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(57) ABSTRACT 
A plurality of electron multipliers which are basically 
similar in construction but have different specific char 
acteristics. These characteristics include a solid or po 
rous electron producer and/or preamplifier on one side 
of a microchannel plate with a separately prepared 
glass substrate having a transparent metallic oxide 
layer, a phosphor layer, and a transparent cathode, sin 
gly or in combination on one side of the glass substrate. 
The microchannel plate and glass substrate are held to 
gether mechanically with the electron producer or pre 
amplifier and the glass substrate on the outermost 
sides. 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the 
payment to us of any royalties thereon. 

17 Claims, 13 Drawing Figures 
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ANODIC FILM FOR ELECTRON 
- MULTIPLICATION 

The invention described herein may be manufac 
tured and used by or for the Government of the United 
States of America for governmental purposes without 
the payment to us of any royalties thereon. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This invention relates to improved anodic films hav 10 
ing electron multiplication and tunneling phenomenon 
and the methods for producing them. These anodic 
films may be used in photomultiplier or image intensi 
fier tubes, and are an improvement over prior micro 
channel electron multipliers used in amplifying an im 
age. 
The anodic films comprise a glass substrate with sub 

sequent layers of a transparent conductor, phosphor 
and metalic oxide deposited thereon, either singly or in 
combinations, and a thin plate of partially conducting 
material with microscopic channels therethrough hav 
ing a first electrode and a second electrode on opposite 
sides of the thin plate of partially conducting material. 
The second electrode is mechanically held contiguous 
with one of the layers built up on the separately pre 
pared glass substrate. A voltage source is connected 
across the first and second electrodes with the first 
electrode being at some negative voltage and the sec 
ond electrode being at ground potential. Electrons en 
tering the channels through the first electrode side are 
accelerated through the microscopic channels to the 
second electrode side. It is possible that a small number 
of the electrons that enter the channel may pass all the 
way through without striking the side thereof. Nor 
mally, though, an electron entering the channel will 
strike the side of the channel and dislodge on the order 
three of four secondary electrons. These secondary 
electrons gain a high electrical potential very quickly 
due to the electric field within the channel produced by 
the voltage source. Each of these secondary electrons 
normally strikes the channel wall and thus dislodges 
three or four more secondary electrons. This effect is 
repeated through the channel with subsequent electron 
multiplication at the output of the channel. The loss of 
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electrons along the channel wall, due to secondary 45 
emission, are replenished by a small current flow, 
through the partially conducting wall coating, caused 
by the voltage source connected between the first and 
second electrodes. Thus, a very large multiple of elec 
trons exit the microscopic channels. 
The electrons emitted from the channels are injected 

into the phosphor layer. The phosphor emits light ac 
cording to the intensity and number of the electrons in 
jected therein. The transparent conductor layer is in 
cluded so that a second voltage source may be applied 
across the phosphor to increase the intensity of elec 
trons even more when entering the phosphor, and fur 
ther to easily allow illumination of the phosphor to pass 
through the transparent conductor layer. The image of 
an electron beam swept across the first electrode of the 
microchannel plate is therefore, amplified by electron 
multiplication within the channels and is displayed by 
illumination of the phosphor through the glass sub 
strate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates a sectional view of an anodic film 
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2 
for a direct image intensifier using a microchannel 
plate with its related electrodes and a phosphor layer, 
a metallic oxide layer, and glass substrate in accor 
dance with the invention; 
FIG. 1a is a top view of the anodic film illustrated in 

FIG. 1; 
FIG. 2 shows a modification of FIG. 1 in which an 

electron storage layer is included; 
FIG. 3 shows a slight modification of FIG. 1; 
FIG. 4 illustrates a modification of FIG. in which 

the barrier layer of the microchannel plate is inverted 
and a ring electrode is connected around the barrier 
layer; 
FIG. 5 illustrates an anodic film with the phosphor 

layer contiguous with the microchannel plate; 
FIG. 6 is a slight modification of FIG. 5; 
FIG. 7 is a modification of FIG. S in which a solid 

electron preamplifier is added thereto; 
FIG. 8 shows a porous preamplifier substituted for 

the solid preamplifier; 
FIG. 9 shows a modification of FIG. 7 in which an 

electron storage layer is added thereto; 
FIG. 10 shows a modification of FIG. 8 in which an 

electron storage layer is added thereto; 
FIG. 11 illustrates an embodiment in which a trans 

parent cathode is contiguous with both the glass sub 
strate and one side of the microchannel plate; and 

FIG. 12 shows a modification of FIG. 11 in which a 
transparent metallic oxide layer is added thereto. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to the drawings, FIG. 1 shows a microchan 
nel plate 14, also called a thin plate of partially con 
ducting material in this application, with other ele 
ments of a direct view image intensifier attached 
thereto. The microchannel plate 14 is prepared sepa 
rately and is then attached to the glass substrate 22 and 
the various layers built up on substrate 22. Microchan 
nel plate 14, including the barrier layer 16, is made of 
tungsten doped aluminum oxide, and is prepared in ac 
cordance with the method disclosed in copending pa 
tent application entitled "Method of Preparing a Semi 
porous Film of Aluminum Oxide by High Voltage An 
odization," filed Dec. 22, 1971 and having Ser. No. 
210,909 by co-inventor, Howard G. Lasser. An alloying 
constituent of tungsten is applied in the base aluminum 
metal by the substitutional doping method prior to an 
odizing and remains there unanodized until anodized 
by the process disclosed in the above noted application. 
After preparation of the microchannel plate 14 with 
barrier layer 16 thereon, a coat of aluminum is vapor 
deposited on both the porous side and the barrier layer 
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16 side of the microchannel plate 14. Aluminum layer 
12, deposited on the porous side of plate 14, is desig 
nated as a first electrode, and aluminum layer 17, 
which is formed on barrier layer 16, is designated as a 
second electrode. A voltage source 5 is connected 
across electrodes 12 and 17 with electrode 17 being at 
ground potential and electrode 12 being at a negative 
1,000 to 1,500 volts. The voltage on electrode 12 that 
is required for proper electron multiplication depends 
upon the thickness of the microchannel plate 14 and its 
barrier layer 16 along with the diameter of the micro 
scopic channels. 
A layer of transparent metallic conductor 20, such as 

tin oxide or indium oxide, is vapor deposited on one 
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side of glass substrate 22. A layer of luminous material 
18, such as phosphor, is then deposited on layer 20. 
The phosphor 18 may be evaporated on layer 20 or ap 
plied by a slurry method. The glass substrate 22 may be 
fiber optics or a solid transparent layer of glass. The mi 
crochannel plate assembly and the glass substrate as 
sembly are held together by mechanical means, such as 
clamping. A second voltage source 7 is then applied be 
tween aluminum anode 17 and the transparent metallic 
conductor layer 20 to produce a strong electric field 
across the phosphor layer 18. This voltage is generally 
from 5,000 to 6,000 positive volts with the positive ter 
minal on the metallic conductor layer 20. 

In the operation of the direct view image intensifier 
of FIG. 1, assume that an electron, e, from a photocath 
ode (not shown) goes through the porous aluminum 
electrode 12, designated as the first electrode, and into 
one of the channels of microchannel plate 14. When 
this electron strikes the wall inside the channel it gener 
ally dislodges three or four secondary electrons there 
from that, in turn, are accelerated down the channel 
toward the aluminum oxide barrier layer 16. Voltage 
source 5, connected between first electrode 12 and sec 
ond electrode 17 accelerate these secondary electrons 
through the channel causing many additional collisions, 
with a resulting electron multiplying effect. For each 
electron that enters one of the channels of plate 14 as 
many as a thousand or more electrons are emitted 
therefrom. These thousand or more electrons enter 
barrier layer 16 and are transferred therethrough by a 
voltage gradient caused by voltage source 5 applied be 
tween electrodes 12 and 17. The aluminum oxide mate 
rial of the microchannel plate 14 is doped with tungsten 
so that potential source 5 causes a small current to flow 
along the channel walls to replenish the secondary elec 
trons that are dislodged therefrom. 

In the embodiment of FIG. 2, the transparent metal 
lic conductor 20 and phosphor layer 18 deposited on 
glass substrate layer 22 are prepared under the same 
method as that explained above for FIG. 1. FIG. 2 
shows a modification of FIG. 1 in which the barrier 
layer is removed from plate 14 and a porous aluminum 
electrode 15 is deposited thereon. In this embodiment, 
storage layer 19 is also added thereto. The barrier layer 
may be removed by simply shaving it off. After the bar 
rier layer is shaved off, porous aluminum electrodes 12 
and 15 are vapor deposited on each side of the micro 
channel plate 14. Aluminum is evaporated over plate 
14 for a limited period of time such that deposits are 
only built up on the solid portion and leave the chan 
nels open. A storage layer 19, made of a material such 
as cadmium sulfide, is vapor deposited over porous alu 
minum electrode 15 until layer 19 is solid, i.e., layer 19 
closes that end of the microchannels. A voltage source 
5 is connected across the microchannel plate 14 in the 
same manner as discussed in FIG. 1 above with the 
ground terminal connected to electrode 15. The sec 
ond voltage source 7 is connected across storage layer 
19 and phosphor layer 18 with its terminals attached to 
electrode 15 and layer 20. Voltage source 7 is between 
4,000 and 6,000 positive volts on layer 20 for proper 
acceleration of the electrons into storage layer 19 and 
on into the phosphor layer 18. Storage layer 19 re 
quires that about 10 times the number of electrons be 
stored therein for illumination of phosphor 18 than that 
required in the configuration of FIG. 1 where the elec 
trons moved directly through the aluminum electrode 
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4. 
17 into the phosphor layer 18. Plate 14, with storage 
layer 19 thereon, is mechanically held to glass substrate 
22 assembly, with layers 19 and 18 being contiguous 
with each other. 
FIG. 3 is a modification of FIG. 1. Plate 14 is porous 

and has first and second electrodes 12 and 15, respec 
tively, as in FIG. 2. Storage layer 19 is removed. There 
fore, the electrons passing through microchannel plate 
14 are transferred directly into phosphor layer 18. 
Electrons enter the channels of plate 14 and go through 
the process of dislodging secondary electrons there 
from under the influence of an electric field that is es 
tablished by voltage source 5. Phosphor layer 18 is con 
tiguous with second electrode 15, with substrate assem 
bly 22 and plate 14 held together mechanically. A sec 
ond voltage source 7 is connected between second 
electrode 15 and layer 20. This second voltage source 
creates an electric field across the phosphor layer 18 
for further energizing the electrons ejected out plate 
14. This phenomen provides a much higher illumina 
tion level of the phosphor 18 when viewed through 
glass substrate 22 than the two previous configurations. 
The voltage on electrodes 12 and 15 are the same as 
above, i.e., 1,000 to 1,500 volts with electrode 15 at 
ground potential. The potential of source 7 is not 
nearly as high as the two previous configurations. It can 
easily be seen that the electrons emitted from micro 
channel plate 14 already possess a good amount of en 
ergy, therefore, less voltage is required to accelerate 
the electrons into the phosphor layer 18. 

FIG. 4 shows another modification of the embodi 
ment in FIG. 1. In this configuration, microchannel 
plate 14 is inverted in the anodic film, i.e., barrier layer 
16 is facing toward the photocathode (not shown) from 
which a typical electron, e, enters the anodic film. An 
aluminum ring electrode 21, designated as the first 
electrode, encircles barrier layer 16. In this configura 
tion barrier layer 16 acts as an electron preamplifier. 
The transparent metallic conductor layer 20 and phos 
phor layer 18 are deposited on glass substrate 22 as ex 
plained above. Phosphor layer 18 is mechanically held 
against electrode 15. First voltage source 5, of from 
1,000 to 1,500 volts, is applied between the first elec 
trode 21 and second electrode 15. Electrons entering 
barrier layer 16 are accelerated through the channels 
of plate 14 by voltage source 5. In this embodiment, as 
in the embodiment of FIG. 3, electrons emitted out of 
the channels of plate 14 are injected directly into phos 
phor 18. Voltage source 7, having the same value as 
that of the configuration of FIG. 3, insures that the 
electrons entering phosphor 18 have sufficient energy 
to emit light out glass substrate 22. 

In the configuration of FIG. 5, since phosphor layer 
18 on glass substrate 22 is held contiguous with elec 
trode 15, electrons entering the channels of plate 14 
are accelerate therethrough by voltage source 5 with 
sufficient energy to illuminate phosphor layer 18. 
The embodiment of FIG. 6 shows a porous micro 

channel plate 14 with first electrode 12 deposited 
thereon. Phosphor layer 18 is contiguous with plate 14 
opposite first electrode 12. A voltage source 3 is ap 
plied between electrode 12 and metallic conductor 20, 
with 20 being designated the second electrode. Source 
3 accelerates electrons through the plate 14 and into 
phosphor layer 18 with sufficient energy to light the 
phosphor and emit the light therefrom through glass 
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substrate 22. Source 3 has a voltage of about 5,000 to 
6,000 volts. 
The embodiment of FIG. 7 includes a solid electron 

preamplifier materiai 26 that is vapor deposited on the 
input side contiguous with deposited first electrode 12 
of microchannel plate 14. When the channels within 14 
are made very small, say 25 microns or less in diameter, 
very little of preamplifier material 26 filters into the 
channels. This preamplifier material may be gallium ar 
senide or galium phosphide, either of which is rich in 
secondary electrons for use in the multiplication pro 
cess of a direct view image intensifier. Electrons strik 
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6 
tive on electrode 12 and is at ground potential on elec 
trode 15. 

In FIG. 12, two voltages sources, Sa and 7a, are con 
nected with polarities as shown. Source 7a has its nega 
tive lead connected to a layer of transparent metallic 
conductor 20 and its positive lead connected to elec 
trode 15. Source Sa has its positive lead connected to 
electrode 12 and its negative lead connected to termi 
nal 15. The electric field produced by source 7a causes 
secondary electrons to be more readily ejected from 
material 42 than was the case in the embodiment of 

ing peramplifier 26 excite the secondary electrons 
therein whereupon some of the excited electrons are 
ejected into the channels within microchannel plate 14 
for multiplication. The electrons ejected from plate 14 
strike phosphor layer 18 with sufficient energy to emit 
light through glass substrate 22. 
The embodiment shown in FIG. 8 is the same as that 

shown in FIG. 7 except that the electron preamplifier 
is porous, and is designated as numeral 27. Porous pre 
amplifier 27 is also vapor deposited in the manner as 
for the configuration of FIG. 7. The deposition is 
ceased, however, before the channels are sealed. More 
electrons enter the channels of plate 14 because of the 
electron rich preamplifier material emitting many pri 
mary electrons causing more secondary electrons to be 
emitted from the tungsten doped aluminum oxide than 
when the preamplifier material is not used as shown in 
the embodiments of FIGS. 1-6. In the embodiment of 
FIG. 8, about 20-40 secondary electrons are emitted 
from the walls of material 27 when one electron strikes 
the wall. This added number of electrons travel through 
the channel, accelerated by the voltage of voltage 
source 5, and strike the phosphor layer 18 immediately 
after passing through the channel. The voltage of 
source 5 is, again, between 1,000 and 1,500 volts. This 
voltage proves to be sufficient for causing illumination 
of the phosphor layer. 
The embodiment of FIG. 9 is the same as the embodi 

ment shown in FIG. 7 but with an added layer of trans 
parent cathode 30. This transparent cathode, or trans 
parent cathodic film may be, for instance, a solid layer 
of gallium aresnide. Transparent cathode 30 is vapor 
deposited on glass substrate 22. The phosphor layer is 
then deposited on transparent cathode 30 in the same 
manner as described above. The value of voltage 
source 5 is again 1,000 to 1,500 volts. Source 7 may be 
about 4,000 to 5,000 volts. 
The configuration of FIG, 10 is the same as that for 

FIG. 8 except that transparent cathode 30 is deposited 
on glass substrate 22 prior to deposit of the phosphor 
layer 18. Source 7 may be about 4,000 to 5,000 volts. 
Both of the embodiments shown in FIG. 11 and 12 

are illustrated differently from the embodiments illus 
trated in FIGS. 1-10. In these embodiments, photons 
entering glass substrate 22 are converted to electrons 
exiting plate 14. FIG. 11 shows light from a target en 
tering glass substrate 22 and, in turn, emission of elec 
trons from transparent cathode 42. Transparent cath 
ode 42 is a solid layer of gallium arsendie or gallium 
phosphide that is vapor deposited on glass substrate 22. 
The electrons emitted from transparent cathode 42 
enter into the channels of microchannel plate 14 and 
are accelerated therethrough by a voltage source Sa. 
Voltage source Sa is from 1,000 to 1,500 volts. In this 
embodiment the polarity of voltage source Sa is posi 
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FIG. 11 which does not have a voltage source across 
layer 42. Photons passing through glass substrate 22 
into the transparent cathode 42, of both embodiments 
shown in FIGS. 11 and 12, cause ejection of electrons 
from cathode 42 into microchannel plate 14. These 
electrons start the multiplication process within plate 
14 that results in an electron image emitted from the 
electrode 12 side according to the intensity of photon 
input through glass substrate 22. 
We claim: 
1. A direct view image intensifier anodic film for 

electron multiplication comprising: 
a thin plate of partially conducting material contain 
ing a plurality of microscopic channels there 
through and having a first electrode on one side 
and a second electrode on the other side thereof; 

a layer of luminous material contiguous with said sec 
ond electrode; 

a transparent metallic conductor contiguous with 
said layer of luminous material; 
a glass substrate contiguous with said transparent me 

tallic conductor; and 
a voltage supply connected between said first and 
second electrodes and between said transparent 
metallic conductor and said second electrode 
whereby electrons passing through said micro 
scopic channels are accelerated and multiplied by 
the electrical potential difference provided by said 
voltage supply. 

2. An anodic film as set forth in claim 1 wherein said 
thin plate of partially conductive material is aluminum 
oxide that is doped with tungsten to provide replenish 
ing electrons removed from the walls of said micro 
scopic channels by secondary emission and wherein 
said first and second electrons are aluminum. 

3. An anodic film as set forth in claim 2 wherein said 
layer of luminous material is phosphor. 

4. An anodic film as set forth in claim 3 wherein said 
transparent metallic conductor is tin oxide. 

5. An anodic film as set forth in claim 3 wherein said 
transparent metallic conductor is indium oxide. 

6. A direct view image intensifier anodic film for 
electron multiplication comprising: 
a thin plate of partially conductive material contain 
ing a plurality of microscopic channels there 
through and having a first electrode on one side 
and a second electrode on the other side thereof; 

a layer of luminous material contiguous with said sec 
ond electrode; 

a transparent metallic conductor contiguous with 
said layer of luminous material; 

a glass substrate contiguous with said transparent me 
tallic conductor; and 

a voltage supply connected between said first and 
second electrodes for providing electron accelra 



7 
tion and multiplication through said small chan 
nels. 

7. A direct view image intensifier anodic film as set 
forth in claim 6 wherein said layer of luminous material 
is phosphor. 

8. A direct view image intensifier anodic film for 
electron multiplication comprising: 
a thin plate of partially conducting material contain 
ing a plurality of microscopic channels there 
through and having a first electrode on one side 
and a second electrode on the other side thereof; 

a layer of luminous material contiguous with said sec 
ond electrode; 

an electron preamplifier material contiguous with 
said first electrode; 

a glass substrate contiguous with said layer of lumi 
nous material; and 

a voltage supply connected between said first and 
second electrodes for providing electron accelera 
tion and multiplication through said small chan 
nels. 

9. A direct view image intensifier anodic film as set 
forth in claim 8 wherein said layer of luminous material 
is phosphor. 

10. A direct view image intensifier anodic film as set 
forth in claim 9 wherein said electron preamplifier ma 
terial is a solid layer of gallium arsenide. 

11. A direct view image intensifier anodic film as set 
forth in claim 9 wherein said electron preamplifier ma 
terial is a porous layer of gallium arsenide. 

12. A direct view image intensifier anodic film for 
electron multiplication comprising; 
a thin plate of partially conductive material contain 
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8 
ing a plurality of microscopic channels there 
through and having a first electrode on one side 
and a second electrode on the other side thereof; 

a layer of luminous material contiguous with said sec 
ond electrode; 

an electron preamplifier material contiguous with 
said first electrode; 

a transparent cathodic film contiguous with said layer 
of luminous material; 

a glass substrate contiguous with said transparent ca 
thodic film; and 

a voltage supply connected between said first and 
second electrodes and between said transparent ca 
thodic film and said second electrode whereby 
electrons passing through said small channels are 
accelerated and multiplied by the electrical poten 
tial difference provided by said voltage supplies. 

13. A direct view image intensifier anodic film as set 
forth in claim 12 wherein said layer of luminous mate 
rial is phosphor. 

14. A direct view image intensifier anodic film as set 
forth in claim 13 wherein said electron preamplifier 
material is a solid layer of gallium arsenide. 

15. A direct view image intensifier anodic film as set 
forth in claim 13 wherein said electron preamplifier 
material is a porous layer of gallium arsenide. 

16. A direct view image intensifier anodic film as set 
forth in claim 14 wherein said transparent cathodic film 
is a solid layer of gallium arsenide. 

17. A direct view image intensifier anodic film as set 
forth in claim 15 wherein said transparent cathodic film 
is a solid layer of gallium arsenide. 

k k : k :k 


