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1 
DISPLAY TUBE WITH COLOR SELECTIVE ' 

FILTRATION ‘ 

BACKGROUND OF THE INVENTION 

In the manufacture and use of a color television type 
display tube, problems very frequently occur when 
tubes exhibiting poor contrast are used in areas with 
high ambient illumination levels. Most known devices 
employ neutral density filtration in an attempt to 
achieve good viewability in high ambient illumination 
conditions. This is done by providing colloidal absorb~ 
ers such as silver in'the glass composition of the tube 
faceplate or the implosion panel to produce a “gray” 
or “black” device. I 

The approach of selective ?ltration has been used for 
various special products in the ‘past. Such known ap 
proaches include the use of colored glass for either the 
tube faceplate or the implosion panel, which glass is 
difficult and expensive to obtain and cannot be readily 
tailored to possess the exact desired spectral proper 
ties. Another approach includes coloration of the 
bonding material between the faceplate and the implo 
sion panel. This approach has been unsatisfactory since 
it resulted in undesirable shading due to the differences 
in thickness of the resin bonding material across the 
face of the tube. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, consider 
able improvement in viewability has been achieved by 
providing selective color ?ltration which provides 
higher brightness and a given contrast ratio. This is 
achieved by locating within the resinous bonding mate 
rial between the faceplate and the implosion panel a 
thin film of a specific color which is selected to match 
the color of the light emitted from the phosphor screen 
within the tube. For example, such a film may comprise 
an organic filter substance such as dye in a gelatin or 
plastic film, which films are available in a wide variety 
of shades to give improved color matching with the 
phosphor emission. In such a structure the problem of 
shading is avoided since the filter film is made sepa 
rately from the bonding layer and has a uniform thick 
ness. It enables the production of a simple structure 
which can be readily sandwiched between the tube 
faceplate and the implosion panel when the panel is 
being assembled with the faceplate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objectives of this invention will 
become apparent from the following description taken 
in connection with the accompanying drawings, 
wherein: 
FIG. I is an elevational view in partial section of a 

cathode ray display tube embodying the invention. 
FIG. 2 is an enlarged fragmentary sectional view of 

a portion of the front end structure of the tube as 
shown in FIG. 1. 
FIGS. 3, 4 and 5 are graphs illustrating the light‘ 

emitting characteristics of selected ?lms utilizable with 
the present invention; and 
FIG. 6 is a graph comparing P44 phosphor emission 

spectra with certain selected ?lters. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS - 

A cathode ray tube of the display type is indicated at 
10 in FIG. 1 and isutilized for providing a visual display 
which may be viewed in the normal manner of tubes of 
this type. It is well known that such display tubes are 
often required to be used under conditions when high 
ambient illumination levels are present. For example, 
in the cockpit of aircraft the ambient light often exists 
at such high illumination levels as to render observation 
of‘ displays extremely dif?cult when conventional tube 
structures-are used. . 

In the present invention viewability of a display is 
considerably improved even under conditions of high 
ambient illumination levels. This is achieved by selec 
tive color ?ltering whereby ambient illumination is de 
creased while the emitted light from the tube is en 
hanced. 
Referring particularly to FIGS. 1 and 2, the tube 10 

embodies the usual evacuated envelope which includes 
a bulb portion 12 and a narrow neck portion 14 at one 
end thereof. At the other end of bulb portion 12 the en~ 
velope is closed by a faceplate 16 which is usually an 
integral part thereof. The faceplate 16 carries on its 
inner surface a layer 18 of electron-sensitive phosphor. 
The faceplate 16 is preferably of glass so that light from 
the phosphor layer 18 will be transmitted externally of 
the tube for viewing. The phosphor material in layer 18 
may be any of the well-known materials which have 
been found suitable for the purpose and which com 
prise relatively closely packed crystals which become 
fluorescent when bombarded by electrons. 
Within the neck portion 14 is positioned a cathode 

ray gun (not shown) which may be of any suitable con~ 
struction and which is adapted to be supplied with op 
erating potential through leads or pins 20 which extend 
through the end of the envelope. Operation of the cath 
ode ray gun will cause the formation of an electron 
beam which can be made to scan the phosphor layer 18 
in the normal manner of tubes of this character. This 
will cause the phosphor to become luminescent in the 
areas which are contacted by the scanning electron 
beam. The resultant light from the phosphor will travel 
outwardly of the envelope through the faceplate 16 ex 
ternally of the tube for viewing by an observer. 

It has become common practice to provide an implo 
sion panel 22 adjacent the outer surface of the face 
plate for safety purposes. Such an implosion panel may 
be separate from the tube structure but, in accordance 
with the present invention, is secured directly to the 
faceplate 16 by means of a layer 24 of suitable adhe 
sive. The adhesive will be preferably a clear resin such 
as an epoxy sold by Dow Corning as Epoxy TV-720, for 
example. 

In a normal tube structure of the character described 
above, it has been found that ambient light falling on 
the phosphor layer 18 after passing through the implo 
sion panel 22, resin layer 24 and faceplate 16 will seri 
ously interfere with the visability of the light image pro 
duced by phosphor layer 18. In accordance with the 
present invention, ambient light is considerably attenu 
ated by means of a ?lter which is located preferably 
within the resin layer 24. This filter is conveniently pro 
vided in the form of a thin ?lm 26 of gelatin or plastic 
which is provided with a color which substantially 
matches the color of the light emitted by the phosphor. 
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The film 26 may be, for example, about 0.010—0.020 
inches thick and the entire resin-film thickness may be 
about 0.1-0.2 inches thick, for example. The plastic 
material for the ?lm 26 may be any suitable light 
transparent plastic such as vinyl acetate or butyrate. 1f 
gelatin is used for the film 26 it may be, for example. 
Wratten No. 99. 
A particularly suitable example of gelatin films for 

use in the invention are the films made by Eastman 
Kodak Co. or Rosco Labs. which can be obtained by 
calling for their numbered types. Typically, Rosco Labs 
?lms 817 are suitable for use with P14 phosphor which 
emits light predominantly in the 600-700 nanometer 
range, thus being somewhat orange in color. This is in 
dicated in FIG. 3 wherein the spectral transmission of 
the 817 film is shown as being predominant in the 
600-700 nanometer range to provide the orange or 
dark amber transmission characteristics. 
Rosco Labs. film No. 821 is shown in FIG. 4 as trans 

mitting predominantly in the red region of the spec 
trum between about 640 and 700 nanometers. This film 
No. 821 is. therefore, suitable for use with P22 phos 
phor which emits in the red. 
Rosco Labs. film No. 874 transmits predominantly 

between 500 and 540 nanometers and, therefore, is in 
tended for use with P31 phosphor which emits green 
light. 

In the following tables, the emitted radiation is for ei 
ther P44 or P22 phosphor, and it is assumed that under 
given conditions of electron excitation the emission of 
P44 is about 200 ft-L and P22 is about 1 10 ft-L. Emit 
ted radiation B is computed according to 

B = 1,. TIT, T! 

where 1,. is the actual radiation of the phosphor, T, is 
light transmission through the filter 26, T, is light trans 
mission through the implosion panel 22, and T2 is light 
transmission through the faceplate 16. Ambient illumi 
nation is computed by disregarding reflectances except 
that re?ectance at the phosphor screen 18 is assumed 
to be 85 percent, and assuming actual ambient illumi 
nation 1,, as being 5,500 ft-c. Re?ected light due to am 
bient illumination, therefore, is computed according to 

R = 0.85 T;2 T,2 T22 1,, 

Contrast (CR) is defined as the ratio of emitted light 
plus re?ected light to re?ected light. 
Tables A and B which follow are two examples of 

conventional devices utilizing neutral density ?lters. 

TABLE A 

Emitted Light (P44) Re?ected Light 

T, .11 .1 l 
T, 1.00 1.00 
T; .55 .55 

B=(200)(.1l)(.55) = 12.1 ft-L 
R = (5500)(.85)(.lll(.1 l )(.55)(.55) = 17.0 ft-L 

B+R 29.1 
R ' 17.0 CR= 
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TABLE B 

Emitted Light (P22) Re?ected Light 

TI .1 1 .1 1 
T, 1.00 1.00 
T._. .55 .55 

B+R 25.7 

R " 17.0 
CR = 1.40 

The following Tables are examples of different em 
bodiments of the present invention. 

TABLE C 

Eastman Kodak Co. No. 74 gelatin ?lm T, 

Emitted Light (P44) Re?ected Light 

T, .9 .9 
T, .1 .04 
T. 9 .9 

R=(550011.8510912004111912 4. ft-L 

TABLE D 

Eastman Kodak Co. No. 99 gelatin ?lm T, 
Emitted Light (P44) Re?ected Light 

T, .9 .9 
T, .19 .07 
T2 9 v9 

B = (20011910191191 = 30 ft-L 
R = (5500)t.85)(.9)2(.07)2(.9)2= 15 ft-L 

B+R _ 5__ 
CR— R -— 15 -—3.0 

TABLEE 

(Same as Table D except T, has neutral gray tint) 
Eastman Kodak Co. No. 99 gelatin Film T, 

Emitted Light (P44) Re?ected Light 

T, .55 .55 
T, .19 .07 
T" 9 .9 
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TABLE F 

Eastman Kodak Co. No. 29 gelatin ?lm T, 

Emitted Light (P22) Re?ected Light 
T, .9 ' .9 
T, .45 .063 
T2 .9 .9 

B = t l l0)(.9)(.45](.9) = 36 ft-L 
R = (5500)(.85)(.9)2(.063)2(.9)2 = 15 ft-L 

B + R 5] 
CR — R = T = 3 4 

TABLE G 

(Same as Table F except Tl has neutral gray tint) 
Eastman Kodak Co. No. 29 gelatin ?lm T; 

Emitted Light (P22) Re?ected Light 

T1 .55 .55 
T, .45 .063 
T2 .9 

From the foregoing it will be apparent that color se 
lective filtration as described provides a de?nite im 
provement in contrast ratio and, therefore, in viewabil~ 
ity ofa cathode ray tube display by giving higher bright~ 
ness for a given contrast ratio. lt will be noted that the 
combination of the Eastman Kodak No. 99 film with 
either the 55% transmissive or the 90 percent transmis 
sive glass layers as shown in Tables D and E gives better 
overall performance than film No. 74 (Table C) when 
used with P44 phosphor. This can be understood by 
reference to FIG. 6 from which it will be seen that the 
transmission spectrum of film No. 99 obviously repre 
sents a better spectral match with P44 phosphor than 
the No. 74 film. 
Even better performance is obtained with a red phos 

phor and filter as shown in Table G. It has been found 
that still better results are achieved by using a blue 
phosphor and filter although in some applications 
where blue sky ambient illumination, for example, oc 
curs this may slightly reduce the effective contrast. 
This invention can be made by conventional and 

known tube manufacturing techniques wherein the 
tube envelope and components are first assembled, 
evacuated and tested. Following this the implosion 
panel 22 is. placed in overlying relation with the face 
plate 16, with suitable spacers therebetween to regulate 
the size of the space to be filled with adhesive resin. At 
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6 
this time the film 26 is also located between the face 
plate and panel and similarly spaced from these ele 
ments. A securing tape is mounted around the circum 
ference of the two members and‘ after the spacers are 
removed the tape holds the members in the predeter 
mined spaced relation. Heat of about 60°C is applied 
and the spaces on both sides of the film are ?lled with 
resin, after which the final assembly is cooled and the 
resin is allowed to set. i 

From the foregoing it will be apparent that all of the 
objectives of this invention have been achieved by the 
structures shown and described. It will be apparent. 
however, that various modi?cations of this invention 
may be made by those skilled in the art without depart 
ing from the spirit of the invention as expressed in the 
accompanying claims. Therefore, all matter shown and 
described is to be interpreted as illustrative and not in 
a limiting sense. 

I claim: 
1. A display tube comprising an evacuated envelope 

having a transparent faceplate in one wall thereof, a 
light-generating layer disposed adjacent the inner side 
of said faceplate, and adapted to emit light of a prede 
termined color, a transparent protective panel adjacent 
the outer side of the faceplate and spaced therefrom, 
a layer of transparent bonding material in said space 
between the faceplate and panel, and a light-filtering 
film disposed within said bonding material and having 
a selected color which approximates the color of the 
light emitted by said light-generating layer. 

2. A display tube as set forth in claim 1 wherein said 
bonding material is a resin, and said film is a plastic. 

3. A display tube as set forth in claim 1 wherein said 
light-generating layer emits light predominately be 
tween about 600-700 nanometers in wavelength and 
said film absorbs light of substantially all other wave 
lengths. 

4. A display tube as set forth in claim 1 wherein said 
light-generating layer emits light predominately be 
tween about 475—575 nanometers in wavelength, and 
said film absorbs light of substantially all other wave 
lengths. 

5. A display tube comprising an evacuated envelope 
having a transparent faceplate at one end thereof, a 
layer of light-generating phosphor on the inner surface 
of said faceplate, electron beam-producing means in 
the opposite end of the envelope, said phosphor being 
responsive to impingement by electrons from said 
means to generate light of a predetermined color, a 
transparent protective panel adjacent the outer side of 
the faceplate and spaced therefrom, a layer of transpar 
ent bonding material in said space between the face 
plate and panel, and a light-filtering film disposed 
within said bonding material and having a selected 
color which approximates the color of the light emitted 
by said light-generating layer. 


