
R. B. BARNES 

CATHODE-RAY TUBE 

June 10, 1952 2,599,739 

2 SHEETS-SHEET Filed April 12, 1950 

% ) Ø % 
& 

. NVENTOR 
Robert 3OWNG 3ARNES 

a 2 
AT 

2% 

  

  



June 10, 1952 R. B. BARNES 2,599,739 
CATHODE-RAY TUBE 

Filed April 12, 1950 2. SHEETS-SHEET 2 

2. . . 
NeS 

s a st 
8 

i m- - - - a- 25 le 

(NXN. ŠNXN. 1 -2.2a. 
C O O-46 2. 24, 2 (.4 (22 20 / -14 s: N lig- 5 

INVENTOR 
Rosert bow LNG BARNES 

BY 

ATOKNEY 

    

  

  

    

  

  

  

  

  

  

  

  

    

  

  



Patented June 10, 1952 2,599,739 

UNITED STATES PATENT OFFICE 
2,599,739 

CATHODE-RAY TUBE 

Robert Bowling Barnes, Stamford, Conn, as 
signor to American Optical Company, South 
bridge, Mass., a voluntary association of Mas 
sachusetts 

Application April 12, 1950, Serial No. 155,514 
(C. 313-92) 13 Claims. 

This invention relates to cathode ray tubes and 
has particular reference to novel means of in 
proving the definition and contrast of images 
produced on the Screens of Such tubes. 
In conventional types of cathode ray tubes such 

as used in television receiving apparatus or Sin 
ilar devices images are produced on a fluorescent 
screen when the particles forming said Screen are 
bombarded by an electron beam and are caused 
to fluoresce in proportion to the intensity of the 
electrons of said beams. In such a device when 
a fluorescent particle has been made to fluoresce 
by the electrons, some of the light emitted from 
said particle is reflected back onto the screen 
from the surfaces of the tube face. This will 
cause illumination of other particles of the Screen 
by the light so reflected and produce undesirable 
halations. Such halations tend to reduce Con 
trast and definition of the image formed on the 
screen. Therefore, it is a principal object of this in 
vention to provide a cathode ray tube with means 
for reducing halation by eliminating to a sub 
stantial degree the amount of light reflected from 
the surfaces of the tube face onto the fluorescent 
Scree. 
Another object is to provide means for reduc 

ing halation in a cathode ray tube by providing 
the outer surface of the tube face with a reflec 
tion reduction coating for substantially decreas 
ing the amount of light which may be reflected 
onto the fluorescent screen from said outer sur 
face and to simultaneously reduce reflections 
from said surface caused by light rays from 
sources outside the tube. 
Another object is to provide the inner Surface 

of the tube face with a reflection reduction coat 
ing between the material of the tube face and 
the fluorescent screen, which coating, due to its 
natural characteristics, will considerably reduce 
the amount of reflected light reaching the fluor 
escent Screen. 
Another object is to provide a cathode ray tube 

with means on the periphery of the face portion 
thereof for preventing light rays striking Said 
periphery from being reflected back toward the 
fluorescent screen, said means being in the form 
of a highly polished surface for permitting Said 
light rays to escape, or a light absorbing coat 
ing on said periphery for absorbing the light 
aWS. other object is to provide a cathode ray tube 

with means whereby fluorescent material on the 
tube face outside of the desired image area. will 
be prevented from fluorescing and causing possi 
ble additional halation within the image area. 
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2 
Other objects and advantages of the invention 

will become apparent from the following descrip 
tion taken in connection with the accompanying 
drawings in which: 

Fig. 1 is a side elevational view partly in Sec 
E. of a cathode ray tube embodying the inven 
10); 
Fig. 2 is an enlarged fragmentary sectional 

WieW of a portion of the tube face taken on line 
2-2 of Fig. 1; 

Fig. 3 is a fragmentary side elevational view 
of the forward end portion of a cathode ray tube; 

Fig. 4 is a diagrammatic illustration of light 
rays emitted by a fluorescent particle in accord 
ance with conventional prior art devices of this 
nature; 

Fig. 5 is a diagrammatic illustration of effect 
of the present invention upon the light rays 
emitted by a fluorescent particle; 

Fig. 6 is a fragmentary sectional view of a con 
ventional tube face adjacent the periphery there 
of; and 

Fig. 7 is a fragmentary sectional view similar 
to Fig. 6 illustrating a further feature of the in 
vention. 

Referring to the drawings wherein like charac 
ters of reference designate like parts throughout 
the Several views, Fig. 1 illustrates a cathode ray 
tube embodying a neck portion O, substantially 
conical sides 1, and a face portion 2 all of which 
may be formed integrally of a suitable glass. 
However, the sides and neck O may beformed 
of metal and the face portion f2 alone formed of 
glass, if desired, whereupon the glass must be 
suitably sealed to the metal. The inner surface 
of the tube face portion f2 is provided with a 
fluorescent screen 3 composed of a myriad of 
contiguously related tiny particles which are 
adapted to fluoresce when bombarded by an elec 
tron stream and thereby produce an image which 
may be viewed by an observer through the face 
portion 2. Suitable means may be provided for 
projecting an electron stream upon the fluores 
cent screen 3 such as by providing an electron 
gun (not shown) within the neck portion. O. 
When a fluorescent particle. or spot on the 

fluorescent screen, designated by numeral 4 in 
Fig. 4, is caused to fluoresce, the light emitted 
thereby will pass into and through the glass of 
the face portion 2 substantially as illustrated 
diagrammatically in Fig. 4. Light rays 5 pass 
ing through the glass along paths normal to the 
Surfaces of the glass will emerge from the outer 
Surface 6 thereof with no deviations. However, 
light rays 7 directed through the glass at an 
angle less than the minimum angle of total re 



3 
flection, called the critical angle and indicated 
diagrammatically by dot-dash line 8, will be 
partially reflected, as illustrated at 9 back 
through the glass toward the Screen and will 
cause illumination of other particles 8a, as 
shown, which particles 4a also comprise part of 
the fluorescent screen and are in contact with 
the rear surface 20 of the tube face. Light rays 
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2 emanating from the fluorescent particle 4. . . 
and directed toward the outer surface 6 of the 
glass at an angle greater than the critical angle 
will be totally reflected by the outer-surface & 

10 

and will pass rearwardly through the glass as 
indicated by numeral 22 to the rear surface. 28. 
where they will cause illumination of still other 
particles 4b of the fluorescent screen which are: 
in optical contact with said glass. Such light 
rays which strike the front surface 6 of the glass 
at angles greater than the critical angle will be 
reflected back and forth from the respective 
frontain ind rear surfaces. 16 and 9 as well as the. 
end walls 23 of the face portion. 2 until they 
are dissipated. . . . . 
The present invention, however, provides 

means whereby the light rays 7 striking the 
surface 6 at angles less than the critical angle: 
will emerge from: the surface fe, with only a 
negligible amount of light being reflected rear 
wardly from said surface 16, as indicated by nu 
mera 24 in Fig. 5, which will greatly reduce the 
possible illumination of particles; 4a. This 
means resides in the provision of a reflection re 
duction coating 25 on the outer surface: 6 of 
the tube face portion 2, which coating may be: 
of any suitable type which is adapted to reduce 3 
the amount-of-light reflected from the surface. 
Such a coating may be any one of the many 
well-known types such as is produced by evapora. 
tion of calcium or other fluorides on a glass sur 
face, or formed by wetting the glass with silicic 
acid and treating with hydrochloric acid to pre 
cipitate the silicon dioxide, another type is made 
as a film of barium stearate which is produced 
by dipping the glass in water containing barium 
salts and having-a-layer of stearic acid on top; 
others are film of magnesium fluoride, calcium 
fliofide, 'sodium fluoride or sodium aluminum 
fluorides; still others are chemical decomposi 
tions of salts m - - 
The preferred reflection reduction coating, 

however, is formed of a composition-consisting. 
of a colloidal suspension-containing from about. 
0.1-to 6:0per-cent by weight of sub-microscopic, 
microgranular, discrete particles of solid anhy 
drous transparent material such as magnesium 
fluoride, lithium fluoride, strontium fluoride, 
calcium fluoride, barium fluoride: or cryolite sub 
stantially uniformly dispersed in a volatile-liquid 
ineft:to the particles, with the particles being 
approximately spherical in shape; and less-than 
625 angstroms in diameter. A glass surface can 
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4. 
the concentration of the particles in the irregul 
larities decreasing from the surface of the tube 
face OutWard, and the material of the particles 
being Such that the effective index of refraction 
of the coatings varies from substantially unity at 
the layer-air interface to an index value. which 
progressively increases as it approaches the ma 
terial of the tube face portion f2 until it sub 
stantially approximates the index of refraction 
of the glass of the tube face portion. Such a 
coating Will increase the transmission of light 
rayS:26, from the Surface 6 with a consequent 
decrease-in the reflected light rays 24 (Fig. 5) 
as compared with the normal reflection 9 (Fig. 
4). By comparing Figs. 4 and 5, it will be under 
stood that by providing the surface 6 with the 
coating 25, a negligible amount of light will be 
reflected toward the fluorescent screen 3 from 
light rays striking the surface is at angles less 

20 

25 

than the critical angle. Consequently particles 
fla will be only slightly if at all illuminated by: 
S.Chefections. 

In addition, it is pointed out: here that the 
coating 25 Will also prevent reflection into an 
observer's eyes of light rays striking the tube: 
face: portion from Sources outside the tube, Ehis 
feature is particularly desirable: since it conside 
erably improves, the visibility of: the image. 
To further eliminate halations the inner-sur 

face 20 of the tube face portion 2 may be pros: 
vided. With a similar reflection reduction:coating: 
27, the coating. 2, being: disposed, between the: 
Surface. 20 and the fluorescent screen 3: 
Fig.2 is a greatly, enlarged fragmentary, dia: 

grammatical sectional view, throughi.a. portions of: 
the tube...face, 2.; and diagrammatically shows: 
the Coatings 27 and 25 provided on the inner and: 
outer-Surfaces. 20 and 6 respectively. It will 
be noted that the coatings are disposed on the. 

4. Surfaces of the tube face as a plurality. of minute 
irregularities 28 each of which is formed of: a 
plurality of minute particles. 29. The fluorescent. 
Screen. E3 may beformed of any desired material: 
Capable of fluorescing. when bombarded by elec 
trons. Such as Zinc silicate, zinc sulphide, beta. 
Zinc silicate, zinc beryllium-silicate, zinc cadmium 
Sulphide; Zinc beryllium-zirconium-silicate, zinc. 
borate, cadmium tungstate, and other, known. 
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materials of mixtures thereof. 
It will be noted that the particles. 4 comprising: 

the fluorescent Screen are substantially larger. 
than the particles. 29 of the reflection reduction: 
coatings, being from 1 to 6 microns in diameter. 
if applied by Spraying. However, still larger par 
ticles; from 10 to 30 microns in diameter, are 
usually deposited on the screen by: dusting; or: 
Settling through air. Thus, when a fluorescent. 
coating 3 is applied over the inner reflection, 
reduction coating 27, the particles 4 will, due to: 

60 

be provided with the coating by applying-to-the 
surface a thin layer of the above-composition and 
subjecting it to heat to evaporate the liquid and 
leave a dry coating of the particles-on-the-sur 
face, it being desirable-to-control the amount of 
the composition applied and the-concentration 
of the particles in the suspension so as to produce 
a coating having a resultant thickness of ap 
proximately one quarter wave-length of light. 
The forming of such a coating on the glass 

surface will-comprise sub-microscopic, discrete, 
micro-granular transparent solid particles which 
are deposited on the glass surface so as to-form 
minute projecting irregularities on said surface. 

. 35 

70 

75 

their large size, engage the irregularities. 28. in 
Such fashion that a plurality of vacant: spaces. 
3. will be provided between the coating:2 and 
screen. 3. - 
Upon: again comparing Figs. 4 and 5, it will be: . 

Seen that halation is-reduced by applying the res. 
flection reduction-coating 27 to the inner surface. 
20-of-the-tube face portion f2 as described since. 
the light rays 21: which strike the surface Gat 
angles greater than the critical angle. and are 
totally reflected back through the glass to the 
Surface 20thereof will be prevented by the re 
flection reduction coating 27 from directly strike. sing, and consequently illuminating-particles ab. 
of the fluorescent screen. It will be understood that if the particles f4b are in direct engagement. 

  



2,599,789 
5 

With the surface 20, as in the conventional cath 
ode ray tube, they would be illuminated by the 
light rays 22, but by spacing the particles from 
the surface 20, the reflected light rays will be 
prevented from directly illuminating the parti 
cles. The inner reflection reduction coating 27 
also greatly minimizes reflection back into the 
fluorescent material of light from the inner Sur 
face 20 of the glass 2. 
Another cause of halation, particularly in the 

edge areas of the image, is shown in Fig. 6, where 
in the fluorescent screen 3 is disposed directly 
upon the inner surface 20 of the tube face 2 by 
conventional methods which causes a supply of 
the fluorescent material 3 to be deposited on the 
inner Surface of the side Walls f of the tube ad 
jacent their junction with the face portion 2. 
Thus, When fluorescent particles in this area are 
made to fluoresce when bombarded by an elec 
tron beam 32, light rays therefrom will pass in 
all directions and will, as indicated by lines 3, 
illuminate other portions of the fluorescent screen 
13, subsequently causing a reduction in contrast 
discrimination in the image. To overcome this, 
several methods may be used. For example the 
fluorescent material in this marginal area, may 
be removed or covered with a coating of ma 
terial which Would prevent, the particles So COVo 
ered from being effected by the electron beam, 
or means may be provided internally of the tube 
for limiting the image area, by preventing the 
electron Stream 32 from Striking the fluorescent 
material in these area.S. Therefore, means Such 
as a ring-like member 33 may be inserted in the 
tube during the fabrication thereof with the size 3. 
of the central opening of said member 33 being 
controlled so that the electron beam 32 will be 
prevented from striking the fluorescent Screen 
3 in the marginal areas thereof and thus Will 

limit the size of the desired effective image area. 
Fig. 7 illustrates this feature and shows the elec 
tron beam 32 striking the fluorescent Screen 3 
at the margin of the desired image area, with 
the ring-like member 33 functioning as a baffle 
or stop for preventing the electron stream 32 
from striking the fluorescent material in the mar 
ginal area, 34 of the screen 3, and thus prevent 
ing undesirable halations from this source. 
To reduce further the amount of undesirable 

light within the material of the tube face portion 
2 which may be reflected upon the fluorescent 

screen 3 and cause undesirable halations, Some 
of the light rays within the glass, particularly in 
the marginal areas of the face portion 2, can 
be made to emerge from the glass by providing 
the outer edge of the face portion f2 with a high 
ly polished peripheral surface 23 (Fig. 3). This 
will permit without diffusion the escape of stray 
light rays which strike this Surface at angles less 
than the critical angle as shown by dotted lines 
22d. in Fig. 5. It should be understood that this 
portion may be coated on either or both surfaces 
with reflection reduction coatings to reduce re 
flection below the critical angle. 

If desired, the peripheral surface 23 may be 
coated with a light-absorbing material Such as 
a suspension of graphite particles in oil or cement 
such as Canada balsam, or black lacquer, which 
coating should possess an index of refraction 
equal to or higher than the index of refraction 
of the tube face portion 2 for maximum 
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efficiency. - - 

Thus, light rays 22 (Fig. 5) striking the various 
surfaces at angles less than the Critical angle 
may be either permitted to escape through the 75 
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highly polished surface 23 as shown by dotted 
lines 22a, or may be absorbed by the absorbent 
COating 35. 
From the foregoing, it will be seen that means 

and methods of a novel nature have been em 
ployed for accomplishing all of the objects and 
advantages of the invention. 
While the novel features of the invention have 

been shown and described and are pointed out 
in the annexed claims, it will be understood ‘that 
many changes may be made in the details shown 
and described without departing from the spirit 
of the invention. I, therefore, do not wish to be 
limited to the exact details shown and described 
as the preferred only are set forth by way of 
illustration. 

claim: 
1. A cathode ray tube embodying a transparent 

face portion having a coating of transparent 
material on the rear surface thereof with a coat 
ing of fluorescent material on said transparent 
material having its effective portion confined to 
Substantially the area, desired of the resultant 
image and Spaced from the inner surface of said 
transparent face portion by said transparent ma 
terial, said face portion having a transparent 
light transmission increasing reflection reduction 
coating on the front surface thereof and having 
light controlling means surrounding the periph 
ery thereof, Said tube having means for produc 
ing a beam of electrons and for directing said 
electrons onto Said fluorescent coating to produce 
aluminous Spot thereon, said luminous spot hav 
ing light rays emanating therefrom and Striking 
the inner side of the front surface of said trans. 
parent face portion at angles less than and at 
angles greater than the critical angle, and said 
reflection reduction coating on the outer surface 
of the transparent face portion having an Optical 
thickneSS and effective index of refraction such 
that it, while functioning to reduce reflection . 
from light exteriorly of the tube, will simul 
taneously function to reduce the reflection of said 
rays within the critical angle by increasing the 
transmission of Said light rays through said outer 
Surface, and said coating of material between 
Said fluorescent coating and the inner surface of 
the tube functioning to reduce the illumination 
of the fiuorescent material by light rays at angles 
greater than the critical angle reflected from the 
inner side of the front surface of the face portion 
and Said light rays at angles greater than the 
Critical angle when at the periphery of the face 
portion being effectively obviated by said periph 
eral light controlling means. - - - . 

2. A cathode ray tube embodying a transparent 
face portion having a fluorescent screen adja 
cent its inner Surface, means for producing a 
beam of electrons and directing it upon said 
fluorescent Screen to produce a luminous spot 
thereon, Said luminous spot emitting light rays 
Striking the surfaces of said transparent face 
portion at angles both less than and greater than 
the critical angle, and means for reducing un 
desirable illumination of said fluorescent screen 
comprising a reflection reduction coating dis-, . 
posed upon the Outer Surface of said transparent 
face portion for reducing reflection of light from 
Sources outside the tube, said reflection reduction 
coating being formed of transparent material 
having an optical thickness and an effective index 
of refraction as to simultaneously increase trans 
mission of light rays from said luminous spot by 
reducing reflections of said light rays emitted by 
Said luminous spot and striking said outer sur. 



face. at angles: less, than the critical. angle, a 
transparent coating; on the inner: surface of said. 
transparent face portion for supporting: said. 
fluorescent screen in a spaced relation with said 
transparent face portion and reducing reflections. 5 
of light rays emitted by said:luminous spot-and 
striking said outer surfaceatangles greater than 
the.. critical angle; and means on the peripheral 
edge of said transparent-faceportion for:reduce. 
ing. reflection of light rays, emitted by said. 10 
luainous spot and striking: said peripheral edge. 

3: A cathode ray tube embodying:a:transparent 
face ..poetion...having a fluorescent. Screen: adja-. 
cent its:inner: surfacez composed of a plurality of 
contiguously related particles of fluorescent-ma-15 
terial, means for producing a beam of elections. 
and directing it upon said particles of: the 
fittorescent. Screen to produce: a luminous. Spot 
thereon, Said luminous Spot emitting light. rays. 
striking the: Surfaces of said... transparent face: 20 
portion at angles both less than and greater than 
the critical angle, and means for reducing unar 
desirable illuminations of said fluorescent screens 
comprising. a reflection reduction coating dis 
posed upon the outer surface of said:transparent. 
faceportion for reducing reflection of light from 
sources: outsides the tube, and for reducing re 
flections of light: rays emitted by said luminous. 
spot and striking. Said outer surface at angles. 
less than the critical aragle, a transparent coat: 
ing on the inner surfage of said transparent face 
portion for reducing: reflection of light rays". 
emitted by said luminous spot and striking said 
outer surface-at-angles greater than the critical 
angle, said transparent coating comprising: a 35 
layer of sub-microscopic, discrete, micro-granu 

, transparent solid particles of a size c9nsider 
ably smaller... than the fluorescent particles and 
rming-minute irregularities: on said inner sur 

face which cause said particles of the fluorescent 
screen to be retained in spaced-relation with said 
ansparent face portion, and means on the: 

peripheral edge of said transparent face portion 
for reducing: reflection of light rays emitted by 
said luminous spot and striking said peripheral. 
edges 

4. A cathode ray-tube embodying a transparent, 
face:portion...having afluorescent sereen adjacent 
itsinner surface, means for producing a beam of 
electrons and directing it upon said fluorescent to 
screen to produce a luminous spot, thereon, Said. 
luminous spot emitting::light rays striking: the 
surfaces of said transparent face portion at 
angles: both less-than and greater than the critis: 
cal angle, and means: for reducing... undesirable: is 
illumination of said: fluorescent screen compris: 
ingai first light transmission:increasing reflection: 
reduction...coating of transparent material diss 
posed upon the outer surface of: said:transparent 
faceportion for reducing reflection of light from go 
sources outside the tube and for increasing trans 
mission of light, rays...emitted by Said: luminous. 
spot:and striking said outer. Surface: at angles. 
less: than the criticaliangle, said:light transmiss 

25 

30 

sion increasing: reflection reduction:coating: coasr. 65 
prisingia...thin layer of subsmicroSeopic, discrete, . 
micro-granular, transparent:solid-particles;form. 
ing: minute irregularities on said outer surface, 
the concentration of the said particles: in the 
irregularities: decreasing from said outer surface: 
outwardly-and-the-material of said particles being. 
such that the effective-index of refraction of said 
coatings varies: from substantially unity at the 
layer-air... interface to an index value which 
progressively increases-in-a-direction-inwardly of 75. 

8. 
said coating and approaches:the index: of refrace. 
tion-of-the-material of said face portion, a second: 
reflection reduction coating on the inner: surface: 
of said transparent face, portion, said second-res 
fiection reduction: coating being: similar to said: 
first reflection reduction coating with the irregular, 
larities: thereof causing said fluorescent screen. 
to be retailaed in spaced relation with said: 
transparent face portion to reduce the illuminar. 
tion of the -fluorescent screen by the-light rays 
emitted by said luminous spot-and-reflected by: 
said outer-Surface, and meansion: the peripheral. 
edge of said transparent face portion for reduc. 
ing reflections of light rays emitted by said: 
luminous spot and striking said peripheral edge. 

5: A cathiode-ray tube embodying a transparent 
face portion:having-a fluorescent sereen: adjacent: 
its inner surface, means for producing a: beam-of 
electrons and directing it upon said fluorescent: 
screen to produce a luminous spot thereon, said: 
luminous spot emitting light rays' striking the. 
surfaces of Said transparent - face portions, at: 
angles both less than and greater than the criti 
cal angle, means for reducing undesirable. 
illumination of said fluorescent screen- comprise. 
ing a reflection reduction coating disposed upons, 
the outer surface of said transparent face-por 
tion for reducing reflection of light from-sources 
outside the tube and for increasing transmission 
of light rays emitted by said luminous spot and 
striking said outer Surface at angles less-thani-the 
critical angle, a transparent coating on therinner. 
surface of said transparent faceportion for re 
taining said fluorescent screenin spaced relation 
with said transparent face portion-and-reducing 
the illumination of the fluorescent screenbylight: 
rays emitted by Said luminous:spot and reflected 
by said outer surface, and means for-eliminating: 
Some of the light rays.normally trapped within 
the material of said face, portion to prevent, re 
flection thereof onto said fluorescent-screen comi 
prising a highly polished outer surface formed 
on the peripheral edge of said face portion for. 
permitting light. rays striking said surface to: 
emerge. - 

6. A cathode-ray tube embodying a transparent: 
face portion having a fluorescent screen adjacent. 
its inner Surface, means for producing a beam of 
electrons and directing it upon said fluorescent. 
Screen to produce a luminous spot thereon, said 
luminous Spot emitting light rays striking the 
Surfaces. Of Said transparent face portion at: 
angles both less than and greater than the criti-. 
cal-angle, means for reducing undesirable. 
illumination of Said, fluorescent-screen compris 
ing a transparent coating disposed upon the outer. 
Surface of Said transparent faceportion and hav 
ing an optical thickness and an effective index. 
of refraction. Such as to, reduce reflection of light. 
from Sources outside.the tube and increasing the 
transmission, of light rays emitted by said 
lumingus: Spot. and striking said outer surface at 
angles less than the critical an , a transparent. 
Coating; on the inner-surface:of said, transparent 
face portion-for- Supporting.: said fluorescent, 
Screen: in Spaced; relation with said, transparent 
faceportion and reducing the illumination of the 
fluorescent-screen by:light rays-emitted by said. 
luminous Spot and reflected by said outer surface. 
and means for eliminating some of the light rays 
normally trapped within the material of Said-face: 
portion, to prevent reflection thereof; onto said 
fluorescent: Screen-comprisingiascoating-of-light. 
absorbing material: disposed on the periphera. 
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edge of said face portion for absorption of light 
rays striking said surface from within. 

7. A cathode ray tube embodying a transparent 
face portion having a fluorescent screen disposed 
adjacent the inner side thereof, means for direct 
ing electrons upon said fluorescent screen for 
producing a luminous spot thereon and a trans 
parent coating on the outer surface of said face 
portion which is formed of a material having an 
optical thickness and effective index of refraction 
such as to reduce reflections of light from sources 
outside the tube and to simultaneously increase 
transmission of light rays emitted by said 
luminous spot and striking the outer Surface of 
said transparent face portion at angles less than 
the critical angle. a 

8. A cathode ray tube embodying a transparent 
face portion having a fluorescent screen disposed 
adjacent the inner side thereof, means for direct 
ing electrons upon said fluorescent Screen for 
producing a luminous spot thereon, and a light 
transmission increasing reflection reduction coat 
ing on the outer surface of Said face portion 
Which has an optical thickness and effective index 
of refraction Such as to reduce reflections of light 
from sources outside the tube and to simul 
taneously increase transmission of light rays 
emitted by said luminous spot and striking the 
outer surface of said transparent face portion at 
angles less than the critical angle, Said light 8 
transmission increasing reflection reduction coat 
ing comprising a thin layer of Sub-microscopic, 
discrete, micro-granular, transparent, Solid par 
ticles forming minute irregularities on said outer 
surface, the concentration of the said particles 
in the irregularities decreasing from Said outer 
surface outwardly and the material of Said par 
ticles being such that the effective index of re 
fraction of said coating varies from substantially 
unity at the layer-air interface to an index value 
which progressively increases in a direction in 
wardly of said coating and approaches the index 
of refraction of the material of Said face portion. 

9. In a cathode ray tube embodying a trans 
parent face portion having a fluorescent Screen 
disposed adjacent the inner side thereof and 
means for directing electrons upon said fluores 
cent screen for producing a luminous Spot there 
on, means for reducing halation produced by 
light rays emitted by said luminous Spot and 
striking the outer surface of Said transparent 
face portion at angles greater than the critical 
angle and which are reflected back upon said 
fluorescent screen comprising a transparent Sur 
face reflection reducing coating disposed on said 
inner surface of the transparent face portion 
between said inner surface and the fluorescent 
screen, said reflection reduction coating cont 
prising a thin layer of sub-microscopic, discrete, 
micro-granular, transparent Solid particles piled 
in the form of minute irregularities on Said Outer 
surface, the concentration of the said particles 
in the irregularities decreasing from Said innel 
surface in a direction toward the fluorescent 
screen and the material of said particles being 
such that the effective index of refraction of Said 
coating varies from substantially unity adjacent 
the fluorescent screen to an index value which 
progressively increases in a direction inwardly 
of said coating and approaches the index of re 
fraction of the material of said face portion, the 
high points of said irregularities engaging said 
fluorescent screen and maintaining it in Spaced 
relation with said inner Surface to reduce illu 

O 

10 
mination of the screen by said reflected light 
rayS. 

10. In a cathode ray tube embodying a trans 
parent face portion having a fluorescent Screen 
disposed adjacent the inner side thereof and 
means for directing electrons upon Said fluores 
cent screen for producing a luminous spot there 
on, said luminous spot having light rays emanat 
ing therefron at angles both less than and 
greater than the critical angle, and means for 
eliminating the major portion of said light rays 

5 

20 

which are at angles greater than the critical 
angle comprising a highly polished surface on 
the peripheral edge of said transparent face por 
tion for permitting said light rays striking said 
highly polished surface to pass therethrough. 

1. A cathode ray tube embodying a trans 
parent face portion having a fluorescent screen 
adjacent its inner Surface, means for producing 
a beam of electrons and directing it upon said 
fluorescent screen to produce a luminous spot 
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thereon, said luminous spot emitting light rays 
striking the Surfaces of Said transparent face 
portion at angles both less than and greater than 

5 the critical angle, and means for reducing un 
desirable illumination of Said fluorescent screen 
comprising a reflection reduction coating dis 
posed upon the outer surface of said transpar 
ent face portion, said coating being formed of 
a transparent medium having an effective opti 
cal thickness and index of refraction such as to 
reduce reflection of light from sources outside 
the tube and to reduce reflections of light rays 
emitted by Said luminous spot and striking said 
outer surface at angles less than the critical 
angle while simultaneously increasing the trans 
Inission of light rays from Said luminous spot 
through Said outer Surface, and a transparent 
coating On the inner Surface of Said transparent 
face portion for maintaining said fluorescent 
screen in spaced relation with said transparent 
face portion for reducing the illumination of Said 
fluorescent screen by reflections of light rays 
emitted by Said luminous spot. 

12. A Cathode ray tube embodying a transpar 
ent face portion having a fluorescent screen ad 
jacent its inner surface composed of contiguously 
related particles of fiuorescent material, means 
for producing a beam of electrons and direct 
ing it upon said particles of the fluorescent 
Screen to produce a luminous spot thereon, said 
luminous spot emitting light rays striking the 
Surfaces of said transparent face portion at an 
gles both less than and greater than the criti 
cal angle, and means for reducing undesirable 
illumination of said fluorescent screen compris 
ing a reflection reduction coating of transparent 
imaterial disposed upon the outer surface of said 
transparent face portion and having an effective 
Optical thickness and index of refraction such as 
to reduce reflection of light from Sources outside 
the tube and to increase transmission of light 
rays emitted by said luminous spot and striking 
Said outer Surface at angles less than the criti 
cal angle, and a transparent coating on the in 
her Surface of Said transparent face portion for 
reducing the illumination of said fluorescent 
Screen by reflections of light rays emitted by said 
luminous spot, said transparent coating compris 
ing a layer of sub-microscopic, discrete, micro 
granular, transparent Solid particles of a size 
Substantially Smaller than said fluorescent par 
ticles and forming minute irregularities on said 
inner Surface which cause said fluorescent screen 
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to be retained in spaced relation with said tEaaS 
parent face portion. 

3...A sealthodeiray tube seabodying a transpar 
seatisfaeepertion baying a fluoreseent. Screen-ad 
iaceat its inner surface, means for producing a 

... beaa of elegteorasad direeting it upon said flu 
corescent sereen to produce a luminous spot 
thereon, said:luminous spot emitting light rays 
strikag the SEEaces: of said transparent face 
sportialatangles both less than and greater than 
the critical angle, and means for reducing un 
desirable siltination of Said fluorescent;Screen 
comprising a first reflection reduction coating 
disposed upon the outer surface of said trans 
parent face portion for reducing reflection of 
ligatifroissources: outside the tube and for re 
3ducing reflections of light rays emitted by said 
illuginous spot and striking said outer:Surface at 
ages less that the eritical angle, Said reflection 
arediction coating gomprising a thin layer of Sub 
saicroScopic, discrete, micro-granular, transpar 
seat solid particles forming minute irregularities 
-On Said. Oter Surface, the concentration of the 
said particles in the irregularities decreasing from 
said:puter-surface outwardly and the material of 
said particles being. Such that the effective index 
of refraction of said coating varies from substan 

itially unity at the layer-air interface to an index 
i-value which progressively increases in a direc 
stion inwardly...of said coating and approaches the 
index of refraction of the material...of said face 
gotion, and a Second reflection reduction coat 
ing on the inner Surface of Said transparent face 
portion, Said. Second reflection reduction coating 
being similar to said first...reflection reduction 
coating. With the irregularities thereof, causing 
said fluorescent Screen to be retained in spaced 
relation with said transparent face portion to re 
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2 
duce the illniraations of Said storeseeatseeen 
by reflections of light:3ays eaitted by:said:lu 
iningsSpot. 

ROBERT BOYSELNGBARNES. 

REFERENCES CITED 
the following references are of recordini the 

file of this patent: . 

Naber, Nanae Date 
176,746 Federico ---------, Mar. 28, 1916 
1,491,830 Troeger -------- Apr. 29, 1924 
2,090,922 Von-Ardenae ------ Aug. 24, 1937 
2:09.1152. Malpica --------- Alig. 24, 1937 
2,093,288 Ogloblinsky ------ Sept. 14, 1937 
2,158,649 - Strange--- - May 16, 1939 
2,169,838 Herast ------- - Aug. 35,2939 
2,197.625 Teves etial: Apr. 16, 1940. 
2,201.245 Ruska - et al. ------ May 21, 1940 
2.222;444 - Kudar ------------ Nov. 19, 1940 
2,227,042 Staage-etal.------Dec. 31, 1940 
2,244,245 Ehrenberg --------- June 3, 1941 
2,289.978 Malter. -----------. July 14, 1942 
2,293,529 “Bedford ----------Aug. 18, 1942 
2,312,206 Calbick. ----------- Feb. 23, 1943 
2,346,810 Young ------------- Apr. 18, 1944 
2,378,875. Vala Sant ----------June 19, 1945 
2,388,203 Ziladel, Jr. ----------Oct. 30, 1945 
2,419,177 . .Steadaan -------- Apr. 15, 1947 
2,436,847 Wolfson ----------- Mar. 2, 1948 
2,461464 Aronstein ----------- Feb. 8, 1949 
2,470,666 Suffield ----------- May 17, 1949 
2.472,988. Rosenthal.---------June 14, 1949 
2,473,825. Smith ------------ June 21, 1949 
2,476,69 Nicoll ------------- July 19, 1949 
2,485,561 Burroughs -------- Oct. 25, 1949 
2,517,774 Epstein ----------- Aug. 8, 1950 

  


