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‘15 Claims. (Cl. 313-—91) 
This invention relates to so-called dark trace tubes em 

ploying a cathode-ray responsive screen of scotophor ma 
terial, and the like. 
As is known in the art, the dark trace type of cathode 

ray tube comprises an electron gun for developing a de 
?ectable electron beam for scanning a special screen where 
in the light-transducing material comprises a scotophor 
or mixture of scotophors. Such scotophors may consist 
of any of the alkali metal halides, preferably potassium 
chloride. One of the limitations on the use of such tubes 
in certain ?elds of use is the dif?culty or slowness of 
erasing the dark trace record. It has been known for 
some time that such dark trace records can be erased by 
heat, by ultraviolet ‘light, or by the electron bombard 
ment. However, each of these known ways of erasure 
has certain defects which it is the object of this invention 
to alleviate. 

Accordingly, one of the principal objects of this inven~ 
tion is to provide an improved structure of dark trace 
or scotophor screen whose dark trace record can be more 
rapidly erased. 

Anotherobject is to provide a novel dark trace screen 
which produces a high degree of contrast in the dark 
trace’ record and which is capable of relatively rapid 
erasure. 

Another principal object is to improve the contrast, 
while at the same time'increasing the useful life and per 
mitting “back lighting” of a scotophor screen, and also 
simplifying the power supply required for the erasure 
energy. _ 

A feature of the invention relates to a dark trace 
cathode-ray tube having a scotophor screen which is at 
tached to a sheet of light translucent material of extreme 
thinness, the scotophor being coated with a layer of micro 
crystalline aluminum of controlled thinness. This alu 
minum layer is associated with a heat radiation source 
rich in infra-red radiation so that the aluminum acts as 
a wavelength converter for the radiation heat energy and 
thereby more e?‘lciently erases the dark trace record in 
the scotophor. 
A further feature relates to the novel method of pre 

paring scotophor screens for dark trace cathode-ray tubes 
and the like. 
A still further feature relates to the novel organization, 

arrangement and relative location, and preparation of 
parts which cooperate to provide an improved dark trace 
cathode-ray tube having rapid erasure characteristics and 
high contrast. 

In the drawing, 
‘Fig. 1 is a longitudinal plan view of a typical dark 

trace tube embodying the invention. 
Fig. 2 is a greatly magni?ed view of a section of the 

dark trace screen of the tube of Fig. 1. 
Fig. 3 is a schematic view of one typical apparatus for 

applying the heat converting coating to the scotophor. 
In the drawing, which is merely by way of example, 

there is shown in schematic form an evacuated bulb 10 of 
glass having suitably mounted within the neck portion 
thereof any Well-known electron gun 11 for developing 
an electron beam of high velocity electrons e. g., of the 
order of 10,000 electron volts. This gun includes for ex 
ample the heatable electron-emitting cathode 12 with its 
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2 
internal heater element 13; a centrally apertured metal 
disc 14, which may constitute a control grid for con 
trolling the brightness or intensity of the electron beam 
15; a ?rst beam-accelerating and focussing anode 16; a 
second and higher voltage anode 17; and the conventional 
coordinate beam-de?ecting elements which may be the 
usual electrostatic de?ector plates 18, 19. 
Mounted within the bulb 10 adjacent the ?at end 

thereof is the screen 20, constituted of an extremely thin 
sheet of mica or glass 21, for example .0009 inch to .0014 
inch, which carries the coating 22 of scotophor material 
such as an alkali metal halide, preferably, although not 
necessarily, a potassium chloride crystal layer. This alkali 
metal halide layer 22 is covered with a coating 23 of alu 
minum or similar light-weight metal or critically con 
trolled thinness. Mounted in front of the screen 20 on 
the side facing the electron gun 11 is a source 24 of radiant 
heat rich in infra‘red for uniformly heating the entire sur 
face of the layer 23 by radiant energy. In accordance 
with the invention, the source 24 is a ?ne wire tungsten 
?lament which can be connected to a suitable current 
supply source (not shown) to heat the ?lament to a tem 
perature at which it acts as an'e?icient source of infra-red 
radiant energy. For example, it is an efficient radiation 
source of wavelengths shorter than 25 X 10-4 cm. The 
scotophor layer 22 transmits all wavelengths shorter than 
25 X l0—4 cm. Therefore, the scotophor 22 by itself 
does not absorb suf?cient energy in that range to effect 
rapid erasure of the dark trace record in the scotophor. 
In order that the erasure ?lament 24 shall not interfere 
with the recording, it may be in the form of a very ?ne 
wire annular or toroidal winding which is outside the 
maximum de?ection angle of the beam 15. Or it may be 
a ?ne zig-Zag ?lament adjacent the screen 20. 
As is well-known, when the cathode-ray beam is of 

su?icient intensity, usually expressed kilovolts, e. g., 8 
to 14 kv., as the beam scans the scotophor layer 20, it 
develops so-called opacity centers or F-centers in ac 
cordance with the instantaneous intensity of the beam as 
modulated by the signal voltages applied to grid 14. I 
have found that by using the construction of screen as 
above described and using an erasure source 24 which is 
an efficient infra-red radiator, it is possible to erase the 
previously developed opacity centers in a relatively short 
time by applying heating current for a corresponding 
short time to the ?lament 24 and without subjecting the 
scotophor screen to electron bombardment for erasure 
purposes. - 

In order to effect the proper and rapid erasure, it is 
necessary to condition the screen so that it will absorb 
the radiant infra-red energy from source 24. The KCl 
material 22 is preferably deposited in a vacuum on the 
mica sheet 21. Likewise, the aluminum coating 23 is 
preferably deposited by vaporization in a vacuum. I have 
found that this aluminum layer should be of su?’icient 
thinness so as to be transparent to the electrons in the 
beam 15, and also of sui?cient thinness so that the screen 
can be viewed from the front of the screen, while the 
screen is being illuminated from the rear, for example 
by a conventional light source 25 and a suitable optical 
system 26. 
The thickness of the aluminum layer 23 is critical in 

that if it is too thick it will not properly pass the electron 
beam 15 to the scotophor material 22; on the other hand, 
it must be su?iciently thick to enable it to absorb sui?cient 
energy from the infra-red radiator 24 to erase the dark 
trace record in the scotophor material within the required 
short period of time. 

Furthermore, since the scotophor material is in crystal 
line form it presents" by itself a somewhat uneven surface 
upon which the aluminum must be evaporated. Advan: 
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tage is taken of this fact according to the invention to 
utilize the phenomena of anomalous dispersion at the 
surface of the aluminum layer to increase the absorption 
of heat from the infra-red ?lament source 24. There is 
evidence to show that the dielectric constant “B,” and the 
speci?c conductivity “5” of dielectrics and conductors 
vary in complicated ways with frequency. Since the scoto 
phor surface 22 is not a smoothly re?ecting surface it is 
possible that with extremely thin aluminum coating, cer 
tain minute areas of the scotophor screen may not be 
covered with aluminum so that the surface of the screen 
struck by the beam 15 at these minute points will exhibit 
anomalous dispersion. However, rather than being a dis 
advantage, this dispersion is an advantage according to the 
invention. The phenomenon of change of index of refrac 
tion with frequency is called dispersion, and where this 
change is sudden there is anomalous dispersion. In the 
neighborhood of a region of anomalous dispersion there 
is energy absorption even where the surface of the material 
does not absorb the energy elsewhere. Advantage is 
taken also of this anomalous dispersion phenomenon to 
decrease the erasure time of the dark trace record. The 
variation of dielectric constant “E” for a metal such as 
the aluminum coating 23 with frequency, is analogous to 
that of a dielectric. Therefore, by making the aluminum 
layer 23 of the desired critical thinness the absorption of 
energy in the scotophor results not only from the anoma 
lous dispersion but also the absorption of energy accom 
panying the electron conductivity through the aluminum 
layer. 

I have found that one practical way for controlling the 
thinness of the aluminum layer 23 is to deposit the alu 
minum in successive steps in a vacuum. Thus, the mica 
sheet 21 with its scotophor coat 22, can be mounted within 
the bell jar 27 which can be evacuated by any well-known 
means. Located within the bell jaw 27, is a refractory 
?ne wire metal ?lament such as tantalum ?lament 28, to 
which had been previously attached one or more prefused 
aluminum pellets 29. It is thus possible by applying a 
suitable heating current to the ?lament 27 in successive 
steps to evaporate the aluminum 29 in corresponding steps 
upon the scotophor material 22. Su?icient time should 
elapse between each step to allow the micro-crystalline 
deposit to cool down. In general, the total number of 
such successive steps can be determined by the physical 
appearance of the scotophor screen. For example, on the 
?rst ?ashing of the aluminum pellets, the screen does not 
materially change its normal dark grayish color. After a 
few successive ?ashings, the screen assumes a grayish 
appearance until after a number of steps, for example, ?ve 
or six, the screen becomes whitened. This is an indication 
that the desired thickness of aluminum has been applied 
to the scotophor. This whitening of the screen not only 
has the desirable feature of indicating the end point of 
the aluminum evaporation steps but it also increases the 
contrast in the recorded image when it is being viewed 
from the front end of the tube. 

In one particular tube that was found to be satisfactory, 
it was possible to erase the image on the scotophor screen 
completely within 12 seconds by applying 300 watts of 
energy to the erasure ?lament 24. The relation between 
the electrical wattage applied to erasure ?lament 24 and 
the erasure time for the various successive evaporation 
steps in applying the aluminum to the scotophor screen 
was as follows: 

Watts ge on 
Filament 

24 

Erasure 
No. of Steps Time 
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4 
Since the aluminum layer 23 is of extreme thinness it 

is not practical to measure it by conventional thickness 
measurements. Therefore, the above-noted method of 
depositing it in successive steps and noting the change in 
appearance from dark gray to white appearance is a 
practical way of determining the ultimate thickness of the 
aluminum coating. 

Various changes and modi?cations may be made in the 
disclosed embodiment without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A cathode-ray tube comprising in combination, an 

enclosing evacuated envelope, means to develop a beam 
of electrons, a screen upon which said beam impinges to 
make a record, said screen comprising a layer of scoto 
phor material which develops opacity centers when said 
beam impinges thereon, and means to erase said centers, 
the last-mentioned means including a layer of aluminum 
on said scotophor material facing said beam-developing 
means, and an infra-red radiation generator within said 
envelope between said beam-developing means and said 
screen, said generator being especially designed to pro 
duce substantial radiation at wavelengths less than 
25><l0—4 cm., said aluminum layer having a thinness 
which is transparent to said beam but which develops heat 
by converting said infra-red radiation into wavelengths 
which are substantially absorbed by said scotophor ma 
terial. 

2. A cathode-ray tube according to claim 1, in which 
said scotophor material by itself transmits without substan 
tial absorption infra-red wavelengths shorter than 
25 X 10*4 cm., and said aluminum layer converts incident 
infra-red wavelengths of 25X 10-4 cm. into longer Wave 
length infra-red. 

3. A cathode-ray tube according to claim 1, in which 
said scotopher material by itself has very little absorp 
tion for infra-red below 25 x 104 cm., and said aluminum 
layer has a thinness which is transparent to red light in the 
visible range. 

4. A cathode-ray tube comprising in combination, an 
evacuated enclosing envelope, an electron gun for develop 
ing a focussed electron beam, a light-transducing screen 
comprising a thin backing sheet which is light transparent 
to visible light, a coating of scotophor material on said 
sheet facing said gun, a layer of aluminum on said 
scotophor facing said gun, an infra-red radiator mounted 
between said screen and gun, said aluminum having a 
thinness which is transparent to said beam and to visible 
light and which forms a heat generator in contact with 
said scotophor in response to incident infra-red radiation 
from said radiator. 

S. A cathode-ray tube comprising in combination, an 
evacuated enclosing envelope, an electron gun for develop 
ing a focussed electron beam, a light-transducing screen 
comprising a thin backing sheet transparent to visible 
light, a coating of scotophor material on said sheet, said 
scotophor being normally dark in appearance, a layer of 
aluminum on said scotophor having a thinness which is 
transparent to visible light but which is of su?icient 
thickness to impart a substantial whitish appearance to 
said screen, and a heatable infra-red radiation generating 
?lament mounted between said screen and said gun. 

6. A cathode-ray tube according to claim 5, in which 
said scotophor by itself passes an infra-red radiation of all 
wavelengths shorter than 25 X 10*‘ cm., and said ?lament 
is provided with lead-ins for connection to an electric 
power supply to raise the ?lament to a temperature at 
which it is an efficient radiator of infra-red wavelengths 
shorter than 25 X lO—4 cm., said aluminum converting said 
short wavelength infra-red radiation into infra-red radi 
ation of longer wavelength in a range which is substan 
tially absorbed by said scotophor. 

7. A cathode-ray tube according to claim 6, in which 
said ?lament is a tungsten ?lament mounted adjacent said 
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screen without materially masking the screen against 
scanning by the electron beam. 

8. A cathode-ray tube according to claim 6, in which 
saicll1 backing sheet has a thickness of the order of 0.001 
mc . 

9. A cathode-ray tube according to claim 6, in which 
said scotophor and aluminum layer have an anomalous 
light dispersion surface on the aluminum coated side, and 
said aluminum has a critical thinness correlated with the 
electron velocity of the beam to effect heating of said 
scotophor in part by anomalous dispersion by the infra 
red radiation at the surface of the aluminum coating. 

10. The method of making a scotophor screen which 
comprises depositing scotophor material on a thin heat-in 
sulating but visible-light transmitting backing said ma 
terial having an anomalous dispersion surface, applying 
successive coats of vaporized aluminum to said scotophor 
until the visual appearance of the screen changes from 
dark gray to substantially white, and limiting the thick 
ness of said coats to maintain it transparent to a cathode 
ray beam while maintaining an anomalous dispersion at 
said surface. 

11. The method according to claim 10, in which the 
scotophor and said aluminum coats are applied to said 
backing in a vacuum. 

12. A scotophor screen for dark-trace tubes and the 
like comprising a thin visible-light transparent backing, a 
coating of scotophor material on said backing which is 
substantially transparent to infra-red radiation of wave 
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lengths lower than 25 x 10-4 cm., and a coating of alumi 
num on said scotophor of critical thinness for converting 
incident infra-red radiation of wavelengths shorter than 
25 X 10*4 cm. into an infra-red radiation of longer wave 
length which is substantially absorbed by said scotophor 
material. 

13. A scotophor screen according to claim 12, in 
which said scotophor material by itself has an anomalous 
dispersion surface and imparts a dark appearance to said 
screen, and said aluminum has a critical thinness which is 
transparent to an electron beam but of su?icient thickness 
to impart a whitish appearance to said screen while main 
taining said anomalous dispersion surface. 

14. A scotophor dark-trace screen according to claim 
13, in which said aluminum comprises successive layers 
but has an overall critical thinness whereby the scotophor 
particles impart an infra-red anomalous dispersion char 
acteristic thereto. 

15. A scotophor dark-trace screen according to claim 
12, in which said aluminum has a thinness which is sub 
stantially transparent to visible light. 
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