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Patented July 14, 1953 2,645,734 

UNITED STATES PATENT OFFICE 
2,645,734 

STORAGE TUBE WITH ELECTRON MULTI 
PLYING AND SELECTING ELECTRODES 

Jan A. Rajchman, Princeton, N. J., assignor to 
Radio Corporation of America, a corporation 
of Delaware 

Application September 29, 1949, Serial No. 118,527 
(C. 313-68) 9- Claims. 

This invention relates to electron discharge de 
vices of the type in which, elemental. area.S. of a 
target electrode are selectively bombarded. MÖre 
particularly this invention, is an improved. grid. 
structure for selecting and bombarding an ele 
mental target area. 
The problem of obtaining bombardment by 

electrons in One definite location amongst many 
possible locations is always present in devices 
such as, cathode ray tubes, kinescopes, beam elec 
tron switches, storage tubes and area. Selection 
tubes of the type known as the Selectron, The 
use of a focussed beam in obtaining Selective 
local bombardment, which is electrostatically or 
magnetically deflected, provides a method, which 
is eficient with respect to the amount of current. 
required. The drawback in this method, how 
ever, is the fact that the location of a Spot which 
is to be bombarded is determined by the ampli 
tude of the energy applied to the deflecting SyS 
tem and is therefore difficult to obtain with a 
high degree of precision and reproducibility. 
Furthermore, the amount of current available for 
a given accelerating voltage: is limited. 
Another system of selective local electron-bom 

bardment consists of an overall electron. b)On 
bardment which is intercepted, as desired, by 
applying a bias, to a system of Selective, grids. 
This system is explained in my application for 
an “Electronic Discharge Device,' Serial No. 
665,031, filed April 26, 1946, now. Patent No. 2,494,- 
670, issued July 4, 1950, and in an application by 
G. W. Brown, Serial No. 694,041, filed August 30, 
1946, for “Control of Electron Discharge. Device. 
of Area. Selection Type,” now. Patent. No. 2,519; 
172, issued August 15, 1950. These Systems pro 
vide a definite and very rapid means for Selecting 
any chosen area positively. However, the results, 
in the cases of these above mentioned area. Select 
ing type tubes, are obtained at the expense of: 
current intensity since almost all electrons. 
emitted from the central electron. SOtrCe are 
either wasted or suppressed and only a very few 
are utilized. 

It is therefore an object of my present inven 
tion to provide an improved grid structure. pro 
viding a more accurate target. area, Selection, and 
a greater current intensity flowing to the Selected. 
target area, for a given exciting voltage than 
heretofore. 

It is a further object of my present invention: 
to provide an improved, grid. structure which, 
while providing more accurate target area. Selec 
tion and a greater current intensity to Said tar 
get area for a given exciting voltage than...here 
tofore, is very efficient. 
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These, and other objects of my invention: are 

achieved in one embodiment of my invention...by 
using a grid structure made of a plurality of 
dynodes. Or Secondary electron producing elec. 
trodes which are arranged to form channels 
through which secondary electronstravel on their 
Way to the target. Primary electrons, from a 
cathode, bombard dynodes at the beginning of 
these channels thereby releasing secondary elec 
trons which travel from dynode to dynode along 
each of the channels thus releasing an increas 
ing number of Secondary electrons. Whether 
or not there is any output from a channel is de 
termined by the bias applied to the dynodes defin 
ing that channel. At the output of each chan 
nel, in One embodiment of my invention, there 
is provided a target consisting of a separate col 

· lectOr electrode and load resistor for each chan. 
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nel for providing an externa electric indication 
of the ouput from a channel which is open. 
In another embodiment of my invention, at the 

output end of each of the channels formed by the 
dynodes are provided electron beam forming: 
means which Serve to focus the electrons, into 
narrow horizontal beams. A network of spaced 
parallel vertical selecting wires is at right angles 
to the horizontal electron beams. and the elec 
trons paSS between adjacent Wires of the net 
work. A collector electrode and target structure 
may be provided Such as any of the Ones. Which 
are described and claimed in my applications for 
an “Electron Storage Device with Grid. Control 
Action,' Serial No. 722,194, filed January 15, 1947, 
now Patent No. 2,513,743, issued July 4, 1950, and 
'Target for Storage Type Tubes,' Serial. No. 
122,657, filed October 15, 1949, now Patent No. 
2,604,606, issued July 22, 1952. 
By applying a proper bias to selected dynodes, 

all channels except, a Single channel are closed. 
By applying a proper bias to selected vertical 
selecting wires, electrons in the horizontal bean 
Output from the open channel Will pass only be 
tween the two adjacent selecting wires which are 
not biased. A desired target Storage area to be 
bombarded by electrons may thus be Selected by 
merely applying a bias to proper ones of the dy 
nodes and the vertical selecting wires. 
The novel features Of the invention a S. Well aS. 

the invention itself, both as to its organization 
and method of operation, will best be understood 
from the following description. When read in con 
nection with the accompanying drawings in 
which similar reference. numerals are applied to 
similar functioning parts and in Which, 

Figure.1 is a schematic view of one embodiment. 
of my invention, and 
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Figure 2 is a Schematic diagram of a system 
of interconnecting individual dynodes in combi 
natorial fashion which dynodes are arranged to 
comprise an embodiment of my invention. 

Figure 3 is a cross section of an area. Selecting 
type of tube using the electron multiplying and 
selecting grid structure comprising another em 
bodiment of my invention. 

Figure 4 is an enlargement of a section of the 
electron multiplying and selecting grid and tar 
get structure of the area. Selection type of tube 
shown in Figure 3. 
Secondary emission electron multipliers are 

well-known in the art. Also well-known is the 
system of building up ladders of dynodes which 
are shaped and biased so that an electron Strik 
ing the first dynode of the ladder releases Sec 
Ondary electrons which are guided to strike the 
second dynode of an adjacent ladder releasing 
more secondary electrons. These Secondary 
electrons are then guided to strike the third 
dynode of the first ladder releasing still more 
secondary electrons. This system of electron 
multiplication has proved itself very efficient. 
Besides the shape of the dynodes being neces 
sarily made in a form to guide the released sec 
ondary electrons the ability of the Secondary 
electrons to release more Secondary electrons is 
also dependent upon the potential of a dynode 
Which is next in the ladder chain. The poten 
tial of any one of the dynodes along a ladder must 
be sufficiently higher so that not only are the 
secondary electrons, released by the previous 
dynode, drawn to it but they must be so drawn 
With a sufficient velocity to release more second 
ary electrons. The required diference in po 
tential depends upon the nature of the second 
ary electron enlanating material with which the 
dynode is coated. When the potential of a 
dynode is different from its required value the 
electron trajectory is altered. By varying the 
value of the voltage applied to a dynode in a 
ladder this electron trajectory can be so altered 
as to dinninish the gain considerably Ol' to re 
duce it to zero for a particular channel. See 
Electron Multiplier, Patent No. 2,231,682 by J. A. 
Rajchman et al. 
Refering to Figure 1, a plurality of dynodes 
are shown Which are positioned to form nine 

dynode ladders 2. The first dynodes in these 
adders are al bombarded from a Source Of elec 
trons by electrons whose paths are represented 
by the arrows. The Space between the ladders 
2 are channels of multiplication through which 

the Secondary electrons may pass from the 
dynodes of one ladder to the dynodes of the 
adjaceint ladder. Th&re aire eight channels of 
multiplication shown. A collector electrode 4 
is associated with each channel and is proximal 
to the last dynode 3 in each ladder 2 to col 
lect any electrons released therefrom. Each 
collector electrode is connected to an aSSociated 
external ioad resistor 6, the connection being 
represented by a dot;ed line. 

For the purposes of explanation let W repre 
sent a required increment in voltage between 
two dynodes in order that electrons may be 
guided from one dynode to the next dynode with 
a sufficient velocity to release more secondary 
electrOinS. 
eight channels shown in Figure 1 to be open for 
the passage of secondary electrons therethrough, 
the successive dynodes e in one ladder 2 must 
be biased at voltages 0, 2, 4) and 6 and the 
successive dynodes in the adjacent ladder de 

Then, in Order for any one of the 

10 

4. 
fining the one channel must be biased at volt 
ages , 3) and 5). Expressed in general terms 
where the nth dynode of a ladder is either at 
the potential of the (n-1) th dynode or 
the (n-1) th dynode, a channel is closed and the 
gain is Zero. This occurs because, in the case 
Where the mith dynode is at (n-1) dynode poten 
tial, any secondary electrons enaitted by the (n-1) 
dynode strike the mth dynode with practically no 
energy, if they strike at all, so that no secondary 
electrons are produced at the nth dynode. Sini 
larly, if the nth dynode is at the potential of the 
(n-1)th dynode, no secondary electrons will 
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emanate from the (n-1) th dynode for the same 
reason. When the mith dynode is at (m-1) ith 
dynode potential it may also happen that many 
electrons may go from the (n-1) th dynode to 
the (n-1) th dynode directly. However, due to 
the dynode shapes these electrons strike such 
portions of the (n-1)th dynode that no second 
alry electrons can escape from this dynode. 

It may therefore be seen that the effective gain, 
or output from any channel may be controlled by 
controlling the potential of the dynodes defining 
that channel. Since all the dynode ladders 2, 
except the outside two, separate two channels, 
the potential or bias applied to any one dynode i) 
actually affords a means of controlling the two 
adjacent channels which it separates. There 
fore, altho a separate lead for biasing may be 
connected to each dynode, a combinatorial 
Scheme of interconnecting the dynodes may also 
be utilized to reduce the number of external 
leads required to control the channel outputs in 
the same manner that a combinatorial system is 
used to interconnect the selecting wires forming 
the grid Structure of an area, Selecting type of 
tube as is described and claimed in the afore 
mentioned applications. The bias on a select 
ing wire of the grid structure of an area select 
ing type of tube controls the eiectron filow 
through two adjacent windows which are sepa 
rated by the Selecting Wire in similar fashion to 
the manner, in which the bias on a dynode may 
control the electron filow through the two adja 
cent channels which it separates. 
In Figure 1, the dotted lines show one systein 

for interconnecting the dynodes (a binary sys 
tem.) So that only six external leads are 
required to which a bias may be applied to 
Open Cr close any one of the eight channels. In 
the System shown in Figure 1 only one dy 
node ?o in each ladder 2 is used as a coin 
trol. More than one control dynode may be used 
per ladder if desired. There are three stages 
of Straight multiplication in each ladder 
Which also Serve as a means of collecting the 
OVerall primary electron bombardment. These 
are followed by three multiplication and control 
Stages. Finally there is a stage of straight mu 
tiplication which surrounds the collector. This 
arrangement of collector and last stage provide a 
pentode type of output characteristic because the 
collector is essentially in a Faraday cage. The 
approximate electron trajectories are shown by 
arrows in Figure 1 for one open channel and for 
two closed channels. Also shown are the poten 
tials required to open all the channels. The po 
tentials which are encircled are the alternative 
potentials which are applied to the control 
dynodes to close all the channels but the one 
shown open. This dynode grid system therefore 
represents a selecting, as well as a multiplying 
grid structure. 
For the purposes of explanation of the binary 
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“control system available With the dynode con 
Snections shown in Figure 1, the three leads from 
the dyrode control stages brought out to the left 
'of Figure 1 are called A0 leads and designated 
'01, 82, a3, where the subscript denoted the “Zero” 
position in the binary number and the three leads 
from the dynode control stages brought out to 
the right of Figure i are called “B1' leads, and 
designated 1, 2, 3, where the subscript denotes 
the “one' position in the binary number. The 
outputs from each of the eight channels are 
labeled with both their binary and equivalent 
decimal numbers. Thus, if it is desired to open 
the number 4 or binary : {} & channel, proper dy 
node bias voltages 3, 4) and 5) are respectively 
applied to “Bi' lead 3 and to AO leads 2 and 1. 
Improper dynode voltages are applied to the other 
leads and all the other channels are thus closed. 

Figure 2 is a schematic of a combinatorial SyS 
tein ?or interconnecting an array of 83 control 
stage dynodes 3 arranged to form dynode ladders 
2 and spaced to form 32 channels. The dynodes 
are represented by the horizontal blocks and the 
connections from the dynodes are brought out to 
either side. The connections shown are for a 
“binary' system. In the first controlling stages 
the dynodes are connected into two halves, the 
division being in the center. The Second Con 
trolling Stage has interlacing quarters, the third 
stage has interlacing eighths and the fourth and 
fifth controlling Stages Singly have every other 
dynode connected together and these two stages 
interace one with respect to the other. A 'group 
of two system of connection. With octal, decinal 
or other groupings is also possible. The 'A' 
leads (shown at the top of Figure 2) from the 
dynades, correspond to the “Zeros' of a binary 
runner and the 'B' leads (shown at the botton 
of Figure 2) correspond to the “ones' of a binary 
number. To open any given channel the required 
bias is applied to the A and B leads and thus to 
the dynodes defining the given channel. For ex 
ample, if a channel corresponding to binary num 
ber 01100, which is twelve in the decinal System, 
is to be selected, a bias of 2, 2’, 3, 4) and 5) are 
respectively applied to the 'A' lead designated as 
$5, the “B** lead designated at 14, the “B* lead des 
ignated as 3, the 'A' lead designated as 2 and 
the 'A' lead designated as 1. All the remaining 
leads are given a bias to close the other channels 
as explained above. The 01100 or No. 12 channel 
is thus opened and all the others are closed. 
Both the binary and decimal number equivalents 
for the respective channels are shown in Figure 
2. As another example, if the 10111=23 channel 
is desired to be opened, then the , 2, 3, 4) and 
5v) biases are respectively applied to 'B' lead 5, 
'A' lead 04, and 'B' leads 3, 2 and 1, the re 
maining “A” and 'B' leads having a "channel 
closing' bias applied to them. 

It should be understood that as many straight 
multiplying stages as may be desired may be 
placed before and after the multiplying and Con 
trol stages shown in Figure 2. ?- 

Figure 3 is a cross section of a target area Se 
lecting tube which includes the dynode grid struc 
ture which characterizes my invention. The tube 
structure is enclosed in an evacuated envelope 
of glass 8. The target area, selection type of tube 
of the class intended is described and claimed in 
my copending applications for an “Electronic 
Discharge Device, Serial No. 665,031, filed April 
26, 1946, now Patent No. 2,494,670, issued Janu 
ary 17, 1950, and an “Electronic Discharge De 
vice,” Serial No. 118,758, filed September 30, 1949. 
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6 
In this type of area, Selecting tube, a grid struc 
ture is formed of horizontal and vertical networks 
Of paralled, Separately insulated Wires. These 
wires define a. plurality of Windows through which 
electrons pass from the source of electrons to 
the target. By properly biasing all but Selected 
ones of these Wires all Windows out a desired one 
may be closed to the passage of electrons. All 
four Selecting Wires defining a Window (two hori 
zontal and two vertical) must have the proper 
bias Voltage applied in Order to keep that Window 
Open. If any one of the four Window defining 
Selecting Wires is not at the proper Voltage the 
WindoW is closed. 

In Figure 3, in place of a horizontal network of 
Selecting Wires there is Suostituted a dynode grid 
array Such aS has been heretofore described. An 
elongated cylindrical cathode 2 is centrally lo 
cated along the axis of the tube Which is en 
closed in an evacuated envelope of glass 8. Sur 
rounding the cathode 2 is a contro grid22 Which 
is pervious to electrons from the cathode and 
Whose function is later described herein. This 
control grid 22 may consist of a spiral of fine Wire 
and may be lounted on four Supporting rods 
Suitably anchored in the base of the tube. Spaced 
from and Surrounding the control grid is an ac 
celerating electrode 24 which may also consist 
of a Spiral of fine Wire and may also be mounted 
on four Supporting rods suitably anchored in the 
base of the tube. 
Spaced from the accelerating grid and around 

it are a plurality of dynodes arranged as a 
Selecting and multiplying grid, as heretofore de 

5 scribed, to define a plurality of multiplication 
channels. She dynodes are also anchored in the 
tube, base in Well known manner. There are 
four of these Selecting and multiplying grids 
arOUEd the accelerating grid and cathode in rec 
tangular array. Electron beam forming means 
26, 28 are positioned at the output of each chan. 
nel in orderto focus the beam into a vertical rib 
bon of electrons. A network of separately in 
Suated parallel Selecting wires 3 is positioned 
OutSide of the beam forming means. The se 
lecting wires are at right angles to the vertical, 
ribbon of electrons and are coextensive with the 
dynode grid array. Electrons on their way to 
the target 32 from the channels pass between 
adjacent Selecting wires of the network. There 
are four targets, one for each of the four dynode 
arrayS. Each target includes a collector elec 
trode 3?t Which is essentially a metal plate hav 
ing perforations Which are aligned with the elec 
tron apertures defined by the intersection of two 
adjacent selecting wires and the focussed output 
from each channel. A metal capacity plate 36 is 
Spaced close to the collector plate. The capacity 
plate 36 has apertures aligned with the collector 
apertures. These apertures have small metalic 
sleeves 38 inserted in them which are suitably 
insulated from the capacity plate by means of 
glass or ceramic sleeves 4. These metal sleeves 
are generally funnel. Shaped, having their large 
diameter towards the electron Stream. These 
sleeves are Secondary electron emissive and 
therefore can Serve aS Storage elements. A Sec 
Ond target electrode 2 is also provided Which 
consists of a metal plate. This second target 
electrode is also known as the reading plate. 

Figure 4 shows in greater detail a section of 
the dynode (ac direction seiection) and selection 
wire (gy direction Selection) grid structure and 
the target structure ShoWin in Figure 3. Sini 
larly functioning parts have similar reference 
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characters. Also shown are the approximate 
bias values which may be applied to the focussing 
electrodes, selecting wires and the target. As 
many dynode control stages may be selected as 
is desired and required for the combinatorial Sys 
tem of dynode interconnection selected. 
A target assembly such as is briefly described 

above is described in detail and claimed in ny 
copending application Serial No. 722,194, filed 
January 15, 1947, now Patent No. 2,513,743, 
issued July 4, 1950. The operation of the target 
briefly is as follows: To condition any one of 
the metallic sleeves 38 to be at one of two stable 
potentials (either that of the cathode 20 or that 
of the collector 34) the electron Stream is closed 
by a Suitable means to all other sleeves but the 
desired One. A voltage pulse, known as a Writ 
ing pulse, having an amplitude of about twice the 
collector voltage is applied to the capacity plate 
36. If it is desired to write positively, that is to 
leave the sleeve 38 at collector potential, the 
pulse is allowed to decay gradually and the se 
lected sleeve stabilizes at Collector potential. 
The electron Stream is then reopened to all the 
Other Sleeves which are then found to be at Sub 
Stantially the same potential as they were prior 
to the electron Strean being cut off from then. 

If it is desired to write negatively upon a 
sleeve, that is to place the sleeve at cathode po 
tential, the electron stream to all sleeves but the 
desired one is again cut off and a voltage pulse 
similar to the one used for positive writing is 
applied to the capacitive plate. But this time, 
shortly before the writing pulse begins to decay, 
the electron stream to the desired sleeve is also 
cut off for the duration of the writing pulse. 
The electron stream is then again opened to all 
the sleeves and the desired sleeve Will be found 
to be at cathode potential and all other sleeves 
are at the Same potential as they had prior to 
the electron stream being cut off from them. 

Reading of the target may be accomplished one 
eyelet at a time by cutting off the electron stream 
to all but the eyelet desired to be read. The 
reading plate 42 is then biased positively. If the 
storage sleeve is at collector potential, electrons 
will pass through it and strike the reading plate 
42. This electron current can be detected and 
its presence evidences the fact that the storage 
sleeve is positive. If the selected storage sleeve 
is at the cathode potential electrons will not pass 
through it and the absence of a current on the 
reading plate evidences the fact that the Selected 
eyelet is negative. . 
When the capacity plate is not being used to 

condition the storage sleeves it is biased slightly 
negative in Order to shield the reading plate and 
to aid the Storage sleeves, when they are at Cath 
Ode potential, in turning back to the collector 
electrons which otherwise would strike the sleeve 
and alter its potential. This negative field set up 
by the capacity plate, however, it still not suffi 
ciently negative to prevent the passage of elec 
trons through the sleeves when they are at col 
lector potential. 
Any type of storage target may be used with 

the Selecting and multiplying grid described 
herein. The above target is merely described by 
Way Of example. 

For the purposes of channel selection by the 
dynodes and selection of a portion of the elec 
trOn Stream from the channel selected, individ 
ual lead Wires may be brought external to the 
tube from both the individual dynodes and the 
individual vertical selecting wires for the pur 
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8 
pose of applying a bias to selected ones of the 
dyinodes and selecting wires. As shown above, 
for the purposes of channel selection, the dynodes 
may be interconnected in a combinatorial fashion 
to reduce the number of external leads required 
to control the channel outputs. The selecting 
wires may likewise be interconnected in a com 
binatorial fashion in order to have complete con 
trol of the electron stream utilizing a number of 
external leads which is less than the nuinber of 
individual Selecting Wire leads. AS ShoWI) above, 
the dynodes, for interconnection in combinatorial 
fashion, may be regarded as similar to individ 
ual selecting wires and may then be treated in 
the manner taught for Selecting Wires in my co 
pending application, Serial No. 702,775, filed Octo 
ber 11, 1946, now Patent No. 2,558,460, issued June 
26, 1951, and the application of George W. Brown, 
Serial No. 694,041, filed August 30, 1946, now Pat 
ent No. 2,519,172, issued August 15, 1950 Which 
were also previously mentioned. 
The nultiplier channels shown in Figure 3 and 

in greater detail in Figure 4 are used for Selec 
tion in one direction, while a straight, area, se 
lecting type of grid is used for Selection in the 
other direction. In principle, it is conceivable 
that, selective multiplier channels may be used 
in both ac and y directions by positioning another 
dynode array in place of the selecting wires shown 
in Figures 3 and 4. However, with presently 
known electron multipliers, the current Spreads 
along the dynodes in the linear direction. This 
would effectively broaden the 2nd channel out 
put and thus lose the selection obtained in going 
through the first channel. 
Another important advantage of the multiplier 

grid structure shown in Figures 3 and 4 is that 
it permits faster and clearer “reading' and "Writ 
ing' by pulse operation of the tube. The reason 
for opening all the multiplier channels to permit 
electron bombardment of all the target Storage 
sleeves 38 after a 'reading' or “Writing' Opera 
tion is to overcome any ohmic leakage currents 
which tend to alter the sleeves' potential and to 
thus maintain the sleeves at the desired storage 
potential. 
This replenishing current must be available to 

all the target storage elements and therefore, 
the limit to its intensity is determined by the 
power dissipation capabilities of the tube. In the 
process of writing, a charging current is Sup 
plied to only a single storage sleeve 38 and the 
Writing time is the time required to charge up 
the capacitor formed by the storage sleeve 38 
and the capacitor plate 36 to a given voltage. 
This charging current can advantageously be 
made much greater than the quiescent cur 
rent, thus shortening the charging or Writing 
time. Since it is present on only one element 
and needs to last only a very short time, it is not 
restricted by any essential power dissipation lim 
it. A similar observation may be made for the 
reading current. A stronger reading current is 
desirable since the required reading time is di 
minished and the ratio of reading signal to 
spurious capacity and pickup signals is increased. 

It is therefore advantageous to use a pulse 
type of operation whereby the intensity of the 
overall target bombardment is as high as power 
dissipation will permit in the quiescent State, 
while the electron bombardment is increased Sud 
denly for reading and writing. Oxide coated 
cathodes when operated in a pulsed condition pro 
vide about five to ten times more current for a 
fraction of a microsecond than When Operated in 
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the steady state stage. However, a much higher 
factor of current multiplication, between approxi 
mately iO0 to 1000 can be gained when a pulsed 
electron source is followed by a selectiye mul 
tiplication grid. 

Thus, refering to Figure 3, during the in 
tervals between reading and writing or during the 
quieSCent periods, the control grid 22 is biased to 
maintain the emission from the cathode 2 at a 
Value So that the dissipation capabilities of the 
tube are not exceeded. For reading or Writing, 
after a single eyelet, 38 is selected, the bias on the 
Conti'ol grid 22 can be nomenarily renoved to 
obtain very high pulses of reading or Writing 
current. 

It is to be incted that the selecting and null 
tiplying grid system described herein is very 
efficient, in terms of free electrons delivered to 
a definite target location for a given expenditure 
Of power. Despite the fact that only a portion 
of the elections from the cathode are used to 
produce secondary electrons, when a single chan 
nel is selected and the remaining channels are 
closed, by the use of a sufficient number of stages 
of multiplication the number of secondary elec 
trolas finally obtained for each bombarding pri 
nary electron can be much greater than the total 
number of primary electrons emitted by the cath 
ode. The efficiency in power expended per free 
electron obtained connes about fror the fact that 
electrons are obtained “en route' in the one open 
channel, whereas they are stopped at various 
degrees of progress in all the others. 

If R is the secondary emission ratio (assumed 
to be the same on all stages and all channels), 
the final current obtained after in stages will be: 

where Io is the initial bombarding current. The 
total wasted current Iw at all stages is given by: 

= Io-S- 
?-1 

The power expended to obtain the current in 
the useful channel, assuming a constant voltage 
difference W between channels is: 

W = IV (1+G+(G)+. (E)) 
The power efficiency n is therefore: 

=10 when R = 2 

72 - 2 - ???. 

For R=2, this expression becomes: 

o foi 3 stages, (n-3) the eficiency is 50 per 
cent and for 6 stages the efficiency is about 29 
percent. However, as R, increases, the efficiency 
increases also. Where R, equals infinity the efi 
ciency is 100 percent. 
From the foregoing description it Will be readily 
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apparent that I have provided a grid structure 
for electron tubes which both selects an electron 
path and multiplies the electrons along the path 
Selected. Although several embodiments of my 
invention have been shown, it should be appar 
ent that many other embodiments are possible, 
all within the spirit and scope of my invention. 
I therefore desire that the foregoing description 
shall be taken as illustrative and not as limiting. 
What is clained is: 
1. In an electron discharge device having a 

Cathode, a target and a grid structure comprising 
a plurality of electron multiplying means ar 
ranged to form a plurality of ladders, said ladders 
being Spaced parallel to each other to provide a 
plurality of electron multiplying channels, means 
to bias selected ones of said plurality of election 
multiplying means to close all but a desired elec 
tron multiplying channel to the passage of elec 
trons, a network of parallel separately insulated 
Selecting wires positioned at the output end of 
Said plurality of electron multiplying channels 
and at an angle thereto whereby electrons from 
any one of said electron multiplying channels 
pa,SS between all the selecting wires, and means 
to bias all but Selected ones of said selecting wires 
to prevent the passage of electrons between all 
but an adjacent two of said selecting Wires. 

2. In an electron discharge device having a 
cathode, a target and a grid structure between 
Said cathode and said target, said grid structure 
consisting of a plurality of dynodes arranged to 
form dynode ladders, said ladders being posi 
tioned adjacent each other to form electron mul 
tiplication channels, leads interconnecting said 
plurality of dynodes in combinatorial fashion, 
and a plurality of bias leads connected to said 
interconnecting leads for electron multiplication 
channel control, the number of said bias leads 
required being less than the number required 
without said combinatorial interconnecting leads. 

3. An electron discharge tube comprising. a 
source of primary electrons, a storage target, a 
plurality of electron multiplying means inter 
posed between Said Source of primary electrons 
and said target to produce secondary electrons 
responsive to electrons from said source, each of 
Said plurality of electron multiplying means be 
ing positioned in Said tube to provide electrons to 
a different area of Said target, and bias means 
connected to each of said electron multiplying 
means to control the flow of Said secondary elec 
trons to selected areas of said storage target. 

4. An electron discharge device comprising a 
Source of electrons, a selecting and multiplying 
grid structure including a plurality of dynodes 
arranged to form a plurality of electron multipli 
cation channels, each of said plurality of elec 
tron multiplication channels having an input 
end and an output end, the dynodes at the input 
end to each of Said channels being bombarded 
by electrons from said source, means to bias Se- . 
lected ones of said dynodes to close all but Se 
lected ones of said electron multiplication chan 
nels, and target means positioned at the output 
end of each of said electron multiplication chan 
nels to receive an output therefrom. 

5. An electron discharge tube comprising a 
source of primary electrons, a storage target, Sec 
ondary electron generating means interposed be 
tween said source of primary electrons and Said 
storage target and defining a plurality of Sec 
ondary electron multiplying channels, a network 
of spaced, parallel, separately insulated Wires in 
terposed between said secondary electron gener 
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ating means and said storage target, the parallel 
separately insulated wires of said network be 
ing positioned at right angles to the path of said 
secondary electrons in their passage from Said 
channels to said target, said secondary electrons 
passing between said wires, and means to biaS 
selected ones of said secondary electron generat 
ing means and said parallel wires to permit paS 
sage of secondary electrons to only selected areaS 
of said storage target. 

6. An electron discharge tube comprising a 
cathode, a storage target and a grid structure be 
tween said cathode and said storage target, Said 
grid structure comprising a plurality of dynodes 
arranged to form a plurality of electron multi 
plying channels through which successively 
emitted secondary electrons may travel to Said 
storage target, a network of parallel Separately 
insulated wires between said dynodes and Said 
storage target, the parallel separately insulated 
wires of said network being positioned at right 
angles to the path of the secondary electrons in 
their passage to said storage target, Said Second 
ary electrons passing between Said Wires, and 
means to bias selected ones of Said dynodes and 
said parallel wires to permit paSSage of Secondary 
electrons to only selected areas of Said target. 

7. An electron discharge tube comprising a cen 
tral cathode, an accelerating grid Surrounding 
said cathode, a plurality of dynodes around Said 
accelerating grid, said plurality of dynodes being 
arranged to form a plurality of electron multi 
plying channels, means to bias selected ones of 
said dynodes to close all but a desired One of 
said channels, electron beam focussing means at 
the output of each of said channels to focus 
the electron output from each channel, a net 
Work of Spaced parallel Separately insulated 
wires positioned at right angles to Said bean 
focussing means, the output from Said focussing 
means passing between all said Spaced parallel 
separately insulated wires, means to bias Selected 
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ones of Said parallel separately insulated wires 
to prevent passage of electrons between all but 
an adjacent two wires of Said network, a col 
lector electrode surrounding said network of 
parallel Separately insulated wires and said 
plurality of dynodes, said collector electrode 
having perforations therethrough aligned with 
the focussed output from each of said electron 
multiplying channels and the spacing between 
Said parallel separately insulated wires, and a 
Storage target having storage areas aligned with 
the perforations of said collector electrode. 

8. The electron discharge tube as recited in 
claim 7 wherein said dynodes are interconnected 
in a combinatorial combination and said spaced 
parallel Separately insulated wires are intercon 
nected in a combinatorial combination whereby 
the number of leads required for applying a bias 
to all but Selected ones of said dynodes and said 
Spaced parallel separately insulated Wires is re 
duced. 

9. The electron discharge tube as recited in 
claim 7 Wherein there is provided in addition a 
control grid between said cathode and said ac 
celerating grid to provide for pulsed operation of 
said cathode. 

JAN A. RAJCHMAN. 
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