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This invention relates to electron multiplying devices
and circuit arrangements therefor.,

In.a photo-electric multiplier a radiation sensitive cath-
ode is provided and electrons emitted from said cathode
are caused to pass to a first multiplying electrode or
dynode which emits secondary electrons which are caused
to pass to a collector or to further dynodes prior to reach-
ing the collector. In high speed multipliers such as are
used for scintillation counting it is necessary for the elec-
trons emitted from the cathode to be focussed into the
first dynode structure with as little transit time spread as
possible,

] It is an object of the present invention to provide an
1m1'{roved circuit arrangement for an electron multiplying
device with a view to achieving this desideratum.

) According to one feature of the invention there is pro-
vided an electric circuit arrangement including an elec-
tron multiplying device comprising a radiation sensitive
electron-emissive cathode on the inner surface of o domed
support, electron focussing means including a foraminated
electrode substantially co-extensive with said cathode
and arranged to face said cathode at a substantially uni-
form distance therefrom, a dynode for receiving electrons
emitted by said cathode, and means for applying poten-
tials to the cathode and to said focussing means and said
dynode such that the foraminated electrode has a poten-
tial which is positive with respect to the potential of said
cathode to set up a substantially uniform radial electro-
static field between said cathode and said electrode, said
dynode being located near the region of convergence of
said radial field and the transit times to the dynode of
electrons proceeding radially from said cathode are sub-
stantially equal.

Another object of the invention is to provide an im-
proved electron multiplying device in which the transit
times of electrons from the cathode to the first dynode
are substantially equal.

According to another feature of the invention there
is provided an electron multiplying device comprising a
radiation sensitive electron-emissive cathode on the inner
surface of a domed support, electron focussing means in-
cluding a foraminated electrode substantially co-extensive
with said cathode and arranged to face said cathode at a
substantially uniform distance therefrom so that the elec-
trons can be caused to leave said cathode in substantially
radial directions by the application of a suitable positive
potential to the electrode relative to said cathode, and a
dynode located near the region of convergence of the
radii from said cathode, said device being such that with
the aforesaid potential applied to said electrode the tran-
sit times to the dynode of electrons proceeding radially
from said cathode are substantially equal.

In order that the present invention may be clearly un-
derstood and readily carried into effect, the same will
now be more fully described with reference to the ac-
companying drawings, in which:

FIGURE 1 illustrates diagrammatically one embodi-
ment of the invention as applied to a radiation sensitive
electron multiplier,

FIGURE 2 is a perspective view of the first dynode

- of the multiplier shown in FIGURE 1, and
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FIGURE 3 is a cross-section of the dynode shown in
FIGURE 2.
As shown in the drawings the reference numeral 1 in-
icates an evacuated glass envelope the end wall 2 of
which is domed and in the particular example shown it
is formed as a part of a sphere. The interior surface of
the window 2 is provided with a radiation sensitive elec-
tron emissive cathode indicated at 3. The sensitive cath-
ode may be formed of any suitable radiation sensitive
materials such as antimony sensitised with caesium or
antimony sensitised with a plurality of different alkali
metals such as sodium, potassium and caesium, this cath-
ode being deposited on a transparent conducting coating
4, for example, a Nesa layer. In some cases the coating
4 may be omitted. The envelope 1 is generally of cylin-
drical ferm and spaced from the cathode and facing the
concave surface thereof is a circular electrode 5 having
a central aperture 6 which is disposed with its centre sub-
stantially on the centre axis of the cathode 3. Between
the cathode 3 and the apertured electrode 5 is a tubular
electrode 7 which may be formed as an aluminium coat-
ing on the interior wall of the envelope, and said electrode
7 may be in electrical contact with the transparent con-
ducting layer 4 or otherwise maintained at the potential
of the cathode 3. 'Adjacent the electron cathode 3 is a
foraminated electrode 8 having an imperforate cylindrical
rim, the electrode 8 having substantially the same curva-
ture as the cathode 3 so that it is substantially co-extensive
therewith, said electrode 8 being followed by a cylindrical
electrode 9 and by a conical electrode 18 provided with
a tubular extension 11 at the apex the transverse end wall
of the extension 11 having an aperture 12 therein. The
foraminated electrode 8 may be of the honeycomb hex-
agonal type such as are employed in some types of
klystron valves with the bars thereof defining the aper-
tures radially disposed with respect to the cathode.. The
radial thickness of the grid may be 0.1 and may have
an optical transparency of 90 percent or more. Thus the
electrode 8§ may have about 1096 aperturés per square
inch. The various electrodes so far described constitute
when suitable potentials are applied thereto an electro-
static focussing system which causes electrons from the
cathode 3 to pass through the apertures 12 and 6 and to
be brought to a focus just beyond the electrode 5. The
electrode 8§ serves when suitable potentials are applied
thereto and to the various other electrodes to set up a
strong substantially radial field between the cathcde 3
and electrode 8, and causes electrons emitted from the
cathode to proceed substantially radially towards the
dynode 13 and come to a sharp focus a little way beyond
the centre of curvature of the cathode. The electrode 8
thus ensures that the path lengths of the electrons emitted
from the cathode 3 are substantially equal and thereby
affords a reduction of transit time spread of the electrons.
In the embodiment shown the elecirons are brought to a
focus on the axis of the device and near to a first dynode
13 which is situated on the side of the electrode 5 remote
from the cathode 3. The dynode 13 is followed by fur-
ther dynodes 14, 15, 16, 17 and 18, there being a final
dynode 18 having in front thereof a grid 2@ which con-
stitutes the collecting electrode of the multiplier. With
the construction described a reduced image of the elec-
trons released from the cathode 3 is formed on the dynode
13, the focus being in front of the latter electrode. The
first dynode 13 is shown in detail in FIGURES 2 and 3,
and as will be observed the dynode is formed from a strip
of metal bent to an arcuate shape. The subsequent
dynodes are shaped as shown and are likewise formed
from a strip of metal bent as indicated. These dynodes
will of course be formed so as to be capable of secondary
eleciron emission and are known in the art.
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In one particular embodiment of the invention the in-
ternal diameter of the envelope 1 may be 2% and the
radius of curvature of the cathode 3 may be 3%, The
radius of curvature of the foraminated elecircde § may
be 3” and both of the electrodes may have the same cen-
tre of curvature. The axial length of the foraminated
electrode 8 together with its imperforate rim may be 38"
and the rim may be spaced apart from the electrode 9
by a distance of 1’". The latter electrode may be 2"
in diameter and 134" long. The electrode 9 may be
spaced from the conical elecirode 19 by 18" and the coni-
cal portion of this electrode 18 may be 34" long and its
tubular extension 11, 5" in diameter and 4"’ long, and
the aperture 12 may be 4" in diameter and spaced from
the electrode by %", In operation of the construc-
tion described the electrode 7 and the conducting coating
on which the cathode 3 is formed may be maintained
at zero volts, the foraminated electrode 8§ at a positive
potential of 300 volts, the electrode 2 at a positive po-
tential of 450 volts, the electrode 19 at a positive poten-
tial of 600 volts and the electrode 5 at a positive poten-
tial of 300 volts. The first dynode 13 may be electrically
connected to this electrode 5 so that it is maintained at
the same potential as the latter or connected to a scparate
source of supply so that its potential differs from that
of the electrods 5 by a few volts, whilst the dynode 14
may be maintained at a positive potential of 450 volts
and the subsequent dynodes and collector 2¢ at increas-
ing potentials as is known in the art.

Although the dyncdes are illustrated as being of par-
ticular known type it will be appreciated that other shapes
of dynodes may be used. The invention is of course not
limited to the use of the particular potentials referred to
and it should be mentioned that any other suitable po-
tentials may be used, although it should be pointed out
that the foraminated electrode § shouid not be operated
at a potential more negative than the electrode which
receives the emission from the cathode, i.e., the electrode
13, owing to the liability of emission from the forami-
nated electrode 8. Furthermore other electrode arrange-
ments may be employed instead of the electrodes 9 and
10 and in certain arrangements these latter electrodes
may be omitted.

What we claim is:

1. An electric circuit arrangement including an elec-
tron multiplying device comprising a radiation sensitive
electron-emissive cathode on the inner surface of a domed
support, electron focussing means including a foraminated
electrode substantially co-extensive with said cathode and
arranged to face said cathode at a substantiaily uniform
distance therefrom, a dynode for receiving electrons emit-
ted by said cathode, and means for applying potentials
to the cathode, to said focussing means and said dynode
such that the foraminated electrode has a potential which
is positive with respect to the potential of said cathode
to set up a substantially uniform radial electrostatic field
between said cathode and said electrode, said dynode
being located near the region of convergence of said ra-
dial field and the transit times to the dynode of elecirons
proceeding radially from said cathode being substantially
equal.

2. An electron multiplying device comprising a radi-
ation sensitive electron-emissive cathode on the inner sur-
face of a domed support, electron focussing means in-
cluding a foraminated electrode substantially co-extensive
with said cathode and arranged to face said cathode at
2 substantially uniform distance therefrom so that the
electrons can be caused to leave said cathode in substan-
tially radial directions by the application of a suitable
positive potential to the electrode relative to said cath-
ode, and a dynode located near the region of convergence
of the radii from said cathode, said device being such
that with the aforesaid potential applied to said electrode
the transit times to the dynode of electrons proceeding
radially from said cathode are substantially equal.
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3. An electric circuit arrangement according to claim
1, wherein the cathode and the foraminated member are
each formed as a part of a sphere.

4. An electric circuit arrangement according to claim
1, wherein a surface of the dynode electrode is disposed
in proximity to the centre axis of said dome shaped

cathode.

5. An electric circuit arrangement according to claim
1, wherein said foraminated electrode has an imperforate
cylindrical rim extending in a direction away from said
cathode.

6. An electric circuit arrangement according to claim
7, wherein said foraminated member has a radial thick-
ness of at least 0.1 of an inch.

7. An electron multiplying device comprising a radia-
tion sensitive electron emissive cathode on the inner sur-
face of a support formed as part of a sphere, electren
focussing means including a foraminated electrode sub-
stantially co-extensive with said cathode and arranged to
face said cathode at a substaniiaily wuniform distance
therefrom so that electrons can be caused to leave said
cathode in substantially radial directions by the applica-
tion of a suitable positive potential relative to said cath-
ode, and 2 dynode having a secondary electron emissive
surface disposed in proximity of the centre of curvature
of said cathode, said device being such that with the
aforesaid potential applied to said electrode the transit
times to said dynode surface of electrons proceeding
radially from said cathode are substantially equal.

8. A device according to claim 7, wherein said forami-
nated electrode has an imperforate cylindrical rim ex-
tending in the direction away from said cathode.

9. An electric circuit arrangement including an electron
multiplying device comprising a radiation sensitive elec-
tron emissive cathode on the inmer surface of a domed
support, a foraminated electrode substantially co-exten-
sive with said cathode and arranged to face said cathode
at a substantiaily uniform distance therefrom, a dynode
for receiving electrons emitted from said cathode, ac-
celerating electrode means and decelerating electrode
means arranged in succession around the path from said
foraminated electrode to said dynode, and means for ap-
plying potentials to said cathode, sz2id foraminated elec-
trode, said accelerating electrode means, said decelerating
electrode means and said dynode such that the forami-
nated electrode has a potential which is positive with re-
spect to said cathode, said accelerating ¢lectrode means
has a potential which is positive with respect to said
foraminated elecirode, and said decelerating means and
said dynode have potentials which are positive with re-
spect to said cathode but are negative with respect to said
accelerating electrode means, said potentials being prede-
termined to set up a substantially uniform radial electro-
static field between said cathode and said foraminated
electrode to cause the transit times to the dynode of elec-
trons proceeding radially from said cathode to be sub-
stantially equal.

10. A circuit arrangement according to claim 9, where-
in said cathode and said foraminated electrode are each
formed as part of a sphere, and said decelerating electrode
means comprises an apertured plate having its aperture
near the centre axis of said cathode.

11. An arrangement according to claim 10, wherein
caid accelerating electrode means comprises a cylindrical
ancde and a conical anode, said conical anode converging
towards the aperture of said decelerating electrode means.
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