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PHOTOEMISSIVE ELECTRON TUBE 
COMPRISING A THIN FILM TRANSMISSIVE 

SEMICONDUCTOR PHOTOCATI-IODE 
STRUCTURE 

BACKGROUND OF THE INVENTION 

The present invention relates to photoemissive elec 
tron tubes and particularly to such tubes having a thin 
?lm light transmissive mode GaAs photocathode. 

Photoemissive electron tubes, such as certain image 
tubes, camera tubes, and photomultiplier tubes 
generally contain a photocathode which emits elec 
trons in response to incident light. Gallium arsenide 
(GaAs) is known to be a highly-efficient photocathode 
material for visible and near infrared light, particularly 
if its emissive surface has a negative effect electron af 
?nity. Some gallium arsenide photocathodes are 
described for instance in the following: 
Simon, R. E. and Williams, B. F. “Electron Emission 
From a ‘Cold Cathode’ GaAs P-N Junction,” in 
Applied Physics Letters, Ap. l, 1969; p. 214-216; 

Syms, C. H. A. “Gallium Arsenide Thin Film 
Photocathodes,” in Advances in Electronics and 
Electron Physics; 28A p. 399, 1969. 

Re?ective photocathodes of GaAs, those for which 
the light is incident directly on the emissive surface, 
can be made by sensitizing a clean surface of a GaAs 
wafer sliced from a high-purity ingot. However, trans 
missive photocathodes of GaAs, those for which light is 
incident on the GaAs from the side opposite the emis 
sive surface, require special considerations. For exam 
ple, GaAs is substantially opaque to most of the light in 
the visible spectrum. In order for electrons generated in 
the GaAs by the incident light to reach the vicinity of 
the emissive surface, the GaAs must be no thicker than 
the diffusion length of the electrons, which is about one 
micron. One micron is not enough thickness to provide 
structural support. The structural support may be pro 
vided by growing a thin epitaxial layer of GaAs on a 
supportingsubstrate of spinel or sapphire as described, 
for instance, in the second-cited publication above. Su 
perior GaAs layers are obtained by ?rst providing a 
thin nucleation layer of silicon on the substrate and 
then growing the GaAs on the silicon to obtain a better 
match of crystal lattice orientation between the sub 
strate and the GaAs as described, for example, in: 

U. S. Pat. No. 3,433,684, issued 18 Mar. 1969 to R. 
L. Zanowick et al. (U. 8. Cl. 148-334). 

However, it is found that thin epitaxial GaAs ?lms 
grown on a silicon nucleation layer contain atoms of sil 

' icon as an impurity and have poor crystallinity at the 
emissive surface. The silicon impurities and the poor 
crystallinity degrade the desired long lifetime of 
minority carriers in the GaAs and thus impede the dif 
fusion of light-generated electrons in the GaAs to the 
emissive surface. 

SUMMARY OF THE INVENTION 

A semiconductor photocathode structure comprises 
a transparent monocrystalline dielectric supporting 
substrate with a ?rst monocrystalline epitaxial layer of 
silicon or germanium on a major surface. The silicon or 
germanium layer has a thickness of from about 200 to 
about 300 nanometers, and its surfaces are in the (100) 
crystallographic plane. On the‘first layer is a second 
monocrystalline epitaxial layer of a IlI-V or II-VI 
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2 
semiconductor compound. 0n the second layer is a 
third monocrystalline epitaxial layer of a Ill-V 
semiconductor compound having a smaller energy 
bandgap than the second layer compound. 
The invention includes also a photoemissive electron 

tube utilizing the novel photocathode structure sen~ 
sitized with a work-function-reducing material 
deposited on the surface of the layer of the second 
compound. , 

The second layer, while being transparent to light 
which is absorbed by the third layer, provides the 
thickness of compound needed for obtaining an emis 
sive surface suf?ciently free of impurities and having 
good crystallinity. In addition, the second layer com 
pound can be chosen to provide a favorable'optical 
match between the substrate material and the third 
layer compounds, so that there is a minimum light loss 
by interface re?ection. ‘ 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a sectional view of a proximity-focused 
image tube comprising the novel photocathode struc 
ture. 

FIG. 2 is a sectional fragment view of the 
photocathode structure of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Example] I 

In a ?rst embodiment, the novel. photocathode is in 
cluded in a proximity-focused image tube 10 shown in 
FIG. 1 of the drawing. The tube 10 comprises an en 
velope assembly which has a pair of opposing support 
ing ?anges 14 and 15 welded to a short glass cylinder ' 
16 to form a double rim. One ?ange 14 supports an 
input faceplate 17 and other ?ange 15 supports an out 
put faceplate 18. The faceplates l7 and 18 are hermeti 
cally sealed to the ?anges 14, 15 so that the entire en 
velope assembly can be evacuated through a short 
piece of exhaust tubulation 20 and sealed. The 
faceplates l7 and 18 are closely spaced inside the en 
velope at a distance of about 3 millimeters to minimize 
defocussing effects. On the inside surface of the ‘output 
faceplate 18 is a phosphor screen 21 covered with a 
thin aluminum coating. 
The input faceplate 17 is a single crystalline disc of 

alpha-type aluminum oxide, also known as synthetic 
sapphire, about one inch in diameter and 25 mils thick. 
The faces of the faceplate 17 are cut so that they lie in 
the Miller Index crystallographic plane designated as 
(1 102) and are optically polished. The output faceplate 
18 is optical glass having dimensions on the order of the 
dimensions of the input faceplate l7. . 
A photocathode structure 12, about 18 mm in 

diameter is coated directly on the inside surface of the 
input faceplate l7 and comprises‘ three epitaxial layers. 
A magni?ed portion of the photocathode structure 12 
is shown in FIG. 2. There is, beginning from the input 
faceplate 17, a ?rst layer of silicon 24 about 200 
nanometers thick. On the silicon is a second layer, of 
gallium phosphide 26, about 5 microns thick. On the 
gallium phosphide layer 26 is a third layer, of gallium 
arsenide 28, about 1 micron thick, the‘ exposed surface 
of which is the electron emissive surface 22. ' 
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The photocathode structure 12 is grown by epitaxial 
vapor phase processes directly on the input faceplate 
17 as follows: The surface of the input faceplate 17 is 
mechanically polished to epitaxial grade. It is then 
vapor rinsed in trichloroethylene for 2 minutes, fol 
lowed by vapor rinsing in isopropyl alcohol for 2 
minutes. Next, the faceplate 17 is mounted in a radio 
frequency susceptor block of silicon carbide coated 
carbon, placed in a horizontal reactor, and heated by 
radio frequency heating of the susceptor block to about 
l,200° C in the presence of hydrogen for about 15 
minutes to etch the surface. The temperature is then 
lowered to about 1,050° C and 3 percent silane in high 
purity palladium diffused hydrogen admitted to the 
reactor with a carrier ?ow of 2.25 liters per minute to 
deposit the silicon layer 24. The thickness of the silicon 
layer 24 is monitored by light interference fringe 
methods. 

After deposition of the silicon layer 24, the input 
faceplate 17 is cooled to room temperature, removed 
from the reactor, placed in a second susceptor block in 
a vertical reactor. Therein it is heated in the presence 
of hydrogen to about 900° C for about 10 minutes, after 
which there is admitted about 5 percent arsine (Asl-ls) 
in hydrogen to clean the silicon. Then the input 
faceplate 17 is then cooled to about 800° C and 
trimethyl gallium and 10 percent phosphine (P113) in a 
carrier of hydrogen is admitted to the reactor to grow 
the gallium phosphide layer 26 for about 45 minutes. 
The flow rate of the carrier for the trimethyl gallium is 
33.8 cc/min. The flow rate for the phosphine carrier is 
450 cc/min. The input faceplate 17 is next cooled to 
room temperature in the presence of hydrogen, 
removed from the reactor, and etched with a bromine 
methanol solution containing 3 percent bromine by 
weight. 

After the gallium phosphide layer 26 is deposited, 
the input faceplate 17 is mounted in a horizontal three 
zone reactor for depositing the gallium arsenide layer 
28 with a heavy zinc doping concentration of about 
1019 atoms per cubic cm. and a thickness of about 1 
micron. The reactor is resistance-heated until the cen 
tral zone is at about 800° C. Gallium is heated in a 
second zone of the reactor in the presenceof hydrogen 
chloride to form a gallium subchloride. Arsine is trans 
ported by a high purity palladium-diffused hydrogen 
carrier from the third zone into the second zone, from 
where it passes with the gallium sub-chloride to the gal 
lium phosphide layer 26 in the ?rst zone, so that the 
gallium arsenide layer 28 vapor deposits on the gallium 
phosphide layer 26. The input faceplate 17 is then 
cooled in hydrogen. 
The faceplate 17 with the now-completed 

photocathode structure 12 on it is next assembled with 
the other portions of the tube 10 by indium sealing, and 
the surface of the gallium arsenide layer 28 sensitized 
to negative effective electron affinity by treatment with 
cesium and oxygen to form the photoemissive surface 
22. Exposure of the surface of the GaAs layer 28 to air 
should be avoided, as this generally degrades the ?nal 
photo-emission. Typical procedures for assembly and 
sensitizing are described, for instance, in US. Pat. No. 
2,975,015, issued 14 March 1961 to D. W. Davis (cl. 
3 16-19) and the Syms publication referred to earlier. 
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4 
In operation of the tube, a light image is focussed 

through the input faceplate 17 to the photocathode 
structure 12, which is biased at several thousand volts 
negative with respect to the phosphor screen 21. In 
response to the incident light, electrons generated in 
the GaAs are emitted from the inside emissive surface 
22 and travel a short distance to the phosphor screen 
21, whereupon striking the phosphor light is emitted 
through the output faceplate 18. 
Example II 

In a second embodiment of the novel photocathode 
structure, the input faceplate 17 is of spinel, of 
generally the same dimensions as the aluminum oxide 
faceplate of Example I. The surface of the spinel 
faceplate on which the ?rst epitaxial layer 24 
photocathode structure 12 is deposited lies in the 
Miller Index plane (100). A process for forming the 
layers 24, 26 and 28 on the spinel are generally the 
same as for Example I. 

GENERAL CONSIDERATIONS 

The term “index plane” herein refers to the Miller 
Index-Plane designations for surface orientations of 
crystals. It is found that for GaAs photoemissive sur 
faces sensitized with cesium and oxygen, the 
photoemission is somewhat higher when the surface of 
the GaAs is in the index plane (100) than for other 
possible index planes. Therefore, it is desirable that the 
substrate surfaces be in the (1 102) plane for sapphire 
and the (100) plane for spinel. Under these circum 
stances, the three epitaxial layers necessarily lie in the 
(100) plane. For the case of the sapphire substrate this 
is because silicon or germanium epitaxially grown on a 
(l 102) plane of_sapphire has a ( 100) plane orientation, 
rather than a ( 1 102) plane orientation, and this in turn 
determines the orientation of Ill-V compound or lI-Vl 
compound layers epitaxially grown on it to be in the 
( 100) plane. 
While specific parameters for growth of the Ga? and 

GaAs layers of Example I are speci?ed, it is to be un 
derstood that the values may all be varied to some ex~ 
tent. They are chosen to yield layers of optimum 
crystallinity for photoemission performance. The sil 
icon or germanium layer need only be thick enough to 
fully cover the substrate surface, generally about 
200-300 nanometers, so that it provides a nucleation 
layer for the next grown layer. 
The second layer compound should have an energy 

bandgap larger than that of the third layer compound 
from which the emission occurs, so that this second 
layer will not absorb light of as long a wavelength as the 
third layer. The difference in the energy bandgaps may 
be chosen to suit the wavelengths of light which are to 
result in photoemission, and to at the same time utilize 
materials having optimum match of lattice parameters, 
so that the epitaxial growth of the layers on one 
another results in best possible crystallinity of the emis 
sive third layer. 
Although the novel photocathode structure is par 

ticularly suited for a GaAs photoemitting layer, the 
second layer of the structure may be chosen from a 
number of semiconductor compounds chosen from 
either groups Illa and Va or groups 11b and Vla of the 
Periodic Table of the Elements, whereas the third layer 
may be any of a number of III-V compounds. The com 
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pound for either the second or third layer may be bi 
nary or ternary. It is essential, however, that the energy 
bandgap of the second layer compound be greater than 
that of the third layer compound so that light absorbed 
by the third layer will pass substantially through the 
second layer. For instance, when the emissive third 
layer compound is GaAs, the second layer may be GaP, 
AlAs, ZnSe, Al? or a gallium-arsenide-phosphide alloy. 
Gallium-arsenide-phosphide may be graded to provide 
a better lattice match for the second compound layer. 
The refractive indices of sapphire, GaP, and GaAs are 
about 1.7, 2.6 and 2.9, respectively, (the silicon layer is 
so‘thin that its index of refraction is unimportant). 
Thus, GaP provides a bene?cial optical matching from 
the sapphire to the GaAs and thus minimizes loss of in 
coming light by re?ection from an interface. 

In order to minimize light absorption in the second 
layer, the layer should be as thin as is practicable, while 
being thick enough to provide a surface of good crystal 
linity for the third layer. A thickness of at least about 3 
microns is generally required for the second layer. The 
maximum permissible thickness is dependent on the 
light transmissivity of the material. For highly trans 
parent material such as GaP, the layer may be as much 
as a centimeter thick. 

The thickness of the electron-emitting second com~ 
pound layer is chosen just thick enough so that substan 
tially all the light incident on it is absorbed. Greater 
thickness results in increased chance of recombination 
of electrons generated near the light input surface of 
the material before they reach the opposite emitting 
surface for emission. The optimum thickness can be 
readily determined for a particular material by calcula 
tion from the observed minority carrier diffusion length 
for the material and its absorption of light of the 
wavelength of interest. The optimum thickness for 
GaAs is at least about one micron for GaAs of such 
quality that the minority carrier diffusion length is very 
long as the thickness may be as great as about 5 
microns.‘ 
We claim: 
1. A transmissive semiconductor photocathode 

structure comprising: 
a transparent monocrystalline dielectric supporting 

substrate having a major surface; 
a ?rst monocrystalline epitaxial layer of material 

chosen from the group consisting of silicon and 
germanium on said major surface, said ?rst layer 
having a thickness of from about 200 to about 300 
nanometers and having surfaces in the (100) 
crystallographic plane; 

a second monocrystalline epitaxial layer of com 
pound chosen from the group consisting of III-V 
and ll-Vl semiconductor compounds on said ?rst 
layer, said second layer having a thickness of at 
least about 3 microns; and i 

a third monocrystalline epitaxial layer of a lII-V 
semiconductor compound on said second layer, 
said third layer compound having an' energy 
bandgap smaller than said second layer com 
pound, said third layer having a thickness of from 
about 1 micron to about 5 microns. 
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6 
2. The electron emitter de?ned in claim 1 wherein 

said substrate is spinel having said major surface in the 
l 0 st 110 ra hic l e. ( if]? elaectrgonpemi tearnde?ned in claim 1 wherein 

said substrate is sapphire having said major surface in 
the ( l 102) crystallographic plane. 

4. The electron emitter de?ned in claim 1 wherein 
said third layer is gallium arsenide. 

5. The electron emitter de?ned in claim 3 wherein 
said ?rst layer is silicon. 

6. The electron emitter de?ned in claim 5 wherein 
said second layer is gallium phosphide. 

7. The electron emitter de?ned in claim 5 wherein 
said second layer is gallium arsenide phosphide. 

8. The electron emitter de?ned in claim 6 wherein 
said third layer is gallium arsenide. 

9. A photoemissive electron tube comprising: 
an evacuated envelope having a transparent 

monocrystalline faceplate with a substantially ?at 
inside surface in the interior of said envelope; 

a ?rst monocrystalline epitaxial layer of material 
chosen from the group consisting of silicon and 
germanium on said inside surface of said faceplate, 
said ?rst layer having a thickness of from about 
200 to about 300 nanometers; 

a second monocrystalline epitaxial layer of a com 
pound chosen from the group consisting of lll-V 
and Il-Vl semiconductor compounds on said first 
layer, said second layer having a thickness of at 
least about 3 microns; 

a third monocrystalline epitaxial layer of a III-V 
semiconductor compound on said second layer, 
said third layer compound having an energy 
bandgap smaller than said second layer com 
pound, and said third layer having a thickness of 
from about 1 micron to about 5 microns, the sur 
face of said third layer being sensitized with at 
least an electropositive material to reduce the 
work function to a level below said energy 
band gap of said third layer compound. 

10. The photoemissive electron tube de?ned in claim 
9 wherein said substrate is spinel having said major sur 
face in the (100) crystallographic plane. 

11. The photoemissive electron tube de?ned in claim 
9 wherein said substrate is alpha type aluminum oxide 
having said major surface in the (1102) crystallo 
graphic plane. 

12. The photoemissive electron tube de?ned in claim 
9 wherein said third layer compound is gallium arse 
nide. 

13. The photoemissive electron tube de?ned in claim 
11 wherein said ?rst layer is silicon. 

14. The photoemissive electron tube de?ned in claim 
13 wherein said second layer compound is gallium 
phosphide. . 

15. The photoemissive electron tube defined in claim 
13 wherein said second layer compound is gallium arse 
nide phosphide. ‘ 

16. The photoemissive electron tube de?ned in claim 
14 wherein said third layer compound is gallium arse 
nide. 

* * * * * 
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