Aug. 2, 1938. J e BATCHELOR 2,125,599

. FLUORESCENT STRUCTURE
Filed Feb. 8, 1935

P
'
}—

A

5
7 7
[ 3
7 (9

VA 20
18 17 > ) 2
| ME
¢

i g 1
W \OATH A e ——— == 4
E— .77, w— L ) 5
e = ] < > 7
Qaazauzaznazammawzazanazaz&zaznzazazawigk\ (3 2

L g ) e
6 2 9 AN%
N %
¢ 7
N 5

2 Y4 —2
%ﬂﬂﬂﬁﬂﬂﬂﬁﬁﬂﬂi/

~ INVENTOR.




10

Patented Aug. 2, 1938

UNITED STATES

2,125,599

2,125,599

PATENT OFFICE

FLUORE SCENT STRUCTURE
John C. Batchelor, New York, N. Y.

Application February 8, 1935, Serial No. 5,521

7 Claims.

My invention relates to a cathode ray tube
suitable for use as an image reproducer in tele-

vision systems and the like, and, more particular-

ly, to improvements in the light producing struc-
ture in such tubes. . :

It is customary in the visual communication
arts to provide as an image reproducing member,
a cathode ray tube having an electron gun and
& fluorescent screen so disposed in an evacuated
container that, in cooperation with appropriate
associated circuit elements, an image of a re-

- motely analyzed object may be reproduced on the

18

20

2b

30

fluorescent screen under the hombardment of an
electron beam which is caused to scan the fiuo-
rescent screen rhythmically.

In such tubes the fluorescent screen usually
comprises a layer of finely divided fluorescent
particles deposited upon an interior wall of the
container of the cathode ray tube, and so disposed
that its interior surface may be bombarded by
an electron beam from the electron gun, and

~the light produced by the bombardment may be

viewed through the wall of the container from

a point exterior to the container. Because of the:

fact that the index of refraction of the particles
of fluorescent material is appreciably different
from that of the evacuated space in which they
are placed, and substantial voids exist between
the particles of fluorescent material, appreciable
impedance is encountered by light generated at
the interior surface of the fluorescent screen as
it passes through the screen toward the exterior

~ of the tube. In this discussion I have referred to
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the effects of internal refraction and reflection
within the fluorescent screen as being of im-
pedance to the transmission of light because of
the fact that these effects do actually prevent
certain of the light from travelling through the
screen. Moreover, such light as does succeed in
penetrating the fluorescent screen is to an ap-

preciable extent diffused because of these effects,

and consequently, the definition of a reproduced

~image is impaired.

In an effort to overcome these harmful effects,
it has been proposed in the art to provide a cath-
ode ray tube having a fluorescent screen prepared
on a metal or other target and tlfe target so dis-
posed and tine bulb so designed that an image
produced on such a fluorescent screen might be
viewed from the side of the fluorescent screen
from which the electronic bombardment occurs.
Invariably, however, tubes designed for this pur-
pose are not of symmetrical shape and are not
geometrical figures of rotation, and therefore the
manufacturing of such envelopes involves suffi-

(CL 250—21.5)
 Clently great cost and effort of production that it

has in general been thought advisable to adhere
to the older method of viewing an image on the
side of the fluorescent screen opposite that on
which it is produced, and, in order to compensate 8§
for the poorer efficiency of such a tube, to provide
correspondingly higher energy of bombardment.
With the foregoing in mind, it is an object of
my invention to provide a cathode ray tube hav-
ing an envelope of great geometric simplicity and 10
yet having a fluorescent screen whereon an image

- may be viewed from the side of the Screen upon

which it is generated. |

This and other objects will be apparent from
the following description of my invention.

In accordance with my invention, I have pro-
vided a cathode ray tube having a fluorescent
screen comprising a reticulated metallic member
at a position normally occupied by a conventional
fluorescent screen, and having electrical insulat- 20
ing material deposited on the side of said member
adjacent the electron gun, and having a fluores-
cent material deposited on the side of said mem-
ber remote from said gun. .

In order to describe my invention more fully, 25
attention is directed to the accompanying draw-
ing of which Figure 1 represents a sectional view
of a preferred form of my invention and Figure 2
represents an enlarged schematic sectional view
of a portion of the fluorescent screen and enve- 30
lope of my tube. |

Relerring to Figure 1, a bulb 5 is prepared by
introducing a metallic film 8, which may be silver
deposited from a solution of silver nitrate in ac-

15

cordance with the known method, in a uniform 35

film upon the inner surface of the bulb 5 and
terminating in a uniform circle 13 in the en-
larged portion of the bulb, and in a uniform circle
14 in the neck 15 of the bulb 5.

In the neck 15 is an electron gun 17 carried 40
on the stem 16 and comprising an accelerating
anode 10, a control electrode {f and an electron

- emitting cathode 18, whereby an electron beam

may be ejected toward the fluorescent screen .
For the purpose of clearer representation, the 45
gun T is not shown in section.

The fluorescent screen | comprises a woven
wire screen or perforated metallic member of any
suitable metal such as nickel, copper, platinum
or the like, having deposited upon its front side 50
or surface 19 adjacent the gun 17 a thin film of °
insulating material such as calcium Auoride,
which is capable of relatively little secondary
emission under -electronic bombardment, and
having deposited on the rear side or surface 20 §5
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adjacent the window B of the bulb £ a film ¢ any
suitable fluorescent material such as willemite,

The screen | is mounted- substantially parallel
and close. to the window & of the tube ¥ and is
carried by the metal ring 2 which is in turn sup-
ported by the lead-in wire 8 in the stem 4.

~In order to understand the constructicn and
operation of my fluorescent screen more ciearly,
it is convenient to refer to Figure 2 which rep-
resents an enlarged schematic sectional view of
the fluorescent screen portion of my tube. I
this embodiment, a woven wire screen is used as
a8 carrier for the fluorescent material and the
wires 21 represent successive wires in such a
screen. On the side of the wires 21 approached
by the electron beam represented by the arrow
Z2, is deposited a film 23 of an insulating ma-
terial. I have found it convenient to apply such
a material by disposing the screen | in an evac-
uated container and evaporating from a metal
filament within the evacuated container, a suf-

ficient quantity -of insulating material, such as
calcium fluoride, at a point such that the mole-.
cules of- the insulating material travel toward
and attach themselves to the surface of the

mesh in such a way that the film 23 is produced.
Under such circumstances, because of ithe fact
that in vacuum. the particles of insulating ma-
terial travel in straight lines, none of the in-
sulating material will be deposited upon the side
of the member | opposiie the surface on which
the film 23 is deposited.- A wide variety of salts
are available Ior use as insulating material in

my invention, and are to be chosen primarily for
low vapor pressure, relative freedom from Ifree
electrons, relative immobility of ions -and low

secondary emission. In respect to all of these

considerations, I have found the alkaline halides
to be satisfactory.

Following the deposition of the insulating ma-
terial, a film 24 of flucrescent material, such as
finely divided -willemite, is deposited upon the
side of the scrzen | opposite that carrying the

insulating material film 23, preferably by spray- -

ing froem a suspension of fluorescent material in
liquid by means of an air brush. Aiternately,
however, the material may be.applied by paint-
ing, or in any other suitable manner. -

In operation, an electron beam approaches my
fluorescent structure zlong the arrow 22 and a
portion of the electrons from said beam strike
the film 23. In the absence of secondary emis-
sion from the film 23, the incident electrens

‘cause-a negative charge to be accumulated upon -

the surface of the insulating material 23. Cer-
tain other electrons penetrate the cpening 2 5
between the wires 21 and strike the interior sur-
face 26 of the window 6, upon which an addi-
tional negative charge is deposited by the in-
cident electrons.
described will in general occur only at the mo-
ment operating potentials are applied to the tube
after a substantial period of inactivity, and the
charges on the film 23 and the surface 26 will
be built up substantially instantanesusly. Fol-
lowing such charging, subsequent electrons ap-

proaching along the arrow 22 will be given a
component of velocity radially inward toward the -
axis of the opening 25 by the negative charges

existing on the surface of the film 23, so that
substantially all electrons in the beam will be

caused to penetrate the opening 25 with only
enoiigh electrons striking the surface of the Alm

23 to maintain the charge thereon at its maxi-

mum value. The remaining electrons which pen-

In

the required purpose.

the exposed surface of the wires 2,

This charging procedure just

‘adjacent . the gun

3 125,699

etrate the opening 2% w-.ll approach the window
26, but, because of the charge existing upon that
window. will bz repelled in a direction corre-
spondixg to the lines 21, following which paths
the electrons will strike the fluorescent material
24 where thelr energy will be largely éonsumed
and fluorescent light will be emitted. Thus,
fluorescance is excited by an electron beam fol-
lowing the arrow 22, the fluorescent light being
produced on a surfa.e= of fuorescent material
adapted to be viewed on the side upon which it
was bombarded.

In ozder better to dissipate an electric charge
which might otherwise be accumulated on tke
surface of the fluorescent material Z3, I have
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found it desirable to use a fluorescent materlel |

“having substantial ahility to em:it secondary elec-
- trons, and to leave a portion 28 oi che surface of

the wires 21 exposed so that secondary electrons
emitted from the surfece 24 may be attracted

‘along the linés 28 anc drawn to the wires 21

whence they may be ¢ .rried away through the

- wire mesh to ‘appropri:te conducting electrodes.

In order to ensui¢ that all electrons which
pass a given opening will strike the Huorescent
material on the wires adjacent that opening, ‘it
is important that the screerr | be mounted in
close proximity with the window 6. For example,
I have found it advisable in mrany cases to mount
the screen {1 with a spacing- of less than one
millimeter and still smaller spacing is often de-
sirable. On the other hand, larger spacing is
somesimes permissible -because of the relatively
stiff space charge which builds up adJacent the

- inner surface of the window 6.

It may be seen that it lHes within the scope of
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my invention to provide a separate member to
perform the electron-repelling function of the

window 6 when the characteristics of the glass
of the windew 6 are not wholly satisfactory for
For example, an addi-
tional plate of mica, or other material, mav be
carried on the ring 2 in a position adjacent:and
parallel to the screen I and between. the scréen
I and the window 6, and in this case, the addi-

tional plate performs the eaectrical funetlon of
the window 6.

In some instances, moreover, it is possible to
provide a screen | without the insulating mate-
rial 23, in “which case it is advisable to0 main-

| taln the ratio of the diameter of the openings 25

to the diameter of the wires 21 at a value some-
what smaller than is desirable in-the presence
of the insulating material.
tain quantity of the bombarding electrons strike
but the
preponderance of :the electrons penetrate the
openings 25 and are concentrated with greater
specific density upon the surface of the fluores-

cent material 24 because of the smaller areg of
the surface 24. In the absence of the insulat-
ing material film 28, it is not importan: that
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‘In this case a cer-

b6

care be used in preventing the depcsition of fluo-

rescent material on the surface of the screen
gun; actuaily the entire surface
of each of the wires 21 may be coated by dip-

ping, painting, spraying or ‘otherwise applying
fluorescent material.

8till further, it is posslble in some cases to
dispense with the electron repelling surface 26
adjacent ihe screen, in which case, advartage is

- taken of the relatively great spac2 charge which

accumulates in the space adjacent the screen
on the side remote from the electron gun.
- Thus 1t is clear that many modifications are
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possible without departing from the spirit of
my invention, and such modifications should not

be construed as limiting the scope of the claims
which follow. |

I claim:

1.-In a cathode ray tube, a fluorescent screen

and an electron gun adapted to project elec-
trons toward said screen, said screen compris-
ing a reticulated metallic member, fluorescent
material on the surface of said member remote
from said gun, insulating material on the sur-
face of said member adjacent said gun, the sur-
face within the reticulations of said member be-
ing uncoated metal. |

2. In a cathode ray tube, a fluorescent screen
comprising a reticulated metallic member, fluo-
rescent material on the surface of said screen, an

- electron gun adapted to project electrons toward
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sald screen, a transparent window adjacent said
screen, said window adapted to be bombarded
by a portion of the electrons penetrating the
reticulations of said screen, said window adapt-
ed to hold an electrical charge deposited by said
Incident electrons whereby the remainder of said
penetrating electrons may be repelied to the sur-
face of sald screen adjacent said window.

3. In a cathode ray tube, a fluorescent screen
comprising a reticulated metallic member, an
electron gun adapted to project electrons toward
sald screen, fluorescent material on the surface
of sald reticulated member remote from said
gun, insulating material on the surface of said
reticulated member adjacent said gun, said in-
sulating material adapted to receive an elec-
trical charge from a portion of the electrons
from said gun whereby the remainder of the
electrons from said gun may be repelled from
sald insulating material and caused to penetrate

the reticulations of sald screen, a transparent
window adjacent said screen on the side remote

from sald gun, said window adapted to be bom-

barded by a portion of the electrons penetrat-

ing the reticulations of said screen, said window
adapted to hold an electrical charge deposited

by said incident electrons whereby the remainder
of said penetrating electrons may be repelled to
the surface of said screen adjacent sald window.

3

4., An electron discharge device comprising a
tube provided with a screen and with means in
front of said screen for developing a ray of elec~
trons and directing the ray at the adjacent side
of said screen, said screen being provided with
relatively small openings through itself to per-
mit free passage of electrons of said ray in direct
baths from said means to the remote side of

Sald screen by way of said openings, said screen

being characterized by the fact that the indi-
vidual elemental areas on the rear side thereof
become fluorescent upon bombardment by the
electrons of said ray which pass directly by way
of said openings to the rear side of said screen.

9. In apparatus for producing radiation by
electronic bombardment, an envelope, a screen
mounted within said envelope having fluorescent
material upon one surface thereof and openings
therethrough, and an electron gun positioned
upon the other side of said screen to project
electrons toward said screen and through said
openings, said envelope having means associated
therewith to deflect electrons toward said fluo-
rescent material after they pass through said
openings.

6. In apparatus for producing radiation by

electronic bombardment, the combination of g Iu-

minescent screen having openings therethrough,
an electron gun positioned on one side of said
screen to project electrons toward sald screen
and through said openings,
means for causing said electrons to impinge the
surface of said screen after passing through said
openings.

7. In apparatus for producing radiation by
electronic bombardment, the combination of a Iu-
minescent screen having openings therethrough,
an electron gun positioned upon one side of said
screen to project electrons toward sald screen

~and through said openings, controlling means

for causing said electrons to impinge the surface
of said screen after passing through said open-

- Ings, and luminescent material on the surface

of sald screen remote from said gun and so po-
sitioned that it 13_ activated by the electrons.

JOHN C. BATCHELOR.
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