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method of improving the observation qualities of such images. 

or effectively introducing 
no change as to contrast discrimination of the 
image produced by the inner phosphor layer of 
such a tube. 

Another object is to provide a cathode ray tube 
or the like with 

Another object is to provide a tube of the above 
character with a light diffusing surface substan 
tially in the plane of the image-producing sur 
face whereby the de?nition of the image visible 
through the diifusing surface will be effectively 
unaltered. ' 

Referring to the drawings: 
Fig. 1 is a front elevational view of the cathode 

ray tube embodying the invention; and 
Fig. 2 is an enlarged sectional view taken as 

on line 2—2 of Fig. 1 and looking in the direction 
indicated by the arrows. 
One of the major problems encountered in the 

use of cathode ray tubes, for example, in televi 
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sion has been the presence of annoying surface 
re?ections as well as specular re?ections of out 
side sources of illumination from the outer and 
inner surfaces of the tube. 
Many attempts have been made to obviate such 

re?ections as, for example, by ' 

the combining 
of an outer re?ection-reduction coating with an 
inner light-diffusing coating to overcome the 
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di?iculties of the prior art as set forth above 
and which have been found to provide very sim— 
ple, e?icient and economical means for accom 
plishing the desired results while introducing ef 
fectively no change as to the de?nition, dis 
crimination and contrast of image. 
Referring to the drawings wherein like char 

acters of reference designate like parts through" 
out the several views, in Figs. 1 and 2 there is il 
lustrated a cathode ray tube embodying a trans 
parent face portion 19, conical side walls ii and 
a neck portion 12. The side walls ll may be 
formed either of glass or metal as desired. The 
neck i2 contains a conventional electrical dis 
charge device (not shown) which is adapted to 
direct a moving beam of electrons E‘ toward the 
face portion of the tube it so that the electrons 
will engage a ?uorescent screen 13 deposited by 
conventional methods upon the inner surface ill 
of the face of the tube. The ?uorescent screen 
13 is formed of a plurality of tiny phosphor par 
ticles each of which is capable of ?uorescing 
when contacted by the electron beam E. 

in following the teachings of the present in 
vention, the inner surface ill of the face of the 
tube iii is initially provided with a light diffusing 
surface whether by grinding, sand blasting, acid 
etching, or by any other known method prior to 
the depositing of the phosphor coating l3 thereon. 
The light dilfusing surface it, therefore, is in 
substantially the same plane as the image pro 
duced by the phosphor coating l3 when bombard 
ed by the electron stream E and therefore avoids 
deterioration of the de?nition of the resultant 
image as would be the case if the light diffusing 
surface were placed on the outer surface of the 
face it and spaced considerably from the plane 
of the image by the inherent thickness of the ma 
terial of the face. This light diffusing surface 
eliminates spherical re?ections which might re 
sult from light from an outside source. 
To further eliminate specular re?ection as 

well as other surface reflections from outside 
sources, the outer surface of the face ill is pro 
vided with a re?ection-reduction coating l5. This 
coating may be formed as follows: 
By evaporation of calcium or other ?uorides 

on the outer surface of the glass face ill or by 
wetting the face with silicic acid and treating with 
hydrochloric acid to precipitate the silicic acid; 
another type is made as a film of barium stearate 
which is produced by dipping the face in water 
containing barium salts and having a layer of 
stearic acid on top; others are films of magne 
sium fluoride, calcium ?uoride, sodium ?uoride 
or sodium aluminum ?uorides; still others are 
chemical decompositions of salts. 
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The preferred re?ection-reduction coatings, . 
however, are formed in accordance with the 
teachings of Moulton Patent No. 2,432,484, issued 
December 9, ran, and Moulton application Se 
rial No. 739,545, ?led April 5, 1Q47, and compris 
ing compositions consisting of colloidal suspen 
sions containing from about 0.1 to 6.0 per cent by 
weight of submicroscopic, microgranular, discrete 
particles of solid anhydrous transparent material 
such as silica, magnesium fluoride, lithium ?uo 
ride, strontium ?uoride, calcium 
fluoride or cryolite substantially uniformly dis 
persed in a volatile liquid inert to the particles, 
with the particles being approximately spherical 
in shape and substantially less than one-quarter 
of the wave length of light in diameter. 
The glass surface can be provided with the re 

?ection-reduction coating by applying-to the sur 
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_ priate index 

4 
face a thin layer of the above composition and 
causing it to dry, leaving a dry coating of very 
minute ultra-l icroscopic particles on the surface. 
It is desirable to control the concentration of the 
particles in the suspension to produce a re?ec 
tion-reduction coating having a resultant thick 
ness of approximately one-quarter wave length 
of light. 
The re?ection-reduction coating thus formed 

will comprise sub-microscopic, discrete, micro 
granular, transparent solid particles which are 
so deposited on the surface as to form minute 
projecting irregularities on said surface, the con 
centration of the particles in the irregularities 
decreasing from the surface of the glass outwardly 
and the material of the particles being such that 
the effective index of refraction of the re?ection 
reduction coating varies from substantially unity 
at the layer-air interface to an index value which 
progressively increases as it approaches the sur 
face of the glass where it substantially approxi 
mates the index of refraction of said glass. 
in order to render the above coating more re 

sistant to abrasion, a small amount of tetraethyl 
orthosilicate may be incorporated in the colloidal 
sub-microscopic suspension. 
Other re?ection-reduction coatings can be 

formed by following the teachings of Cartwright 
et al. Patent Nos. 2,207,656 issued July 9, 1940, 
2,281,474 issued April 28, 1942, and 2,281,475 issued 
April 28, 1942. 
For example, a re?ection-reduction coating 

suitable for the purpose can be formed in accord 
ance with the above patents by applying to the 
glass surface a layer of a suitable substance hav 
ing an index of refraction intermediate the in 
dex of refraction of the optical element and the 
index of refraction of air and having an optical 
thickness approximately 122/4 of the wave length 
of preselected light, a: being a positive odd integer 
not greater than 9 and preferably being 1. A 
film of lithium fluoride, sodium ?uoride, sodium 
aluminum ?uoride, calcium ?uoride, or the like, 
of the appropriate optical thickness and appro 

of refraction, on the surface of the 
glass will very greatly diminish. light reflection 
from the surface. Such a film can be deposited 
by evaporation onto the. glass, with the evapora 
tion being controlled so as to produce a layer 
with an optical thickness‘ of approximately, one 
quarter of a wave length of the light and with 
an eifective index of refraction approaching the 
square root of that of the glass to which it is 
applied. The ?lm can be improved with respect 
to ruggedness and tenacity by subsequently bak 
ing at a temperature between 390° C‘. and 500° C.’ 
for a period of time sufficient to effect the desired 

improvement. 
Still another method for reducing re?ections 

from the surface of the glass isthe skeletonizing 
process wherein. the surface is treated with a 
solution of ?uosilicic acid having a quantity of 
silica dissolved thereinranging from saturation 
to about 3 millimoles supersaturation per liter, 
the treatment being for such a length of time as 
will produce on the surface a skeletonized ?lm of 
substantially pure‘ silica of desired depth and in 
dex of refraction, whereby the desired reduction 
in reflection is accomplished, the depth being in 
dicated by the wavelength of light predominantly 
re?ected by the surface. The treatment is pref’; 
erably accomplished‘ by immersing the glass sur 
face in the solution while the solution is main. 
tained under agitation. 
Another method‘ of forming are?ectionrreduce 
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tion coating ‘is by providing a solution of ?uosiliclc 
acid having a 

The above re?ection-reduction coatings, while 
being ef?cient as to the elimination of specular 
re?ections and 0th re?ections from outside 

mally non-?uorescing particles of the phosphor 
will be illuminated and result in the introduction 
of halation. The re?ection-reduction coating, 

Robert Bowling, Barnes. 
Although 

light di?iusing surface may 

and the image forming characteristics thereof de stroyed. 

re?ection-reduction coating 
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‘deteriorate the same, results in a tube 

rather than a light diif'using surface and that 
such re?ection-reduction coatings tend to in 
crease the de?nition of the image rather than to 

a better overall performance. _ 

It might be said that slight deterioration of the 
image which ' 

external sources. 
I claim: 

the observer is obtained. 
2. A cathode ray tube of the character de 

scribedhaving a light-di?using surface on the 

from externally of the tube, a layer of ?uorescent 
material disposed over said light-diffusing sur 
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outer side inithe' formlof minute‘ projectingirreg 
ularitiesv with the material of the particles being 
such that the‘ effectiveindex of refraction of the 
reflection-reduction coating formed thereby var 
ies from substantially unity at its air interface to 
an index value which progressively increases as it 
approaches the outer surface of said face where 
it substantially approximates the index of re 
fraction’ of said face whereby simultaneously 
transmission of said luminous image through the 
outer side of the face of the tube is increased 
and the amount of light from said luminous image 
reflected back is decreased, and with the amount 
re?ected back being di?used by said light so as 
to substantially increase contrast and definition 

the image when viewed by an observer, and 
said coating on the outer side of the tube face 
simultaneously reducing the re?ection of light, 
by said surface, from exteriorly of the tube. 

3. A cathode ray tube of the character de 
scribed having a layer of ?uorescent material 
disposed. on its inner surface in intimate contact 
therewith and adapted when bombarded by an 
electron stream to emit a luminous image for 
transmission through the face of the tube, said 
inner surface in intimate contact with the layer 
of ?uorescent material embodying a plurality of 
@ontiguously related irregularities forming light 
diffusing means located substantially in the same 
plane as said image emitted by the ?uorescent 
material for breaking, up specular images nor 
mally re?ectedby said, side-from exteriorly of the 
tube while not substantially affecting said image 
aslit is transmitted therethrcugh, and a trans 
parent coating on the outer side of the face of 
the tube, said transparent coating being of achar 
actor‘ and having an optical thickness such as 
to- increase‘the transmission of said luminous 
image through the outer side of the face of the 
tube and said lightaiiifusing meansbreaking up ‘ 
the portion not transmitted and re?ected back 
whereby the, de?nition of the luminous image 
emitted. by the. fluorescent material is substan 
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tiallyi improved, and said outer coating simulta 
neously' reducing the re?ection of light from ex! 
teriorly of, the tube. 

4‘. A cathode, ray. tube of the character de 
scribed having an acid etched, surface on the in 
ner side of the. face thereof forming light-di?us 
ing' means‘ for breaking up specular images nor‘ 
rially re?ected by said side from externally of 
the tube, a layer of ?uorescent material disposed 
over said‘ light-diffusing surface in intimate cone 
tact therewith and adapted when bombarded by 
an electron stream to emit a luminous image for 
transmission through the face of‘ the tube, said 
light-diffusing surface by reasonof its'close prox 
imity to the ?uorescentm “rial having substan 
tially no effect, upon the de nition of said‘ image 
as it is transmitted therethrough, and a trans 
parent coating on the outer side of the face of 
the tube, said transparent coating having an. ef 
fective optical thickness and refractive index such 
as to increase the transmission of said luminous 
image through the outer side of the face of the 
tube, and said lightediffusing surface breaking 
up the portion reflected back by said outer sur 
face whereby improved contrast and de?nition 
of the luminous image emitted by the ?uorescent 
material is had and said transparent coating fur 
ther functioning to simultaneously reduce the re 
?ection of light from exteriorly of the tube. 
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