April 16, 1929. V. K. ZWORYKIN 1,709,763
LIGHT RESPONSIVE RELAY

Filed Oct. 15, 1926 2 Sheets~Sheet 1

(\[' (({
\\ &
18<A\\ /8
. /7
J"ﬁf '15"_1
8
T == P
1=y
ESTAESEE
T 1 'Jt:'j"%i— i
W | E=E=Eae DY) B
I: : )__—,"1_—_: A : It /4
R e ot ey 2L
| SRy
==z
/3 i e e e /1
2 '5 1§t i 7' !
‘IH Il”i -l| }I
U= l|ll U :
N +
Hh o p
I
{?;/ l” ‘\}“ "l .
o -
E{ i lli ‘l ’/22
N
|{ ! il
i i
i } li
i h"

Q‘M !

=
Lzl

: 'INVENTOR
- Viadimir K. Zworykin.

/%}W‘ BY

WITNESSES:



April 16, 1929. V. K. ZWORYKIN 1,709,763
‘ ’ LIGHT RESPONSIVE RELAY ‘
Filed Oct. 15, 1926 2 Sheets—Sheet 2
F 1g. 3. - Flig 4.

32— T |
NS F2——=s |

I~ 1 E 35— :

7 1 I
s W 42 K \]
T | T
i UL

| —J38"

© 36—

3771 45 -—*If{lllllllyllllll

4 ~&/ 79 .
46

Wave
m Me‘z‘er
b 7
47 5;]/ 52
66
L———III
TEL
63 ATE—65
I+ =S
64
WITNESSES : INVENTOR :
lelles. , Viadimir K. Zworykin.

IR. Geash ' ‘ . gY
ﬁ. ""’*‘&Q ,&éoo&f%%gxf/



5

10

[}
[

2

<

25

30

35

4

<

Ay

Patented Apr. 16, 1929 :

UNITED STATES

1,709,763

PATENT OFFICE.

VLADIMIR K. ZWORYKIN, OF SWISSVALE,
HOUSE ELECTRIC & MANUFACTURING COMPANY, A

VANIA,

LIGHT-RESPONSIVE RELAY.

PENNSYLVANIA, ASSIGNOR TO WESTING-

CORPORATION OF PENNSYL-

Application filed October 15, 1926. Serlallli‘o.’_l4l,734.'

My invention relates to light-responsive re-
lay systems, and more particularly to sys-
tems in which a photo-electric cell is utilized
to control the output of a thermionic ampli-
fier. :

One object of my invention is to provide a
relay system in wﬁich the time lag is inap-
preciable. .

Another object of my invention is to pro-
vide, in one unitary device, a photo-electric
cell and a thermionic amplifier.

Another object of my invention is to pro-
vide a system of circuit connections whereby
the nwmerous advantages of my improved
photo-cell thermionic-amplifier may be fully
utilized.

Still other and more specific objects will
later be explained.

In my applications Serial No. 43,220, filled
July 13,1925, and Serial No. 43,221, filed July
18,1925, I have disclosed and claimed cer-
tain specific forms of combined photo-electric
cells and thermionic amplifiers, together with
cireuits peculiarly adapted thereto. My pres-
ent invention ref’ates generically to both of
the applications referred to and is in the na-
ture of an improvement thereon.

In practicing my invention, I may utilize
substantially any thermionic amplifier tube
of a conventional design, so modifying the
class portion thereof as to accommodate a
photo-electric cell, and providing means
whereby the several portions of the device
are effectively isolated one from another.

The novel Teatures which are considered
characteristic of my invention are set forth
with particularity in the appended claims.
My invention itself, however, both as to its
organization and method of operation, to-
gether with further objects and advantages
thereof, will best be understood by reference
to the following description taken in connec-
tion with the accompanying drawings, in
which W ‘ _

“Fig.'1 is a view, partly in clevation and

* partly in section, of a preferred form of my

invention, . .
Fig. 2 is a sectional view taken along a line
corresponding to the line II—II of Fig. 1,
Figs. 3 and 4 are diagrammatic views of
cireuit connections for utilizing my inven-
tion, and

Fig. 5 is a diagrammatic view of an alterna- '

tive form of my invention.

Referring to Figs. 1 and 2, I will now de-
scribe the manner in which my improved
photo-electric device is constructed. A cylin-
drical glass envelope, having, at one end, a
semi-spherical enlarged portion 2, may be
first treated so that a deposit of conducting
material, such as platinum, is formed on the
inner surface 3 of the semi-spherical portion.

A press 4, on which are mounted the usual
elements of a thermionic tube and certain ad-
ditional elements required by my invention,
is then inserted into the cylindrical portion
of the glass envelope and sealed in place. The
elements mounted on the press 4 comprise

a filament 5 carried by standards 6 and 7, a .

grid 8 wound on standards 9 and 11 and an
anode 12 mounted on standards 13 and 14
fixed in the press.

The grid standards are provided with up-
wardly extending portions 15 and 16, which
support a circular, double-wall metallic par-
tition 17, slightly less in diameter than the
cylindrical portion of the envelope. The par-
tition 17 is provided with openings 18 through
which project the ends of a continuous con-
ductor 19 affixed to, and rigidly supported
from, the anode standards 13 and 14. The
central portion of the conductor 19 is provid-
ed with a loop 21 which serves as a collector-
electrode. v '

On inserting the press 4 and the elements
carried thereby into the glass envelope, care
is taken to see that the partition 17 is fixed at
the portion of the envelope where the enlarge-
ment 2 begins, and that the looped portion 21
of the conductor 14 lies at the approximate
focus of the enlarged portion.

The assembled device is cemented into a
base 22 provided with a plurality of contact
elements 23, 24, 25 and 26 to which leads from
the grid, filament and anode, are soldered,
as is customary in the manufacture of the
thermionic tubes of the usual types. The con-
tact elements may be asymmetrical, or may be
dissimilar in size, if desired, in order to ob-
viate the possibility of wrongly inserting the
device into a cooperating socket. At the points
where the grid-leads emerge from the press,
they are surrounded, for a short distance, by
tubular extensions of the press-material, with
the inner surfaces of which the said leads do
not make contact. A longleakage path is thus
provided between the grid leads and the leads
connected to the anode and the filament.
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The entire device is then heat-treated and
exhausted according to any of the customary
methods, and a small amount of potassium is
so distilled into the enlarged portion as to
cover the conductive coating previously de-
posited on the interior surface thereof and
also make contact with the double-walled par-
tition 17. A small area 27 of the enlarged
portion 2 may then be heated, causing re-dis-
tillation of the potassium, in order to provide
a window through which light may enter the
cell.

Instead of potassium, I may utilize other
metals or alloys, for instance, an alloy of po-
tassium and barium, as the photo-electric sub-
stance. If potassinm, or an alloy thereof is
employed, sensitivity of the deposit may be
increased, by filling the bulb with pure hy-
drogen at a pressure of 1 mm. of mercury, and
then passing a direct current discharge be-
tween the alkali layer and the collector, using
the layer as the cathode. After this treat-
ment, the bulb is re-exhausted.

. During the second exhausting, it is pref-
erable that all tubing connecting the device
with the distillation chambers be heated to
drive off all occluded hydrogen.

It has been found extremely important to
thoroughly purify the hydrogen employed
for the sensitizing process, as well as the ar-
gon used in a gas filled photo-cell. Unless
precautions are taken to have the hydrogen
and argon absolutely pure, the sensitive
cathode gradually deteriorates in use, losing

5 the characteristic blue color indicative of ex-

treme sensitivity.

The purification method I have found
preferable for hydrogen is as follows: The
commercial hydrogen, as received from the
makers, is first thoroughly dried by passing it
through a liquid air trap. It is then led into
a large glass container in which are posi-
tioned a plurality of tungsten electrodes. An
electric arc is then passed between the elec-
trodes, and any oxygen which may contami-
nate the hydrogen is cansed by the arc to
combine with a portion of the hydrogen to
form water. The water resulting from this
treatment is absorbed by phosphorous pent-
oxide which may be retained in the bottom of
the large container in which the purification
takes place, or may be positioned in a sepa-
rate chamber through which the hydrogen
is caused to flow.

In this process of purification, it is highly
important that the arc be kept continuously
in operation, as its cessation permits a re-
contamination of the formerly purified
hydrogen.

"The purification of argon is essentially the
same, except that the electrodes must be made
of calcium or sodium.

The partition, in addition to serving as a
connection between the photo-electric sub-
stance and the grid of the thermionic portion
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of the device, also functions to effectively iso-
late the photo-cell portion from the heat and
light evolved from the filament when the de-
vice is in use.

It will be noted that only a single press is
utilized for the support of one of the photo-
cell elements as well as all of the thermionic-
tube elements and that this press is located
at a comparatively great distance from the
photo-electric cell. By reason of this con-
struction, and also by reason of the fact that
the press is to some extent shielded from the
potassium vapor by the inter-position of the
anode and the partition, leakage between the
elements of the photo-electric cell is reduced
to a negligible quantity. It is also evident
that the lower portion of the device will be
warmer than the upper portion when the de-
vice is being used, which causes metallic
vapors, if present, to rise and deposit in the
cooler photo-electric cell portion.

By reason of the shortness of the connec-
tions between the photo-electric elements and
the elements of the thermionic tube, the time-

lag of my improved device is extremely short,

much shorter in fact than is necessitated by
present day commercial requirements. The
device is accordingly, well adapted for use in
connection with picture-transmission sys-
tems, fire or smoke detection, automatic in-
spection of manufactured or natural prod-
ucts, or in any system wherein an instantane-
ous response to varying light conditions is
desired.

In Figs. 8 and 4, I have shown diagram-
matically two possible systems for the utili-
zation of my device, the system of Fig. 3 be-
ing designed for relay operation and that of
Fig. 4 being adapted to give either a visual
or an audible indication of changing light
conditions or for wireless transmission of
light signals. :

Referring specifically to Fig. 3, a device
30, such as previously described, provided
with a photo-electrically active mirror 31
connected to a grid, and a collector electrode
33 connected to an anode 84, has a filament
35 energized from a source 36 of low poten-
tial. A grid-biasing battery 37, preferably
giving a potential of approximately 45 volts,
is so connected through resistor 38 as to im-
press a sufficiently high negative potential
upon the grid 32 to prevent the flow of ther-
mionic current between the filament and the
anode. The resistor may have a value of
twenty megohms, approximately.

A source 39 of high potential (approxi-
mately two hundred and fifty volts) is con-

- nected through a relay winding between the

anode 34 and the filament 35.

By properly choosing the anode-potential
source and the grid-bias source, the system
may be so adjusted that substantially no ther-
mionic current will flow if the photo-electric
cell portion isin darkness. The negative po-
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tential on the grid is also so high that no elec-
trons from the filament can reach the grid and
alter the normal charge therein.

While light is falling on the photo-electric
substance, the photo-(ﬁectrons are expelled
from it and, since the “B” and “C” batteries
are connected in series-aiding relation in so
far as the potential impressed between the
photo-electric cathode and the collector is
concerned, thay arrive at the collector under
acceleration of both of said batteries. This
produces a flow of current which passes
through the resistance 38, and produces a
voltage drop across this resistance. The volt-
age drop alters the potential of the grid and
permits a thermionic current to flow between
the anode and the filament. The flow of cur-
rent to the anode may be utilized to actuate
the relay 41, in order to ring a bell 42, or ener-
gize other indicating apparatus.

1t is interesting to note at this point that
both the grid-biasing potential source and the
anode-potential source are series-aiding, in so
far as the photo-electric current is concerned,
increasing the potential available for causing
electronic emission from the mirror when sub-
jected to light.

The device will function without the resis-
tor 88 and the bias battery but not so satis-
factorily as when they are included.

Referring to Fig. 4, this illustrates dia-
grammatically a system wherein my im-
proved photo-clectric amplifier may be uti-
lized as an oscillation generator. The device
per se is the same as that shown in Fig. 8, but,
instead of utilizing a relay winding in the
anode circuit, the grid 32 is coupled by a con-
denser 45 to an oscillating circuit comprising
an inductor 46 and a condenser 47, and the
anode 34 is also coupled to the same circuit
through a condenser 48. An intermediate
point 49 on the inductor is connected to the
filament 85 by a conductor 51, in a manner
analogous to the connections for the well
known Hartley oscillation generator.

The grid-bias potential source and the
anode potential source are so chosen that the
c¢ircuit will not oscillate when the photo-elec-

tric tube portion is in darkness. Upon il-

lumination of the photo-electric element, an
electron discharge occurs between it and the
target electrode 83. 'This photo-electric cur-
rent causes a drop in potential in the resistor
38 and lowers the potential of the grid suffi-
ciently, with respect to the filament, that a
therminonic eurrent is permitted to flow be-
tween the filament and the anode. Such a
flow of current initiates oscillations in the
oscillatory circuit comprising the inductor
and the condenser, in a manner now well
known to those skilled in the art. The oscil-
lations will persist just so long as the photo-
electric current flows under the influence of
light and will cease upon the cell being dark-
ened. The grid-bias may also be so adjusted

that the circuit will oscillate continuously, in
which case, a variation of illumination of the
photo-electric substance will cause a change
in frequency of the oscillations. A wave
meter 52 or analogous device may be coupled
to the inductor 46 in order to give an indica-
tion of the presence therein of an oscillating
current, or an ammeter 53 may be connected
in series therewith for the same purpose.

The oscillating current may also be utilized
to energize an antenna or other radiation cir-
cuit, either direct or through a power ampli-
fier, thus providing a system which may be
adapted to convey to a distant point an indi-
cation of changing light conditions at the lo-
cation of the transmitter. Such a system
would probably be of service in connection
with forest fire prevention, or for analogous
purposes, such as picture transmission.

During certain of my experiments with
photo-cells of the type thus far referred to,
I found that, in many cases, the resistor in-
cluded in the grid circuit caused a very slight
amount of time lag. The time lag, while
negligible, in so far as present day require-
ments are concerned, might become of import-
ance in connection with future developments
in picture transmission, and I have accord-
ingly developed an alternative form of my
invention in which the lag is so slight that it
is substantially not capable of being meas-
ured. The alternative form is shown dia-
grammatically in Fig. 5, and it will be noted
that neither a resistor nor a grid-biasing bat-
tery is employed thercwith.

Referring specifically to Fig. 5, a photo-:

electric amplifier 55, constructed substantial-
1y the same as the device illustrated in Fig. 1,
comprises a photo-clectrically active cathode
56, a co-operating collector-electrode 57 at the
focus thereof, a thermionic portion compris-
ing a grid 58 connected to the cathode 56, a
filament 59, a second grid 61 interposed be-
tween the first grid and the filament, and an
anode 62.  For efficient operation, the ca-
pacity of the cathode-grid assembly to the
filament should be extremely small. Ix-
ternal connections are provided for the col-
lector-anode assembly, the filament, and the
extra grid 61. Structurally, the device is sub-
stantially the same as that illustrated in IFig.
1, except for the inclusion of the extra grid,
and, for that reason, it is not considered
necessary to more specifically illustrate it.
A source 63 of filament potential is pro-
vided, as well as a source 64 of anode poten-
tial and a source 65 for maintaining the
second grid 61 at a positive potential relative
to the filament. The second grid is analogous
to the space-charge controlling grid referred
to in U. S. patent to Schottky No. 1,537,708,
Asexplained in the patent, when a thermionic
tube is provided with a space-charge-control
grid, it 1s possible to obtain a relatively large
anode, or output, current with but relatively
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low anode potential. The space-charge-con-
trol grid has also the very useful function of
reducing the effective capacity between the
anode and the input grid, which reduetion of
capacity also lessens the time elapsing be-
tween the input electrode potential changes
and the accompanying changes in the output
current. The lowered anode potential is also
advantageous, as it lessens the likelihood of
inter-clectrode leakage.

In the operation of the form of my inven-
tion in which the thermionic tube is provided
with two grids, the grid connected to the
photo-electric cathode, being disconnected
from any other portion of the circuit or de-
vice, assumes a definite negative potential
dependent upon the illumination of the
cathode and the number of electrons reach-
ing the grid from the filament. The anode
potential and the potential of the space-
charge grid may be so adjusted that the nor-
mal potential which the floating grid assumes,
the photo-cell being in darkness, is sufficient
to block the tube. Upon illumination of the
photo-electric cathode, electrons pass there-
from to the collector-electrode, thus leaving
the grid more positive with respect to the
filament. A thermionic current is accord-
ingly permitted to flow between the anode
and the filament, which current may be util-
ized to operate a relay 66 or an equivalent
device,

A photo-electric device constructed accord-
ing to my invention has numerous advan-
tages over the devices of the prior art. All
important connections are short and direct,
and are protected against insulation leakage,
inductive charges and breakage. By directly
connecting the photo-electric cathode to the
control grid I have provided a device in which
the thermionic response is substantially in-
stantaneous, rendering my device peculiarly
adaptiable to systems in which a time lag is
detrimental,

Although I have illustrated and described
certain specific embodiments of my invention,
I am fully aware that many modifications
thereot are possible, and my invention is not
to be limited except in so far as is necessi-
tated by the prior art and as indicated by
the appended claims.

I claim a~ my invention:

1. In combination, a container, photo-elee-
tric cell clements in one portion of the con-
tainer, thermionic amplifier elements in an-
other portion of the. container, and a parti-
tion comprising a plurality of space sepa-

rated portions interposed between the cell

clements and the amplifier elements.

2. In combination, a container, photo-elec-
tric cell elements in one portion of the con-
tainer, thermionie amplifier elements in an-
other portion of the container, a partition
interposed between the cell elements and the
amplifier elements, one of the cell elements
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being conductively connected to the parti-
tion.

3. In combination, a container, photo-elec-
tric cell elements including a photo-electri-
cally active-electrode in one portion of the
container, thermionic amplifier elements in-
cluding a grid in another portion of the con-
tainer, a partition interposed between the cell
elements and the amplifier elements, said grid
and said electrode being conductively con-
nected to the partition, ‘

4. In combination, a container, photo-elec-
tric_cell elements including a collector-elec-
trode in one portion of the container, ther-
mionic amplifier elements including an'anode
in another portion of the container, a con-
ductive partition interposed between the cell
elements and the amplifier elements, and a
connection between said electrode and said
anode, said connection passing through but
out of contact with said partition.

5. In combination, an elongated container
having a cylindrical portion and a semi-
spherical portion, a photo-electrically active
element deposited on part of the interior sur-
face of the semi-spherical portion, thermionic
elements including a grid in the cylindrical
portion, a partition between the cylindrical
portion and the semi-spherical portion, and
conductive connections between the grid, the
photo-electrically active element, and  the
partition,

6. In combination, a container, photo-elec-
tric cell elements in one portion of the con-
tainer, thermionic amplifier elements includ- 100
ing a filament in another portion of the con-
tainer, and shielding means interposed be-
tween said portions for preventing radiant
energy from the filament from effecting the
operation of the photo-electric cell,

7. In combination, a container, photo-elec-
tric cell elements in one portion of said con-
tainer, thermionic amplifier elements in an-
other portion of the container, a partition in-
terposed between the cell elements and the 110
amplifier elements, and means whereby the
partition is supported from one of the ampli-
fier elements. :

8. In combination, a container, photo-elec-
tric cell elements in one portion of said con- 115
tainer, thermionic amplifier clements com-
prising a filament, an anode and two grids in
another portion of said container, a partition
interposed between the cell elements and the
amplifier elements, a conductive connection 120
from one of said grids to said partition, and
a conductive connection from one of said cell
elements to said partition.

9. In combination, a container, thermionic
amplifier elements in one portion of said con- 125
tainer, a light sensitive element in another
portion of the container, a partition inter-
posed between the two portions of the con-
tainer, the light-sensitive substance contact-
ing with sald partition, and a connection 130
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from an amplifier element to said partition.
10. In combination, a container, thermi-
onic amplifier elements including a grid in
one portion of said container, a light sensi-
5 tive element in another portion of the con-
tainer, a conductive connection between said
light sensitive element and said grid, the
light-sensitive element and grid assembly
having negligible capacity with respect to
10 the remaining amplifier elements.
11. In combination, a container having an
upper portion and a lower portion, photo-

electric cell elements in the upper portion,
thermionic amplifier elements in the lower
portion, and a partition having heat-insulat-
ing properties Interposed between said por-
tions; whereby the heat released in the lower
portion when the device is in operation is
largely prevented from being communicated
to said upper portion.

15
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In testimony whereof, I have hereunto sub- -

scribed my name this 2nd day of October,
1926,
VLADIMIR K. ZWORYKIN.



