the ends of the insulating rods 20, as shown.

While I have illustrated and described a cathode ray
tube structure especially adapted to utilize electrostatic
means such as defiection plates for horizontal and ver-
tical deflection of the électron beam, it will be obvious
that deflection of the beam may. be obtained by well-
known means other than deflection plates, such as an
electromagnetic yoke which is supported externally of
the neck of the tube, :

The face 6 of the cathode ray tube 2 is provided on
its inner surface with a fluorescent coating 28 and an
electrically conductive screen or coating 38.. The coat-
ing 30, as shown, is formed on the surface of the fluo-
rescent coating 28 and is accordingly provided with elec-
tron permeable characteristics. In this connection, it
should be understood that g transparent metallic elec-
trically conductive screen interposed between the face
of the tube and the fluorescent coating would be equally
as effective for the purposes of this invention as screen
36.  An electrically conductive lead 32 provides an ex-
ternal connection for the screen 30.

Spaced from the screen 3@ is a grid assembly 34 com-
prising spaced grids 36 and 38. Grids 36 and 38 are
electrically conductive discs supported transversely of
the tube and are provided respectively with a plurality
of equally spaced small apertures 40 and 42 throughout
the entire cross-section thereof. The discs 36 and 38
are positioned in the tube with the apertures 40 and 42
in alignment along' axes parallel to the central axis of
the. tube and discs and apertures 42 are formed with a
cross-sectional diameter substantially larger than that of
apertures 40 to avoid the interception of electrons which
have passed through the apertures 40 of disc 36. Ex-
ternal terminals 44 and 46 passing through the tube wall
provide means for electrical connections with the discs
36 and 38. Likewise prongs 48 in the base 50 provide
electrical connections with the cathode 19, grid 12, focus-
sing electrode 16 and deflection plates 22 and 24. An
electrical conductive coating 52 on the inner surface of
the tube which is-in circuit conducting relationship with
disc 36 and the spring fingers of a support member 54
connected to the electrodes 18 and 14 in a manner to be
described hereinafter in connection ‘with Figure 2 of the
drawing provides means for connecting these electrodes
with an external source of potential.

For a better understanding of the operation of the
cathode ray tube of the present invention, reference may
be had to Figure 2 of the drawing. In this figure, 56
illustrates a source of accelerating potential for the elec-
tron gun 8. Focussing electrode 16 of the electron gun
8 is connected .by lead wire 58 to source 56 at an inter-
mediate potential terminal of the source while electrodes
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14 and 18 are connected together by lead wire 60 and
to the high potential terminal of the source by lead wire
62. The aforementioned pgtentials are with reference
to the. electrical potential of the.cathode %0 which is.con-
nected, by, lead wire- 64 to the negatiye terminal of the
source 56. 1In order to, obtain control of the current in
the electron, beam of the. gun, 8, an. auxiliary, source of
potential 66, is provided and has. its positive terminal con-
nected to source 56. through lead wires. 68, and 64 and
its negative: terminal connected: to the. control. grid, 12
by lead wire. 70, - F

At the end, of the tube opposite. the gun. 8 the aper-
tured, screen 36 is, connected through; terminal. 44. and
lead wires 72 and 74 to, the high; potential, terminal of the
source. 56.and through the c¢ tjve coating 52, in, con:
tact therewith it is connegted with the electrode 18 in
a mapner, which has been. described hereinabove. As
the electrodes; 14, and, 18, are operated af the same po-
tentia], they are connected. together. within the tube by
a lead wire 60. With this arrangement, there is. proyided
within, the tube, an extended spage from electrode 18.to
the.screen 36-which operates throughout the length there-
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‘between' at a uniform potential _determined, by the high ..

potential terminal of the source 56,
“The terminal 46 of apertured screen 38 is. connected
to the negative. terminal of an auxiliary source of po-
tential 76 by, lead wire 78. In this connection, the po-
larity of the source 76 is arranged so that the electrical
potential of screen 38 is, negative with respect to the
screen 36, The positive términal of auxiliary source 76
is, in turn, connected: to the positive. terminal® of source
56 through the lead wires 80, 82, and 74.  Also, the posi-
tive terminal of- the ‘auxiliary. source 76 is. connected to
the negative terminal of a source of potential: 84 through
lead- wires 80 and 86; o

To provide a source of potential for acceleration ‘of
the electrons in the beam after passing through the aper-
tures 40 and- 42, a-source of high potential 84 has its
positive terminal” connected: through lead wire 88 to the
terminal’ 32 of the electron permeable screen 30: The
negative terminal of the source 84 is, in turn, connected
by lead-wires 86 _and 80-to the ‘positive terminal of- the
auxiliary “source 76  and by lead: wires 86;-82- and T4
to the positive terminal’ of the source ‘§6:" With this
arrangement; thereis-provided-a high potential accelerat-
ing field- between the grid structure 34 'and screen 390
which- is parallel to the: axis of the longitudinal:tube.

With the tube connected* for-operation as-described,
the electron gun 8 provides-a focussed ‘electron: beam of
small-cross-section with the velocity -of the- electrons: in
the beam adjacent. the gun determined: by- the potential
of the- source- 56; 'To- obtain a relatively- high  degree
of ' sensitivity- for- the deflection means- including- deflec-
tion: plates-22: and-24; the- velocity-of- the electron- beam
is preferred- to be relatively-low-as- the electrons- enter
the space between: the- deflection plates: Accordingly,
the. potential source- 56 which: determines- the- velocity
of.the-electrons in-the-electron-beam-in- the- space between
the. deflection- plates is relatively-low, being substantially
500~ to.. 1000 volts. . In. conventional- cathode: ray- tube
structures, such- a. voltage -would be.so-low as-to- limit
the. image intensity on the. screen scanned- by. such- a
beam, and:-would: not be.- satisfactory. However; this
undesirable characteristic is-overcome: in-the-tube of:the
present. invention, while- retaining. a- high: degree..of- de-
flection. sensitvity: control: by- applying. a substantially
higher. potential source;. such.a source 84; to.thescreen
30. 1In this connection, we. have: found- that- a- potential
as:high asiinsulation limits; permits.may be-used: How-
ever, satisfactary. results are. obtained with a potential
source. 84 of substantially.20,000 volts. S

‘With the .impingement - of - the-electrons. of the-electron
beam on-the grid36; particularly -at the-edge of the-aper-
tures- 40; there is-an emission-of 'secondary -electrons, the
direction and-velocity of which- do not- correspond- with
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the direction and velocity of the primary electrons in
the electron beam which pass through the apertures 40.
These secondary electrons, if permitted to accelerate to-
ward the screen 30, adversely affect the resolution of
the image on the screen. Accordingly, to substantially
eliminate this condition, the screen 38 is operated at 2
potential which is negative with: respect to the potential
of screen 36.. With, a negative potentjal applied to screen
38 substantially all of the secondary electrons are re-
pelled and. they: are: prevented from: entering: the- accel-
cration space between screen 36 and screen 30. A po-
tontial source 70 of 100 volts has been found to be entirely
satisfactory to. apply to screen 38 for repelling. the: sec-
ondary electrons,

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. An electron discharge device comprising. an en-
velope, having a neck. portion. and. a. target face, a. flu-
orescent screen on, said face, an. electron gun: positioned
in said neck portion.for directing a stream. of electrons
against said screen; a. pair- of grids_ positioned, in said
envelope: between said gun. and said. screen and substan-
tially, paralle]. to. said. screen, and an electrically conduc-
tive screen positioned, in said envelope adjacent. said fluo-
rescgnt screen, said, grids and electrically conductive
screefi: having: means: for: attachment: to a source of elec-
trical potential to make the grid nearer, said conductive
screen negative with  respect to the other grid of said. pair;
and ‘an electron, accelerating force between said. grids .
and said conductive screen.

2. “An. electron. discharge device comprising an en-
velope. having a. neck. portion and a target face, a fluo-
rescent screen. on said. face, an electron. gun. positioned
in saidneck portion for directing a stream of electrons
against said screen, a. pair of spaced. grids positioned. in
said envelope, between said gun and said screen and sub-
stantially parallel to said screen, and an electrically con-
ductive screen . positioned in said envelope adjacent said
fluorescent. screen, said grids. and electrically conductive
screen having means for, attachment to a source of elec-
trical potential to make, the_ grid nearer. said. conductive
screen. negative with respect to the other grid of: said
pair, and an_electron. accelerating force between said
grids and said”conductive screen..

3. An electron discharge device comprising an enve-
lope having a neck portion and a target face, 2 fluorescent
screen on saidtarget face, an electron bean.forming der
vice - positioned: in said neck portion, said device com-
prising a cathode, grid; first accelerating electrode, focus-
sing electrode and second accelerating electrode, a pair of
grids ‘positioned  in. said envelope between . said device
and said" screen and substantially paralle] to said screen,
means,_connecting said first and second. accelerating elec-
trodes to the grid adjacent said device, means for
‘connecting, the grid adjacent, said; device to a source
of electrical’ potential’ to provide a space therebetween
of uniform potential, means for connecting the cther grid
to a source of electrical’ potential” to make said’ other
grid- negative with respect to said first-named’ grid; and
an_ electrically. conducting screen positioned’ in said’ en-
velope adjacent" said” fluorescent screen, said conducting
scréen having means for attachment to.a source of “elec-
trical-potential far providing an electron accelerating force
between said’ grids and:said condncting screen.

4: An electron discharge device comprising-an envelope
having a target face, a fluorescent screen.on’ said’ face,
an electron gun positioned in said enyelope for dirgct-
ing a stream,of electrons toward' said screem, a. plu-
rality of- grids positioned' in said envelope between said
gun and said screen and substantially- parallel. to said
screen, an electrically- conductive: screen - positioned’ in
said envelope adjacent said fluorescent -screen, means. for
connecting- said grids: to- potential to make: one of: said
grids nearer said ¢onductive:screen negative with respect to
one of said grids- nearer -said electron gum; and" means
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connecting potential to said electrically conductive screen
and to one of said grids to provide an electron accelerating
force therebetween.

5. An electron discharge device comprising an enve-
lope having a fluorescent screen, an electrically conduc-
tive surface adjacent said fluorescent screen, an electron
gun for generating and directing electrons toward said
screen, a first grid positioned between said gun and said
screen and having electron-permeable openings therein,
and a second grid adapted to operate at a potential lower
than the potential of said first grid and positioned between
said first grid and said screen, with electron-permeable
openings therein in alignment with the path of said elec-
trons to permit said electrons to pass therethrough and
to prevent said electrons from striking the conductive por-
tions thereof said first and said second grids being sub-
stantially parallel to said conductive screen.

6. An electron discharge device comprising an enve-
lope having a target face, a fluorescent screen on said face,
an electrically conductive screen positioned in said enve-
lope adjacent said fluorescent screen, an electron gun
positioned in said envelope for directing a stream of
electrons toward said fluorescent screen, a pair of grids
positioned in said envelope between said electrically con-
ductive screen and said gun and substantially parallel
to said conductive screen, a source of potential, means
connecting said source of potential to said grids to cause
the grid nearer said screen to be negative with respect to
the other of said pair of grids, and means connecting said
source of potential to said electrically conductive screen
and the grid nearest thereto to cause an electron accelerat-
ing force therebetween.

7. An electron discharge device comprising an enve-
lope having a target face, a fluorescent screen on said
face, an electrically conductive screen positioned in said
envelope adjacent said fluorescent screen, an electron
gun positioned in said envelope for directing a stream
of electrons toward said fluorescent screen, a pair of
grids positioned in said envelope between said electrically
conductive screen and said gun and substantially par-
allel to said conductive screen, a source of potential hav-
ing an intermediate terminal and a second terminal less
than approximately 100 volts negative with respect to
said intermediate terminal and a third terminal positive
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with respect to said intermediate terminal by approxi-
mately 20,000 volts, means connecting said intermediate
terminal the grid nearest said gun and connecting said
second terminal to the other grid and means connecting
said third terminal to said electrically conductive ‘screen
to cause said electrically conductive screen to be posi-
tive with respect to the grid adjacent thereto.

8. An electron discharge device comprising an enve-
lope having a target face, a fluorescent screen on said
face, an electrically conductive screen positioned in said
envelope adjacent said fluorescent screen, an electron
gun positioned in said envelope for directing a stream
of electrons toward said fluorescent screen, a first and
a second perforated grid plate positioned in order in said
envelope between said gun and conductive screen and
transversely of the longitudinal axis of said envelope and
substantially parallel to each other and to said conductive
screen, said plates having their perforations in electron
path alignment with the electron path to substantially
prevent electrons from striking said second grid after
passing through the perforations in said first grid, a
source of potential, means connecting said source of po-
tential to said first and second grids to cause said first
grid to be positive with respect to said second grid and
means connecting said source of potential to said elec-
trically conductive screen and to said second grid to
cause said electrically conductive screen to be positive
with respect to said second grid.

9. The apparatus of claim 8, in which the perforations
in said second grid plate are larger than the perforations
in said first grid plate.
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