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This invention relates to electron discharge
devices and more specifically to electron dis-
charge devices of the electron multiplier type,
that is to say electron discharge devices of the
kind wherein a primary electron stream is multi-
plied one or more times by secondary emission
effects to produce an amplified final electron
current.

There are numerous known forms of electron
multipliers but a comamon difficulty presented by
all known electron multipliers as at present in
use, is that the anode or output impedance is
very high—approaching infinity. This, of course,
constitutes a serious practical limitation because
the obtaining of substantial power output from
an electron discharge device involves that the
load or utilization circuit be matched to the im-
pedance of the said device, and if, as is the case
with known electron multipliers, the anode or
output impedance approaches infinity, it Te-
comes practically impossible to match a loud-
speaker, tank circuit, or other ordinary load to
the device.

The principal object of the present invention
is to avoid this limitation and to enable electron
multipliers to be produced having output or
anode impedance of desired convenient values.
As will be seen later, the present invention ena-
bles electron multipliers to be made with either
positive or negative resistance characteristics.
In general, however, the most important use of
the invention will be to provide electron multi-
pliers of relatively low output impedance.

As is well known the ordinary known electron
multiplier includes a primary cathode source, a
control electrode, a final output electrode, and
in succession between said source and said output
electrode one or more similar secondary emissive
electrodes which are substantially uniformly
secondarily emissive over their whole operating
surfaces. Electrons impinge on these emitters
to release secondary electrons in multiplied
quantity, electrons from the primary cathode
travelling to the first secondary emitter elec-
trode, secondary electrons from which pass to
the next secondary emitter electrode, and so on,
until the final output electrode is reached.

According to this invention at least the last
secondary emitter electrode (i. e. that electrode
from which secondary electrons pass to the final
output electrode) is not made as has hitherto
been usual of substantially uniform secondary
emitting qualities over its whole operating sur-
face, but is made more highly secondarily emis-
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of its surface than elsewhere, the choice of the
selected more highly emissive part or parts being
made in accordance with the operating charac-
teristic required.

In order that the invention may be the better
understood reference to the drawing will be made,
in which

Figure 1 shows a known electron multiplier
for explaining the invention,

Fig. 2 shows graphically a representation be-
tween voltage and current for explaining the
theory of operation of the invention;

Figs. 3 and 5 show electrode structures for use
in the electron multiplier, while

Fig. 4 shows an embodiment of the invention
utilizing the new and improved form of elec-
trodes.

In the known electron multiplier referred to
and represented schematically in Figure 1 there
is employed a primary cathode I, a contro] elec-
trode lg@, a plurality of secondary emitter elec-
trodes 2a, 2b, 2¢, 2d, a plurality of field electrodes
3, 3a, 3D, 3¢, 3d and an output electrode 4. Input
potentials to be amplified may be applied as in-
dicated at Input between the electrodes  and
fa. The surface which may be regarded as the
effective plane of emission of primary electrons,
and the secondary emitter electrodes 2a to 2d
lie substantially in line and in one plane and the
field electrodes 3 to 3d lie substantially in line
and in a parallel plane, one field electrode 3 being
opposite the primary cathode | and each remain-
ing field electrode 2a; 3b, 3¢, 3d, being each oppo-
site the corresponding secondary emitter elec-
trode 2a, 2b, 2c or 2d. The output electrode 4
is in a plane at right angles to the two parallel
planes already mentioned, lying adjacent the last
field electrode 8d and the last secondary emitter
electrode 2d and a little outwardly of the space
between the two. In use the field electrode 3

" opposite the primary cathode | is connected to
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sive over a predetermined selected part or parts 55

the first secondary emitter electrode 2a, the next
field electrode 3a is connected to the second sec-
ondary emitter-electrode 2b, and so on, increas-
ing positive potentials being supplied to succes-
sive secondary emitter electrodes and the maxi-
mum positive potential being applied to the out-
put electrode. A magnetic field is applied to -
thread the space between the “sheet” of field
electrodes and the “sheet” of secondary emitter
electrodes, the whole arrangement being such
that the electrons travel (as indicated in broken
lines) in more or less cycloidal paths from the
primary cathode [ to the first secondary emitter
electrode 2a, thence to the second secondary
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emitter electrode 2b and so on from electrode to
electrode until the output electrode 4 is reached.

If a curve connecting output electrode current
(In~—ordinates) and output electrode voltage
(Va—abscissae) for a known multiplier as illus-
trated in Figure 1 be plotied, a curve of the type
illustrated by the curve A of the accompanying
Figure 2 will be obtained. The current Ia rises
steeply to a maximum value X and then proceeds
substantially horizontally as represented at XY
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preciated, the reason for making the separation
of the penultimate field electrode from its op-
posite secondary emitter electrode twice the
separation employed elsewhere is to enable the
correct electrostatic field conditions to be ob-
tained despite the fact that the last two field
electrodes and the output electrodes are at the
same voltage.

In the static condition the potential applied to

‘the output electrode is such that electrons take

“:a:mean path and strike the last secondary emitter

The useful portion of this characterxstlc curve‘

is the substantially horizontal portion XY which,
being substantially horizontal, represents an.out-
put impedance of substantially infinity.

In accordance with this invention the above
described known electron multiplier is modified
by making the final secondary emitter electrode—
that is to say the electrode 2d which -is nearest
the output electrode—not of substantially uni-
form secendary emitting properties over-its whole
surface; ‘but -much more -highly secondary -emit-
ting over parts of its -surface- than over other
parts.

Electrode 2d may be a composﬂ:e -electrode
made partly of silver-and partly of some other
metal so that when sensitized the emission from
the silver portion is considerably greater ‘than
from the other portion. The electrode 2d, which
is assumed to be rectangular in shape,-as in the
usual way, may be as shown in face view in the
accompanying Figure 3-and have its highly :emis-
sive -portion E2d (shown plain) of triangular
form occupying about half -the surface of the
whole electrode, this triangular half having its
base along one edge of the-electrode and its apex
at the middie of the parallel edge so that there
are left two areas N2d (shown shaded) of lower
secondary electron emission said areas being right
angle triangles with their hypotenuses and apices
meeting in that edge of the whole plate in which
is -the apex of the-highly .emissive triangle E2d.
Further the output electrode & and the last two
field electrodes 3c 3d instead of being separate
and insulated from one another -as -shown in
Figure 1 are connected together and preferably
are integral with one another as shown in the
accompanying Figure 4 where the composite elec-~
trode is-marked 34. The separation-between the
portion of electrode 34 opposite the last second-
ary emitter electrode and the said last secondary
emitter-electrode 2d is the same as that between
electrodes 3 -and 1; 3a and:2¢; and 3b and 2b;
but the portion of the composite electrode 34 op-
posite the penultimate emitter electrode 2¢ is
made double that employed elsewhere, i. €. be-
tween 3 and !, 3¢ and 2a and 3b and 2b. Thus
in the integral construction of output electrode
and last two field electrodes illustrated these
three electrodes are .constituted by a single plate
34 having three right angled bends in it, one
end portion lying in a plane at right angles to
two parallel planes in which' the intermediate
portion and the other end portion (these two por-
tions constitute the two field electrodes) lie. In
use the -usual magnetic field is applied and the
voltage applied to the composite output electrode
and last two field electrodes (34) exceeds that
applied to the last secondary emitter €lectrode
2d by the same amount as that by which the
last ‘mentioned voltage exceeds that applied to
the pemiltimate secondary emitter electrode 2¢
and to the field electrode 3b -opposite the last
secondary emitter but twe (2b). As will ‘be ap-
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.electrode at its centre line, the secondary emis-

sion..obtained in this condition being the mean

-output -electrade current. Under dynamic con-
{ditions :the potential of the output electrode

varies about the mean value and the number of

ele¢trons released from the last secondary emit-

~ter electrode varies accordingly, for, under dy-
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namic conditions the point of impact of electrons
on the last secondary emitter electrode depends
on the output electrode voltage. If the:said volt-
age is ‘high the substantially cycloidal paths fol-
lowed by electrons will be long and they will fall
on an area of high emissivity, if said voltage is
low the paths become shotter and areas of lower
emissivity are struck.

By suitably choosing the shape and :disposi-
tion of the more highly emissive portion.or por-
tions of the last secondary emitter electrode 2d
an output electrode ‘current (Ia—ordinates)—
output electrode voltage (Va—abscissae) curve
like that shown by the curve B of Fig. 2 can
be obtained this curve comprising a substantially
straight rising line X’'¥Y’ representing a relatively
low finite output impedance.

By differently choosing the arrangement .and
disposition of the more highly -emissive portion
or portions of the last secondary emitter elec-
trode, other desired shapes of characteristic may
be obtained. For example as :shown in the :ac-
companying Pigure 5 by making :the more highly
emissive portion E2d of trapezoidal shape ‘with
one of the two parallel edges constituted by one
edge of the whole plate and the other lying in
the other (thus leaving two triangles N2d of low
emission properties, one at each end) -a higher
output impedance may be obtained. Again, by
reversing the form of final secondary -emitter
electrode-illustrated in Figure 3, that is to say, by
making the triangular area E2d -of Fig. 3 of low
emission -and the triangular areas N2d of Fig. 3
of ‘high -emission, ‘a2 negatively slopmg charac-
teristic may be-obtained.

In experimental practice with a tube having
a final emitter electrode constructed as repre-
sented in Fig. 3 an -output impedance or charac-
teristic -slope of 15,000 ohms was -obtained, ‘a
figure which s very much loewer than is obtained
with normal known electron multipliers.

Having now described my ‘invention, what I
claim is:

1. An electron multiplier tube comprising a
cathode, a control electrode, a first set and a
second set of secondary electron emissive plates,
both of said sets being co-planar, a -plurality -of
planar -electrodes each of said electrodes being
parallel to and in register with one of the plates
of said first set of plates, and-an output electrode
positioned beyond said second set of plates, said
output electrode having two faces parallel to and
another face perpendicular to said second set of
plates, the surface of the plate .of said second set
of plates nearest the perpendicular face of said

. output electrode having .two triangular portions
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of lower secondary -electron .emissivity than the
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emissivity of the remaining portion of said plate.

2. A tube comprising a primary cathode, a con-
trol electrode, a series of secondary emitter elec-
trodes co-planar with one another and with _said
primary cathode, a plurality of field electrodes,
one opposite the primary cathode and one op-
posite each of the secondary emitter electrodes,
and an output electrode substantially at right
angles to the plane of said ‘secondary emitter
electrodes, said output electrode being at the
end of said series remote from the primary cath-
ode and between said plane and a second plane
which is parallel thereto all the field electrodes
except the last but one being in said second
plane the separation hetween said last but one
field electrode and the secondary emitter elec-
trode opposite the same being substantially twice
the separation between the two said planes.

3. A tube comprising a primary cathode, a con~
trol electrode, a series of secondary emitter elec-
trodes, a series of field electrodes, one adjacent
the primary cathode and one adjacent each of
the secondary emitter electrodes, and an output
electrode, the distance between the penultimate
field electrode and the secondary emitter elec-
trode adjacent thereto being substantially twice
the distance between any other field electrode
and its secondary emitter electrode therewith
associated.

4. An electron multiplier tube comprising a
cathode, a control electrode, a plurality of pairs
of parallel plate electrodes, one plate of each pair
being secondary electron emissive, said secondary
electron emissive plates being coplanar, an elec-

trode in register with said cathode and said con-
" trol electrode for directing electrons from the
cathode onto one of said secondary electron emis-
sive plates, a planar secondary emissive cathode
coplanar with and longitudinally displaced from
said secondary electron emissive plates, a second
planar secondary electron emissive electrode co-
planar with said first named planar electrode,
said second planar electrode having a predeter-
mined secondary electron emissivity over a pre-
determined area of the electrode and a different
predetermined secondary emissivity over the re-
mainder of the area of the electrode, and an
output electrode having- both a face parallel to
and in register with each of the two planar sec-
ondary emissive electrodes and a face perpendic-
ular to the plane of said planar secondary emis-
sive electrodes.

5. An electron multiplier tube comprising a
cathode, a control electrode, a plurality of pairs
of paraliel plate electrodes, one plate of each
pair being secondary electron emissive, said sec-
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ondary electron emissive plates being coplanar, -

an electrode in register with said cathode and
said control electrode for directing electrons from
the cathode onto one of said secondary electron
emissive plates, a planar secondary emissive cath-
ode coplanar with and longitudinally displaced
from said secondary electron emissive plates, a
rectangular secondary electron emissive planar
electrode coplanar with said first planar second-
ary emissive electrode, said rectangular electrode
having a triangular area of predetermined sec-
ondary electron emissivity and a different prede-
termined secondary electron emissivity over the
remainder of the area of said electrode, and an
output electrode having both a face parallel to
and in register with each of the two planar sec-
ondary emissive electrodes and g face perpendic-
ular to the plane of said planar secondary emis-
sive electrodes.
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6. An’ electron mulfiplier tube comprising a
cathode, a:control electrode, a pluralityof pairs
of  parallel plate electrodes, one plate of -each
pair being secondary electron emissive, said sec-
ondary electron emissive plates being coplanar,
an electrode in register with said cathode and
said control electrode for directing electrons from
the.cathode ‘onto one. of said secondary electron
emissive plates, a planar secondary emissive cath-
ode coplanar with and longitudinally displaced
from said secondary electron emissive plates, a
rectangular secondary electron emissive planar
electrode coplanar with said first planar second-
ary emissive electrode, said rectangular electrode
having a trapezoidal area of predetermined sec-
ondary -electron emissivity and a different pre-
determined secondary electron emissivity over
the remainder of the area of said electrode, and
an output electrode having both a face parallel
to and in register with each of the two planar
secondary emissive electrodes and a face per-
pendicular to the plane of said planar secondary
emissive electrodes.

7. An electron multiplier tube comprising a
cathode, a control electrode, a first set and g3 sec-
ond set of secondary electron emissive plates,
both of said sets being co-planar, a plurality of
planar electrodes each of said electrodes being
parallel to and in register with one of the plates
of said first set of plates, and an output electrode
positioned beyond said second set of plates, said
output electrode having two faces parallel to and
another face perpendicular to said second set of
plates.

8. An electron multiplier tube comprising a
cathode, a control electrode, a first set and a sec~
ond set of secondary electron emissive plates, both
of said sets being co-planar, 4 plurality of planar
electrodes, each of said electrodes being parallel
to and in register with one of the plates of said
first set of plates, a further electrode in register
with said cathode and control electrode for di-
recting electrons from said cathode onto one of
the plates of said first set of plates, and an out-
put electrode positioned beyond said second set
of plates, said output electrode having two faces
parallel to and another face perpendicular to
said second set of plates. -

9. An electron multiplier tube comprising a
cathode, a control electrode, a first set and a sec-
ond set of secondary electron emissive plates, both
of said sets being co-planar, a plurality of planar
electrodes, each of said electrodes being parallel
to and in register with one of the plates of said
first set of plates, a further electrode in register
with said cathode and control electrode for di-
recting electrons from said cathode onto one of
the plates of said first set of plates, an outputb
electrode positioned beyond said second set of
plates, said output electrode having two faces-
parallel to and ahother face perpendicular to
said second set of plates, and potential supply
leads connected to said cathode, said first set and
second set of plates, and all of said electrodes.

10. An electron multiplier tube comprising a
cathode, a control electrode, a first set and a sec-
ond set of secondary electron emissive plates, both
of said sets being co-planar with the plates of
said second set being progressively longitudinally
displaced from said first set, the furthest dis-
placed plate of said second set having g higher
secondary electron emissivity over a predeter-
mined selected part of its surface than the emis-
sivity of the remaining part of its surface,the area
of the predetermined selected part varying pro-
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gressively in the direction of the longitudinal dis-
placement of the plates of said second sets, a plu-
rality of planar electrodes,-each of said electrodes
being parallel to and in register with each plate
of said first set of plates, a further electrode in
register with said cathode and control electrode
for -directing electrons from said .cathode -onto
one of the plates of said first set of plates, and
an output €lectrode positioned beyond said sec-

ond set .of plates, said .output electrode having
two faces parallel to.and another face perpendic-
ular to said furthest displaced plate.

11. A tube as claimed in claim 10 wherein the

5 predetermined selected part is of sensitized silver

and the remaining part of .said electrode is of a
different metal.

GEORGE BALDWIN BANKS.



