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1

" The present invention pertains to improve-
ments in electron devices of the type wherein
a stream of electrons is caused to impinge on a
target of photoconducting semiconductive ma-
terial whose internal impedance varies as a func-
tion of the stream intensity and velocity, and to
improved circuit arrangements incorporating
such devices.

In the copending application of E. S. Rittner,
filed March 29, 1948 and given Serial No. 1,636,
issued on February 16, 1951 as Patent No.
2,540,490, there is disclosed electron devices in
which an electron beam is directed onto a photo-
conductive semiconductive element preferably
constituted either by silicon, germanium, thal-
lous sulfide, or lead sulfide, these substances each
exhibiting a resistivity which depends on the
beam intensity and velocity. The principal ob~
ject of the present invention is to provide im-
proved structural arrangements for such devices,
as well as new and useful switching clrcmts
embodying said improved devices.

For a complete understanding of the present
invention reference is made to the following de~
tailed description thereof to be read in con-
junction with the accompanying drawing where-
in:

Fig. 1 is a schematic dlagram of an electron
switching tube circuit in accordance with the
invention and in which the photoconducting
semiconductive target is illustrated in section.

Fig. 2 is a separate plan view of the target
structure.

Fig. 3 is a schematic circuit diagram of an
amplifier incorporating an electron device which
is energized directly from an alternating-éurrent
source.

Fig. 4 is a schematic circuit diagram of a dif-
ferential amplifier employing a pair of ampli-
fiers of the type disclosed in Fig. 3.

Fig. b is a perspective view of the electrodes in
ancther electron device in accordance with the
invention,

Fig. 6 is a plan view of the electrode structure
shown in Fig,. 5,

Fig. 7 is a schematic diagram of a switching
system employing a tube of the type disclosed in
Figs, 5 and 6, and

Fig. 8 is a perspective view of a modified tar-
get structure for a tube of the type disclosed
in Fig. 5.

Referring now to Figure 1, there is shown a
voltage-responsive switching system inecluding
an electron device 19 in accordance with the in-
vention provided with a cathode-ray gun struc-
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ture If possessing an intensity-control electrode
12, the cathode-ray beam projected by said gun
impinging on a target structure 13 and being
deflectable by a pair of electrostatic deflecting
plates 14. As shown in Figs. 1 and 2, the target-
structure 13 is formed by a disc-shaped base
member 15 of dielectric material along whose-
circular edge is mounted a pair of arcuately
shaped electrodes 16 and 17T each having a plu~:
rality of conductive spokes [6a and [Ta attached
thereto. A hub electrode 18 is affixed centrally-
to said base and provided with radial spokes
{8a disposed in intermeshing relationship with.
respect to spokes [6a and 1Ta. Coated on the
surface of said base in the interstices of spokes
{8a, 1Ta and 18a is a layer 19 of semiconductive .
material preferably constituted either by ger-
manium, thallous sulfide, silicon or lead sulfide.

The semiconductive path lying between the-
spokes on arcuate electrode 1T and hub electrode
18 acts as one arm, and the path lying between
the spokes on arcuate electrode 1§ and hub elec~
trode 18 acts as a second arm in a Wheatstone
bridge circuit whose remaining arms are formed
by the external resistors 20 and 21, the latter
resistor being variable to effect balancing.

Connected between hub electrode 18 and the
junction of resistors 28 and 21, which electrode:
and junction represent the output diagonals of
the bridge, is an outpuf resistor 22 whose ends
are also connected to output terminals 23. Con-
nected between arcuate electrodes i6 and (7 at .
the input diagonals of the bridge is a direct vol-
tage source 24. Connected between the cathode
of the electron gun II and the hub electrode
of target 13 is a source of accelerating voltage
25. The control voltage for activating the
switching system is applied to the input term-
inals 25 connected to deflecting plates 14. A
bias voltage from a source 27 is applied to in-
tensity control electrode 12 through variable
resistor 28.

The behavior of the switching system is as
follows: In the absence of a control voltage
across the deflecting plates, the beam from gun
i1 strikes the hub electrode 18, and thereby
avoids contact with the semiconductive sub-
stance on the -target. Assuming an initial con- -
dition of bridge balance, and with zero voltage
on the deflecting plates, no voltage is developed
across output resistor 22 of the bridge. The
introduction of a voltage across deflecting plate
14 deflects the beam from hub electrode onfo
the semiconductive layer {8 in a direction de-
pending on the polarity of the control voltage.
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Thus depending on the direction of deflection,
either the resistivity of the semiconductive path
interposed between electrodes {6 and {8 or the
path between electrodes {71 and I8 is altered to
unbalance the- bridge in one direction or.the
other. In consequence, the polarity of voltage
established across output resistor 22 is contin-

gent on the polarity of the control voltage ap-

plied to the defiecting plates.

The output voltage appearing at terminals 23-

may be used to effect a desired switching action
in various ways. For example-it-may be. Im-

pressed on a. polarized relay to eilect & switcir~

ing action in a sense depending .on: the polarity
of the control voltage.
resistivity of a particular semiconductive path
is altered, and hence the sensitivity of the relay,
may be controlled by adjusting resistor 28 to
obtain a desired beam intensity. It is also to
be noted that a modulating signal may be ap-
plied to grid {2 whereby the tube acts to ambvli-
fy the signal and then by its switching action
directs it into a desired chiannel.

Referring now to Fig. 3,. there: is  shown:. a:

switching system. employing an electron device
29.in which the voltage imposed across the target
and the beam accelerating voltage is derived;
without rectification; from an alternating-cur-
rent source.
directly heated cathode 30, a control grid 31 and

a. target.electrode 32 formed by a semiconductive:

substance of the type hereinabove. described in-
terposed between two end terminals.

A transformer is provided having -a. primary
winding 23, connected at terminals 34 to. an alter~
nating-current line, a secondary winding 35 con-

nected through an output resistor 36 across:the
end terminals: of -target 32, and a tertiary wind--

ing 37 arranged in phase opposition to- winding
25 and connected between one terminal of target
32 and cathode 38. A grid leak resistor 38 is
connected between grid 81 and cathode 32, a pair
of input terminals 39 being connected across re-
sistor 38, and a pair of output terminals 42 being
connected across resistor 36.

In operation, a pulsating direct-current coms-
ponent will appear across. resister 36 whose am-
plitude will depend on the magnitude of the con-
trol voltage impressed on the grid 3f. The volt-
age established across resistor 36 may be used to
actuate a relay, and due to the. increased ampli-
fication afforded by the electron device, the sys-
tem is responsive to input control signals of small
amplitude. Thus & highly sensitive control de-
vice is provided entailing a m1n1mum number of
components.

Referring now to. Fig. 4, there is disclosed a

differential amplifier employing a pair of elec-

tron devices of the type disclosed in Fig. 3, pref-
erably enclosed in a single-envelope, whose com-
bined output depends on the relative values of
the applied input voltages. As in Fig. 3, the voli-
ages imposed across: the targets of the tubes 40
and &1 and the beam accelerating voltages: are
derived without rectification through a trans-
former whose primary 42 is connected to an al-
ternating - current- source:. The transformer is
provided with a centertapped secondary winding

£2 whose ends are connected through resistors

4% and 45 to.one terminal of the targets of tubes
£9: and 4! respectively, and whose centertap is
connected to the interconnected cathodes of ‘said
tubes. Auxiliary secondary windings 48 and 47
are:provided, one end of each auxiliary secondary
being: connected to.a respective. end of said . sec-

The extent:to which the’

Electron device 29 includes an in--
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ondary 43, the other end of each auxiliary sec-
ondary being connected to the other terminal of
a respective target.

The input voltages A and B are applied at
terminals 48 and 43 which are connecied respec-
tively across grid resistors 52 and 51 connected
petween the grid and cathodes of tubes 40 and
The voltage developed across resistor 44 is
aplied to one primary 52 of an output trans-
former, and the-voltage developed across resistor
45 is applied to an opposingly wound primary 53
of the transformer. In consequence the average
voltage developed in the secondary 54 represents
the differential resultant of the primary voltages.

5 In operation, since the accelerating voltages ap-

plied to the targets of tubes 40 and 41 are 180
degrees: out of phase, the tubes operate alter-
nately, the voltages developed across resistors 44
and 45 depending on the relative amplitudes of
the input voltages A and B respectively. It is to
be noted that-in the control systems disclosed
in Figs. 1, 3 and 4, the input circuifs are inde-=
pendent of the output. circuit: and no interactiom
therebetween can occur.

Another embodiment of an electron dev1ce is:
shown in Figs. 5, 6 and 7, the device comprising:
in o single envelope; a pair of high-mu triodes
55 and 58 and a cone-shaped target constituted
by four electrically separated sections 57, 58, 59
and 68. Triode 55 is constituted by a cathode 61,
a grid 62 and an anode 63, and triode 56 by-a
cathode 64, and grid §% and an anode 6§. Con-
nected directly to the anode 63 are a pair of
blade-like control electrodes 6T and: €8; electrode;
67 being- associated. with' target section: 81 and:
electrode: §8 with  section 58. Similarly, con=
nected directly to ancde 86 is a-pair of blade-like-
control electrodes 89 and 18, electrode 69 being.
associated with target section 58, and electrode
6 with section 89: In Fig. 5, only-electrode:6T
is shown, the others-being omitted for- purposes
of clarity. The target is irradiated by-an electron
peam emitted: from-a cylindrical cathode Tf, tri-
ode eathodes 61 and’ 64 being mounted-on a-com-
mon support therewith. For purposes of clarity
cathode 64 has not been shown in Fig. 5 nor
have the remaining elements of the triode strue-
tures-been in¢luded since these-are conventional.

Each section of the target is formed of non-

5 conductive material and is provided with a:pair

of spaced arcuate terminals 72 and 73, the sur-
face between the two: terminals-being coated with
a semiconductive photoconductive substance:-of
the type described supra. The anode 63 is:con-
nected to  one  terminal of target section. 5T
through a high resistance 74, said one terminal
being connected to the positive pole of a-high-
voltage source. 'The anode 63 is-also connected
to one terminal of target section 58 through a
high resistance 15, said one terminal being con-
nected to the positive pole of a high-veltiage
source.

Anode 86 is connected to one terminal of target
section 89 through a high resistance- 16, a high

3 positive voltage being applied at this peint. Grid

2 is connected to cathode 61 through a grid re-
sistance 18 and a bias battery 82, grid €5 being
connected to cathode §4 through a-grid resistance
7§.-and the same bias battery.

Considering section 57 separately, in operation,
with zero control potential on the grid 62 of tube
55, electrons from the cathode T1 strike the entire
surface. of section 5% except for a.sector-in the
region of blade electrgde 6%, which being at a
lower potential than the: target section because
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of the voltage drop across resistance 74 acts as
a8 sh.ield. When however, a negative control po-
tential is applied to grid 62, the anode current is
reduced with a resultant decrease in the voltage

drop across resistances 74 and 715, thereby reduc-

ing 1.:he sector of the target section 57 which is
not-irradiated. Thus as the shielded sector on
the target section varies with the control voltage
applied to grid 62, the internal resistance of the
target section is accordingly altered. Blade 68
has the same control influence on section 58. The
same effect is experienced with respect to the in-
fluence of a control voltage on grid 65 on the
internal resistance of sections 59 and 690.

.This effect may be used for example to bro-
V}de a double pole double throw switching ac-
tion by applying the signal to be switched to
terminals 81, one of which is connected to one
arcuate terminal of both sections 57 and 88, and
the other of which is connected to one arcuate
terminal of sections 58 and 88. The other ar-
cuate terminals of sections 57 and 58 are con-
nected to one pair of output terminals 83 while
the other arcuate terminals of sections 5§ and
60 are connected to output terminals 85.

By applying a negative control voltage to ter-
minals 82 connected to grid 82, the signal to be
switched is fed to output terminals 83 and by
applying a negative control voltage to terminals
84 connected to grid 65, the signal to be switched
is fed to output terminal 85. While there has
been shown a target arrangement employing four
sections, it is obvious that a greater number may
be used in conjunction with blade electrodes cou-
pled to the anodes of amplifier tubes to effect
more complex switching functions.

By using a conically-shaped target the forma-
tion of a sensitive layer on the inner surface
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thereof is greatly facilitated. This is accom- .

plished by inverting the cone and applying the
material by vacuum evaporation. Preferably the
cathode is protected by a small cap (not shown)
attached to the end of the support. The conical
target structure shown in Fig. 5 may be replaced
by one of tubular shape, as illustrated in Fig.
8 or by other shapes if desired. While the ter-
minals 72 and 73 in Fig. 5 are shown in circum-
ferential positions, it is to be understcod that
radially disposed terminals may alternatively be
employed, in which case should the sensitive area
intermediate the terminals not be irradiated then
the resistance therebetween weuld effectively

constitute an open circuit. Similarly in the tar-

get shown in Fig. 8, the terminals may be ar-
ranged either longitudinally or circumferentially.
It is also to be noted that several targets may he
contained in a common envelope.

While there have been shown what at present
are considered preferred embodiments of the in-
vention, it will be evident that many changes and
modifications may be made therein without de-
parting from the essence of the invention, and
it is intended in the annexed claims to cover
all such changes and medifications as fall within
the scope and true spirit of the invention.

What is claimed is:

1. An electron switching device comprising 2
cathode-ray gun for generating an electron heam,
a target structure positioned to intercept said
beam and including a pair of spaced end fer-
minals, a hub terminal positioned intermediate
said end terminals and an active elemeni inter-
connecting said hub terminal and said end ter-
minals to define first and second centrol paths,
said element being formed of semiconductive
photoconductive material, and means to deflect
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said beam across said target structure whereby
the internal resistance of the impinged path is
varied by said beam.

2. An electron switching device comprising a
cathode-ray gun for generating an electron beam
and provided with a control electrode to con-
trol the density of said beam, a target structure
positioned to intercept said beam and including
a pair of spaced end terminals, a hub terminal
positioned intermediate said end terminals and
an active element interconnecting said hub ter-
minal and said end ferminals to define first and
second control paths, said element being formed
of semiconductive photoconductive material
selected from group IV of the periodic table, and
means to deflect said beam to impinge selec-
tively on one of said paths, whereby the inter-
nal resistance of the impinged path is varied by
said beam.

3. An electron switching device comprising a
cathode-ray gun for generating an electron beam,
a target structure positioned to intercept said
pbeam and including a pair of spaced end ter-
minals, a hub terminal interposed between said
end terminals and an active element intercon-
necting said hub and said end terminals to de-
fine first and second control paths, said element
being formed of thallous sulfide, and means to
deflect said beam to impinge selectively on one
of said paths, whereby the internal resistance
of the impinged path is varied by said beam.

4. An electronic switching circuit comprising
an electron device including a cathode-ray gun
for generating an electron beam, a target struc-

5 ture positioned to intercept said heam and in-

cluding a pair of spaced end terminals, a hub
terminal interposed between said end terminals
and an active element interconnecting said hub
terminal and said end terminals to define first
and second control paths, said element being
formed of semiconductive photoconductive ma-
terial and means to deflect said beam to impinge
selectively on one of said paths, a Wheatstone
bridge including first and second resistances con-
nected in series across the end terminals of said
target structure and an output resistance con-
nected between the hub terminal and the june-
tion of said first and second resistances, and
means to apply a control voltage to said deflect-
ing means.

5. An electronic switching circuit comprising
an electron device including a cathode-ray gun
for generating an electron beam, a target struc~
ture positioned to intercept said beam and in-
cluding a pair of spaced end terminals, a hub
terminal interposed between said end terminals
and an active element interconnecting said hub
terminal and said end terminals to define first
and second control paths, said element being
formed of semiconductive photoconductive ma-
terial and means to deflect said beam to impinge
selectively on one of said paths, a Wheatstone

_ bridge including first and second resistances con-
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nected in series across the end terminals of said
target structure and an output resistance con-
nected between the hub terminal and the june-
tion of said first and second resistances, means
to apply a direct voltage across said end ter-
minals, means to apply an accelerating potential
to said hub terminal, and means o apply a con-
trol voltage to said deflecting means,

6. An electronic switehing circuit comprising
an electron device including a cathode-ray gun for
generating an electron beam and provided with a
control electrode, a target structure positioned
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to. intercept: said ‘beam: and including & pair-of
spaced end terminals; a hub-terminal interposed
between said end terminals and an active element:
interconnecting said hub terminal and said end
terminals to define first and second control paths;
said. element being formed of :thallous sulfide,
and means to deflect said beam across: said target
structure, a - Wheatstone bridge including first
and second resistances connected in series across.
the end terminals of said target structure and an
output resistance connected between the hub ter-
minal and the juncture of said first and second
resistances, and means to apply a control voltage
to said deflecting means.

7. In an electron switching device, a; target
structure comprising a.circular insulating disc,
a pair of arcuate terminals mounted on the op-
posing edges of said dise, & hub terminal mounted
centrally on said disc, and an active element con-
stituted by a semiconductive - photoconductive
material coated on the surface of said disc be-
tween said hub terminal and said arcuate ter-
minals.
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8. In an electron- switching device, a target .

structure comprising g circular insulating-dise, a
pair of arcuate terminals mounted on the oppos-
ing edges of said disc and provided with a; plu-
- rality of radial spokes, a hub: terminal mounted
centrally on said dise, and provided with a: plu-
rality: of radia]l spokes disposed in-intermeshing
.- relationship with the- arcuate terminal spokes,
and an active element coated ‘on the surface: of
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said disc between said spokes, sald element being.
constituted by a semiconductive photoconductive
material.
- 9. An arrangement, as set forth in claim-8,
wherein said material is constituted by lead sul-
fide...
EDMUND S. RITTNER.
FRANK E. GRACE,
SAMUEL FINE,
GEORGE A. BEUTEL..

REFERENCES CITED

The following references: are-of record in the
file of this patent:

UNITED STATHES PATENTS-

Number Name ) Date

2,153,163 Tedham - weeeam-w- APL. 4, 1939
2,527,632 Graham _..__ - Oct. 31,1950
2,527,652 Pierce _ oo - Oct. 31, 1950
2,540,490 Rittner _ - oeei e Feb. 6, 1951
2,544,753 Graham  _ —ew— Mar. 13, 1951
2,544,754 Townes --. e Mar, 13,1951
2544755 Johnson et al. ... Mar. 13, 1951

OTHEER REFERENCES

Crystal Counters, Robert Hofstadter, “Nucle-
onies,” Apr. 1949, pgs. 2-27, published by McGraw-
Hill.

The Crystal  Counter,  Utrecht Dissertation
(1945), by P. J. Van Heerden..




