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This invention relates to improvements in de 
vices of the type wherein illuminated images are 
produced on a viewing screen and relates par 
ticularly to the provision of novel means and 
method of improving the observation qualities of Such images. 
One of the principal objectS is to provide novel 

means and method of effectively eliminating 
Specular and other reflections from the image 
producing portion of a cathode ray tube or the 
like while increasing 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 an outer surface reflection-re 
duction coating and an inner light diffusing sur 
face on which is superimposed a layer of phosphor 
responsive to and adapted to fluoresce when 
bombarded by an electron stream whereby the 
Said outer reflection-reduction coating will func 
tion to reduce reflections from light sources ex 
ternally of the tube as well as to simultaneously 
eliminate specular reflections from such sources 
and the inner light diffusing surface will func 
tion to eliminate specular reflection from said 
inner surface while effectively introducing no 
change as to definition of image. 
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 definition of the image visible 
through the diffusing surface will be effectively unaltered. 
Other objects and advantages of the invention : 

will become apparent from the following descrip 
tion taken in connection with the accompanying 
drawings and it will be apparent that many 
changes may be made in the details of construc 
tion, arrangement of parts, and steps of the 
method shown and described without departing 
from the spirit of the invention as expressed in 
the accompanying claims. I, therefore, do not 
wish to be limited to the exact details of con 
struction, arrangement of parts and steps of the 
method shown and described as the preferred 
form only has been given by way of illustration. 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 
reflections as Well as specular reflections of out 
Side Sources of illumination from the Outer and 
inner Surfaces of the tube. 
Many attempts have been made to obviate such 

reflections as, for example, by placing an outer 
light diffusing Surface on the face of the tube. 
Although a light diffusing Surface of this nature 
did effectively reduce specular reflection, its dis 
tance forwardly of the plane of the image pro 
duced by the fluorescence of the inner phosphor 
coating when bombarded by the electron stream 
of the tube, due to the inherent thickness of the 
material of the face of the tube, was greatly de 
teriorated and was much less discriminating than 
With tubes having no such light diffusing sur 
face thereon. This deterioration was such as to 
render the placing of an outer light diffusing sur 
face on tubes of this nature undesirable and in practical for use. 
One of the primary objects of this invention, 

therefore, is to provide novel means and methods 
of eliminating Such annoying reflections while 
introducing effectively no deterioration as to the 
definition or discrimination of image. 
This has been accomplished by providing the 

front surface of the tube with a coating so con 
trolled as to effectively eliminate surface reflec 
tions as well as Specular reflections from light 
sources externally of the tube and through which 
the image produced by the bombarded phosphor 
coating of the tube Will be Substantially unaltered 
as to its definition and discrimination. Such 
coatings, while extremely efficient as to reduc 
tion of Surface reflections and Specular reflec 
tions from the outer Surface of the tube, do in 
crease the light-transnitting characteristics of 
said outer surface whereby a secondary specular 
image may be reflected by the inner surface of 
the tube. In following the teachings of the pres 
ent invention and in order to eliminate such 
secondary specular image from the inner sur 
face of the tube, the Said inner Surface is pro 
vided with light-diffusing characteristics. By 
forming the inner surface light-diffusing and 
due to the fact that it is Substantially in the 
plane of the image produced by the fluorescing 
phosphor coating inwardly of the tube the said 
image will be effectively unaltered as to its de 
finition, discrimination and contrast, 

It is Well-known that such independent Sur 
face treatments are not new but the essence of 
the present invention resides in the combining 
of an outer reflection-reduction coating with an 
inner light-diffusing coating to overcome the 
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difficulties of the prior art as Set forth above 
and which have been found to provide very sin 
ple, efficient and economical means for accoin 
plishing the desired results while introducing ef 
fectively no change as to the definition, 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. i and 2 there is ill 
lustrated a cathode ray tube embodying a trans 
parent face portion , conical side walls and 
a neck portion 2. The side walls may be 
formed either of glass or metal as desired. The 
neck 2 contains a conventional electrical dis 
charge device (not shown) which is adapted to 
direct a noving beam of electrons E toward the 
face portion of the tube () so that the electrons 
Will engage a fluorescent screen 3 deposited by 
conventional methods upon the inner surface is 
of the face of the tube. The fiuorescent screen 
3 is formed of a plurality of tiny phosphor par 

ticles each of which is capable of fluorescing 
when contacted by the electron beam E. In following the teachings of the present in 
wention, the inner Surface of the face of the 
tube is initially provided with a light diffusing 
Surface whether by grinding, sand blasting, acid 
etching, or by any other known. Inethod prior to 
the depositing of the phosphor coating 3 thereon. 
The light diffusing surface 4, therefore, is in 
Substantially the same plane as the image pro 
duced by the phosphor coating 3 when bombard 
ed by the electron strealin E and therefore avoids 
deterioration of the definition of the resultant 
image as would be the case if the light diffusing 
Surface were placed on the outer Surface of the 
face 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 reflections which night re 
Sult from light from an outside Source. 
To further eliminate Specular reflection as 

Well as other Surface reflections from outside 
Sources, the outer surface of the face is pro 
vided with a reflection-reduction coating 5. This 
coating may be formed as follows: 
By evaporation of calcium or other fluorides 

on the outer surface of the glass face is 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 
siurn fluoride, Calcium fuoride, sodium fiuoride 
Or Sodium aluminum fluoirides; still others are 
chemical deconpositions of salts. 
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The preferred reflection-reduction coatings, 
however, are formed in accordance with the 
teachings of Moulton Patent No. 2,432,484, issued 
December 9, 1947, and Moulton application Se 
rial No. 739,545, filed April 5, 1947, 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, nagnesium fluoride, lithium fluo 
ride, strontium fluoride, calcium fluoride, barium 
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 

fection-reduction Coating by applying to the Sur 
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4 
face a, thin layer of the above composition and 
causing it to dry, leaving a dry coating of very 
minute ultra-microscopic particles on the Surface. 
it is desirable to control the concentration of the 
particles in the suspension to produce a reflec 
tion-reduction coating having a resultant thick 
ness of approximately one-quarter wave length 
of light. The reflection-reduction coating thus formed 
will comprise sub-microscopic, discrete, micro 
granular, transparent solid particles which are 
so deposited on the suiface 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 reflection 
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 
nates the index of refraction of said glass. 

in order to render the above coating more re 
Sistant to abrasion, a smail amount of tetraethyl 
orthosilicate may be incorporated in the colloidal 
sub-microscopic Suspension. 
Other refection-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 reflection-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 intern ediate the in 
dex of refraction of the Optical element aid the 
index of lefraction of air and having an optical 
thickness approximately ac/4 of the wave length 
of preselected light, ac being a positive odd integer 
not greater than 9 and preferably being 1. A 
film. Of lithium fluoride, Sodium fluoride, Sodium 
aluminum fluoride, calcium fluoride, or the like, 
of the appropriate optical thickness and appro 

45 priate index of refraction, on the Surface of the 
glass will very greatly diminish light reflection 
fl'On 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 effective index of refraction approaching the 
square root of that of the glass to which it is 
applied. The film can be improved with respect 
to ruggedneSS and tenacity by Subsequently bak 
ing at a temperature between 300° C. and 500° C. 
for a period of time Sufficient to effect the desired 
improvement. Still another method for reducing reflections 
from the Surface of the glass is the skeletonizing 
process wherein the Surface is treated with a 
Solution of fluosilicic acid having a quantity of 
Silica, dissolved therein ranging from saturation 
to about 3 millinoles Supersaturation per liter, 
the treatment being for such a length of time as 
will produce on the Surface a skeletonized film 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 Wave length of light predominantly 
reflected by the surface. The treatment is pref 
erably accomplished by iminei'Sing the glass Sur 
face in the Solution while the solution is main 
tained under agitation. 
Another method of forming a reflection-reduce 
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tion coating is by providing a solution of fluosilicic 
acid having a molar concentration of between 
about 1.25 and about 4 at a temperature not ex 
ceeding about 70° C., said solution being Super 
Saturated with respect to Silica, to the extent of 
from about 4 to 16 millinoles per liter. Immers 
ing the glass surface in the solution will form a 
transparent hard film of silica on the Surface, the 
time of immersion being controlled in accordance 
with the thickness desired of the coating. The 
resultant coating Will Substantially reduce the 
refiectivity of the Surface to which it is applied. 
The above reflection-reduction coatings, while 

being efficient as to the elimination of Specular 
reflections and othg reflections from outside 
Sources, are particularly desirable because they 
introduce substantially no deterioration in the 
definition of the image. On the other hand, 
they have been found to introduce an overall in 
crease in the discrimination of image. This effect 
is due partly to the reduction of halation which 
might result from light passing through the ma 
terial of the face it of the tube from the fluores 
cing phosphor particles and thence being inter 
nally and rearwardly reflected by the outer sur 
face of the tube Whereby other Spaced and nor 
mally non-fluorescing particles of the phosphor 
will be illuminated and result in the introduction 
of halation. The reflection-reduction coating, 
therefore, in addition to reducing the reflection of 
light from outside Sources also functions to re 
duce the reflections of light emanating from the 
fluorescing particles of phosphor When bombarded 
by the electron stream and, therefore, greatly in 
creases the definition of the resultant image. 
The difficulties inherent to such internal reflec 

tions are clearly set forth in co-pending appli 
cation Serial No. 155,514 filed April 12, 1950 by Robert Bowling Barnes. 
Although it has been described that the inner 

light diffusing surface may be formed by Sand 
blasting, acid etching or other known methods, 
the said inner surface 4 of the tube may be pro 
vided With a coating of a composition comprising 
a transparent liquid bonding agent having uni 
formly dispersed therein Small nearly spherical 
transparent particles or may be provided with any 
other desired light diffusing layer. Such coat 
ings may be applied by painting, spraying, dipping 
or other Suitable method and when the liquid 
is dry and hard or becomes polymerized, the Sur 
face will have a texture simulating a multitude of 
small contiguously related spherical elements with 
partially filled depressions therebetween whereby 
light impinging thereon and which would nor 
mally cause specular reflections will be diffused 
and the image forming characteristics thereof de stroyed. 
It is particularly pointed out that the liquid 

and particles used must be of the known type 
having no detrimental effect upon the phosphor. 
From the foregoing, therefore, it will be seen 

that Specular reflection from both the inner and 
outer surfaces of the face of the tube will be elimi 
nated While introducing Substantially no detri 
mental deterioration of the definition of the 
image. This is due primarily to the fact that the 
light diffusing surface is placed internally of the 
tube and in adjacent relation with the plane of 
the image produced by the closely related particles 
of phosphor which are in Superimposed relation 
with the light diffusing surface and which pro 
duce the image When bombarded by the electron 
stream E. The fact that the Outer surface is 
provided with a reflection-reduction coating 
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6 
rather than a light diffusing surface and that 
such reflection-reduction coatings tend to in 
crease the definition of the image rather than to 
deteriorate the same, results in a tube having a better overall performance. 
It might be said that slight deterioration of the 

image which might result from the inner light 
diffusing surface is more than compensated for 
by the increase in definition resulting from the 
Outer reflection-reduction coating so that the 
resultant tube, therefore, Will not only cause the 
image to be more clearly visible but will further 
eliminate annoying Specular reflections and as 
Well as other undesirable Surface reflections from external Sources. 

claim: 
1. The tube face of a cathode ray tube of the 

type having a fluorescent screen and an electron 
gun for bombarding said fluorescent screen to 
produce a luminous image to be viewed by an 
observer, said tube face comprising a portion of 
relatively rigid transparent material Supporting 
on the inner side Surface thereof the fluorescent 
screen whereby, when in use, light from Said 
luminous image may be transmitted therethrough 
to be visible to the observer's eyes, said tube face 
having, on the outer Side surface thereof, a coat 
ing of transparent material having an effective 
index of refraction and optical thickness Such as 
to Substantially increase transmission of light 
rays striking said outer surface from a light Source 
exteriorly thereof and Whereby the reflection of 
said light rays to the observer's eyes Will be ma 
terially reduced, and said tube face further hav 
ing light-diffusing means on Said inner side Sur 
face which is Such as to break up Specular reflec 
tion of light from said light source exteriorly 
thereof which night otherwise be visible to the 
observer's eyes, said light-diffusing means being 
disposed between Said inner Side of the tube face 
and the fluorescent Screen and in intimate con 
tact thereWith whereby it is in such close prox 
inity With the luminous image produced on bom 
bardment of the fluorescent screen, when the 
tube is in use, as to have substantially no effect 
upon the definition of the image, said transparent 
coating on Said outer Surface of the tube face 
simultaneously increasing the transmission of 
light from said luminous image through said outer 
Surface whereby the amount of light from said 
image reflected back toward the inner surface of 
the tube face is reduced, and said reduced amount 
reflected back being broken up by the light-dif 
fusing means on said inner surface whereby hala 
tion is Substantially eliminated and increased 
definition and contrast of the image as viewed by the observer is obtained. 

2. A cathode ray tube of the character de 
Scribed having a light-diffusing surface on the 
inner Side of the face thereof for breaking up 
Specular images normally reflected by said side 
from externally of the tube, a layer of fluorescent 
material disposed over said light-diffusing sur 
face 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 light-diffusing surface being lo 
cated adjacent the image produced by bombard 
ment of the fluorescent materialso as to have sub 
stantially no effect on the definition of said im 
age as it is transmitted therethrough, and a 
transparent Coating on the Outer side of the 
face of the tube, said transparent coating com 
prising Sub-microscopic, discrete, micro-granu 
lar, transparent Solid particles arranged on said 
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outer side in the form of minute projecting irreg 
ularities. With the material of the particles being 
Such that the effective index of refraction of the 
reflection-reduction coating formed thereby war 
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 
Gute 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 
reflected back being diffused by said light so as 
to Substantially increase contrast, and definition 
of the image when viewed by an observer, and 
Said coating on the Outer side of the tube face 
simultaneously reducing the reflection of light, 
by said surface, from exteriorly of the tube. 

3. A cathode ray tube of the character de 
scribed having a layer of fluorescent material 
disposed. On its innei Surface in intinate 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 fiuorescent material embodying a plurality of 
contiguously related irregularities forming light 
diffusing means located Substantially in the same 
plane as said image emitted by the fluorescent 
material for breaking up specular images nor 
mally reflected by Said Side.from exteriorly of the 
tube while not substantially affecting said image 
as it is tiransmitted therethrough, and a trans 
parent coating on the outer side of the face of 
the tube, said transparent coating being of a char 
acter 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 light-diffusing means, breaking up 
the portion not transmitted and reflected back 
whereby the definition of the luminous image 
emitted by the fluorescent material is Substan 
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8. 
tially improved, and said outer coating simulta 
Ineously reducing the reflection 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-diffus 
ing means for breaking up specular images nor 
inally reflected by said side from externally of 
the tube, a layer of fluorescent material disposed 
over said light-diffusing surface in intimate Con 
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 reason of its close proX 
imity to the fluorescent material having Substan 
tially no effect upon the definition 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 
inage through the outer side of the face of the 
tube, and said light-diffusing surface breaking 
up the portion reflected back by said outer Sur 
face whereby improved contrast and definition 
of the luminous image emitted by the fiuorescent 
material is had and said transparent coating fur 
ther functioning to Simultaneously reduce the re 
flection of light from exteriorly of the tube, 
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