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[571 ABSTRACT 

High efficiency, multi-dimensional thin film vacuum 
tubes suitable for use in high temperature, high radia- 
tion environments are described. The tubes are fabri- 
cated by placing, as by photolithographic techniques, 
such as are used in solid state integrated circuits, thin 
film electrode members in selected arrays on facing 
interior wall surfaces of an alumina substrate enve- 
lope. Cathode members are formed using thin films of 
triple carbonate. The photoresist used in photolithog- 
raphy aids in activation of the cathodes by carbonizing 
and reacting with the reduced carbonates when heated 
in vacuum during forming. The finely powdered triple 
carbonate is mixed with the photoresist used to deline- 
ate the cathode locations in the conventional solid 
state photolithographic manner. Upon high tempera- 
ture forming ( 1000° C) the barium, etc. is formed at 
the surface. Anode and grid members are formed 
using thin films of refractory metal. Electron flow in 
the tubes is between grid elements from cathode to 
anode as in a conventional three-dimensional tube. 
Both circular geometry for average requirements as 
well as a repeated linear structure for increased cur- 
rent and power handling capability are employed. 

12 Claims, 25 Drawing Figures 



'6J.s. htent Aug. 31, 1976 

FIG. I A  
I 

FIG. E 

FIGe2A 
r------ 

Sheet 1 of 3 3,978,364 

FIG. I B 

FIG. ID 
E E 

h 4 
6 4  

FlG.1 F 

D 
t_ 

E 

0 

FlG.2B 

FIG.2D 



U.S. Patent Aug. 31, 1976 

K GI  FIG.2E 

Sheet 2 of 3 3,978,364 

FIG.2F 

FlG.3A 

D 

L 4 

FIGy3C 

1 
t F 

FIG. 30 

FlG.3E FIG. 3F 



FlG.4A 

\ \ \  

3‘ 

\ \ \  

51 FlG.4C 
52 * 

tP2 
I 

, \ \ \. , , \ , \ \ \ , \ \ I \  \ 

\ 

50’ 

FIG.4E 

J 3  

Sheet 3 of 3 3,978,364 

D 

t 

E 

t_ 

f- 
F 

FIG. 48 

39 39 
0 0 0  0 0 0 0  

39 
FIG.4D 
34 1 

9 

7 
F 

FIG.4F 

FlG.5 



3,978,364 
1 

INTEGRATED STRUCTURE VACUUM TUBE 

The invention described herein was made by employ- 
ees of the United States Government, and may be man- 
ufactured and used by or for the government for gov- 
ernmental purposes without payment of any royalties 
thereon or therefor. 

BACKGROUND OF THE INVENTION 
The present invention is related to vacuum tubes in 

general, and, more particularly, to a multi-dimensional 
thin film tube suitable for use in a high temperature, 
high radiation environment that conventional silicon 
semiconductor devices, for example, cannot tolerate. 

Vacuum tubes of a ceramic-to-metal construction 
have long been used in the past for this purpose, but 
their size, weight and power consumption are all too 
excessive for large scale applications, such as, for ex- 
ample, a radiation tolerant computer. 

More recently, use has been made of one- 
dimensional integrated vacuum tube structures; how- 
ever, these are found to be less efficient and of a lower 
transconductance than is obtainable with tubes having 
the multi-dimensional structure of the present inven- 
tion. 

SUMMARY OF THE INVENTION 
In view of the foregoing, a principal object of the 

present invention is an integrated structure vacuum 
tube which exhibits reduced power consumption, size, 
and weight and greatly reduced cost of production due 
to the use of integrated circuit processing techniques 
employed in its fabrication. 

In accordance with this object, there is described 
several alternative embodiments of the invention, 
which employ circular and linear arrays of thin film 
electrodes for forming cathodes, anodes and grids. 
Interconnections between the electrodes, in cases 
where such connections are required, are made exter- 
nally as by externally deposited thin or thick films. 

Triodes, tetrodes, pentodes, pentagrid converters, for 
example, are all fabricated by simply depositing addi- 
tional thin film electrodes as required on the interior 
surfaces of an alumina envelope. 

For example, in the fabrication of a triode structure 
of circular geometry, there is deposited on one interior 
wall of the alumina envelope a circular anode compris- 
ing a thin film of a refractory metal. Deposited about 
the anode element is a ring of refractory metal for 
forming a first grid element. Positioned on the interior 
wall of the envelope across from the anode element is 
a second circular deposit of refractory metal for form- 
ing a second grid element. Deposited about the second 
grid element is a thin film ring of triple carbonate form- 
ing a cathode element which is formed by heating to 
approximately 1000" C while under vacuum pumping 
as with conventional vacuum tubes. 

Electrical connection to the several thin film ele- 
ments is provided by means of hermetically sealed 
leads or pins which pass through the walls of the enve- 
lope for external interconnection and coupling to ex- 
ternal power supplies. 

Thus, in the triode example, the grid elements are 
interconnected and coupled to a suitable bias supply 
while the anode element is coupled to a source of posi- 
tive potential for collecting the electrons emitted from 
the cathode element. Electron emission from the cath- 

2 
ode is obtained by heating the entire structure to ap- 
proximately 600' C .  Electron flow is from the cathode 
to the anode through the field generated between the 
interconnected grid elements. By varying the grid bias, 

5 triode characteristics substantially identical to that 
obtained with conventional tubes is achieved. 

In addition to increasing the number of grid elements 
in a given tube structure to obtain tetrode, pentode, 
etc. tube characteristics, the thin film electrodes may 

10 be made linear and multiplied in number for increased 
current and power handling capability. 

DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advan- 

15 tages of the present invention will become apparent 
from the following detailed description of the accom- 
panying drawings in which 

FIG. 1A is a top plan view of a triode of circular 
geometry in accordance with the present invention. 

FIG. 1B is a bottom plan view of FIG. 1A. 
FIG. 1C is a side elevation view of FIG. 1A with a 

FIG. 1D is a cross-sectional view taken along the 

FIG. 1E is a cross-sectional view taken along the lines 

FIG. 1F is a cross-sectional view taken along the lines 

FIG. 2A is a top plan view of a triode of a repeated 

FIG. 2B is a bottom plan view of FIG. 2A. 
FIG. 2C is a side elevation view of FIG. 2A with a 

FIG. 2D is a cross-sectional view taken along the 

FIG. 2E is a cross-sectional view taken along the lines 

FIG. 2F is a cross-sectional view taken along, the lines 

FIG. 3A is a top plan view of a pentode of circular 

FIG. 3B is a bottom plan view of FIG. 3A. 
FIG. 3C is a side elevation view of FIG. 3A with a 

FIG. 3D is a cross-sectional view taken along the 

FIG. 3E is a cross-sectional view taken along the lines 

FIG. 3F is a cross-sectional view taken along the lines 

FIG. 4A is a top plan view of a pentode of repeated 

FIG. 4B is a bottom plan view of FIG. 4A. 
FIG. 4C is a side elevation view of FIG. 4A with a 

FIG. 4D is a cross-sectional view taken along the 

FIG. 4E is a cross-sectional view taken along the lines 

FIG. 4F is a cross-sectional view taken along the lines 

FIG. 5 is a diagram of typical tube characteristics for 

Referring to FIGS. 1A-lF, there is provided, in ac- 
65 cordance with the present invention, a triode structure 

of circular geqmetry comprising a generally cylindri- 
cally shaped vacuum envelope 1. Envelope 1 is conve- 
niently formed in two parts 2 and 3 with a pair of facing 

20 

tube heating oven shown in cross section. 

lines D-D of FIG. 1B. 
25 

E-E of FIG. 1D. 

F-F of FIG. 1D. 

30 linear geometry of the present invention. 

tube heating oven shown in cross section. 

35 lines D-D of FIG. 2B. 

E-E of FIG. 2D. 

F-F Of FIG. 2D. 
40 

geometry of the present invention. 

tube heating oven shown in cross section. 

lines D-D of FIG. 3B. 
45 

E-E of FIG. 3D. 

50 F-F of FIG. 3D. 

linear geometry of the present invention. 

55 tube heating oven shown in cross section. 

lines D-D of FIG. 4B. 

E-E of FIG. 4D. 
60 

F-F of FIG. 4D. 

the triode of FIG. 1. 
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interior wall surfaces 4 and 5 on which are deposited, to the anode. With an electric field between the grids 
as by conventional photolithographic techniques, a GI supplied by an appropriate potential applied to the 
plurality of circular and annular thin film members grids, the electron flow to the anode can be controlled 
forming a cathode K, an anode A and a pair of grid as previously described. 
members GI.  Cathode K typically comprises triple car- 5 The above described application of potentials to the 
bonate while the anode A and grids Gl typically corn- electrodes of section 16 can also be employed with 
prise a refractory metal. Grid GI  on surface 4 is a circu- respect to sections 17 and 18, etc. Alternatively, se- 
lar disk generally centrally located. Cathodc K is an lected ones of the electrodes in each of the sections can 
annular ring concentric with grid GI. Grid GI on SIX- be coupled in parallel by a thin or thick film deposited 
face 5, like cathode K, is an annular ring concentric 18 on the exterior surfaces of envelope 11 in electrical 
with a circular disk forming the anode A. For connec- contact with the corresponding pin or lead 19 extend- 
tion to external Power Supplies, each of the thin film ing from those electrodes. By so interconnecting the 
electrodes further Provided with a coupling Pin Or electrodes of two or more sections, increased current 
lead 6 which passes through and is hermetically sealed and power handling capability is achieved. 
in the envelope 1. The principles and features described with respect to 

Upon completion of the deposition of the thin film the triode embodiments of FIGS. 1A-1F and 2 ~ ~ 2 ~  
electrodes and other conventional tube processing - are also readily incorporated in sophisticated 
e.g., evacuation, etc., - the Parts 2 and 3 of envelope tube structures of both circular and repeated linear 

are in a vacuum tight fashion by Of a 2o geometries, such as, for example, tetrodes, pentodes, 
ceramic-to-metal seal at 7. pentagrid converters, and the like. 

In practice, the entire structure is heated to about Referring to FIGS. 3A-3B9 there is provided a pen- 

l 5  

6oo" for cathode emission in an Oven heated by a 
52. A positive potentia' 

to& structure comprising substantially the same ele- 
ments as the structure of FIGS. IA-lF, but with two 

using the 25 deposited on facing wall surfaces 24 and 25 of a gener- 

51 coup1ed to a 
is placed on the anode relative to the cathode with a 

associated leads 6 connected to these electrodes. Elec- 

additional grid pairs, G2 and G3, both of which are 

ally cylindrical envelope 21. As in the prior described 
negative potential placed On the grids 

tron flow takes place from the ring cathode to the cir- 
produced by the 

structures, envelope 21 is conveniently formed in two 
anode through the 22 and 23, which are ultimately sealed by grids. By varying the grid voltage, as shown in FIG. 5, 

the electron flow and hence the anode current I is 30 
controllable in substantially the same manner as that 
employed with conventional triodes. 

For increased current and power handling capability, 

changed to a linear geometry and repeated as required. 
Referring to FIGS. 2A-2F, there is provided in this 

the present invention, a generally rectangular hollow 

of a ceramic-to-metal seal at 27. On the surface 24 
there is deposited a cathode element K and a plurality 
of grid elements GI, GZ and G3. On the surface 25 there 
is deposited an anode element A and a plurality of 

35 ment G3 on surface 24 and anode element A on surface 
25 generally comprise circular disks of a thin film. 

G1, G, and G3 on surface 25 each comprise annular 

the circular electrode geometry of FIGS. 1A-1F is 'Orresponding grid GZ and G3' Grid 

embodiment of a triode structure in accordance with Cathode and grids and G2 On surface 24 and grids 

envelope 11. As in the structure of FIGS. 1&1F, enve- 'Oncentric with the grid and anode 
lope 11 is conveniently formed in two parts 12 and 13, 40 elements on their respective surfaces. Except for the 

rings of thin 

with a pair of facing interior wall surfaces 14 and 15. 
Deposited on surfaces 14 and 15, as by photolitho- 
graphic techniques, are a plurality of thin film strips 
forming plural sets of electrodes 16, 17, 18, ek. ,  each 
comprising a cathode K, an anode A and a pair of grids 45 

cathode, which typically comprises a thin film of triple 
carbonate, the electrodes typically comprise thin films 
of a refractory metal which are deposited on their re- 
'SPective ~ r f a c e s  as by PhotolithograPhic techniques. 

To couple each of the electrodes to a suitable source 
GI. The number of sets o r  sections of electrodes-em- 
ployed depends on the application to be made of the 
tube and the required current and power handling ca- 
pability desired. In these respects, the structure of the 
tube. of FIGS. 2A-2F may be compared with, for exam- 
ple, a conventional dual o r  two-section triode. 

In each section, as in section 16 for example, there is 
provided on wall surface 14 a cathode K and adjacent 
to and substantially parallel with cathode K, a grid G,. 
On wall surface 15, there is provided a grid G, and 
parallel thereto, an anode A. Each of the electrodes in 
each section is coupled to an external source of poten- 
tial (not shown) by means of a pin or lead 19 which 
passes through and is hermetically sealed in the enve- 
lope 11. A ceramic-tometal seal 20 is also employed 
for sealing the parts 12 and 13 together in a vacuum 
tight fashion as was described with respect to the struc- 
ture of FIGS. 1A-1F. 

In use, a positive potential is applied to the anode A 
relative to the cathode K. When thereafter the entire 
structure is heated to a temperature of 600" C in an 
oven 50 heated by a filament 51 coupled to a supply 52, 
electrons will be emitted by the cathode and will flow 

of potential (not shown), there is further provided a 
plurality of leads or pins 29. Each of the leads are pro- 
vided to be in electrical contact with a respective one 
of said electrodes and are passed through and hermeti- 

In use, a positive potential is established between the 
anode A and cathode K for drawing a flow of electrons 
to the anode from the cathode when the latter is heated 
to about 600" C in an oven 50 heated by a filament 51 

5 5  coupled to a supply 52. Similarly, a constant or selec- 
tively variable potential is applied to the grid elements 
G, for controlling the flow of electrons. The grid ele- 
ments Gz are supplied with a potential corresponding to 
a screen grid potential while a potential suitable for 

60 suppressor grid operation is applied to grid elements 
G3. With suitable potentials employed, the structure of 
FIGS. 3A3B is found to exhibit tube characteristics 
substantially equivalent to those of a conventional pen- 
tode. 

For a pentode structure according to the present 
invention having increased current and power handling 
capability, a repeated linear structure, as seen in FIGS. 
4A-4F, is employed. 

50 cally sealed in the envelope 21. 

65 
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Referring to FIGS. 4A-4F, there ner- 
nve- 

ments described are for illustration purposes only and 
that the spirit and scope of the present invention is to 

e determined not by the embodiments described but 
y reference to the claims hereinafter provided. 
What is claimed is: 

ally rectangular envelop 
niently formed in two p 
facing interior wall surfaces 34 a 
surface 34 is a thin film strip of triple ,carbonate for 5 
forming a cathode member K. Adjacen 
with cathode K are a plurality of thi 
refractory metal for forming a plurality of grid elements 
G,, G, and Ga. On the facing surface 35, there is depos- 
ited a plurality of thin film strips for forming an anode 
A and a plurality of corresponding grid elements GI, G2 
and G3. With suitable potentials applied to each of the 
electrodes by external means (not shown), using a pin 
or lead 39 electrically connected to the electrode 
through the wall of the enveloDe 31, the grid members l 5  

pparatus for an electron discharge device com- 

a sealed envelope of electrically insulative material 
with a vacuum environment therein, said envelope 
having first and second continuous, planar, paral- 
lel, separated, opposed surfaces; 

a plurality of thin-film electrodes deposited on said 
first and second surfaces including at least one 
thermionic cathode electrode and one grid elec- 
trade on said first surface, and one anode electrode 

GI, G; and G3 may be made io function-as a control 
grid, screen grid, and suppressor grid as described with 
respect to the structure of FIGS. 3A-3F. 

While only a single section 40 has been described, it 
will be appreciated that additional sections, such as 
section 41, shown in part, may be included in a single 
envelope 31 by simply repeating the structure and ar- 
rangement of the electrodes of section 40 on extended 
facing wall surfaces of the envelope. Each of the sec- 
tions 40,41, etc. may be operated independently, or as 
described with respect to the triode of FIGS. 2A-2F, 
selected ones of the electrodes may be electrically 
interconnected in parallel externally, as by a thin or 
thick film, for increased current and power handling 
capability. 

In general, the envelopes of each of the embodiments 
described comprise a material such as alumina because 
it is a good ceramic insulator for electrically insulating 
the electrodes and their respective coupling leads; it is 
easily degassed; can withstand temperatures up to 
1400" C continuously; and has a low dielectric loss over 
a wide frequency range. Similarly, the materials de- 
scribed for the cathode, anode and grid elements are 
chosen for their compatibility in high temperature, high 
radiation environment. Nevertheless, other materials 
are well known which may be used in lieu of the materi- 
als described without departing from the spirit and 
scope of the present invention. 

While the alternative embodiments of the present 
invention described herein include triode and pentode 
tube structures of circular and repeated linear geome- 
try, it is to be understood that by using more or less 
than the number of electrodes as described, other tube 
structures, including but not limited to tetrode and 
pentagrid converters can also be fabricated. Similarly, 
in a given application and for a particular set of desired 
tube characteristics, the anode and cathode members 
may be located in facing relationship with the grids 
positioned on opposing sides, and potentials differing 
from those suggested for obtaining conventional tube 
characteristics may be selectively employed on the 
various electrodes for obtaining other tube characteris- 
tics. 

Further, means other than the ocen, filament and 
supply described may be employed to heat the tube 
structures with due care being employed to prevent 
cracking of the structures due to differential heating. 
Such means may include, for example, resistance heat- 
ing elements fixed to one or more of the tube walls or 
other suitable means, such as radiation. 

It being understood that other changes within the 
spirit and scope of the present invention will occur to 
those skilled in the art, it is intended that the embodi- 

and one grid electrode on said second surface. 
2. Apparatus for an electron discharge device com- 

first and second continuous, planar, parallel, sepa- 
rated, opposed substrates of electrically insulative 
material; 

a thermionic cathode electrode formed as a conduc- 
tive film on the surface of said first substrate; 

an anode electrode formed as a conductive film on 
the surface of said second substrate; 

a grid electrode formed as a conductive film on the 
surface of said first substrate adjacent said cathode 
electrode; and 

means for maintaining said electrodes within a vac- 
uum. 

3. Apparatus as claimed in claim 2 wherein said 
anode and grid electrodes are circular and said cathode 
electrode is ring shaped. 

4. Apparatus as claimed in claim 2 wherein said elec- 
trodes are rectangularly shaped and the longitudinal 
axes of said electrodes are parallel to one another. 

5. Apparatus for an electron discharge device com- 
prising: 

a sealed envelope of electrically insulative material 
with a vacuum environment therein, said envelope 
having first and second continuous, planar, paral- 
lel, spaced apart, facing surfaces; 

a thermionic cathode electrode formed as a conduc- 
tive film on said first surface; 

an anode electrode formed as a conductive film on 
said second surface; and 

a grid electrode formed as a conductive film on said 
first surface adjacent to said cathode electrode. 

6. Apparatus for an electron discharge device com- 

a sealed envelope of electrically insulative material 
with a vacuum environment therein, said envelope 
having first and second continuous, planar, paral- 
lel, spaced apart, facing surfaces; 

a thin-film thermionic cathode electrode deposited 
on said first surface; 

a thin-film anode electrode deposited on said second 
surface; and 

a thin-film grid electrode deposited on each of said 
surfaces. 

7. Apparatus as set forth in claim 6 wherein all of said 
electrodes are rectangularly shaped and the longitudi- 
nal axes of said electrodes are parallel to one another. 

8. Apparatus as set forth in claim 6 wherein: 
said grid electrode on said first surface is circularly 

shaped and surrounded by said cathode electrode; 
and 

prising: 

20 
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said anode electrode is circularly shaped and sur- 
rounded by said second surface grid electrode. 

9. Apparatus as claimed in claim 6 wherein means 
are provided for electrically communicating with each 
electrode from the exterior of said envelope. 

10. Apparatus as claimed in claim 6 wherein a plural- 
ity of thin-film grid electrodes are deposited on each of 
said surfaces. 

ity of grid and cathode electrodes are deposited on said 
first surface, and a plurality of grid and anode elec- 
trodes are deposited on said second surface. 

12. Apparatus for an electric discharge device com- 
prising: 15 

5 

11. Apparatus as claimed in claim 6 wherein a plural- 10 

8 
a sealed envelope of electrically insulative material 

with a vacuum environment therein, said envelope 
having first and second continuous, planar, paral- 
lel, separated, facing surfaces; 

a thin-film thermionic cathode electrode deposited 
on said first surface; 

a thin-film control grid electrode deposited on each 
of said surfaces; 

a thin-film screen grid electrode deposited on each of 
said surfaces; 

a thin-film suppressor grid electtode deposited on 
each of said surfaces; and 

a thin-film anode electrode deposited on said second 
surface. * * * * *  
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