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CATHODE-RAY TUBE FOR FLYING-SPOTSCANNING 

The invention relates to a cathode-ray tube, especially a 
cathode-ray tube for flying-spot scanning devices, for exam 
ple, for flying-spot scanning offilms or transparencies. The in 
vention also relates to a phosphor for use in the screen of such 
a cathode-ray tube. : 

For displaying films or transparencies by means of television 
systems, the films or transparencies are usually scanned with a 
light beam produced by a rapidly moving light spot on the 
screen of a cathode-ray tube. The light emitted by the moving 
spot is protected onto the transparency or film and the trans 
mitted light falls on a photoelectric cell in which the energy of 
the transmitted part of the light is converted into a an electric 
signal. This electric signal is transmitted in the usual manner 
by a communication system, for example, a television trans 
mitter. 
Such a system has been used for the transmission not only of 

information from films or transparencies but also of informa 
tion from transparent objects, which may be disposed under a 
microscope, or from opaque objects, for example securities, 
such as checks, or other printed or written documents. With 
opaque objects the rays reflected by them are projected onto a 
photocell. 

For a correct reproduction of the information from the ob 
ject scanned, the decay time of the phosphor on the screen of 
the cathode-ray tube must be shorter than the time in which 
the electron beam generating the flying spot moves a distance 
equal to a full diameter on the screen, for at each instant the 
light produced by that part of the screen which was excited 
immediately before the respective instant must be at least sub 
stantially extinguished. Otherwise the information displayed at 
this instant would be mixed with information from the parts 
scanned prior to this instant. 
The term "decay time of the phosphor" as used herein is to 

be understood to mean the time in which the intensity of the 
light on termination of the electron bombardment decreases 
to life of the maximum intensity produced before. 
When the electron beams moves at a high speed, for exam 

ple, at the speed standardized for television transmission 
systems, the decay time computed according to the above 
rules must be less than approximately 10-second. 
For the display of the information from noncolored objects, 

for example, films or transparencies, in black and white, 
several materials are known which satisfy the aforementioned 
requirements. One of the commonly used materials is calcium 
aluminum silicate activated with trivalent cerium (gehlenite). 
Another suitable material is magnesium calcium silicate ac 
tivated with trivalent cerium. The former material has an 
emission substantially in the blue part of the spectrum with a 
maximum between 400 and 420 nm.; the latter material has an 
emission in the ultra-violet part of the spectrum with a max 
imum at approximately 380 nm. The decay time of both 
materials is less than 10-second. 
These materials are unsuitable for use in cathode-ray tubes 

for flying-spot scanning devices for the transmission of the in 
formation from colored objects, for example, color films or 
color transparencies. For this purpose the screen of the 
cathode-ray tube must include a phosphor the emission of 
which extends preferably over the entire visible part of the 
spectrum or at least over a large portion thereof. This is re 
lated to the manner in which the information from the colored 
objects is obtained and transmitted. This may briefly be 
summed up as follows. 
The object is scanned with the light generated by the 

cathode-ray tube. The radiation transmitted or reflected by 
the object is separated into a red, a green and a blue com 
ponent by means of dichroic mirrors and/or filters. Each of 
these components falls upon a separate photoelectric cell. The 
electric signals produced by these photocells are combined 
and transmitted in the usual manner. Naturally in this process 
it is necessary for the phosphor in the cathode-ray tube by 
which the flying-spot of illumination is produced to emit radia 
tion in the entire visible part of the spectrum, for the transmis 
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sion or reflection of a colored object also depends upon the 
wavelength of the radiation with which it is scanned. 
The above applies not only to the transmission systems in 

which a colored image is composed at the display end, for ex 
ample, a color television system, but also to the systems in 
which a colored object is displayed only in black and white. 
For the correct gradation in black and white, which must cor 
respond to that of the colored objects, it is also of importance 
for the emission of the phosphor in the cathode-ray tube of the 
flying-spot scanner to extend over a large part of the spec 
trum. 

The aforementioned known phosphors do not satisfy the 
requirements for producing the correct information from 
colored objects. Hence another phosphor, namely green-lu 
minescing zinc oxide, was used, although properly speaking its 
decay time of 10-second is too long. The spectral energy dis 
tribution of this material extends into the blue and red parts of 
the spectrum, although in the extreme blue and red parts the 
energy emitted is much less than in the central part. 

In addition, as the requirements demanded of a true 
reproduction of colored objects, especially color films and 
color transparencies, are steadily raised, the zinc oxide is not 
satisfactory because the intensity of the luminescent light 
emitted in the red part of the spectrum is too low. At the red 
end of the spectrum this effect is enhanced, because in the 
commonly used photocells the sensitivity to red radiation is 
appreciably less than that to blue radiation. 
A cathode-ray tube in accordance with the invention, espe 

cially for use in flying-spot scanning devices, has a target 
screen including a phosphor consisting of yttrium aluminate 
activated with trivalent cerium which satisfies the formula 
(YCe)3Al5O12. - 
On excitation by electrons a material of the above formula 

which has garnet structure exhibits a broad emission spectrum 
which extends from about 470 nm. to about 720 nm. with a 
maximum at about 550 nm. Thus, at the long-wave end of the 
spectrum the emission of the garnet extends considerably 
further than the emission of the garnet extends considerably 
further than the emission of the zinc oxide used hitherto. This 
enables the red colors also to be correctly transmitted. 
The decay time of a garnet satisfying the above formula is 

less than 10-second. In addition, the efficiency of the con 
version of the energy of the incident electrons into light is high 
and in any case equal to that of the zinc oxide commonly used 
hitherto. 

Preferably this yttrium aluminate satisfies the formula 
Ya-CerAlso --- 

where 0.01 < x < 0.20. 
When x is greater than 0.20 concentration extinction oc 

curs; when x is less than 0.01 the efficiency in the visible part 
of the emission spectrum falls off too much for practical use. 

Generally attempts will be made to increase the emission of 
the luminescent screen of a cathode-ray tube in accordance 
with the invention in the blue part of the spectrum by includ 
ing in the screen a further phosphor the emission of which lies 
in the blue part of the spectrum. Such a material may be ad 
mixed to the garnet, but it may also be provided on the screen 
as a separate layer. Obviously such a material also must have a 
short decay time of less than 10-second. This second materi 
al may be, for example, the above-described known gehlenite. 
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This combination permits a perfect reproduction of the infor 
mation of the colored objects. 
The manufacture of the garnet in accordance with the in 

vention does not give rise to more than the usual difficulty, as 
will be described more fully hereinafter. Its incorporation in 
the screen of the cathode-ray tube also may take place in the 
usual manner. 
The invention will now be described more fully with 

reference to an example of manufacture and a drawing. 
In the drawing, FIG. 1 shows schematically a cathode-ray 

tube in accordance with the invention; and 
FIG. 2 is a graph showing the spectral energy distribution of 

a phosphor produced according to the following example: 
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EXAMPLE 

16.85g. of Y.O. 20.00 g. of AlOO 20 with an aluminum 
content of 33.7 percent by weight and 0.49 g, of CeO3 are 
mixed. 
The mixture is heated in air to a temperature between 

1,250 C. and 1,350° C. for 2 hours. The resulting reaction 
product is ground and homogenized and then heated in air to a 
temperature between 1400° C. and 1,600 C. for 2 hours. In 
the heating operations, the air may be replaced by oxygen or 
nitrogen or by an atmosphere of nitrogen containing 5 percent 
by volume of hydrogen. After the second heat treatment and, 
if required, after homogenizing and straining, the phosphor is 
ready for use. It may be provided in the screen of a cathode 
ray tube shown schematically in FIG. 1 in the usual manner, 
for example, with the aid of a binder. 

In FIG. 1, reference numeral denotes the wall of the coni 
cal portion of a cathode-ray tube in accordance with the in 
vention. At its wide end, the conical portion is closed by a 
glass part 2 which serves as the support of a luminescent 
screen 3. The luminescent screen includes yttrium aluminate 
activated with trivalent cerium according to the invention. 

FIG. 2 is a graph showing the wavelength in nanometers as 
abscissae and the intensity of the luminescent radiation as or 
dinates. The curve 4 shows the emission spectrum of the 
material produced according to the above example. The max 
imum of this emission is given the value 100. For comparison a 
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4 
curve 5 shows the emission spectrum of the zinc oxide used 
hitherto. 
The material produced according to the above example, 

was found to give an efficiency of 3.6 percent in the visible 
part of the spectrum when excited with electrons of 20 k. The 
decay time was less than 10-second. 
We claim: 
1. A cathode-ray tube particularly suitable for use in flying 

spot scanning devices, said tube comprising a discharge tube 
having a vacuum tight envelope, an electron gun provided 
within said envelope for producing an electron beam and a lu 
minescent screen capable of being excited by said electron 
beam, said luminescent screen containing a trivalent cerium 
activated yttrium aluminate phosphor of the formula 
(YCe)3Al5O12. 

2. The cathode-ray tube of claim 1 wherein the trivalent 
cerium activated yttrium aluminate is of the formula Ya-Cer 
Al-Og wherein 0.01<x<0.20. 

3. The cathode-ray tube of claim 1 wherein the luminescent 
screen includes, in addition to the trivalent cerium activated 
yttrium aluminate a phosphor having a decay time of less than 
10-second and an emission in the blue part of the spectrum. 

4. The cathode-ray tube of claim 3 wherein the phosphor 
having an emission in the blue part of the spectrum is 
gehlenite. 


