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ABSTRACT OF THE DISCLOSURE 

An electron multiplier employing a plate of glass or 
similar material having a high electrical resistance which 
is provided with a plurality of closely spaced narrow 
channels which are secondary emissive and which con 
nect opposite faces, the latter having electrically con 
ducting layers thereon. A photocathode covers one face 
and the entrances to the channels and is sui?ciently per 
meable to radiation of such wave-lengths to which the 
photocathode material is sensitive that electrons emitted 
in response to such radiation enter the channels directly 
and without dispersion so as to increase the multiplica 
tion effect. 

This invention relates to electron multiplier and image 
intensi?er devices. More particularly the invention relates 
to “channel intensi?er” devices and to electronic tubes 
employing such devices. 
A channel intensi?er device is a secondary-emissive 

electron multiplier device which device comprises a re 
sistive matrix in the form of a plate the major surfaces 
of which constitute the input and output faces of the 
matrix, a conductive layer on the input face of the matrix 
serving as an input electrode, a separate conductive layer 
on the output face of the matrix serving as an output elec 
trode, and elongated channels each providing a passage 
way from one face of the assembly consisting of matrix 
and input and output electrodes to the other face of said 
assembly. 

In the operation of such intensi?er devices a potential 
difference is applied between the two electrode layers of 
the matrix so as to set up an electric ?eld to accelerate 
the electrons, which ?eld establishes a potential gradient 
created by current ?owing through resistive surfaces 
formed inside the channels or (if such channel surfaces 
are absent) through the bulk material of the matrix. 
Secondary-emissive multiplication takes place in the chan 
nels. 

With such devices the distribution and cross-sections 
of the channels and the resistivity of the matrix are such 
that the resolution and electron multiplication character 
istics of any one unit area of the device is su?iciently sim 
ilar to that of any other unit area for any imaging pur 
poses envisaged. 

If such a device is used in an imaging tube or system, 
the latter will be referred to for convenience as an “image 
intensi?er” tube or system rather than as an “image con 
verter” tube or system even in applications where the pri 
mary purpose is a change in the wavelength of the radia 
tion of the image. 

British patent speci?cations 1,064,073, 1,064,074 and 
1,064,076 describe examples of a channel intensi?er de 
vice used in conjunction with a photo-cathode spaced 
from the input electrode and with a suitable target, for 
example a luminescent screen so as to form an arrange 
ment suitable for an image intensi?er tube, for example 
for viewing scenes at low illumination. 

In further arrangements described in French patent 
speci?cation 1,404,980 the photo-cathode is no longer 
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spaced from the channel intensifier device. Such arrange 
ments employ the channel intensi?er device in com 
bination with photo-emissive surface areas in contact 
with the input electrode of the device. 
The photo-emissive surface areas may substantially 

all be formed on the input electrode of the matrix and 
they may constitute an electrically continuous apertured 
layer, which can be represented as the layer P in FIG 
URE 1 of the accompanying diagrammatic drawings. An 
object O is shown imaged by an optical system on to the 
photo-cathode P. Photo-electrons are liberated simul 
taneously from all parts of the photo-cathode with varying 
local intensities dependent upon the image formed there 
on. Secondary electrons emerging from channel intensi 
?er device I are accelerated towards a luminescent 
screen S. 
More particularly, the channel intensi?er device I is 

traversed by a regular array of channels. The matrix of 
the device may be of glass and its input and output faces 
carry ?rst and second conductive electrode layers E1~E2 
respectively. 

In each of the channels that receives primary electrons 
at any given instant, multiplication takes place and the 
necessary electric accelerating ?eld is set up by connect 
ing the electrodes El-EZ to a source shown schematically 
at B2. A further accelerating ?eld is provided by a source 
shown schematically as a unit B3‘ connected between E2 
and a conductive coating (e.g. aluminum) associated with 
luminescent screen S. 

Photo-electrons are emitted in a direction away from 
the matrix and input electrode E1 and such electrons re 
quire a ?eld to turn them back towards the channels. 
Means for producing such a ?eld are represented diagram 
matically by a source B1 applying a voltage between the 
input electrode E1 and a transparent electrode E0 formed 
e.g. on the envelope. In practice it is found that the ?eld 
con?guration existing at the entrances to the channels due 
to the elements E1-E2—B2 alone can be suf?cient to draw 
back the photo-electrons without the need for the elec 
trode E0 and source B1. 
As an alternative to location on the input electrode, the 

photo-emissive surface areas is shown to be formed sub 
stantially entirely within the channels of the matrix. In 
this case the accelerating ‘?eld set up by source B2 be 
tween electrodes El and E2 is clearly su?icient to acceler 
ate the electrons in the channels without the need to have 
an electrode corresponding to E0 with its source B1. 
As a further alternative the photo-emissive surface 

areas have been laid partly on the input electrode on the 
matrix and partly inside its channels. 

There is a problem associated with imaging tube con 
structions which operate with an electron accelerating 
?eld to direct electrons from points on the photo-cathode 
to corresponding points on the input electrode. This prob 
lem is that the accelerating ?eld tends to direct the elec 
trons into the channels at high speed in a direction more 
or less parallel to the axes of the channels. Consequently 
there is a tendency for the electrons to fail to strike the 
channel walls at any early stage so that less multiplication 
steps occur and the total multiplication effect is reduced. 
A second problem exists in that electrons emitted from 
any given picture element on the photo-cathode are apt 
to spread and enter more than one channel. 

According to the invention with a channel image in 
tensifying device for electrons comprising a thin plate of 
glass of high electrical resistance or of a ditfe_r_ent kind of 
similar material, which plate is provided on the two 
major surfaces with an electrically conductive layer and 
with closely adjacent channels interconnecting the two 
surfaces and with a photo-electric cathode in contact 
with one of the two surfaces, the photo-electric cathode 
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closes the passages at the entrances to the channels and 
is su?iciently permeable for rays of those wavelengths to 
which the photo-cathode material is sensitive. 
The entrances to all the channels are closed by photo 

emissive areas, and the device can operate satisfactorily 
even if some parts of the input electrode are not quite 
in direct physical contact with the photo-emissive layer 
owing, say, to irregularities in said layer or in said 
electrode or to the presence of dust particles. This is 
true provided that such photo-emissive layer is in elec 
trical contact with the input electrode even though they 
are not in physical contact, and this can readily be 
achieved by forming the photo-emissive layer as an 
electrically continuous layer having suf?cient conduc 
tivity to maintain all the areas effectively at the same 
potential as the input electrode. In practice it is possible 
to carry out such a construction with such accuracy that 
areas of imperfect physical contact between input elec 
trode and photo-emitter cause only negligible local losses 
of resolution due to a few electrons entering the wrong 
channels. 
The invention also overcomes the aforesaid second 

problem which exists in previous arrangement of the 
proximity type in that electrons from each picture ele 
ment on the photo-cathode are constrained to enter the 
appropriate channel, and this of course produces maxi 
mum de?nition for a given channel density or for a given 
total number of channels. 

Embodiments of the invention will now be described 
by way of example with reference to FIGURES l to 10 
of the accompanying diagrammatic drawings in which 
FIGURE 1 illustrates the prior art, 
FIGURE 2 represents schematically an image intensi 

?er tube according to the invention, 
FIGURES 3 to 5 illustrate 3 embodiments of the in 

vention, 
FIGURE 6 illustrates a modi?cation of the invention, 
FIGURE 7 illustrates a method of manufacture, 
FIGURES 8 and 9 illustrate in a simpli?ed manner the 

action of symmetrical and asymmetrical (i.e. tilted) lenses 
respectively, 
FIGURE 10 illustrates a further embodiment. 
In the generic representation of an imaging tube em 

ploying a channel-intensi?er photo-cathode combination 
according to the present invention as shown in FIGURE 
2 the input voltage supply B1 and the separate electrode 
E0 of FIG. 1 have been omitted. Though the photo 
emissive material has a degree of conductivity of its own 
the original input electrode E1 is retained as part of the 
channel intensi?er device. Electrode E1 communicates its 
own potential to the photoemissive areas since they are 
in contact with it as explained above. Thus the photo 
emitter and input electrode can be indicated as being 
connected together to one end of the supply B2. 
As shown in an enlarged schematic manner in FIGURE 

3 a continuous photo-emissive layer P is brought up to, 
and placed in contact with, the input electrode E1. The 
parts of the photo-emissive layer which correspond to 
the electrode E1 perform no photo-emissive function in 
the device. In some cases it may be the easiest and cheap 
est method of construction by depositing layer P on a 
glass plate W which may be the window of the envelope 
since the photo-emissive surface areas can be produced 
as a continuous layer before assembly. The areas of the 
photo-emitter which correspond to the channels C are 
the operative areas and they emit photo-electrons direct 
ly into the channels. This permits the electrons to ini 
tiate their travel in the channels at a lower energy so 
that they can more easily be directed towards the channel 
walls at an early stage. This can be done in different ways 
and these alternative arrangements are illustrated in FIG 
URES 4- and 5. In FIGURE 4 the input electrode E1 is 
extended some way into each channel entrance so as 
to create an electrostatic lens effect which de?ects the 
electrons outwardly towards the channel Walls. This lens 
action will be described in greater detail later. 
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4 
In the alternative arrangement of FIGURE 5 the 

channels are tilted so as to cause early collisions as 
shown schematically. It is possible to combine the con 
?gurations of FIGURES 4 and 5 (although this is not 
normally necessary) or the lenses themselves may be tilted 
as will be explained. 

In any of the arrangements of FIGURES 3 to 5 it is 
possible in principle to eliminate those parts of the photo 
emissive layer P which correspond to the input elec 
trode E1 and are therefore not utilised for photo-emission. 
However, this is extremely difficult to carry out with 
present techniques and requires su?icient precision of 
manufacture for substantially all the photo-emissive areas 
to be individually in physical contact with the input elec 
trode since otherwise charge deposition and like phe 
nomena will disturb the operation of the device. 
A modi?cation of the present invention consists in 

omitting the input electrode E1 and relying solely on the 
conductivity of the photo-emissive areas to act as an input 
electrode. For this reason areas must, as in the arrange 
ments of FIGS. 3—5, be joined together to form an elec 
trically continuous layer which is connected to one of 
the supply terminals. An example of such an arrangement 
is shown in FIGURE 6. 

It is in accordance with the de?nition given above of a 
channel intensi?er device that in the arrangement of 
FIGURE 6. the input electrode is regarded as constituted 
by the photo-emissive layer wherein the input electrode is 
no longer traversed by the passageways provided by the 
channels. 
A special case of the FIGURE 6 type is the case in 

which the concerned photo-emissive and electrode mate 
rial PE is a metal adapted to act as a photo-emitter at 
given wavelengths of input radiation, for example gold 
for an ultra-violet image intensi?er. However, such a 
metallic layer must be thin enough to be partially trans 
parent and this may unduly limit its current carrying 
capacity as compared with the arrangements of FIGURES 
3 to 5 wherein the electrode E1 has apertures to pass 
radiation and therefore can be of any desired thickness. 
A similar limitation may exist also when the layer PE of 
the arrangement of FIGURE 6 is of a material other 
than gold. 

In manufacturing the devices described, the electrode E1 
can be formed on the matrix by known methods. If it is 
to be extended into the channels in accordance with 
FIGURE 4, it can be formed by evaporating a metal 
(e.g. chromium) at a suitable angle 45 as shown in FIG 
URE 7, such evaporation (3) being effected from a 
source which is rotated round the axis of the matrix so 
as to cause uniform penetration the channel plate is it 
self rotated (or relative to a ?xed source). The chosen 
value of the angle 45 of evaporation determines the depth 
of the inward penetration d of the electrode material in 
side the channels 2. This forms both the input face layer 1 
of the electrode and the extensions 4 of the electrode into 
the channels. 

Arrangements such as those of FIGURES 3 to 5 may 
be made by depositing the layer P on to a substrate plate 
W and assembling said plate against the electrode E1 of 
the channel device. This must be done with su?icient ac 
curacy to ensure that layer P is in contact with all or 
nearly all the parts of the electrode, and the two steps 
should be carried out in vacuo. Corresponding steps can 
be adopted for the case of FIGURE 6 but in this case 
the assembly can be carried out in air if the layer PE is 
of gold as previously described. 
The lens effect previously referred to in connection with 

the electrode extensions of FIGURE 4 will now be de— 
scribed in greater detail with reference to FIGURE 8 
after a brief review of the problem associated with the 
channel entrance conditions in prior channel image in 
tensi?ers. 

‘Electrons produced from the photocathode (in re 
sponse to light or other radiation) must acquire so much 
energy that, when they strike the wall of a channel, the 
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secondary emission coefficient will be substantially greater 
than unity. This requires in practice collision energies 
which exceed 50 ev. It is also important, however, that 
electrons from the photocathode do not penetrate far 
into the channel before collision with the wall, since the 
length of channel available for the subsequent gain 
process will be inadequate. Usually a channel plate is 
separated from the photocathode by a small distance (be 
tween one and ten channel diameters), and the applica 
tion of a potential di?fe'rence exceeding 50 v. (between 
photocathode and channel plate input electrode) to ensure 
that photoelectrons enter a channel with suf?cient energy 
to produce secondary electrons on collision with the wall 
of the channel. To cause collision with the wall in the 
early part of the channel the ?eld strength in the channel 
plate is made different from that in the space between 
photocathode and channel plate. Thus a lens action is 
established at the channel entrance, which will be positive 
if the ?eld strength in the channel plate is the higher, 
or negative if it is the lower. Unfortunately, if the strength 
of this lens is to be adequate to ensure that electrons are 
directed to strike the wall in the early part of the channel, 
it is necessary that either the disparity in ?eld strengths 
‘be very great, or the energy of the electron as it enters 
the lens be small, so that it is readily de?ected. The elec 
tric ?eld within the channel plate is normally ?xed by the 
gain required from the plate and its geometry, and there 
is little or no freedom to choose the ?eld strength to 
suit electron-optical requirements. Thus to achieve dis 
parity in ?eld strengths, either the ?eld strength in the 
photocathode/channel-plate ‘gap must be made very high 
(in which case ?eld emission from the photocathode be 
comes a danger) or it must be made very low, in which 
case the electrons from the photocathode will spread be 
fore reaching the channel plate and resolution ‘will be 
lost. 

In arrangements according to the present invention, 
wherein the channel plate is in contact with the photo 
missive areas and said areas close the channel entrances, 
this ensures that the resolution is limited substantially only 
'by the channel spacing rather than by electron spreading 
from the photocathode. 
By arranging that the input electrode of the channel 

plate penetrates a small distance into the channel 
as shown in FIGURE 4, a virtually ?eld-free region is 
established in the region of the photocathode. This photo 
electrons enter a converging electron lens occurring at the 
boundary of the penetrating electrode extension. These 
electrons have small energy and the lens can thus be ade 
quately strong to ensure early wall collision for most 
photoelectrons. 
The degree of penetration of the electrode will in?uence 

the lens strength. As a limit case, no penetration will re 
sult in no lens action, and the photoelectrons will spread 
in straight paths from the photocathode. Deep penetra 
tion several channel diameters in extent will give strong 
curvature of the equipotentials and a strong lens action; 
however, many photoelectrons will drift to the wall in 
the electrode region without gaining any energy and so 
will be lost. The best compromise appears to lie with a 
penetration between 1A and 2 channel diameters in depth, 
preferably between '1/2 and one diameter. In this range a 
large fraction of the photoelectrons will gain sufficient 
energy (before collision) to produce secondary electrons, 
and few still pass far into the channel without collision. 
The lens action is shown diagrammatically in FIG 

URE 8. In order to reduce the fraction of axial electrons 
which still proceed a considerable distance into the chan 
nel before colliding, the electrode penetration forming the 
lens can be tilted according to FIGURE 9. This has the 
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result of accelerating the electrodes preferentially to one 
side of the channel, and even a photoelectron emitted 
along the channel axis will collide with the wall. 

Tilted electrode penetration (i.e. tilted lenses) can be 
produced by evaporation of metal forming the input elec 
trode (typically Cr) at a suitable angle. Referring back 
to FIGURE 7 it was explained that, by rotation of the 
plate during exaporation, substantially uniform penetra 
tion can be achieved. For the present purpose, skew pene 
tration like that shown in FIGURE 9 can be obtained 
by omitting the rotation. 
For a given total matrix area and given channel di 

ameters density, the effective photocathode area of any 
of the devices described can be increased by outwardly 
?aring or tapering the entrances to the channels so that 
their initial diameter is larger. This is illustrated sche 
matically in FIG. 10. 

In a practical example the dimensions of the matrix 
may be approximately as follows: 

Diameter of matrix.—3—l0 cm. 
Diameter of channel-15p. 
Length of a channel.—1 mm. 

For use in an image intensi?er the source B2 may pro 
duce about 1000 volts. 
What is claimed is: 
1. An electron multiplier comprising a thin plate of 

electrically insulating material, said plate having an 
electrically conducting layer on the two major faces and 
being provided wi.h a plurality of parallel closely adja 
cent narrow secondary emissive channels interconnecting 
the two major faces, and a photoelectric cathode con 
tacting one of the two major faces, and closing the en 
trances to the channels and su?iciently permeable to 
radiation of such wavelengths to which the photocathode 
material is sensitive to emit electrons in response to said 
radiation which enter said channels. 

2. A device as claimed in claim 1, wherein the photo 
cathode is formed by a continuous layer applied to a 
transparent support. 

3. A device as claimed in claim 2, characterized in 
that between the photocathode and the plate surface 
a conductive layer is provided which extends into the 
channels. 

4. A device as claimed in claim 3, wherein the length 
of the extension of the conductive layer in the channels 
is equal to 1/2 times a channel diameter. 

5. A device as claimed in claim 3, wherein the layer 
extension in a channel terminates in the form of a bev 
elled cylinder. 

6. A device as claimed in claim 1 wherein with re 
spect to the major faces the channels extend in an 
oblique direction. 

7. A device as claimed in claim 1, the photocathode 
is also the electrically conducting layer. 
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