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57 ABSTRACT 

A microchannel plate in which a novel input electrode 
is made of one material that integrally functions as a 
photocathode as well as a conductive layer. An output 
electrode is made from vacuum deposited thin metal 
lic film of, for example, nickel, chromium, inconel, ni 
crome, etc. The input electrode may be made of some 
multi-alkali photocathode or made of a semiconduc 
tor, such as a gallium arsenide single crystal film. The 
microchannel plate is ordinarily made of glass. How 
ever, the plate may be made of a highly resistive semi 
conductor, such as gallium phosphide. The input elec 
trode may further contain any conventionally avail 
able photocathode, such as S-20, or a single crystalline 
semiconductor epitaxially grown on the input side of a 
semiconductor microchannel plate. 

3 Claims, 4 Drawing Figures 
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INTEGRATED CATHODE AND CHANNEL PLATE 
MULTIPLER 

The invention described herein may be manufac 
tured, used, or licensed by or for the Government for 5 
governmental purpose without the payment to us of 
any royally thereon. 
This is a division of application Ser. No. 308,898, 

filed Nov. 22, 1972, now abandoned. 

BACKGROUND OF THE INVENTION 

In previous microchannel plate electron multipliers 
the electron emitting photocathode is generally sepa 
rated from, but close to, the input electrode of the mi 
crochannel plate. Even if the input conductor and pho- 15 
to cathode are contiguous with each other, each layer 
is made of different material. The present invention 
provides one integral layer, deposited on the inputside 
of a microchannel plate, that functions both as an elec 
tron emitter and as an input electrode bias source for 20 
the microchannel plate wafer. 

SUMMARY OF THE INVENTION 

This invention is a microchannel plate in which the 
input electrode is made of a material that functions as 25 
a cathode as well as an input electrode. This material 
may be some conventional multi-alkali photocathode. 
The photocathode may also be any conventionally 
available photocathode, such as S-20, or it may be a 
single crystalline semiconductor, when used with a 30 
semiconductor microchannel plate wafer, with the sin 
gle crystalline semiconductor epitaxially grown on the 
input side of the microchannel plate to form an input 
electrode. Gallium arsenide may be used as the photo 
cathode single crystalline material epitaxially grown on 
a semiconductor microchannel plate wafer made of 
gallium phosphide. 
The microchannel plate and photocathode are made 

of different materials in most cases. However, the pho 
tocathode electrode may be made of the same material 
as the microchannel plate in the case of gallium arse 
nide single crystal, and the input electrode doped with 
zinc to make the photocathode a low resistivity layer as 
well as a good photocathode. Electron multiplication 
takes place when an electron begins moving between 
the input and output electrodes. A phosphor screen is 
positioned close to the output electrode and emits light 
therefrom when struck by these electrons. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the wafer of a microchannel plate ac 
cording to the present invention; 
FIG. 2 shows a magnified view of the inputside of the 

microchannel plate wafer; 
FIG. 3 illustrates a schematic of the amplification 

mechanism of onc microchannel; and 
FIG. 4 shows a cross-section of the integrated photo 

cathode and input electrode. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

In FIG. 1, a typical microchannel plate of the present 
invention is shown with the input electrode 10 and out 
put electrode 14 on the opposite sides of a microchan 
nel plate wafer 12. A voltage source 8 is connected to 
electrodes 10 and 14. This voltage connected to elec 
trodes 10 and 14 supplies the proper electron accelera 
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2 
tion bias across the microchannel plate wafer 12. 
Wafer 12 is formed by a stack of short pipes in which 
the length of the pipes is the thickness of the wafer. 
These pipes, or channels, may be formed through wafer 
12 by focussing electron beams on one side of the wafer 
and burning holes therethrough. The channels may also 
be drilled with laser beams by using a prepared highly 
reflective metallic template produced by photoetching 
or other means and then shine high power pulses or col 
limated laser beams through the template onto the 
input electrode side and out the output electrode side. 
After the channels are drilled, the next step in the pro 
cess is to chemically etch the input side of wafer 12 so 
that the solid portions of wafer 12 are partially etched 
forming an oval shape. The oval shape is shown in FIG. 
4 by numeral 22. The outputside of wafer 12 is covered 
by some chemically inert material during the etching 
and, therefore, the solid portion on the output side of 
wafer 12 remains rather blunt. The material used to 
produce electrode 10 is epitaxially deposited on the 
input side of wafer 12, filling in over the oval shape 
forming peaks and resulting beveled edges 18. Beveled 
edges 18 surround channels 16 on the input side. Pho 
tons striking the beveled edges 18 cause electrons to be 
emitted therefrom. Wafer 12 functions as an electron 
multiplier when the electrons emitted from electrode 
10 enter the channels. The electrons entering the chan 
nels are accelerated therethrough by voltages applied 
to electrodes 10 and 14. 
Novel features of this microchannel plate are the vev 

eled shape of input electrode 10 and the fact that elec 
trode 10 is made of an integral layer functioning not 
only as an electron acceleration electrode but also as 
a cathode. Input electrode 10 accomplishes this inte 
grated action by being made of only one material, with 
this material deposited directly on the input side of 
wafer 12. Wafer 12 may be made of glass. However, it 
may be made of any semiconductor, such as gallium 
phosphide, where intrinsic resistivity is very high. 
Electrode 10 may be made of a single crystalline 

semiconductor, such as gallium arsenide, epitaxially 
grown on the inputside of the wafer. Electrode 10 may 
also be made of some conventionally available photo 
cathode material, such as S-20. Output electrode 14 is 
a metallic thin film vacuum deposited on the output 
side of wafer 12, and may be made of nickel, chro 
mium, inconel and nicrome, etc., or alloys thereof. 
The cathode function of input electrode 10 operates 

in the reflective mode. In operation when photons 
strike the input electrode, electrons are knocked off, or 
reflected, in the reflective mode. When the electrons 
are reflected off the beveled edge 18 of input electrode 
10 as shown in FIGS. 3 and 4 these electrons are then 
drawn into channels 16 by the electric field within the 
channels caused by bias voltages on electrodes 10 and 
14. These reflected electrons pass through the channels 
striking the side walls thereof and causing secondary 
electron emission from the walls of the microchannel 
plate wafer. In this manner, the few electrons emitted 
from input electrode 10 by photoemission are multi 
plied through the channels of wafer 12 by secondary 
emission and emerge as a much higher multiple of elec 
trons. 

The microchannel plate of the present invention is 
the type used as an electronic image amplifier in an 
image intensifying device. That is, a faint optical image 
projected on input electrode 10 is converted into a 
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highly amplified electronic image. About 50% of the 
incoming optical image is projected on beveled edges 
18, causing electrons to be reflected off 18 into chan 
nels 16. A thin phosphor screen is placed in close prox 
imity to the output electrode 14 such that the electrons 
from the electronic image strike the screen and con 
verts the amplified electronic image back to an optical 
image. 
Some of the dimensions and features of the present 

microchannel plate are as follows. The wafer 12 is from 
1 to 2 centimeters in diameter and is about 0.015 to 
0.02 centimeters in thickness. Wafer 12 is preferably 
made of a single crystal semiconductor, such as gallium 
phosphide. The resistivity of wafer 12 is about 10 
ohms per centimeter. Electrode 10 is preferably gal 
lium arsenide or some other semiconductor single crys 
tal that is about 5 micrometers in thickness with a resis 
tivity of about 1 ohm per centimeter. The thickness and 
resistivity of the output electrode 14 is not critical but 
is probably about the same as for electrode 10. The di 
ameter of each channel 16 is about 10 micrometers. 
The valve of voltage source 8 is about 300 direct cur 
rent volts when using the materials and the physical di 
mensions described above. The microchannel plate 
gain is about 18,000. 
We claim: 
1. A method of fabricating a microchannel plate elec 

tron multiplier comprising the steps of: 
providing a microchannel plate wafer having an input 
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4. 
side and an output side with a plurality of micro 
channels therethrough; 

chemically etching said input side of the wafer to 
form oval shape solid portions around the plurality 
of microchannels at the input side; 

epitaxially depositing an input electrode material 
containing photocathodic material therein over 
said oval shape solid portions forming a beveled 
edge around each of said plurality of microchan 
nels; 

depositing an output electrode on said output side of 
said wafer; 

providing a direct current voltage source; and 
connecting said voltage source across said input and 
output electrodes for providing electron accelera 
tion bias across said wafer whereby photons im 
pinging on said input electrode cause electrons to 
be emitted therefrom and accelerated through said 
plurality of microchannels and out of said output 
electrode. 

2. A method of fabricating a microchannel plate elec 
tron multiplier as set forth in claim 1 wherein said input 
electrode is made of gallium arsenide single crystal film 
and said wafer is made of gallium phosphide. 

3. A method of fabricating a microchannel plate elec 
tron multiplier as set forth in claim 1 wherein said input 
electrode is made of some multialkali photocathode 
material. 
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