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57 ABSTRACT 
An electron scattering prevention film in disclosed 
comprising at least the following three layers: an elec 
trode layer deposited on a phosphor layer; a first elec 
tron scattering prevention layer deposited on the elec 
trode layer composed of a first electron scattering pre 
vention material having a smaller atomic number than 
that of the material constituting the electrode layer; 
and a second electron scattering prevention layer de 
posited on the first electron scattering prevention 
layer composed of a second electron scattering pre 
vention material having a smaller atomic number than 
that of the material constituting the electrode layer. A 
bimetal action which occurs between the electrode 
layer and the first electron scattering prevention layer 
is cancelled by a bimetal action which occurs between 
the first electron scattering prevention layer and the 
second electron scattering prevention layer whereby 
the electron scattering prevention film is prevented 
from being distorted to an extent that the electrode 
layer peels off from the phosphor layer under varia 
tion of temperature. 

4 Claims, 9 Drawing Figures 
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ELECTRON SCATTERING PREVENTION FILM 
AND METHOD OF MANUEFACTURING THE SAME 

BACKGROUND OF THE INVENTION 
This invention relates to an electron scattering and 

reflecting prevention film and a method of manufactur 
ing the same, and more particularly to a film for use in 
color television picture tubes designed to minimize the 
reflection and scattering of electron beams and to pre 
vent peeling off of a deposited film from a phosphor 
layer under variation of temperature. 
Generally, in a post-acceleration color television pic 

ture tube, electron beams emitted from electron guns 
are accelerated in the accelerating field of a high volt 
age and strike a phosphor surface in electron beams of 
high kinetic energy exciting the phosphors to produce 
a luminous output. At the same time, a large number 
of secondary electrons, reflecting electrons and scatter 
ing electrons are generated by the impact of the elec 
tron beams of high kinetic energy. 
These secondary electrons have no high kinetic en 

ergy as do the reflecting electrons. The secondary elec 
trons, therefore, can be removed by utilizing the energy 
difference between the injected electrons and the sec 
ondary electrons. The scattering electrons, however, 
are accelerated by the post-accelerating field and strike 
the phosphor surface again with high kinetic energy of 
the same intensity as that of the incident electrons. As 
a result, halos take place around luminous points for 
the regular incident electrons. This deteriorates con 
trast of reproduced images and causes adverse color 
contamination. . 

In order to remove the phenomena, it has been pro 
posed, as disclosed in U.S. Pat. No. 2,878,411, to pro 
vide an electron scattering prevention layer by sinter 
ing a single thin layer of material of small atomic num 
ber such as boron or carbon deposited on the metal 
backing of aluminum evaporated on the phosphor layer 
so that the amount of electrons scattering from the 
phosphor surface is reduced. However, this conven 
tional electron scattering prevention layer made of a 
single thin layer is not capable of sufficiently prevent 
ing the scattering of electrons since the electrons are 
scattered at the boundary between the electron scatter 
ing prevention layer and the metal backing layer. This 
layer is also incapable of sufficiently absorbing the sec 
ondary electrons emitted from the shadow mask and 
has a further disadvantage that the single layer is apt to 
peel off during heating process in the manufacturing of 
the color television picture tube which is usually con 
ducted under temperature of approximately 430°C and 
accordingly the manufacture is very difficult. 
Furthermore, there is a tendency that the layer super 

posed upon the phosphor layer peels off more readily 
as the thickness of the superposed layer increases. In 
the meanwhile, the electron scattering prevention film 
must be of such a thickness that corresponds to the ki 
netic energy of the striking electrons so that the scatter 
ing of electrons will effectively be prevented. For ex 
ample, phosphor screen voltage of the picture tube is 
in the order of 20 KV to 20-odd KV in which case the 
thickness of the electron scattering prevention film 
should be more than several thousand A. However, the 
thicker the electron scattering prevention film, the 
greater is the stress between the material composing 
the electron scattering prevention layer and the mate 
rial composing the metal backing layer due to differ 
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ence in the coefficient of thermal expansion between 
the two materials. Consequently, the electron scatter 
ing prevention layer is more apt to peel off from the 
metal backing layer because of a bimetal action be 
tween the two layers. Owing to such disadvantages, the 
above described conventional film has not been put to 
practical use. 
With a view to eliminating such disadvantages, the 

applicant proposed a film which is capable of effec 
tively preventing scattering of electrons and which is 
much less likely to peel off than the conventional films 
and a method of manufacturing the same, in U.S. Pat. 
application Ser. No. 1,647 U.S. Pat. No. 3,692,576, 
filed Jan. 9, 1970, entitled “Electrons scattering pre 
vention film and method of manufacturing the same.' 
According to this proposed method, the electron scat 
tering prevention film is manufactured by forming a 
crossed layer of aluminum (Al) and boron carbide 
(BC) between the metal backing layer of aluminum 
and the electron scattering prevention layer of boron 
carbide. This electron scattering prevention film is ad 
vantageous in that the electron scattering prevention 
layer is formed integrally with the metal backing layer 
through the crossed layer so that the electron scattering 
prevention layer hardly peels off from the metal back 
ing layer. 
However, this proposed electron scattering preven 

tion film is not still free from the problem that the metal 
backing layer sometimes peels off from the phosphor 
layer during heating process due to a bimetal action 
which takes place between the metal backing layer and 
the electron scattering prevention layer. Generally, 
there is an innumerable number of projections and de 
pressions on the surface of the phosphor layer and, if 
aluminum is evaporated directly upon the surface of 
the phosphor layer, the phosphor layer side of the alu 
minum thin film formed as a metal backing layer can 
not be made as a mirror surface. Hence, in forming the 
metal backing layer on the phosphor layer, an interme 
diate film is first coated on the phosphor layer to make 
a flat surface and then aluminum is evaporated on this 
flat surface. The intermediate film is removed later by 
a baking treatment. Accordingly, adhesion of the metal 
backing layer produced in the above described manner 
to the phosphor layer is extremely weak. As a result, 
the metal backing layer easily peels off from the phos 
phor layer when the bimetal action takes place between 
the metal backing layer and the electron scattering pre 
vention layer as described above. This causes a prob 
lem that precision is required in various manufacturing 
conditions with a resultant increase in the manufactur 
ing cost. 

SUMMARY OF THE INVENTION 
It is, therefore, a general object of the present inven 

tion to provide a novel and useful electron scattering 
prevention film and a method of manufacturing the 
same eliminating the aforementioned disadvantages. 
Another object of the invention is to provide an elec 

tron scattering prevention film and a method of manu 
facturing the same which film is capable of effectively 
preventing the scattering of electrons produced by the 
striking electron beams and in which an electrode layer 
does not peel off from a phosphor layer under variation 
of temperature. 
A further object of the invention is to provide an 

electron scattering prevention film and a method of 
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manufacturing the same in which an electron scattering 
prevention layer does not peel off from an electrode 
layer and the electrode layer does not peel off from a 
phosphor layer under variation of temperature. 
A still further object of the invention is to provide an 

electron scattering prevention film and a method of 
manufacturing the same which film is particularly use 
ful in a post-acceleration color television picture tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and features of the invention will be 
come apparent from the description made hereinbelow 
with reference to the accompanying drawings, in 
which: 

FIG. 1 is a vertical section of one embodiment of a 
post-acceleration color television picture tube having 
an electron scattering prevention film according to the 
invention; 
FIG. 2 is an enlarged vertical section of a part of the 

picture tube screen having one embodiment of the 
electron scattering prevention film according to the in 
vention; 
FIG. 3 is a diagram showing a ratio of composition of 

evaporated film; - 
FIG. 4 is a schematic vertical section of one embodi 

ment of an apparatus for manufacturing the electron 
scattering prevention film according to the invention; 
FIG. 5 is a perspective view of a heating means for 

evaporating materials; 
FIG. 6 is an explanatory diagram showing each layer 

of the evaporated film as a model; 
FIG. 7 is a diagram for illustrating the state of each 

layer shown in FIG. 6 under a high temperature; 
FIG. 8 is a graph showing the relationship between 

the relative thickness of the metal backing layer and 
the electron scattering prevention layer and the range 
in which the peeling off of the layer can be prevented; 
and 

FIG. 9 is an enlarged vertical section of a part of a 
picture tube screen having another embodiment of the 
electron scattering prevention film according to the in 
vention. 

DETALED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

First, one embodiment of a post-acceleration color 
television picture tube having the electron scattering 
prevention film according to the invention will be illus 
trated with reference to FIG. 1. 
A post-acceleration type color television picture tube 

10 generally comprises a glass bulb 11 and is externally 
provided with a deflection yoke 12. Three electron 
guns provided on a connecting base 14 are sealed 
within neck 13 of the funnel. The bulb 11 generally 
comprises the funnel neck 13, a funnel 16 and a face 
plate 17. On the inner surface of the face plate 17 are 
disposed a phosphor layer 18 consisting of three color 
dot phosphors, i.e., of red, green and blue and an elec 
tron scattering prevention film 19 later described and 
formed integrally with a metal backing in accordance 
with the present invention. A shadow mask 20 which 
has apertures larger in diameter than each dot of phos 
phors of the phosphor layer 18 formed in correspon 
dence to respective dot trios is provided spaced apart 
from respective layer 18 and film 19 and in parallel 
therewith. 
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4. 
According to one aspect of the present invention, a 

first electric power source E is connected to a metal 
backing layer and a transparent conducting electrode 
such as a nesa glass. A second power source E of 8.8 
KV is connected to a shadow mask 20 and a third 
power source Ea of 9.6 KV is connected to an anode 21 
provided on the inner walls of the funnel 16. The power 
voltages E to Ea of the above power sources may pref 
erably have the mutual relationships of E2-Es-E, so 
that there may be formed an intense post-acceleration 
electric field between the shadow mask 20 and the 
phosphor layer 18 with respect to the electron beams 
22 emitted from the electron guns 15. Between the 
shadow mask 20 and the anode 21 is formed a weak 
negative acceleration electric field, which permits a 
major portion of the secondary electron 23 emitted 
from the shadow mask 20 when the electron beam 22 
strikes at the shadow mask 20 to be absorbed in the 
anode 21. 
Some of the secondary electrons generated from the 

surroundings of the apertures of the shadow mask 20 
are drawn to the post-acceleration electric field be 
tween the shadow mask 20 and the phosphor layer 18, 
and enter the acceleration electric field through the 
aperturs, where they are accelerated and strike the 
phosphor layer 18 partly causing deterioration of con 
trast. As the initial speed of the secondary electrons is 
about ten-odd volts when they are emitted from the 
shadow mask 20, the kinetic energy thereof is almost 
equivalent to the energy of the post-acceleration volt 
age when the secondary electrons strike at the phos 
phor layer 18 and said kinetic energy is smaller than 
that of the electron beams 22 striking the phosphor 
layer 18 through the shadow mask 20. By preferred se 
lection of thicknesses of the metal backing layer evapo 
rated on the phosphor layer 18 and the scattering pre 
vention film it is possible to allow the primary electron 
beams 22 only to reach the phosphor screen 18 for illu 
mination. 
Thickness of the film coated on the phosphor layer 

18 which may be enough to prevent the deterioration 
of contrast by the secondary electrons above described 
is about 5,000 A. in the conversion value of aluminum, 
where for instance the voltage of the phosphor layer is 
20 KV and that of the shadow mask is 9 KV, and about 
8,000 A. where the voltage of the phosphor layer is 25 
KV and that of the shadow mask is 1 1 KV. 
The electron beams of high kinetic energy passing 

through the shadow mask 20 and striking the phosphor 
emit a large number of secondary electrons and scatter 
ing electrons during striking the screen. Due to small 
initial speed these secondary electrons will neither ex 
cite nor illuminate the phosphor. The scattering elec 
trons however are the electrons tending to disperse in 
diverse directions with nearly the same energy as of the 
incident electron beams. Hence, among the scattering 
electrons, electrons 24 emitted at angles larger than a 
critical angle (the angle is defined by the voltages of the 
phosphor layer and the shadow mask and the distance 
between the phosphor layer and the shadow mask) will 
draw a curved line in the post-acceleration electric 
field again to strike the phosphor layer almost losing no 
energy. As they do this, they cause halos surrounding 
the luminous point due to striking of normal electron 
beams. In consequence, the contrast of the image dete 
riorates and the color contamination takes place. As 
the scattering electrons 24 have nearly same energy as 
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the primary electron beams, the contrast and the color 
contamination can not be freed from the influence of 
said scattering electrons only by coating a thicker layer 
or film on the phosphor layer. This has been a major 
factor which has obstructed the practical use of the 
post-accleration color television tubes. 
According to the present invention, an electron scat 

tering prevention film is provided wherein the afore 
mentioned secondary electrons are sufficiently ab 
sorbed, scattering electrons by the primary electron 
beams are not produced and an electrode layer such as 
a metal backing layer does not peel off from the phos 
phor layer under variation of temperature. 
FIG. 2 shows a part of the electron scattering preven 

tion film according to the invention in an enlarged ver 
tical section. A metal backing layer 30 is formed by 
evaporating aluminum (Al) on the phosphor layer 18 
by means of an evaporating means later described. On 
the metal backing layer 30 is continuously formed a 
crossed layer 31 which is composed of boron carbide 
(BC) used as a material having a small atomic number 
for preventing the scattering of electrons and alumi 
num in a mixed state. Then, a first electron scattering 
prevention layer 32 composed of boron carbide BC is 
formed continuously with the crossed layer 31. Fur 
ther, a second electron scattering prevention layer 33 
composed of lithium fluoride (LiF) having also a small 
atomic number is formed on the first electron scatter 
ing prevention layer 31. Thus, an electron scattering 
prevention film 19 which is integral with the metal 
backing layer 30 is constituted. The material compos 
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30 

ing the second electron scattering prevention film 33 
(in the present embodiment, lithium fluoride LiF) is se 
lected from among materials each having a different 
coefficient of thermal expansion and a smaller atomic 
number relative to the material composing the first 
electron scattering prevention layer 32 (in the present 
embodiment, boron carbide BC). It is to be under 
stood that, if a reflecting electron emission ratio is in 
proportion to the atomic number, the atomic number 
required for obtaining a contrast ratio of 20 should be 
less than one half of the atomic number of aluminum 
(13). Besides, the material must be of characteristics 
which meet the various manufacturing conditions for 
the picture tube. Taking these conditions into consider 
ation, the inventors have conducted experiments with 
materials such as B, C, LiF, LiCOs and BC. As a result, 
boron carbide BC and lithium fluoride LiF have been 
selected as most suitable materials. 
The crossed layer 31 has, as shown in FIG. 3, a con 

tinuously varying density gradient of composite materi 
als. Namely, from the metal backing layer 30 to the 
electron scattering prevention layer 32, in the diagram 
the composition ratio of aluminum gradually varies 
from 100 percent to 0 percent whereas the composition 
ratio of boron carbide varies from 0 percent to 100 per 
cent. By forming the crossed layer 31 in the foregoing 
manner, possibility of undesired production of pin 
holes in the boron carbide layer 32 is eliminated. Ac 
cordingly, such an accident that the aluminum layer be 
comes transparent due to reaction of lithium fluoride 
LiF and aluminum Al through these pin holes can be 
avoided. 
Next, the reason why the electron scattering preven 

tion film 19 and the metal backing layer 30 having the 
foregoing construction are prevented from being dis 
torted under variation of temperature to the extent that 
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6 
they peel off from the phosphor layer 18 will be ex 
plained. For simplicity, the metal backing layer 30, the 
boron carbide layer 32 and the lithium fluoride layer 33 
are treated in the form of a model as shown in FIG. 6. 
It is assumed that the crossed layer 31 is distributed to 
the metal backing layer 30 and the boron carbide layer 
32. The thickness of each of the layers 30, 32 and 33 
is respectively represented as ta, to and te. The length of 
these layers is represented as 1 and the width as s. It 
is assumed that the layers are stable in terms of dynam 
ics, i.e., energy is minimum at a certain temperature 6, 
to 0, the layers 30, 32 and 33 are distorted from the 
state as shown in FIG. 6 to the state as shown in FIG. 
7 in which the layers are bent with a radius of curvature 
R and an angle b, a state where energy stored in these 
layers is reduced to the minimum. 

First the radius of curvature R is obtained and then 
conditions in which the radius of curvature R becomes 
infinite i.e., corresponding to the condition that the de 
posited film composed of the layers 30, 32 and 33 is not 
distorted, are obtained. Each constant to be used in the 
equation described later is represented as follows: 

Initial temperature in the variation of temperature. 
- - 6 

Final temperature in the variation of temperature . . 
... 6 

Magnitude of the variation of temperature . . . 
A6=8-8, 

Coefficient of thermal expansion of the materials re 
spectively composing the layers 30, 32 and 33 . . . 
... ora,ab,oc respectively The suffixes a, b and c 
correspond respectively to the layers 30, 32 and 
33. The same is the case with suffixes used for each 
following constant. 

Thickness of each of the layers 30, 32 and 33. 
tib, le 

Young's modulus of composite material of the layers 
30, 32 and 33 . . . E., E., E. 

Spring constant of each composite material of the 
layers 30, 32 and 33 . . . Ka, K, Ke 

Length of the deposited film under the temperature 
6 . . . lo 

Length if each of the layers 30, 32 and 33 existed 
alone under the temperature 0, i.e., if the layers 
were not superposed one upon another . . . l, lb, l. 

Average length of each of the layers 30, 32 and 33 at 
its center of thickness under the temperature 6, . . 
La Lib, Le 

Radius of curvature and angle of the bend of the de 
posited film under the temperature 6, . . . R and b 

First, the average lengths L., L and Le of the respec 
tive layers 30, 32 and 33 at their center of thickness 
under the temperature 6, are respectively ex 
pressed by the following equations: 

LF(R-- ta/2 -- to -- t)qb . . . 

ta. 

(-1) 

L=(R-- t?2)ds . . . (1-3) 

Again, lengths la, l and le of the respective layers 30, 
32 and 33 under the temperature 0 if each of the layers 
existed alone are expressed by the equations; 

la Fl(l- or A8) . . . (2-1) 

lb = l(l-- as A6) . . . (2-2) 
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le Fl(l- or A8) . . . (2-3) 

Further, from the relationship existing between spring 
constants and Young's modulus the following equa 
tions are obtained; 
K = F talls Ea. . . . (3-1) 

K toll. S E. . e. (3-2) 

K = tells Ec . . . (3-3) 

Next, the change of internal energy in the respective 
layers 30, 32 and 33 accompanying the change of tem 
perature from 6 to 6 can be considered as two sepa 
rate changes, namely a change due to extension of the 
deposited film and a change due to bending thereof. 
The changes of energy due to extension are expressed 
by the equations; 
U1 = Ka/2 (La - la). . . (4-1) 

U1 r K/2 (L - l) (4-2) 

Uc = c/2 (Le l)? . . . . (4-3) 
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From the equation (9), 

db = 0 . . . (1) 

Or, 

Thus, two solutions (1 l) and (12) are obtained. If the 
equation (11);d= 0 is adopted, the following equation 
will result from the equation (10); 
-(K(R-- t?2 - t t) l + K(R-- t?2 - t)l -- Kc(R 

-- t?2)l} = 0 . . . (10a) 

However, since each constant of any actually available 
material is positive, it is apparent that the equation 
(10a) cannot hold by using an actually available mate 
rial. Accordingly, the result of the equation (11); d- 0 
cannot be adopted and the result which can be adopted 
is only ds at 0. 
Then, if b is sought by adopting the equation (12), 

Kala + Kulb - Kelr 
th 
2 

and the changes of energy due to bending are expressed 25 However, if d is sought by using the equation (10), 

by the equations; 
U = 1/24K dist”. . . (5-1) 

U2 = 1/24K d)? t s a s 

U2 = 1/24K d’t . . . (5-3) 

The total change U of energy is obtainable by summing 
the foregoing equations (4-1), (4-2), (4-3), (5-1), 
(5-2) and (5-3) and can be expressed by the equation; 
U = UUUUUU2 . . . (6) 

Conditions under which the total change U of inter 
nal energy of the deposited film relative to the change 
of temperature of the deposited film is at the minimum 
can be obtained by the equations; 
8 U/8R = 0 . . . (7) 

6U/6db = 0 . . . 
(8) 

In order that U is held at the minimu, both equations 
(9) and (10) must hold at the same time. 
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If the equation (13) is equal to the equation (14), the 
radius of curvature R of the deposited film when the 
total change U of the internal energy of the deposited 

(5-2) as film is minimum can be obtained. For simplicity of cal 
culation, the following equations will be used: 
P = Kll -- Kll -- Kl. . . . (15-1) 

Q = K -- K - K . . . (15-2) 

V = K. -- (t/2 - to -- t) . . . (15-3) 

W = K/12t + K/12t -- K/12t . . . (5-4) 

S = K(t/2 + to -- t) -- K(t/2 t) - K(t/2)(15-5) 

T = K(t/2 -- to -- t) -- K(t/2 + t)- K(t/2) . . 
(15-6) 

From the equations (13), (14) and (15), 
PIRQ + S = RP+ VIRQ + 2RS+T + W. . . (16) 

From the equation (16), R is obtained by the equation; 
R =VS - PW-PTIPS - Vo. (17) 

The value of R obtained from the equation (17) is the 
radius of curvature of the deposited film when the total 
change U of the internal energy of the deposited film 
is at the minimum. 

If a condition under which the radius of curvature R 
becomes infinite is sought, the denominator of the 
equation (17) must be 0. Accordingly, this condition is 
given by the equation; 

PS- VQ = 0 . . . 
(18) 

The equation (18) can be arranged using the original 
symbols and the following equation can be obtained; 
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tat( tatt)(aa-o. )EEhtt.( to-t)(aloe )EE 
tat (ove oa)(t2tite).E.E.F0 . . . 

(19) 

In the above equation, the relationship between thick 
nesses of the layers is not clear. Hence, to and t are 
normalized by to and represented as th/ta Ft' and te?ta 
=t'. Then, the equation can be rewritten as follows; 

t’(H-t')(a, -o).E.E. ht,'t.'(t'+t.')(o- 
a) EE te' (H-2t'--t')(o-or)EE=0 ... (20) 

From the foregoing consideration, it will be possible 
to theoretically prove that in case layers consisting of 
plurality of different kinds of materials respectively 
having different coefficient of thermal expansion are 
formed as a film consisting of more than three layers 
deposited on a phosphor screen, the deposited film can 
be so constructed that it will not be distorted under 
variation of temperature by determining thickness of 
each layer in conjunction with the coefficient of ther 
mal expansion and Young's modulus of the material 
composing each layer. - 

Physical constants of each material used in the em 
bodiment having the above described construction are 
shown in the following table; 
Mater- Young's modulus Coefficient of 
ial (dyne/cm) (E) thermal expansion (deg')(a) 
Al 0.706x10 2.3x10 
BC 4.50x1012 0.45x10 
LiF 0.880x10 3.7x10-5 

If the deposited film consisting of the three layers 30, 
32 and 33 composed respectively of Al, BC and LiF is 
to remain undistorted under variation of temperature, 
the thickness of each layer must satisfy the equation 
(20). The graph shown in FIG.8 indicates relative 
thickness of the three layers in a state wherein the de 
posited film consisting of the three layers remains un 
distorted under variation of temperature, calculating 
the values by applying the constants of each material 
indicated in the above table to the equation (20) and 
taking the thickness of the aluminum layer 30 as a stan 
dard which is made one (1). 

In FIG.8, t' (=t/t), i.e., the thickness of the lithium 
fluoride layer 33 normalized by the thickness t of the 
aluminum metal backing layer 30 is indicated on the 
abscissa whereas t' (=t/t),i.e., the thickness of the 
boron carbide layer 32 normalized by the thickness t 
of the aluminum metal backing layer 30 is indicated on 
the ordinate. A curve I shown by a full line in FIG.8 in 
dicates a relationship between the thickness of the lith 
ium fluoride layer 33 and the thickness of the boron 
carbide layer 32 respectively normalized by the thick 
ness of the aluminum layer 30 in the state wherein the 
deposited film remains undistorted under variation of 
temperature. Accordingly, if the relative thicknesses of 
the layers 30, 32 and 33 are so selected as to satisfy the 
relationship indicated by the curve I shown by full line, 
stresses existing between each layer are cancelled with 
each other and the bimetal action which takes place be 
tween the layer 30 and the layer 32 is cancelled by the 
bimetal action which takes place between the layer 32 
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and the layer 33 whereby no distortion occurs in the 
deposited film. 
A slight bending which may occur in the deposited 

film will not cause the deposited film to peel off from 
the phosphor layer by adhesion between the deposited 

65 

O 
film and the phosphor layer if the degree of bending is 
small. In FIG.8, the shadowed portion II shown by 
oblique lines defined by dotted lines indicates the rela 
tive thickness between the layers 30, 32 and 33 at 
which there occurs a bending force in the deposited 
film which force is of a magnitude which is insufficient 
to cause the deposited film to peel of from the phos 
phor layer. Accordingly, the relationship between the 
thicknesses of the layers 30, 32 and 33 should be 
chosen within the shadowed portion II, most preferably 
on the curve I. 

Specific numerical examples of preferable thickness 
of each layer will be given hereinbelow. 

Examples: 
2 3 4. 

Thickness 
Whole deposited 
film 5500A 5000A. 6500A. 3000A. 
Layer 30 
(Aluminum) 1500 1200 1700 1000 
Layer 31 (Crossed 
layer) 500 500 800 600 
Layer 32 (Boron 
carbide) 2500 2500 2500 900 
Layer 33 (Lithium 1000 800 500 500 
Fluoride) 

In the foregoing embodiment, the deposited film is 
composed of three layers (i.e., the layers 30, 32 and 
33) including the aluminum metal backing layer 30 but 
excluding the crossed layer 31. If the deposited film is 
to be made thicker (for example, approximately 1 pu), 
the number of layers may be increased. Another em 
bodiment of the construction of layers is shown in 
FIG.9. In this embodiment, a boron carbide BC layer 
40 having a small coefficient of thermal expansion is 
superposed on the lithium fluoride LiF layer 33 con 
structed in the above described manner. Further, a lith 
ium fluoride LiF layer 41 having a greater coefficient 
of thermal expansion is formed thereon. In this embodi 
ment also, if the thicknesses of the layers 30 to 33 and 
40, 41 are properly selected based on the relationship 
as described above, the deposited film can be so con 
structed as not to produce bending which will cause the 
deposited film to peel off from the phosphor layer. 
Next, the method of manufacturing the electron scat 

tering prevention film shown in FIG.2 and the appara 
tus for carrying out the method will be illustrated with 
reference to FIG.4 and FIG.S. 
Air is introduced into the bell jar 50 through a leak 

valve 61 and after the pressure inside the bell jar 50 be 
comes the same as the atmospheric pressure the bell jar 
50 is raised. A heating device 53 consists, as shown in 
an enlarged view in FIG.5, of a crucible 55 covered by 
an electrode 54 and a cathode filament 56 surrounding 
the crucible 55. A press formed boron carbide (BC, 
melting point 2450°C) 57 which has been sintered in 
argon gas under a temperature of 1300'C is placed in 
the crucible 55. A piece of solid aluminum (Al, melting 
point 660°C) 58 (for example 70mg) is placed on top 
of the boron carbide 57. On a boat 62 made of tanta 
lum there is placed lithium fluoride (LiF, melting point 
660'C). If the distance between the crucible 55 and the 
boat 62 is too great, the thickness of the film will be 
come uneven whereas if the distance is too small the 
crucible 55 will be shaded by the boat 62. Accordingly, 
the distance should be properly selected. In the present 
embodiment, the distance is selected at 8 cm. 

Further, the face plate 17 having a phosphor layer is 
supported by a support 51 provided in the bell jar 50. 



3,767,447 
11 

The support 51 is spaced away from the crucible 55 
and the boat 62 by about 20 cm to 30 cm. 
Then the bell jar 50 is lowered. The leak valves 61 

and 64 are closed. A rotary pump 65 is started in its op 
eration and a valve 66 is opened whereby the bell jar 
50 is preliminarily evacuated. The degree of the prelim 
inary evacuation is checked by a Geissler tube 67 and, 
when the degree of vacuum has reached approximately 
10 mm Hg, the valve 66 is changed over to a diffusion - 
pump 68. Then, a main valve 69 is opened and the de 
gree of vacuum in the bell jar 50 is increased to 2 X 
10 mm Hg by the diffusion pump 68. This degree of 
vacuum is checked by a gauge 70. 
After the degree of vacuum in the bell jar 50 has 

reached the aforementioned value, evaporation com 
mences. The heater 56 is heated with voltage V of a 
power source 72 being set at 7V and with electric cur 
rent A flowing through an ammeter 75 being set at 
80A. Currents of thermions emitted from the heater 56 
are bent by an electric field which is formed by the 
electrode 54 when voltage V of a power source 71 is 
made 5KV and electric current A flowing through an 
ammeter 74 is made 50mA. The bent currents of 
thermions concentrate upon the materials 57 and 58, 
striking and heating them. 
A shutter 59 is closed and the materials 57 and 58 are 

pre-heated for 2 to 3 minutes. By this pre-heating, gas 
ses contained in the materials 57 and 58 escape there 
from. Aluminum 58 melts and a part thereofpenetrates 
into boron carbide 57 to from a crossed part of the two 
materials. After pre-heating, the shutter 59 is opened 
and the voltage of the power source 71 is gradually in 
creased from 5 KV to 8 KV during about 5 minutes. 
Then, aluminum 58 which is of a lower melting point 
first evaporates on the phosphor layer of the face plate 
17, forming the aforementioned metal backing layer 30 
with a thickness of 1500A. 
The aforementioned 8 KV voltage is maintained for 

a further 5 minutes. The mixed part of the two materi 
als then evaporates to form the crossed layer 31 in 
which aluminum and boron carbide are mixed together 
with the above described composition ratio gradient. 
The crossed layer 31 is continuously formed without 
having a definite boundary between the layer 31 and 
the metal backing layer 30 with a thickness of 500A. 
Heating is further continued and all the aluminum 

evaporates. Then, the remaining boron carbide 57 
evaporates to form the electron scattering prevention 
layer 32 continuously on the crossed layer 31 without 
having a definite boundary between the two layers with 
a thickness of 2500A. 
When the boron carbide layer 32 has reached the 

aforementioned predetermined thickness, electric cur 
rent flows through the boat 62 to heat it with voltage 
V of a power source 73 being set at 2V and with elec 
tric current As flowing through an ammeter 76 being 
set at 100 mA. Lithium fluoride 63 on the boat 62 
evaporates by heating on the boron carbide layer 32 
with a thickness of 1000A. A collector electrode 60 is 
provided to absorb leaking thermions and charged 
evaporation material molecules and maintained at 
earth potential or a suitably biased potential. 
When the lithium fluoride layer 33 has reached the 

aforementioned thickness, evaporation is stopped. 
About 5 minutes later, the main valve 69 is closed and 
the leak valve 61 is opened. Atmosphere is introduced 
into the belljar 50 which is then lifted up to enable the 
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face plate 17 to be taken out. It is to be noted that al 
though the face place 17 is not specially heated, tem 
perature of the face plate 17 rises to about 50°C above 
room temperature due to factors such as radiant heat. 
The face plate 17 which has been taken out of the bell 
jar 50 is heated in the air at a temperature of 425°C for 
about one hour so as to frit-weld it with the funnel part. 

In the foregoing embodiments, the present invention 
has been described with reference to a case in which 
the invention is applied to a post-acceleration color 
television picture tube. However, the invention is not 
limited to this but it is applicable to electron beam de 
vices in which scattering of electrons caused by striking 
electron beams should be held to the minimum, partic 
ularly general cathode-ray tubes. Moreover, various 
modifications and variations of the invention will be ap 
parent to those skilled in the art without departing from 
the scope of which is not forth in the appended claims. 
What we claim is: 
1. An electron scattering-prevention film deposited 

on a phosphor layer for an electron beam device, said 
film comprising a metallic electrode layer which is pen 
etrable by primary electron beams and deposited on a 
phosphor layer, first electron scattering-prevention 
layer deposited on the metallic electrode layer, said 
first electron scattering-prevention layer being of a first 
compound of elements having a first atomic number 
less than the atomic number of the metal of the elec 
trode layer, and a second electron scattering 
prevention layer deposited on said first electron 
scattering-prevention layer, said second electron 
scattering-prevention layer being of a second com 
pound of elements having a second atomic number less 
than the atomic number of the metal of the electrode 
layer, the first and second compounds being different 
from each other in atomic number said metallic elec 
trode layer and said first electron scattering-prevention 
layer having therebetween a crossed layer which has a 
continuously varying composition from said first elec 
tron scattering-prevention layer to said metallic elec 
trode layer ranging from zero to 100 percent of said 
metal and from 100 to 0 percent of said first com 
pound, respective thicknesses of the metallic electrode 
layer and the first and second electron scattering 
prevention layers being respectively of such values in 
connection with respective coefficients of thermal ex 
pansion and Young's moduluses of the metallic elec 
trode layer and the first and second electron scattering 
prevention layers that a bimetal action which occurs 
between said metallic electrode layer and said first 
electron scattering-prevention layer is substantially 
cancelled by a bimetal action which occurs between 
the first and second electron scattering-prevention lay 
ers under variation of temperature whereby the elec 
tron scattering-prevention film comprising the metallic 
electrode layer and the first and second electron 
scattering-prevention layers do not peel off from said 
phosphor layer. 

2. The electron scattering-prevention film as defined 
in claim 1 wherein the respective thicknesses of the me 
tallic electrode layer and the first and second electron 
scattering-prevention layers satisfy a relationship ex 
pressed by or approximated by the following equation: 
t"b(l+ t'b)(oa - ab). EaEb -- t'bt'cCt'b -- t'a)(ob - 
oc) 

EbFc - t'c(l-2t"b -- t'c)(ac - ova) EcEa = 0 
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where t'b = th/ta', t'o = te?ta, ta, th and to are thick 
nesses respectively of the metallic electrode layer, the 
first electron scattering-prevention layer; oa, ob and arc 
are coefficients of thermal expansion, and Ea, Eb and 
Ec are Young's moduluses respectively of the metal of 5 
the electrode layer, the first compound and the second 
compound. 
3. The electron scattering-prevention film as defined 

in claim 1 further comprising a third electron scatter 
ing-prevention layer deposited on said second electron 
scattering-prevention layer, said third electron scatter 
ing-prevention layer being of the same compound as 
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14 
the first compound, and a fourth electron scattering 
prevention layer deposited on said third electron 
scattering-prevention layer, said fourth electron 
scattering-prevention layer being of the same com 
pound as the second compound. 
4. The electron scattering-prevention film as defined 

in claim 1 wherein the metal of the electrode layer is 
aluminum (Al), the first compound is boron carbide 
(BC) and the second compound is lithium fluoride 
(LiF). 

sk k > x 2k 


