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1

‘The present invention relates to improved elec-
tric discharge devices and methods of fabrication
and exhaust.

The art of manufacturing electric discharge
devices is, in general, highly developed. In spite
of this the art has exwerienced great difficulty
in producing tubes having satisfactory perform-
ance characteristics particularly as the demand
for higher and higher operating frequencies has
increased. Modifications of conventional tube
structures have been employed, for example, in
the present television broadcast frequency bands
which lie in the ranges of 54 to 88 megacycles
and 174 to 216 megacycles. These tubes how-

ever require some sacrifice in periormance char- )

acteristics. Other tubes, such as the disk seal
tubes widely used in high frequency applications
in radar and similar equipment are expensive and
difficult to manufacture so that they have not
oifered, from a cost standpoint, a satisfactory
tube for mass production for such applications
as television. With the proposed television band
of 475 to 890 megacycles there is a real need
for electric discharge devices possessing much
better electrical characieristics at these fre-
quencies and which may be manufactured in
large quantities at a reasonable low cost.

While not limited thereto, the present invention
is directed to novel structural featurss and the
departure from known manufacturing methods
which may be combined to produce electric dis-
charge devices possessing superior -electrical
characteristics with respect to gain, noise factor
and transconductance. 'The performance of
tubes manufactured in accordance with the pres-
ent invention is superior in the proposed tele-
vision band of 475 to 890 megacycles as compared
with known varieties of disk seal tubes, for ex-
ample, in the present television kansd.

The present invention involves the use of ma-
terials for the tube envelope which are selected
for their desired electrical and mechanical char-
acteristics without regard for their thermal ex-
pansions and they are joined fogether by the use
of lead solders, the duectility of which accom-
modates the differences in expansion. Such
solders have hitherto been considered uvnsatis-
factory for use in electric discharse devices bew
cause of the vaporization of the solder within
device during bake-out or use. The present in-
vention alse involves novel structural feaiures
which essentially eliminate such vapors from the
interior of the device. It is a feature of the
present invention that the bonds or seals be-

tween the electrically conductive and insulating

parts of the envelope are in a liguid state during
the outgassing and evacuation of $he device so
that a high temperature bake-out is possible
without subjecting the parts to high mechanical
stresses which would result from cooling a pre-
viously bonded composite structure through such
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a large temperature range. The parts are also
designed so that the soldered joints are not relied
upon for mechanical strength after the device
is evacuated.

In accordance with an important aspect of
the present invention the component parts are
shaped so that the complete tube may be as-
sembled and supported from a single element of
the envelope prior to the bonding together of any
of the conduetive and insuiating parts which
make up the envelope. The spacings between the
electrodes is entirely controlled by the dimen-
slons of the component parts which may readily
be formed to accurate dimensions. Conftributing
to this feature of the invention is the positioning
of the seals between radially spaced surfaces so
that solder or sealing material does not in any
way aflect the inter-electrode spacing. The
terminals and electrodes are also electrically con-
nected by the same solder which bonds the com-~
ponents of the envelope together so that no
separate welds between the parts are required
during assembly.

While many of the features of the present in-
vention are usable separately for discharge de-
vices generally, they may be combined to produce
a greatly improved electric discharge device
particularly for high frequency applications.

The present invention will be better under-
stood by reference to the following description
of a preferred embodiment thereof considered in
connection with the accompanying drawing and
its scope will be pointed out in the appended
claims. In the drawing Fig. 1 isan exploded view
of the components of the eathode sub-assembly
shown in Fig. 2 in an elevational view in section ;
Fig. 3 is an exploded view of the anode sub-as-
sembly shown in Fig. 4 in an elevational view in
section; Fig. 5 is an exploded view of the entire
electric discharge device including the sub-as-
serablies of Figs. 2 and 4; Fig. 6 is an elevational
view In section of the assembled device prior to
completion of the device by exhausting and
formation of the bonds between the component
parts; Fig. 7 is an elevational view in section of
the completed device; and Fig. § is a schematic
representation of exhaust and bake-out equip-
ment suitable for manufacturing an electrie dis-
charge device of the present invention in ac-
cordance with the methods of the present inven-
tion,

Before describing the embodiment of the in-
vention with reference to the drawing, it should
be pointed out that the discharge device illug-
trated in Pigs. 1-7, inclusive, is about five and
one-half times the size of an actual embodiment
of the invention which has been sucecessfully
operated at frequencies up to 4000 megacycles
and with a power gain of ten decibels or more.

Referring now to the drawing, the cathode as-
sembly shown in Fig. 2 is made up of the com-



2,680,824

ponents shown in the exploded view of Fig. 1.
The support for the cathode subassembly is pro-
vided by an insulating member or washer | hav-
ing a central aperture 2 for recelving a genserally
cylindrical cathode eyelet 3. Preferably the
washer is of a suitable ceramic but it may also
be quartz or even of glass in some instances. It
will be understood that ordinary glass will not
withstand sufficiently high temperature to permit

the high temperatures employed in accordance !

with some features of the invention. As illus-
trated, the eyelet supports at one end a disk-like
member 4 which provides the support for the
emissive coating § of the active cathode. The
other end of the eyelet is provided with projec-
tions or fingers 6 which are used to retain the
eyelet in the ceramic support i, as will be de-
scribed at a later point. The side of the washer
{ opposite the cathode disk 4 is recessed, as llus-

trated at 1, to receive the reduced end portion -

8 of a cathode terminal shell § which forms a
part of the tube envelope and the electrical ter-
minal of the cathode. A solder ring 10 is placed
in the recess T and lies between the cylindrical
wall of the recess and the porticn 8 of the cath-
ode shell 8. The shell § and the cathode eyelet
2 are retained in the ceramic washer { by means
of a spring member {{ which in the embodiment
illustrated is in the form of a spiral having its
larger end engaging the inwardly directed flange
12 of the cathode shell 8 and its smaller end en-
gaging the tabs § which are ben} outwardly and
over the upper turn of the spring {i, as illus-
trated at {3 in Fig. 2. As will be readily appre-
ciated, other forms of spring members may be
employed for retaining the cathode and cathode
terminal in position. In order to reduce the in-
ductance of the cathode circuit it is preferable to
provide metal fingers 3’ secured to cathode eyelet

3 and having the free ends thereof recessed be- -

tween the ceramic ring { and the flange {2 of
the cathode terminal 8. Three equally spaced
fingers may be used and if they are formed of
spring material it is possible to omit the coil
spring {{. The illustrated construction is pre-
ferred, however. The cathode heater {4 isiin the
form of a double spiral suitably insulated by a
material such as sluminum oxide in a manner
well understood in the art. The heater is posi-

tioned within the cathode eyelet and the heater

leads {5 and 18 extend from the eyelet within the
confines of cathode shell 8.

The cathode disk # rests upon an annular sur-
face |7 of the ring { and this surface is accurately
formed or lapped to dimensions.
scribed later, the grid cathode spacing is deter-~
mined by this surface {7 and a concentrically
arranged annular surface {8 on the ring i from
which the grid washer is supported.

At a suitable time in the assembly cf the dis-
charge device and preferably before assembly of
the insulating and conducting parts, the surfaces
of the members, such as the member |, that are
to be honded to the metal parts of the envelope

are painted with a material which assists in the a3

bonding - operation. In accordance with one
method, known in the prior art to be suitable for
bonding ceramics or similar refractory materials
and metals, a slurry of titanium hydride formed
by mixing the hydride in a suitable carrier such
as acetone, amyl acetaie or the like, is painted on
the surfaces. Accordingly, the surface of the
recess 71 of the ceramic ring | and the outer sur-
face 19 of the flange 29 of the ceramic ring { are
painted with a thin coating of titanium hydride.

As will be de- 3%
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In a similar manner the electric discharge de-
vice includes an anode sub-assembly illustrated
in Fig. 4 and designated generally by the numeral
a{. This sub-assembly, as illustrated in Figs. 3
and 4, includes a ceramic ring 22 having a central
cylindrical aperture 23 for the recepbion of an
elongated cylindrical anode member 24 which
terminates in an enlarged disk-like portion 25
the end of which provides the active anode sur-
face. The part 24 extends through the aperture
23 and provides the external anode connection.
As iliustrated, the surface 23 is painted with a
titanium hydride slurry and a ring 28 of solder
is internosed between the anode conductor 24 and
the wall of the recess 23. The anode is held as-
sembled on the ring 22 during the fabrication
of the electric discharge device by a small ring 27
which is readily deformed into firm engagement
with part 24 of the anode and in contact with
the lower surface of the ring 22 as viewed in Fig.
4. The upper surface of the ring 22 is recessed,
a5 shown at 28, to provide an annular boss 23 on
which the anode 25 rests and to increase the sur-
face resistance of the ring tetween the anode and
the outer flange 3% which is also painted with
titanium hydride for purposes of bonding to other
parts of the device. The anode conductor 24 is
provided with a longitudinal passage 31 which
terminates in a radially extending passage 32
opening on the side wall of the anode 25. This
passage provides for the exhaust of the discharge
device, as will he described in more detail at a
later point in the specification.

An elevational view in section of the discharge
device prior to the exhaust of the device and the
bonding of the parts together is shown in Fig. 6
and in Fig. 5 is shown an exploded view of these
parts including the anode sub-assembly 21 of
Fig. 4 and the cathode sub-assembly of Fig. 2,
the latter being designated generally by the nu-
meral 33. In accordance with a feature of the
invention the discharge device is designed so that
it may be supported from a single eomponent of
the envelope. In the particular embodiment
llustrated, this part is the grid shell or terminal
designated by the number 34, The member 34
is provided with an inwardly directed flange 35
which engages the outwardly directed flange of
the anode supporting ring 22. After assembly
of the snode sub-assembly 2{ into the shell 34,
a grid spacer ring 36 is inserted. This ring en-
gages the surface of the anode supporting ring
22 and is provided on its upper end with an
inwardly directed flange 37 which supports the
grid ring 38. As illustrated, the opening 39 of
the grid ring is covered by a plurality of parallel
and very fine grid wires 40 which are suitably
bonded to the lower surface (surface toward the
anode) of the ring 38. Next, the cathode sub-
assembly 33 is inserted and as will be apparent
from an inspection of Fig. 6 the grid cathode
spacing is determined by the surfaces {7 and (8
of the cathode supporting ring 1, the flange 4 of
the cathode and the thickness of the grid washer
38. This unicue arrangement provides for the
very accurate spacing of the cathode and the
easy control of this spacing in manufacture.
Next, a solder ring 44 is inserted and this ring
lies between the shell 34 and a concentric outer
surface of the supporting ring {. If desired, an
additional solder ring may be inserted prior to
the assembly of the grid and cathode sub-
assembly in the area between the grid ring 38
and the shell 34. However, a single ring such as
41 has been found to be adequate.
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The envelope is completed and the heater
connections provided by cylindrical insulator 42
having a central eylindrical opening 43, a recess
44 and a shoulder 45. The surface of the recess
44 and the area 48 just above the flange 43 are
coated with titanium hydride. The insulator 42
is inserted in the cathode shell § and wire 15
of the heater is threaded through the small cen-
tral opening of the ring 42. The other heater
terminal {6 is positioned between the ring 42
and the flange provided between the portions &
and 9 of the cathode shell. In this manner, one
heater lead is connected to the cathode shell 8
and the other is connected to a centrally located
cathode terminal 47 which is inserted in the
opening 43 and provided with a tapered portion
48 which engages the heater terminal 15. The
lead wire 15 of the heater is wedged against the
edge of the aperture 43 of the insulating ring 42,
as clearly visible in Fig. 6. Solder rings 48 and
50 are placed in the recess 44 and in the space
between the body of insulator 42 and the cathode
shell 9.

With discharge device assembled as described
thus far in the specification it is ready for evacu-
ation, bake-out and sealing off. In Fig. 8§ is
llustrated equipment suitable for accomplishing
these operations in accordance with the present
invention. Referring now to Fig. 8, there is

Mlustrated what is commonly termed s bhell jar s

exhaust system which includes a support or table
51 having a generally planar upper surface in-
cluding an exhaust port 52. Surrounding the
port are three vertically extending supports 53
on which is carried a suitable refractory member
84 which is apertured at 55 to receive and sup-
port an electric discharge deviee of the present
invention. As illustrated, the device is supported
from the grid terminal shell 24 from which the
remainder of the assembled tube is entirely self-
supporting. Suitable extensions 58 of the sup-
ports 53 provide means for supporting on inverted
cup-shaped metal shield 7 which is adapted to
be heated by high frequency induction and to
radiate heat to the electric discharge device.
Suitable lead-in conductors and terminals are
provided for energizing the heater of the slectric
discharge device while it is being exhausted. To
this end conductors 58 and 53 are brought in

through the support 84 through a suitable rubber

plug or gasket §3 and the conductors are sup-
ported from the insulating member 38. These
conductors terminate respectively in spring ter-
minals 6f{ and 62 which engage respectively the

terminal 47 and the cathode terminal shell 9
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which as may be seen from Fig. 8§ are connected

‘with the heater ferminals.
The support for the electric discharge device
and the radiating shield 7 are enclosed by a

bell jar 62 the lower edge of which rests upon g

and is sealed to the upper surface of the support
51 in vacuumtight relation by a suitahle rubber
gasket 64. The exhaust port 32 communicates
with a suitakle vacuum system (not shown)
through a conduit 635.

As will be described in more detail at a later
point in the specification, the electric discharge
device is sealed off while within the exhausted
bell jar. In order to accomplish this sealing, I
provide o recessed member 6§ for receiving a
quantity of solder which will be in a molten
condition during the exhausting process and this
recessed member is movable relative to the elee-

tric discharge device so that the exhaust passage .

31 in the conductor 24 may be immersed within

6 v

the molten solder carried by the member 86,
The member 86 is supported in vacuum tight rela-
tion with respect to the support 51 and for rela-
tive movement with respect thereto by an elon-
gated rod 87 provided with a flange 68 spaced
somewhat from the point where the rod 67
emerges from the lower wall of the support 5i.
The flange §8 is connected to a suitable boss 69
on the lower surface of the suppors 3{ by an
elongated resilient tube 70. The tube may be
in the form of a rubber hose which is clamped
to the boss 89 and to the flange 68 by suitable
clamping rings 74 and 72.

A suitable source of high frequency for heat-
ing the shield or oven 57 is illustrated schemati-
cally by the coil 73; as will be readily understood,
this coil may be arranged to be moved into and
out of operative position with respect to the bell
jar and the shield §7.

In a typical exhaust schedule for the discharge
device described in detail in the foregoing part
of this specification, the bell jar is placed over
the assembly and the vacuum system placed in
operation, As soon as the pressure has been re-
duced to about 1 micron, which takes a very
short time, in the order of 15 seconds with the
system used, the high frequency coil 73 is en-
ergized and the shield 57 rapidly heated to a
high temperature. The energy of the coil is ad-
justed so that the entire tube assembly reaches
approximately 800° C. in a period of four min-
utes. After about & minute and a half of heat-
ing, the titanium hydride which, as previously
described, has been painted on all of the ceramic
surfaces which are to be soldered to metal sur-
faces begins to decompose and by about three
minutes the solder flows over the surfaces to
which the hydride has been applied. This period
depends, of course, upon the particular solder
employed and in accordance with an important
feature of the present invention a very ductile
solder such as lead or a lead silver or lead copper
alloy is used. If a pure lead alloy is used the
melting point is 327° C. and for the alloy
solders it is slightly lower. For example, a 2% )
silver solder melis at 305° €. After about 3%
minutes the entire discharge device is up to a
temperature of approximately 800° C. and at
this time the heater is energized by applying
voltage to the conductors 58 and 58. As is well
understood, it is common practice o apply a
higher than normal voltage to the heater dur-
ing activation of the eathode and this is usually
done by increasing the voltage in steps. For a

. 6 volt heater, for example, the voltage applied

may be in steps of 5, 7 and 10 with each voltage
applied for a period of 15 seconds. This leaves
the cathode energized at a voltage of 10 volts for
15 seconds after the high frequency energy is
turned off. This voltage supplies essentiaily dou-
ble normal wattage to the cathode heater. As
the assembly has cooled slightly after de-ener-
gization the high freguency coil and the heater,
the solder pot provided by the member 6§ is
raised to immerse the lower end of conductor 24
and a solder seal is retained in the lower end
of the exhaust passage 31, as shown at 74 in Fig.
7. The solder pot may be lowered at once since )
the solder is retained in the passage 31 by capil-
lary action. Affer the device has cooled below
300° and all of the solder joinis are in a solid
condition, the device may be removed from the
bell jar. At this time the device appears as shown
i1 Fig. 7 and the solder rings are 2ll melted to
solder the metal and ceramic parts of the en-
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velope in hermetically sealed relationship. The
ring 492 has melted and flowed around the con-
ductor 41 to seal member &7 to the ceramic ring
42 and to bond the heater termical {5 to the con-
ductor 47T. The solder of the joint is illustrated
at 15 and 76. In like manner the solder ring 58
bonds the outer surface of the ceramic ring 42
to the cathode shell 8, as illustrated at 17. Since
the outer surface of the membear 42 and the very
outer edge of the lower surface of this member
are coated with a hydride, the solder flows along
the edge of the ring and bonds the heater termi-
nal 8. Similarly, the other solder rings bond
the various ceramic members to the metal mem-
bers. The solder ring 41 completes a bond ke-
tween the grid terminal shell 34 and both of the
geramic rings { and 22 as illustrated at 78 and
also completes the connection from the grid to
the grid terminal shell 34.

From the foregoing it is apparent that the
present invention provides not only for the simul~
taneous exhaust and honding together of the en-
velope parts but also the making of the electrical
connection by soldering with the titanium hy-
dride method used in accordance with the pre-
ferred embodiment of the invention this amount
essentially to completing the circuits between the
various electrodes and the corresponding termi-
nals by a circuit printing. By this method all
separate welding operations, usually required for
making these connections are eliminated.

In the foregoing description, a particular
process of bonding or soldering ceramic to mefal
parts has been descrihed. This titanium hydride
method is deseribed and claimed in the copending
applications, Serial No. 36,289—=elly, filed June
30, 1948, and Serial No. 36,244—Rondley, filed
June 39, 1948, both assigned to the assicnee of
the present invention. I} isto be understood that.
the present invention is not limited to this par-
ticular method of bonding and that in iis broader
aspect the invention may be applied to any
method in which the soldering operation may
Le carried out in a vacuum. It is also possible
that the ceramics be metalized prior to the as-
sembly of the tube so that only the soldering
operation is completed during the fabrication and
exhausting of the tube within the bell jar.

In the forezoing description, the insulating
parts have been described as ceramic.
a large number of cerarmics which are suitable
for electric discharge devices and they may be
selected in accordance with their electrical and
mechanical characteristice. The high alumina
rodies and the silicate bodies are particularly
suitable. The invention is not limited to mate~
vials strictly classified as ceramics since quartz,
for examplse, may be used. It is of particular ad-
vantage to use high melting or softening point
insWating materials which will stand the high
temperature bake-out which the present proc-
ess makes possibie. It is also not necessary to
many aspectg of the present invention that lead
solders be employed. It is a particular ad-~
vantage, however, to use a soft solder so that
the parts are not required %o have matching
thermal expansion characteristics. This per-
mits the raetal varts and the ceramiec parts to be
selected for their other desired characterisbics.
In the particular embodiment illustrated, the
metal parts of the envelope have been formed of
a copper or copper coated steel. In an exireme
case the pars § has been made of quartz and parts
¢ and 34 of copper. It is necessary to give some
attention to the amount of solder available in
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the joint and its relstion o the amount of mis~
mateh between the expansion charscteristics of
the component parts to he joined. It is also im-~
portant to note that the present technique of
making electric discharge devices permits a very

high temperature of bake-out during exhaust,
and that during this time all of the joints be-

twesn the insulating and conducting members of
envelope are in a fluid state. This means that
he bonds themselves are not required to with-
stand a temperature change from the high tem-
perature of 800° C., in the example given down
to tha point where the solder solidifies, namely
at about 327° C. for pure lead.

From the foregeoing description it will be ap-
varent that adjacent parts of the envelope bear
rectly against one ancther so that the solder
is are not called wpon to withstand any ap-
wreciable mechanical force after the device is
evacuated. The anode assembly is the one excep-
tion and as previously described the ring 27 has
a press fit with the anode part 24 so that the load
ig removad from the joint between the ring 22 and
the anode part 24. This permits operation of
the device at temperatures approaching the
softening part of the soft solder.

It is also siegnificant that the bonds or solder
joints are in general made hetween circumfer-
entially spaced surfaces so that the joints them-
seives do not enter into the electrode spacing
which is determined by the mechanical dimen-
stons of the members in the stack. The cathode

to grid spacing particularly is very accurately
egontreled the dimengions of the ceramic ring

ness
suppord for &

2 eavhode takes care of any expan-
sions encountared during operation of the de-
vige., This construction also eliminates direct
communication hetween the solder of the bonds
and the inter-electrode space seo that detrimental
vapor from the soft solders does not enter into
this region and contaminaie the interior of the
device.

YWhile I have described a particular embodi-
nent of my invention, it will be apparent to those
skilled in the art that changes and modifications
may be made without departing from my inven-
tion in its broader aspects and I aim in the
appended claims to cover all such changes and
modifications as fall within the true scope and
spirit of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A cathode subassembly for an elecfric dis-
charge device comprising g disk-like insulator
having a central aperfure therethrough, a bear-
ing surface surrounding said aperiure on one sur-
face of said insulator, & generslly cylindrical
cathode structurs positioned in said aperture and
including an outwardly extending bearing surface
engaging the bearing surface of said insulator, a
hollow generally cylindrical cathode terminal
having an inwardly directed flange engaging the
opposite side of =aid insulator and spring means
interposed between said inwardly directed flange
and said cathode structure for urging said cath-
ode strueture into engagement with the bearing
surfacze of said insulator and electrically connect~
ing said cathode and said cathode terminal.

2. A ecathode subassembly for an electric dis-
charge device comprising an insulating member
forming a part of the envelope of the device and
having an aperture therethrough, a bearing sur-
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face surrounding said aperture on one surface
of said insulator, a cathode structure positioned
in said aperture and including an outwardly ex-
tending bearing surface engaging the bearing
surface of said insulator, a cathode terminal shell
bonded to said insulating member, means elec-
trically connecting said cathode with said termi-
nal shell and spring means interposed between an
opposed surface of said insulator and said cath-
ode structure for urging said cathode structure
into engagement with the bearing surface of said
insulator.

3. An electric discharge device comprising a
hollow generally cylindrical conductive grid ter-
minal, a cathode assembly joined to one end of
said terminal and including an insulating support
having two positioning surfaces occupying accu-
rately determined relative positions, a cathode
surface positioned from one of said bearing sur-
faces, a grid member electrically connected to
said grid terminal and spaced from said cathode
from the other of said bearing surfaces, an anode
assembly sealed to the other end of said grid ter-
minal and including an insulating support on
which the anode is supported in accurate posi-
tional relationship and a spacer member within
said grid terminal interposed between said grid
and the insulating support of said anode assem-
bly for determining the grid anode spacing.

4, An electric discharge device comprising a -

cathode assembly including an insulating sup-~
port having two positioning surfaces occupying
accurately determined relative positions, a, cath-
ode surface positioned from one of said bearing
surfaces, a grid member spaced from said cath-
ode from the other of said bearing surfaces, an
anode assembly including an insulating support
on which the anode is supported in accurate posi-
tional relationship and conductive means con-
nected with said grid and providing a terminal
therefor, and a cylindrical grid terminal of con-
ducting material surrounding both said insulat-
ing supports and bonded thereto to join said
anode and cathode subassemblies together.

5. An electric discharge device comprising a
hollow generally cylindrical conductive grid ter-
minal, a cathode assembly joined to one end of
said terminal and including an insulating support
having two positioning surfaces occupying accu-
rately defermined relative positions, a cathode
surface positioned from one of said bearing sur-
faces, a grid member electrically connected to
sald grid terminal and spaced from said cathode
from the other of said bearing surfaces, an anode
assembly sealed to the other end of said grid ter-
minal and including an insulating support on
which the anode is supported in accurate posi-
tional relationship and a spacer member within
said grid terminal determining the spacing be-
tween said anode assembly and said cathode
assembly.

6. An electric discharge device comprising an
envelope including electrically insulating and
conducting members positioned in alternate re-
lation in the wall of the envelope and providing
mutually insulated externally accessible termi-
nals of the device, a filamentary member within
the device having terminal portions received re-
spectively between different adjacent insulating
and conducting members and solder joints con-
necting the terminal portions to said conducting
members and bonding said conducting members
to the adjacent insulating members,

7. An electric discharge device comprising an
envelope including a plurality of insulating and
conducting members having generally circular
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symmetry, said members being positioned in a
stack with the relative positions determined by
opposed bearing surfaces in an axial direction to
determine the spacing between the elements, a
plurality of electrodes within said envelope and
positioned respectively from certain of said in-
sulating members and connected with different
ones of said conducting members, adjacent ones
of said members having closely spaced radial sur-
faces, and a body of solder between the closely
spaced radial surfaces for hermetically sealing
the members together without affecting the inter-
electrode spacing.

8. An evacuated envelope comprising a plural-
ity of metal members and g plurality of insulat-
ing members having mismatching thermal ex-
pansion characteristics with respect to said metal
members, said members being stacked to provide
the envelope wall with the metal members pro-
viding mutually insulated terminals, and ductile
bonds between continuous surfaces of adjacent
members, said bonds each comprising a layer of
a lead solder.

9. An evacuated envelope comprising a plural-
ity of metal members and a plurality of insulat-
ing members having mismatching thermal ex-
pansion characteristics with respect to said metal
membpers, said members being stacked to provide
the envelope wall with the metal members pro-
viding mutually insulated terminals, ductile
bonds between contiguous surfaces of adjacent
members, said bonds each comprising a layer of
a lead solder, and means including abutting sur-
faces on adjacent members for relieving the duc-
tile bonds of mechanical force due to atmospheric
pressure on the exterior of said envelope.

18. An evacuated envelope including an insu-
lating member and a pair of conducting members
spaced apart and mutually insulated by said insu-
lating member, said members having mismatch-
ing thermal expansion characteristics over the
temperature range to which the envelope is to be
subjected in use, said members having abutting
surfaces determining the spacing hetween said
metal members and absorbing the compressive
force due to atmospheric pressure on the exte-~
rior of said envelope, and ductile bonds between
other surfaces of said members hermetically seal-
ing said members together, said bonds including
a lead solder.

11. An evacuated envelope including an insu-
lating member and a pair of conducting mem-~
bers spaced apart and mutually insulated by said
insulating member, said members having mis-
matching thermal expansion characteristics over
the temperature range to which the envelope is
to be subjected in use, said members having abut-
ting surfaces determining the spacing between
said metal members and absorbing the compres-
sive force due to atmospheric pressure on the ex-
terior of said envelope, said members also hav-
ing closely spaced circumierentially opposed sur-
faces and ductile lead solder bonds between said
latter surfaces hermetically sealing said members
together,
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