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This invention relates to electron discharge
devices and more particularly to such- devices
generally known as electron multipliers.

In multistage electron multipliers having a se-
ries of auxiliary or secondary cathodes succes-
sively arranged between a primary cathode and
an anode or collector electrode, a stream of sec-
ondary electrons emanates from each of the aux-
iliary ecathodes and some of these electrons flow
to and impinge upon the next succeeding elec-
trode. Because of a number of factors, among
which are the difference in the velocities of the
secondary electrons emanating from the aux-
iliary cathodes and characteristics inherent in
known structures, a divergence of these secondary
electron streams occurs.  As a result, some of the
electrons impinge upon other than desired por-
tions of the next succeeding electrode and other
of these electrons may traverse such paths that
they do not flow to or impinge upon the desired
electrode. . Consequently, a relatively low oper-
ating effciency and variable characteristics ob-
tain. '

One general object of this invention is to im-
prove the operating efficiency and characteris-
tics of multistage electron multipliers.

More specifically, an object of this invention
is to obtain substantial convergence of the sec-
ondary electron streams emanating from the sec-
ondary or auxiliary cathodes in electron multi-
pliers.

Another object of this invention is to obviate
the use of magnetic focussing or concentrating
fields in electron multipliers.

A further object of this invention is to segre-
gate effectively each of the secondary or aux-
iliary cathodes in a multistage electron multiplier
from the field of the preceding electrode so that
the field at the emitting surface of each of the
auxiliary cathodes does not include a component
toward this surface.

In accordance with one feature of this inven-
tion, -the electrodes, particularly the auxiliary
electrodes or cathodes, in a multistage electron
multiplier are so constructed and arranged that
the various -electron streams emanating from:the
cathodes are confined to restricted paths and are
substantially converged upon desired portions of
the next succeeding electrode.

In sccordance with another feature of this
invention, reticulated members or -screens are
provided in cooperative relation with the sec-
ondary or auxiliary cathodes, the reticulated
members or screens serving to prevent the field
of each cathode from producing a component
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toward the secondary electron emitting surface
of a succeeding auxiliary. or secondary cathode.

The invention. and the foregoing and other
features thereof will be understood more clearly
and fully fromn the following detailed description

with reference to.the accompanying drawing, in
which: *

Fig. 1 is an elevational view in perspectlve of
an electron multiplier illustrative of one embodi-
ment of this invention, a portion of the enclosing.
vessel and of the electrode assembly being broken.
away to show elements of the multiplier more
clearly;

Fig, 2 is a side view, partly in section, of the
electron multiplier shown in  Fig. 1;

Fig. 3'is an enlarged view in perspective iltus-:

trating the construction of the auxiliary or sec=
ondary cathodes embodied in the electron multi-
plier shown in Figs. 1 and 2;
Fig. 4 is a circuit diagram: 111ustrat1ng the ut111-
zation of an electron multiplier constructéd in
accordance with this ihvention in an amplifying
system; and

Fig. b i a diagrammatic VleW 111ustra,t1ng the
form; and arrangement of the electrodes in an
electron multiplier illustrative of another embod-
iment of this invention. .

Referring now. to the drawmg, the electron
multiplier illustrated in Figs. 1 and 2 comprises
an enclosing wvessel {0 having a reduced dome
portion i at one end and an inwardly extend-
ing stem at the other end, the stem terminating
in a press 12 from which a unitary electrode as-
sembly is supported.  The electrode assembly in-
cludes a U-shaped -insulating frame having a
pair of parallel.arms or uprights 13, which may
be, for example, mica strips, joined and sbaced
at one end by an insulating disc 14, which
also may be of mica. The disc 14 is provided
with parallel slots into which integral tongues
i5 of the arms or uprights extend and are fric-
tionally fitted. )

Mounted upon the 1nsulat1ng frame 13, 14 are a
primary cathode 16, a collector electrode or an-
ode |71, and a plurality of auxiliary or secondary
cathodes 18! to 186 inclusive.  As shown' clearly
in Fig. 2, the various electrodes are arranged
in staggered relation and in-two rows, one row
including the primary cathode 16 and the sec-
ondary or auxiliary cathodes 182, 18¢ and (8¢, and
the other row including the secondary or aux-
iliary cathodes 18!, 183 and 185 and the anode
or collector electrode I7.

The primary cathode 16 is in the form of .a
metallic frame fabricated, for example, of a strip
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or strips of nickel or silver, and is supported at
an angle, for example, 45 degrees to the longi-
tudinal axis of the vessel {0 by a pair of rigid
wires 19 secured thereto and extending between
and through the arms or uprights 13. Electrical
connection to the cathode 16 may be established
through a rigid metallic rod or support 20 em-
bedded in the press {2, connected to one of the
wires 19 and affixed to the disc 14 as by an
eyelet 2i. The inner surfaces, and preferably
only the inner surface of the wall 22 of the
cathode 16 may be coated with a photoelectric
material. For example, if the cathode is of nick-
el, the inner surfaces thereof or only the inner
surface of the wall 22 may be coated with beryl-
lium. Alternatively, if the cathode or the wall
22 thereof is of silver, the inner surfaces, or only
the inner surface of the wall 22, may be treated
to form a photoelectrically active coating or ma-

trix including silver, caesium oxide and some:

iree caesium.

As shown clearly in Flg 3, each of the auxiliary
or secondary cathodes 18 is in the form of a
rectangular box, which may be fabricated of
metal sheets, for example, nickel or silver, hav-
ing a solid base 23, a solid wall 24 at substan-
tially right angles to the base 23, end walls or
field plates 408, an open side 25 and an open
top. Secured to each of the secondary or auxil-
iary cathodes 18 are a pair of rigid metallic sup-
ports or wires 26 which extend between, and are
fitted in apertures in the insulating uprights or
arms. 13. The supports or wires 26 mount the
cathodes 18 with the base 23 of each at equal

angles, for example, 45 degrees, to the longi-

tudinal axis of the .enclosing vessel 10. Elec-
trical connection to the secondary cathodes 18
may be established through metallic rods or up-
rights 27 exterding through the disc 14 and con-
nected at one end to the wires 26 and at the
other end to leading conductors 28 embedded in
the press 12. The inner surfaces of the base and
walls of each of the cathodes 18, preferably only
the inner surface of the base 23, are treated so
that they are rendered capable of emitting rel-
atively large secondary electron currents. For
example, these surfaces may be treated to form
a coating or mafrix thereon of silver, caesium
oxide and free caesium. Alternatively, these sur-
faces may be sensitized with beryllium. .

As shown clearly in Fig. 4, the auxiliary or
secondary cathodes 18 are mounted so that the
open side 25 of each of thege cathodes is opposite
the base 23 of the next succeeding secondary or
auxiliary cathode and the base 23 of each of
the secondary cathodes §82 to 186 is at substan-
tially right angles to the base of the next pre-
ceding secondary cathode. The base 23 of the
auxiliary or secondary cathode 18! is at sub-
stantially right angles to the wall 22 of the
primary cathode 16.

The top of each of the secondary or auxiliary
cathodes 18 has extending thereacross a metallic
grid or screen which may be composed of a plu-
rality of thin parallel wires 29 secured at their
ends to the supports-or rods 28, as by welding.

The anode or collector electrode 1T may be a
metallic box, for example, of sheet nickel, having
an open top opposite the grid or screen 29 of the
secondary or auxiliary cathode 18¢ and having
its base at an angle, for example, substantially
90 degrees, to the base 23 of the cathode 188.
Rigid metallic wires or rods 30 secured to the
sides of the anode and having their ends fitted
in apertures in the arms or uprights 13 mount
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the anode upon the insulating frame 13, [4.
Electrical connection to the anode or collector
electrode may be established through a leading-
in conductor 31 connected to one of the wires or
rods 30, embedded in the press 12, and affixed to
the disc 14 as by an eyelet 32. The top of the
anode or collector eléctrode IT may be provided
with a grid or screen 33, which may be composed
of thin parallel wires affixed at their ends to the
wires or rods 30.

During operation of the electron multiplier
each of the secondary or auxiliary cathodes 18
is maintained at a positive potential with respect
to the next preceding cathode. For example, the
secondary cathode 18! may be maintained at a
potential of the order of 100 volts positive with
respect to the primary cathode 16 and each of
the other secondary or auxiliary cathodes {8 may
be maintained at a potential of the order of 100
volts positive with respect to the next preceding
one. As shown in Fig. 4, the various potentials
for the cathodes may be obtained from a poten-
tiometer or voltage divider including a resistance
34 having a source, such as a rectifier 35, con-
nected to the ends thereof, the cathodes being
connected to edually spaced taps on the resist-
ance 34. The anode may be operated at a po-
tential of the order of 100 volts positive with
respect to the secondary cathode 185, the poten-
tial being obtained from a source, such as bat-
tery 36. )

The primary cathode 16 may be activated or
energized by focussing a light beam, indicated
by the line L in Fig. 4, emanating from a suit-
able source 37 of light of variable intensity, upon
the inner surface of the wall 22. 'When the pri-
mary cathode 16 is thus energized or activated,
photoelectrons are emitted from the inner sur-
face of the wall 22 and are attracted toward the
grid or screen 29 of the secondary or auxiliary
cathode 18! because of .the potential upon this
secondary cathode. Most of these electrons pass
through the grid or screen and impinge upon-the
base 23 of the secondary cathode 18, the trajec-
tory thereof being represented by the arrow in
Fig, 4. Inasmuch as the inner: surface of the
base 23 of the cathode 18! is sensitized as de-
scribed heretofore, the impinging photoelectrons
will ‘cause the emission of secondary electrons
from this base 23, the secondary electron current
being several times as great as the photoelectric
current. Consequently, in éffect,” an electron
multiplication and hence an amplification of the
primary or initial current is obtained. o
- The secondary electrons emanating from the
auxiliary or secondary cathode 18!, under the in-
fluence of the potential upon  the auxiliary or
secondary cathode {82, pass through the grid or
screen 29 of the latter cathode, as indicated by
the arrow in Fig. 4, and impinge upon the base
23 of this cathode to cause the emission of other
secondary electrons therefrom. The secondary
electron current thus produced is several times
as great.as the current composed of the imping-
ing electrons so that a further amplification of
the initial electron current is obtained.

This phenomenon is repeated at each of the
succeeding secondary or auxiliary cathodes at
each of which a further electron multiplication
and hence effective amplification of the initial
current, occurs. The secondary electrons em-
anating from the secondary or auxiliary cathode
186 flow to the anode ‘or collector electrode 17
and constitute the output current of the electron
multiplier,
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Because of the: form: and “dispesition of  the
electrodes, dispersion- of sthe eléctiohis  constitut-
ing the various streams: between successive elec-

trons is substantially prevented.: The end walls

40 of ‘the several. cathodes ‘serve as field plates
and confine the"electron streams laterally, and

the solid sides 24 ‘of the auxiliary or:secondary

cathodes 8 constitute baffle mémbers which as-
sist in converging the:electron streams so that
they are confined: and dre directed to only the
next succeeding electrode. Henece, a relatively
high- efficiency and stable operatlng character-
istics are ‘'obtained.-

© Each: of ‘the gnds or ‘Screens 29, bemv at the
same  potential ‘as the correspondlng cathode,
screens the corresponding base 23 from the ad-
jacent cathodes and thereby: prevents the field
of "thie adjacent cathodes; particularly the adja~
cent cathode in the:same:row; from.producing
a component ‘toward:the base, which would ma=
verially hinder or prevent the emission: of sec-
ondary electrons therefrom.

It will be noted that in electren mul’r,1p11e1s
constructed 'in’ accordarnce “with this “invention
the ‘electrons may ‘be atted: upon only by electro-
static fields and ‘highly: desirable convergence of
the electron streams is effected without the use
of magnetic fields. - Hetice; such: multipliers may
be utilized satisfactorily in instances where mag-
netic fields are obJectmnable For example; de-
vices constructed: -in .accordance  with-this in-
vention may utilize’ a thermionic cathode, the
electron current from which, not being distorted
by a magnetic field, may be controlled readily in
accordance with a signal, by -a control grid
mounted adJacent the .primary cathode. " Fur-
thermore, fluctuations ‘in over-all voltages ap-
plied to the electrodes do not affect the focus-
sing properties of the electrodes.

In the embodiment of this invention illus-
trated in Fig. 5, the various electrodes, which
may be of the same form and construction as the
electrodes in the embodiment shown in Figs, 1
and 2, are arranged in somewhat honeycomb
fashion so that the dimensions of the multi-
plier are relatively small and a compact struc-
ture is obtained. The multiplier may be con-
nected in circuit and operated in the same man-
ner as that shown in Figs. 1 and 2.

Although specific embodiments of this inven-
tion have been shown and described, it will be
understood, of course, that various modifications
may be made therein without departing from
the scope and spirit of this invention as defined
in the appended claims.

What is claimed is: ) . .

1. An electron multiplier comprising a pri-
mary cathode, an auxiliary cathode in coopera-
tive relation with said primary cathode and hav-
ing an emissive portion facing toward said pri-
mary cathode, a second auxiliary cathode in
cooperative relation with said first auxiliary
cathode and having an emissive portion at sub-
stantially right angles to said first emissive por-
tion, and a collector electrode in cooperative
relation with said seéond auxiliary cathode, said
emissive portions being substantially plane and
said second auxiliary cathode being offset diag-
onally with respect to said first auxiliary elec-
trode.

2. An electron multiplier in accordance with
claim 1. comprising means integral with said
primary cathode and means integral with each
of said auxiliary cathodes for confining the elec-
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trons emitted from each of said cathodes to re-
stricted paths toward- the electrode in coopera-
tive relation therewith. :

3. An-electron multlpher in accordance Wlt;h
claim ‘1 comprising field plates-at opposite sides
of 'said emniissive portions of said auxiliary cath-
odes, and a plurality of bafile members, one for
each of said portions, each extending from: the
corresponding one of said portlons toward the
preceding cathode;

4. An ‘electron - mu1t1p11er comprlsmg a pri-

‘mary cathode having a substantlally plane elec-

t¥on- emlttlng portion, ‘an auxiliary electrode
having's substantially plane secondary electron
emitting surface facing toward, diagonally off-
set-with respect to, and: at-right angles to said

- portion, a- second auxiliary electrode having a
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substantxally ‘plane secondary electron emitting
surface “facing™ toward, diagonally offset with
respéct to, and-at substantially right ‘angles to
said-first surface, and a ‘collector electrode in co-
operatwe relatlon with said:-second surface.

‘5. An 'electron. miultiplier in accordance with
claim ‘4 comprisitig ‘means electrically -integral
with ‘sdid - auxiliary-electrodes. and at opposite
ends - of said surfaces for confihing the’ electron
streams emanating from said-surfaces. -

"~ 6.-An" electron multlpher in accordance with

claim 4 comprising & -baffle- member extending
from the emitting surface of each of -said- aux-
iliary cathodes, at an angle thereto and toward
the preceding cathode :
. An electron multiplier in accordance w1th
claim 4’ comprising field -plates at opposﬂ;e ‘ends
of said surfaces, and a baffle member electrically
integral with each of said ‘auxiliary cathodes ex-
tending from the emitting surface thereof and
toward the precéding cathode.:

8.°An " electron multiplier comprising a pri-"
mary cathode, a collector electrode, a plurality
of superposed, electrically separate substantially
parallel plate members having corresponding
surfaces thereof coated with a secondary electron
emissive material, and a plurality of other super-
posed substantially parallel plate members in
staggered relation with said first plate members
and at substantially right angles thereto, each of
said other plate members having the surface
thereof toward said first plate members coated
with a secondary electron emissive material.

9. An electron multiplier in accordance with
claim 8 comprising baffie members electrically
integral with said first plate members and sub-
stantially parallel to said other plate members.

10. An electron multiplier in accordance with
claim 8 comprising a plurality of bafile members
each electrically integral with a corresponding
one of said first and said other plate members,
the bafle members integral with said first plate
members being substantially parallel to said
other plate members, and the baffle members
integral with said other plate members. being
substantially parallel to said first plate mem-
bers.

11. An electron multiplier' comprising a pri-
mary cathode, a collector electrode, a plurality
of electrically separate auxiliary electrodes each
having a substantially plane secondary electron
emissive portion, and an equal number of other
auxiliary electrodes in staggered relation with
said first auxiliary electrodes and each having a
substantially plane secondary electron emissive
portion in cooperative relation with and at sub-
stantially right angles to the emissive portion of




4
a corresponding one of said first auxiliary elec~
trodes. ’ T ' :

12. An electron multiplier comprising a pri-
mary cathode, a collector electrode, and a pair
of rows of successively mounted auxiliary elec-
trodes between said primary cathode and said
collector electrode, the electrodes in each of said
rows being in staggered relation with the elec-
trodes in the other of said rows, and each of
said auxiliary electrodes including a secondary
electron emissive portion and a substantially
plane baffle portion extending from one edge of
the electron emissive portion and toward the op-
posite row, both said portions of said auxiliary
electrodes being oblique with respect to the cor-
responding portion of the next preceding elec-
trode.

13. An electron multiplier comprising a pri-
mary cathode, a collector electrode, a plurality
of successively disposed auxiliary electrodes be-
tween said primary cathode and said collector
electrode, each having a secondary electron emis-
sive surface, the secondary electron emissive sur-
face of each of said auxiliary electrodes except
the auxiliary electrode mnearest said primary
cathode being oblique to the emissive surface of
the next preceding auxiliary electrode, and re-
ticulated screen members between the emissive
surfaces of successive auxiliary electrodes and
each overlying one of said surfaces, each screen
member being electrically integral with a corre-
sponding one of said auxiliary electrodes.

14. An electron multiplier comprising a pri-
mary cathode, a collector electrode, and a plu-
rality of asuxiliary electrodes mounted succesive-
Iy in staggered relation between said primary
cathode and said collector electrode, each of said
auxiliary electrodes having a secondary electron
emissive portion, a baffle member extending to-
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ward the preceding ‘electrode and a grid portion
opposite said first portion, the electron emissive
portions of successive auxiliary electrodes being
oblique to one another, i

15. An electron multiplier comprising a pri-
mary cathode, a collector electrode, and a plu-
rality of auxiliary electrodes mounted successive-
1y in staggered relation between said cathode and
said collector electrode, each of said auxiliary
electrodes including a portion adapted to emit
secondary electrons, field members at opposite
ends of said portion, a bafle member extending
from said portion and at an angle thereto to-
ward the preceding electrode, and a grid ex-
tending from said bafle member and opposite
said portion.

16. An electron multiplier in accordance with
claim 15 wherein the emissive portions of alter-
nate auxiliary electrodes are substantially par-
allel and the emissive portions of successive elec-
trodes are at substantially right angles to one
another. -

17. An electron multiplier comprising a unitary
cathode structure including a secondary electron
emissive member and a reticulated member
spaced from, overlying and substantially parallel
to the emissive surface of said secondary elec-
tron emissive member and electrically integral
therewith. o
. 18. An electron multiplier comprising a uni-
tary cathode structure including a plate mem-
ber having a secondary electron emissive sur-
face, electron confining fleld plates extending
from two opposite edges of said emissive sur-
face, a baffle extending from another edge of
said surface and at an angle thereto, and a
screen overlying said emissive surface.

WILLIAM SHOCKLEY.



