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This invention relates to improvements in 
electron multipliers. 
The electron multiplier is a current amplifying 

device. However, in most of its applications a 
voltage variation such as is provided by a resist 
ance in the circuit of the collector electrode, is 
required. It is desirable that the current to the 
collecting electrode be independent of potential 
changes occasioned by the very presence of such 
resistance, since if such independence is achieved, 
distortion is minimized and the maximum volt 
age variation across the said resistance is en 
sured. 

Ernest A. Massa, Jr., in U. S. Patent 2,135,039 
describes an electron multiplier of the magneti 
cally focussed type wherein a screen grid is em 
ployed to obtain the above described, desired 
“plate characteristic.” In the Massa arrange 
ment a grid-like electrode is located in front. of 
the collector electrode and shields the multiply 
ing electrode assembly from the variations in the 
?eld due to potential variations on the collector. 
The electron current from the last multiplying 
electrode ?ows through the interstices of the 
screen and impinges the collector plate no matter 
what the instantaneous potential of the latter 
electrode is. 
While electron-multipliers constructed and op 

erated in accordance with the teachings of the 
Massa patent have a high factor of merit as com 
pared with similar but unshielded tubes of the 
prior art, the Massa tubes nevertheless are sub 
ject to two drawbacks: First, an additional volt 
age is required for the screen, that is to say, the 
overall voltage on the multiplier has to be 
greater, for the same overall gain, than it would 
be if the potential applied thereto could be the 
same as that applied to either the collector 
(anode) or last multiplying electrode. Second, 
when the anode potential of the Massa device 
becomes negative with respect to the screen grid, 
the electrons striking the anode may release sec 
ondary electrons which are attracted to the 
screen grid, thus decreasing the current in the 
anode circuit, so that in this event the plate 

~ characteristic is not perfectly ?at. 
' Accordingly, the principal object of the present 
invention is to obviate the above described and 
other less apparent objections to the so-called 
“screen-grid electron multipliers” of the'prior 
art. 
The objects of the invention are simply 

achieved by so shaping the last multiplying elec 
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trode that it substantially surrounds the collector 55 

anode whereby it constitutes an effective ‘electro 
static shield therefor. 
The novel features characteristic of the inven 

tion are set forth with particularity in the ap 
pended claims. The invention itself, however, 
both as to its organization and its method of op 
eration, together with additional objects and ad 
vantages, will be best understood from the fol 
lowing description of certain speci?c embodi 
ments thereof, when read in connection with the 
accompanying drawing, in which: 

Figure 1 is an end plan view of a photoactu 
ated electrostatically focussed electron multiplier 
wherein the intermediate multiplying electrodes 
are arranged about a common axis as in 
Zworykin and Snyder Application Serial No. 
187,634, ?led January 29, 1938 and including an 
output electrode assembly designed, positioned 
and arranged in accordance with the present in 
vention; 

Figure 2 is a View in perspective of the output 
electrode assembly of Fig. l; and 
Figure 3 is an end plan view of an alternate 

embodiment of the invention showing a modi?ed 
form'of collector-anode. v 

In Fig. l,'T designates a highly evacuated cy 
lindrical envelope or tube which is preferably 
provided with a radial ba?le B which extends 
from a point adjacent or beyond the central long 
axis A of the tube to the inner wall thereof and 
serves to bar the passage of stray ions from the 
high voltage side to the low voltage side of the 
device. 

Where,'as in the illustration, the device is pro 
vided with a photosensitive cathode C, the en 
velope is preferably constituted, in whole or in 
part, of glass/‘Pyrex? or other suitable trans 
parent material to permit light (exempli?ed by 
the line “a”) from an external source, not shown, 
to be shined upon the cathode. A grid G, which 
is preferably connected to the photosensitive 
cathode C and is supported between it and the 
inner wall of the glass envelope T, serves to pre 
vent the accumulation of a positive charge upon 
the inner surface of the envelope. In addition 
to the grid G and cathode C, the tube contains a 
plurality of “intermediate” electron multiplying 
electrodes, designated 1 to 8 inclusive, which are 
mounted in staggered relation on opposite sides, 
of a curved substantially arcuate median line m, 
which may be said to bisect the electron path 
which extends from the cathode C to and beyond 
the last-mentioned multiplying electrode 8. An 
other electrode 9 which may extend to or across 
the median line 112 comprises the last multiplying 



2 
stage of the device. This ?nal multiplying elec 
trode 9 preferably comprises a C-shaped or “in 
?ated U-shaped” plate or sheet-metal structure 
having the open space between its inwardly di 
rected terminal or marginal edges directed to 
ward the source 8. 
Mounted within the oval de?ned by the inner 

surface of the last multiplying electrode 9 is a 
collector anode It which, as more clearly shown 
in Fig. 2, may be of grid-like or other openwork 
construction to permit the electrons from the 
source 8 to pass therethrough and to impinge the 
secondarily emissive inner surface of electrode 
9 without substantial numerical diminution. Al 
ternatively, and as shown in Fig. 3, the collector 
anode may comprise one or more rod-like elec 
trodes Illa, lab, which are mounted adjacent but 
outside the direct path of the electrons from the 
source 8. In either event, the collector anode 
(Hi-Figs 1-2, Illa-lllb-Fig. 3) is maintained 
at a potential higher than the last multiplying 
electrode 9 so that the secondary electrons which 
are emitted from the inner surface of that elec 
trode when electrons from the source 8 impinge 
thereon are drawn to the collector anode It, as 
indicated by the arrows on the dotted lines “e” 
in both Figs. 1 and 3. 
The spacing between the collector anode Hi 

and the emissive surface of the last multiplying 
electrode 9 is by no means critical nor is the 
exact contour of the surface of the last multiply 
ing electrode important, provided it comprises a 
neck portion of reduced diameter which is ar 
ranged to accept the electrons from electrode 3. 
As indicated by the arrows on the dotted lines 

extending between the several electrodes, the 
electrons leaving the photosensitive cathode ad 
vance in the anode direction in travelling to the 
next higher numbered electrode by reason of the 
electrostatic ?elds which are generated therebe 
tween when each is maintained at a ?xed poten 
tial which is higher than that of its preceding 
(in point of electron travel) electrode. Since 
electrode 9 more nearly approaches electrode 8 

, than does the anode It, the focussing ?eld be 
tween electrodes 8 and 9 is determined by the 
constant potential difference therebetween and 
is not substantially affected by such potential 
variations as may occur by reason of the pres 
ence of a resistance in the output circuit. 
While the invention has been described as ap~ 

plied to an electron multiplier wherein the elec 
trodes are mounted on opposite sides of an arou 
ate median line which extends between the cath 
ode and anode, it will be apparent that the in 
vention is none the less applicable to tubes 
wherein the electrodes are arranged along a 
straight axis. It is understood, therefore, that 
the foregoing is to be interpreted as illustrative 
and not in a limiting sense except as required 
by the spirit of the appended claims. 
What is claimed is: 
1. An electron discharge device comprising a 
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source of electrons, a bent plate having a second 
ary-electron emissive inner surface circumscrib 
ing a space toward which electrons from said 
source are directed, said plate having a pair of 
inwardly directed marginal portions de?ning an 
opening which faces said source and through 
which electrons from said source pass in travel 
ing to said emissive inner surface, and a collec 
tor electrode for said secondary electrons sup 
ported within said enclosed space behind the said 
marginal portions of said plate. 

2. The invention as set forth in claim 1 and 
wherein said co-liector electrode is of openwork 
construction and is coextensive with the opening 
between said marginal portions of said bent 
plate. 

3. The invention as set forth in claim 1 and 
wherein said collector electrode is mounted ad 
jacent but outside of the direct path of electrons 
from said source. 

4. An electron discharge device comprising a 
source of electrons, an electrode comprising a 
sheet metal structure having a narrow open neck 
portion presented to said source and an expand 
ed portion having an inner secondary emissive 
surface adapted to release secondary electrons by 
impact of electrons from said source, and an 
electrode mounted entirely within the volume 
circumscribed by said sheet metal structure for 
collecting said secondary electrons. _ 

5. The invention as set forth in claim 4 and 
wherein said electron~collecting electrode com 
prises an openwork structure mounted interme 
diate the neck and emissive surface portions of 
said sheet metal structure. 

6. An electron multiplier comprising a primary 
source of electrons, a multiplying electrode hav 
ing a secondary-electron emissive surface por 
tion facing said source, and a collector electrode 
for said secondary electrons mounted between 
said primary source and said emissive surface 
portion of said multiplying electrode, said multi 
plying electrode having oppositely located inte 
gral shield portions which extend into the space 
between said collector electrode and said pri 
mary source. 

'7. An electron discharge device comprising a 
source of electrons, an electrode surface compris 
ing a, substantially C-shaped plate having open 
inwardly directed arms presented to said source 
and having an inner surface adapted to liberate 
secondary electrons by impact of electrons from 
said source, and an anode mounted entirely with 
in the oval de?ned by the said inner surface of 
said C-shaped plate and adapted to receive the 
secondary electrons therefrom. 

8. The invention as set forth in claim '7 where 
in said anode comprises a pair of rod-like mem 
bers mounted respectively behind the inwardly 
directed arms of said C-shaped plate out of the 
direct path of the electrons from said source. 
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