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ABSTRACT: A cathode-ray tube whose screen is essentially a 
semiconductor quantum generator formed by an optical 
resonator and an active medium placed therein. The active 
medium is a ?lm of semiconductor material deposited on a 
substrate and capable of induced light emission and ampli?ca 
tion at the density of electrons in the beam sufficient to bring 
about an inversion of energy levels in the semiconductor ?lm. 
One of the re?ecting surfaces of the optical resonator is the 
surface of the ?lm exposed to the electron beam inside of the 
tube envelope. 





, 1 . 

CATI-IODE-RAY TUBE 

The present invention relates to electronic devices, and 
more speci?cally to cathode-ray tubes and to television such 
as, for example color television and Oscilloscopes and compu 
ters and such. ‘ 

There exists a well-known type of cathode-ray tube which is 
essentially an evacuated envelope housing an electron gun. 
The electron beam from the gun is directed‘ by a control 
system, which may be a magnetic one, onto a phosphor-coated 
screen where the energy of electrons is converted to light 
energy. ‘ 

One of the disadvantages of such cathode-ray tubes consists 
in that their luminance is limited by the diffusive divergence of 
the radiation emitted by each‘luminous point of the screen. 
This, in turn, necessitates the use .of high-speed optical 
systems for further transmission of the picture. 

‘ An object of this invention is to eliminate the above-men 
tioned disadvantage and to provide for the high luminance of 
the screen, both total and spectral. 

This and‘ other objects are accomplished by providing a 
cathode-ray tube whose screen, where the energy of electrons 
is converted to light energy, is essentially a semiconductor 
quantum generator formed by an optical resonator and an ac 
tive medium placed therein, said active medium being in fact a 
?lm of semiconductor material deposited on a substrate and 
capable of induced light emission and ampli?cation at the 
density if electrons in the beam sufficient to bring about an in 
version of energy levels in said semiconductor ?lm, one of the 
re?ecting surfaces of the optical resonator being the surface of I 
said ?lm exposed to‘ the electron beam inside the tube en 
velope. . 

The substrate of the semiconductor ?lm may be made opti 
cally transparent. Then the resonator will be formed bythe 
?lm surface exposed to the electron beam and the substrate 
surface outside the envelope. ' 

If the divergence of light from the screen is to be reduced, 
the length of the resonator should be increased, for which pur 
pose it is preferable that the resonator be formed by the ?lm 
surface exposed to the electron beam and a re?ector placed 
some distance from the substrate outside the tube envelope. 

In order to simplify the design of the screen, it is preferable 
to make the semiconductor ?lm and the substrate into a plane 
parallel plate. ‘ , 1 

Depending on the desired color of the picture, the ?lm may 
be made of any one of the following semiconductor materials: 
gallium arsenide for infrared; gallium arseno-phosphide for 
red-yellow; zinc selenide for blue; cadmium selenide for 
orange; cadmium sul?de for green; and zinc sul?de for ul 
traviolet light. ‘ ' ' 

In some cases, for example in color television, the semicon 
ductor ?lm may be formed by dots of different semiconductor 
materials, thereby producing a color mosaic. 
A cathode-ray tube with a screen made as just described 

provides for high luminance owing to provision of a resonator. 
Thus, while existing cathode-ray tubes radiate within an angle 
of 2 ** radian, in the tube of the herein proposed design the 
divergence angle is reduced to 2°—5°, with an accompanying 
gain of 102 to 103 times in the intensity of the luminous ?ux. 
The invention will become more fully understood from the 

following description of preferred embodiments when read in 
connection with the accompanying drawings, wherein: 

FIG. 1 shows a cathode-ray tube according to the invention, 
whose screen has a semiconductor ?lm in the form of a plane 
parallel plate; 

FIG. 2 is a sketch of a cathode-ray tube whose resonator is 
formed by the re?ecting surfaces of the ?lm and the substrate; 
and ' 

FIG. 3 shows the mosaic screen of the cathode-ray tube. 
Referring to FIG. I, the cathode-ray tube has an evacuated 

envelope 1 which holds an electron gun 2 and a de?ectional 
system 3 for control of the electron beam 4. The CRT screen 
has a plane-parallel plate 5 made from a ?lm of a semiconduc 
tor material deposited on a substrate 6; The ?lm surface 7 ex 
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posed to the electron beam 4 and the surface 8 of the plate 5 
are made re?ecting and from, between themselves, an optical 
resonator, while the semiconductor ?lm is an active medium 
capable of induced lightcmission when excited by electrons. 
Thus, the resonator and the plate 5 make up a semiconductor 
laser. . 

Emission from the CRT screen may be obtained in both the 
. forward and the reverse direction relative to the direction of 

20 

25 

the electron beam. lnthe former case the substrate should be 
fabricated from a material transparent to the generated emis 
sion. FIG. 2 illustrates the former case, and FIG. 1, the latter. 
The semiconductor ?lm may be made from any semicon 

ductor material capable of induced light emission and ampli? 
cation» when excited by electrons, such as gallium arsenide, 
gallium arseno-phosphide, zinc selenide, cadmium selenide, 
cadmium sul?de and zinc sul?de. 
The operation of the cathode-ray tube provided by the in 

vention is as follows. 
A pencil beam 4 of electrons with an energy and density suf‘ 

?cient to bring about in a semiconductor an inversion of ener— 
gy levels and provide for an ampli?cation necessary for 
generation, scans across the surface of the semiconductor 
film. Thus excited, the semiconductor ?lm is, in effect, the ac 
tive medium of a laser. 
Owing to the heating of the active region of the ?lm at the 

depth of penetration of the electron beam, Coulomb interac 
tion between nonequilibrium carriers,_and lattice polarization, 

~ or the interaction of nonequilibrium carriers with phonons, 
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the wavelength of induced emission is greater than the limit of 
intrinsic absorption. Therefore, the unexcited regions of the 
?lm are transparent to the generated emission and do not 
produce appreciable losses in the resonator, even though the 
depth of penetration of the electrons in the semiconductor 
may be less than the thickness of the film. Feedback due to the 
re?ection of light from the surfaces 7 and 8 of the plate 5 
results in the generation of light in a direction normal to these 
surfaces. 

In order to raise the Q-factor of the resonator, it is prefera 
ble to apply a re?ecting coat (not shown in the drawing) to the 
surfaces 7 and 8 of the plate 5. The coat applied to the ?lm 
surface exposed to the electron beam should be made fully 
re?ecting, and that applied to the opposite side should be 
partly transmitting. Then the emission from the tube will be in 
the same direction as the electron beam, as is the case‘with 
conventional cathode-ray tubes. 
The directivity of emission can be enhanced by applying 

re?ecting coats 9. and 10 (FIG. 2) to the surface 7’ of the 
semiconductor plate 5 and to the external surface 11 of the 
substrate 6’. In this embodiment the screen operates in a way 
similar to one described above and is, in effect, a semiconduc 
tor laser with an external re?ector. 
The directivity of emission may be improved still more by 

placing a semitransparent re?ecting plate in front of the trans 
parent substrate, on the outside of the evacuated envelope, 
said re?ecting plate and the semiconductor ?lm making up a 
resonator. 

The screen shown in F IG'. 3 may be used in color television. 
It has a semiconductor ?lm whose areas l2, l3 and 14 are 
made from different semiconductor materials emitting at dif 
ferent wavelengths. In this embodiment the cathode-ray tube 
has three electron guns (not shown in the HQ), and the elec 
tron beam from each gun is incident on the respective area on 
the screen. The separation of the electron beams may be ac 
complished by means of aperture masks, as in the conven 
tional color television tubes. 
The herein ‘proposed cathode-ray tube increases the lu 

minance of the screen about 1 ,000 times and has a short after 
glow time, about lO-B to l0-—‘° see, which fact makes it suita 
ble for computer applications. 
We claim: 
1. A cathode-ray tube comprising, in combination, an 

evacuated envelope; an electron gun emitting a beam of elec 
trons, a system for focusing and de?ecting said beam of elec 
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trons; a screen on which said electron beam is focused for con 
version of the energy of electrons into light energy, said screen 
being essentially a semiconductor quantum generator includ 
ing an optical resonator and an active medium placed therein, 
said active medium being a ?lm of semiconductor material 
deposited on a substrate and capable of induced light emission 
and ampli?cation at the density of electrons in the beam suf? 
cient to bring about an inversion of energy levels in said 
semiconductor ?lm, one of the re?ecting surfaces of the opti— 
cal resonator being the surface of said ?lm exposed to the 
electron beam inside the tube envelope. 

2. A cathode-ray tube as de?ned in claim 1, wherein the 
substrate is made optically transparent, and the optical 
resonator is formed by the ?lm surface exposed to the electron 
beam and a re?ective coating deposited on a substrate outside 
the evacuated envelope. ' 

3. A cathode~ray tube as de?ned in claim 1, wherein the 
?lm surface exposed to the electron beam has a thin dielectric 
coating which re?ects the light emission. 

4. A cathode-ray tube as de?ned in claim 1, wherein outside 
the evacuated tube envelope and parallel to the ?lm surface 
there is placed a semitransparent re?ector which forms, 
together with said ?lm surface, the optical resonator. 

5. A cathode-ray tube as de?ned in claim 1, wherein the 
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4 
substrate is optically nontransparent, and the resonator is 
formed by the ?lm surface exposed to the electron beam and 
the fully re?ective surface of the substrate, as a result of which 
the light emission from the screen radiates in the reverse 
direction relative to the direction of the electron beam. 

6. A cathode-ray tube as de?ned in claim‘ 1, wherein the 
film capable of induced light emission and ampli?cation is of 
gallium arsenide. 

7. A cathode-ray tube as de?ned in claim 1, wherein the 
film capable of induced light emission and ampli?cation is of 
gallium arseno-phosphide. 

8. A cathode-ray tube as de?ned in claim 1‘ wherein the 
film capable of induced light emission and ampli?cation is of 
zinc selenide. 

9. A cathode-ray tube as de?ned in claim 1, wherein the 
?lm capable of induced light emission and ampli?cation is of 
cadmium selenide. ' 

10. A cathode-ray tube as de?ned in claim 1, wherein the 
?lm capable of induced light emission and ampli?cation is of 
cadmium sul?de. 

11. A cathode-ray tube as de?ned in claim 1, wherein the 
film capable of induced light emission and ampli?cation is of 
zinc sul?de. 


