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UNITED STATES PATENT OFFHCE

2,307,697
ELECTRONIC TUBE
Oran T. Mcllvaine, St. Charles, 11l

Original application. July 9, 1934, Serial No.
734,352, Divided and this apphcatlon Decem-
ber 5, 1940, Serial No. 368,711

(CL, 250—165)

5 Claims.

This application is a division of my applica-
tion on Electronic device, filed July 9, 1934,
Serial No, 734,352 which was. a continuation-in-
part of my application, Ser. No. 209,281, filed

July 29, 1927, for Electronic tubes, which appli-.

ction matured into Patent No. 1,965,849, on July
10, 1934.

This invention relates to electronic devices,
such as, electronic tubes for use in connection
with the transmission and reception of electro-
magnetic impulses or radio signals.

Attempts have been made heretofore to com-
bine g photo-electric tube with a thermionic tube,
with the photo-cathode connected with the grid
of the thermionic tube in one envelope, but the
action was the same as when two separate en-
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velopes were employed, resulting only in a more '

complex and expensive structure.

The primary object of this invention is to com- .
bine a photo-electric tube with a thermionic tube

so that the electronic streams are intermingled
in controlling the thermionic emission directly
by the flow of photo-emission from the photo-
cathode, the two currents being reactive in the

space between the various elements of the tube, <

the electronic streams themselves being em-
bployed for controlling the action. _
The present invention has for further objects
thereof the provision of an electronic tube of sim-
ple and inexpensive construction which will op-

erate successfully for an indefinitely long period

of time; the provision of a simple and inex-
pensive type of tube which can ke used with either
direct or alternating current or other sources of
light and heat; the provision of a power tube

with a light-sensitive electrode for controlling,

by the flow of photo-emission therefrom, the elec-
tron emission of the thermionic cathode of the
tube by changing the potential of either the an-
ode or grid of the tube; and the provision of a
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Fig. 3 is a vertical sectlonal v1eW of a,nother
or modified form of tube; and .

Fig. 4 is a transverse sectional Vlew uhereof ;

In the form of the invention shown in Fig. 1, .
the tube comprises a sealed glass container in
the form of an envelope having a side wall { fused
at its lower. end 2 to a tubular stem or press 3.
which carries the variocus elements :of the tube.
The tube may be highly evacuated or it may be.

filled with one of the inert gases such as, neon. .

The elements of the tube shown in Fig. 1, include &
a hot cathode in the form of ‘a wire filament 4,

a light-sensitized grid element 5, an-anode ele- _—

ment 6, an anode .7.and a support 8 for the fore-
going elements.

The anode T can. also be. used to collect the» -

electrons emitted from the hot cathode 4, it being.

controlied in accordance with -the variation. in® . .

light impinging on the sensitized grid element-5
supplied from a light source (not shown): fluctu-
ating in accordance with incoming signals-trans--. -

_mitted by a fluctuating current.. Both the .anode

element 6-and the anode T may be used for the

same purpose or either one of them may be op-

erated as -a photo-anode and. the -other.as.a

thermionic anode by the selection and use of ..

broper electrical connections: (not shown) as will :

bes understood -by-one familiar with: the art to

which this invention relates.
By properly choosing the circuit constants for ,

" these two -circuits, many -novel results can- be .-

obtained. In this particular -device, the grid it- -
self is photo-sensitized and. it- varies the hot-

cathode emission from the filament 4§ to the an- - V

ode element & or the anode 1. Lead wires t0, it,
12 and 3, traversing the press 3 of the tube,
are connected to the anode element 6; .each of

the terminals of the hot cathode 4, the grid ele- - .

“ment § and the anode 1 resnectlvely
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light-sensitive power tube, having assocmted”

therewith, a light source which may be modu-

lated or controlled by or in accordance with

incoming radio signals or electric impulses.
With these and other objects in view, the in-
vention consists in the novel construction, ar-
rangement and combination of parts, herein-
after illustrated and described in some of its em-

bodiments in the accompanying drawing, and _

particularly pointed out in the appended claims.

In the drawing, certain illustrated embodi-

ments of the invention are shown, in which:
Fig. 1 is a vertical sectional view of a tube
illustrative of one form of the invention;
Fig, 2 is a transverse sectional view thereof;
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The sensitizing of the grid § in Pig. 1, control-

ling the emission -of electrons under the ‘influence -

of light acting thereon, renders far more effec-
tive the electron stream from the hot cathode to -
the anode of the thermionic tube, than if the

photo-emission were used merely to change the - -
potential on the grid. Each electron-emitted by
the grid ‘under the influence of light has a much - -
better control ‘than if- it were used merely toﬁ‘ B
- ‘change the potential on the grid. S
In Fig. 3 there is a modified - form of tube 1ni i
which a photo-cathode 89'is located on the inner.' ::
- surface of the outer wall 31 of the tube and-it. -
consists of & material, many of which are known, - -
which emits electrons when exposed to light. - An - . -
anode 32 made of a net-work of wires which al~ .-
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lows the passage of light from a heated filament
33 is arranged to absorb and carry away the elec-
trons emitted by the filament 383. The flow of
electrons from the cathode or filament 33 to the
anode 32 may be controlled by a grid element &4.

The potential of the grid 24 may be controlied
by the electrons emitted from the photo-cathode
30 which in this case is on the inside of the tube,
and these electrons are drawn to the grid 24,
which in this respect is the anode for the pho-
to-cathode 30. This current flow, by changing

the potential on the grid 34, thereby controls the

electron stream. from the hot cathode 33 to the
anode 32.

In this form, the grid 32 forms the anode for
the photo-cathode 30, while the grid .34 :consti-
tutes the anode for the hot cathode 33. Thus
the two electron streams are intermingled -in

the space between the grids 32 and 24. This Has =~
20

the effect of: a much greater grid.control on:a.
thermionic electron flow than if ‘the voltage of
grid 32.were.varied from an outside potential.
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number of tubes formerly thought necessary to
produce the desired degree of amplification of
radio or wireless signals without objectionable
distortion.

The tubes may be either highly evacuaied or
they may be filled with one or more inert gases
commonly used for such purpose.

While the light sources described in connection
with the tubes shown in Figs. 1 and 3, are not
specifically illustrated in the drawing, it is in-

“tended that any suitable source of radiant energy,
.> visiblé or. invisible, which fluctuates under the
.influence of g fluctuating electrical current, might

be used in connection with the various tubes

* shown.: +30,

Photo-cathodes can be selectively sensitized to

" respond:to’different frequencies of light by utiliz-

--ing the selective photo-electric effect which is a

In this way the electron streams: tliemselves are -

employed for:the controlling action.. .

By this ‘meéthod, . & very -feeble photo-current
may berused to control g very large thermionic
emission”from: the Lot filament. For some pur-

‘poses,.stich-as where g certain bias voltage is not -

required:on. the grid .34, a black emitter can he
used which gives no:light and has no substantial
effect on-the photo-cathode. A cathode of this
type would be a caesiated tungsten:cathode or
some similar cathode as described: in the tubes
of application, Serial No. 209,281, previously re-
ferred to, now Patent No. 1,965,849,

Another: manner of using the tube shown in
Fig. 3 would-be that of using. the wire network
32 as the'grid and using the coil 34 as the anode,
in which case electrons-are supplied to the anode
34 by-the filament:33 which is preferably heated
to incandescence for such purpose and. also for
the purpose: of providing-a light source for the
excitation of the photo-cathode 33, With this

arrangement, the fixed bias on the grid 32 may -

be varied through the control of the electron emis-
sion of the photo-cathode 33 by changing the
brilliancy of the filament 33. :
light incident upon the photo-cathode would then
operate around this point as an operation-point.

Light may be admitted to -the surface of the
photo-cathode through the photo-cathode itself
which consists of a- light-sensitized -transparent
film of metal on the inside wall of the tube, or
.if an opaque coating is used, light can be admit-
ted through either end of the tube by cmitting
the coating at these points,-or as is done in the
present- case, light can be admitted through one
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Any . fluctuating -
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side of the tube by omitting the coating there

as is done in the tube shown in Fig. 3. - Suitable

leads 35, 36, 37 and 38 traverse a press 39 sealed.
in the tube and they are connected respectively. -

to the anode or grid 34 as the case may be, the
heater: filament 33, the grid or anode 32 as the
case may be and the photo-cathode 30. -

Both: forms of the invention disclosed herein’
include-two different sources for the emission -of
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electrons; as for example, the hot and cold -cath- "

odes shown, the latter of which is controlled by a -

source ‘of light, so that the operation of the tube .-

can be varied and controlled by means of a hght L
source-having no -electrical connection -with the -
. The use of a light source in this -
manner is of tremendous advantage in some types- -

tube elements.

of radio-work:and by the proposed use of the tibes -
shown herein, it is possible to greatly reduce the 75

characteristic of the alkali and alkaline earth
metals-and also by having the light strike the
photo-cathode with-an angie.of incidence:of about
60°, in .which-case, the difierent .metals show a -

strong -maximum: oi; photo-electric. sensipuity. .
over a very:'siort part of the spectrum, which dit- v~
fers with- the difterent metals: and which maxi= i

mum eifect may be varied through selection.of:

‘the proper-metals s0:as:t0.occur ai difierent pre-..

determineg-portions ‘ot the spectrum, v .

By rorming- the cathode- suriace from . such ...

metals as, caesium;-rubidium; porassium:and so=

dium, and alloys ol the same; photo-cataodescan -
e mace-having a maximun/response to-opliquely: -

incident -1gRe :rays -1or. various preselected: por- ¢
tions OI-the Visipie spectrum. & 1nis puaase ol the

invention -might-be  utilized in color welevision: . :

work and the transmission of .images:in. their -
natural colors. ’
One of-the more-impoitant features: ot/ this

invention is-taat oi-empioying a relatively smaltl =~

PROLO-current - of -prunary--eiussion: to ‘control-a. -
relatively- large--tiermionic: -current - directly "in”

proporuon tothe photo-current, thereby giving a .© -
~ hign ampnneamcin!forian~ior1g1na;l- feeple 1mpuise, . -
and mahy modiications-of the general principles: - ..

of tube -construction-disclosed . -Hiérein,- may 'be

made without departing-from-the invention; as . .-
for example,-by- varying- the arrangement.and .’
numper-oi the ditierent-élements ot the-tupes.and --

by the use-of various-Kind§ of ‘ermutters-and other: o

cinanges as - will occur-to-one skilied 41 the art, - ¢
Furtnermore; it-is-to be-understood that the i
particular-rorms-of-electronic-devices shown -and

descriped, and the-particular-procedure-set-Lorth, =1
are presented -for- purposes--oi-explanation, and - "

that various modifications of:said apparatus-and -

procedure can be made-without-departure from .. -
this invention--as- described -in- the ‘appended :-:-

claims; -
- Iclaim: -

1. An eléctronic-tube comprising-an envelgpe.: ..
having assembled-therein-an -electronic cathode: ---
and an anode spaced-therefrom, a photo-cathode : -
and a pnoto-anode-therefor mounted in' spaced-- -
_ relation in-said -envelope; one -of-said photo-ele- -

ments - being “intermediate - the ‘first-mentioned - -
electronic elements, and -one -of-said -eléctronic .-
_elements being ‘in the electron path formed - by" -

"the photo elements,

2. An electronic tube comprising an- envelope - - -

.. having "assembled therein an electronic cathode - -

and an arode spaced therefrom, a photo-cathode -

- and a photo-anode therefor mounted in-spaced- -
-relation in said eivelope, one of said photo ele- -
ments being intermediate the first-mentioned -
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electronic elements, and one of said electronic
elements being in the electronic path from the
photo-cathode to the photo-anode forming inter-
secting electron paths.

3. An electronic tube comprising an envelope
having assembled therein an electronic cathode
and an anode spaced therefrom, a photo-cathode
and a photo-anode therefor mounted in spaced
relation in said envelope, one of said photo ele-

ments being intermediate the first-mentioned 1

electronic elements, and the first-mentioned
anode being in the electron path of the photo
elements.

4. An electronic tube comprising an envelope
having assembled in a chamber therein an elec-
tronic cathode and anode spaced therefrom and

o=l

a control element, a photo-cathode and a photo-
anode therefor mounted in spaced relation in
said chamber of the envelope, one of said photo
elements being formed on the control element.

5. An electronic tube comprising an envelope
having assembled in a chamber therein an elec-
tronic cathode and anode spaced therefrom and
a control element, a photo-cathode and a photo-
anode therefor mounted in spaced relation in
said chamber of the envelope, one of said photo
elements being formed on the control element
intermediate the first-mentioned electronic ele-
ments, and one of the first-mentioneq electronic
elements being in the electron path of the photo

15 elements forming intersecting electron paths.

ORAN T, McILVAINE.




