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Our invention relates to an electron tube of 
the type having coaxial terminals, and more 
particularly to improvements in the envelope 
structure of Such tube. 
The principal object of our invention is to 

provide a tube wherein the metal terminal parts 
of the envelope are separated by ceramic pieces. 
Another object is to provide an envelope 

and electrode mounting construction specially 
adapted for ceramic-to-metal Sealing techniques. 
A further object is to provide an envelope of 

the character described for a tube having planar 
type electrodes. 
The invention possesses other objects and fea 

tures of advantage, some of which, With the 
foregoing, will be set forth in the following de 
scription of our invention. It is to be underStood 
that we do not limit ourselves to this disclosure 
of species of our invention, as We may adopt 
variant embodiments thereof within the scope of 
the claims. 

Referring to the drawing, the single figure is 
an axial sectional view of a tube embodying the 
improvements of our invention. 

In terms of broad inclusion, our improved tube 
comprises an envelope of generally cylindrical 
shape enclosing electrodes such as a cathode, grid 
and anode, these electrodes preferably having 
active surfaces disposed in parallel planes. Ter 
minals for the electrodes comprise cylindrical 
metal members forming part of the envelope, 
which terminals are arranged in coaxial align 
ment. The terminals are separated and electri 
cally insulated by cylindrical ceramic Sections 
also forming part of the envelope and connected 
to the terminal members by ceramic-to-metal 
braZeS. 
In our preferred construction, the grid mount 

and cathode stem are designed for insertion in 
the grid terminal member and the final. Seal is 
made by a metallic bond. 

In greater detail and referring to the drawing, 
our improvements are illustrated by a triode 
structure comprising an anode 2, grid 3 and cath 
ode 4 having active surfaces disposed in parallel 
planes. Metal anode 2 at the upper end of the 
tube envelope has an invardly projecting por 
tion having a fiat end face presented interiorly 
of the envelope and an outwardly projecting por 
tion carrying a suitable cooler 6. The anode also 
carries the metal exhaust tubulation which 
communicates with the envelope through paS 
sage 8, the tubulation being pinched off at tip 9 
after evacuation of the envelope. 
Cathode 4 at the lower portion of the envelope 
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is of the indirectly heated type and comprises a 
cup-shaped metal sleeve having a flat upper sur 
face coated. With a Suitable electron emissive ma 
terial. The heater for the cathode comprises 
a coil disposed within the cathode sleeve and is 
preferably surrounded by a suitable heat shield 
2. Grid 3 is of the disk type having parallel 
wire bars lying in a plane parallel with the op 
posing ends of the anode and Cathode. 

Coaxial metal terminals are provided on the 
envelope for the electrodes, including an upper 
anode terminal 3, a cathode terminal on the 
Stem structure || 4 and an intermediate grid ter 
minal 6. These terminals are arranged co 
axially of the envelope and present external con 
tact surfaces having different diameters of which 
the anode contact surface is the largest, the grid 
Surface the next largest and the Cathode Surface 
the Smallest. This terminal arrangement per 
mits plugging the tube into a socket. 
In Our improved tube, the electrode terminals 

are separated and electrically insulated by co 
axial cylindrical ceramic Sections including a 
section interposed between the grid and anode 
terminals and a section 8 interposed between 
the grid and cathode terminals. The ceramic 
sections thus forming portions of the envelope 
are united to the adjacent metal parts by me 
tallic bonds, such as ceramic-to-metal brazes, to 
establish Vacuum-tight joints. 
The ceramic used in making up the envelope 

sections may be of any suitable ceramic-like ma 
terial Such as the alumina, or zircOn type ceramic 
bodies commercially available. We prefer the 
alumina, or zircon type bodies because of their 
good mechanical strength, thermal resistance 
and electrical insulating properties. 
The ceramic-to-Siletal bonds forning the 

vacuum-tight Seals may be made in several ways 
utilizing known metalizing and brazing tech 
niques. For example, the surfaces of the 
ceramic pieces may be coated with finely divided 
molybdenum powder, or a mixture of molyb 
denum and iron powders or the like, and fired in 
hydrogen to a temperature of about 1500 C. to 
Sinter the metal powder to the Ceramic surface. 
This produces a thin metallic layer firmly 
bonded to the ceramic. Such metalized surfaces 
may then be brazed or Soldered to adjacent 
metal parts With Silver Solder or brazing alloys 
such as silver-copper, gold-copper or the like. 
The brazes are readily made by fitting the met 
alized ceramic Surfaces against the metal parts 
With rings of Wire solder adjacent the joints, and 
then elevating the temperature of the whole up 
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to the melting point of the solder in a Suitable 
furnace. Another metalizing technique is to 
paint titanium or zirconium hydride powders on 
the surfaces of the ceramic parts and fire in 
vacuum to about 1200° C., after which the net 
alized surfaces may be brazed with silver Solder 
of the like. 
The metal terminal construction in our tube 

is specially designed for the ceramic Sections en 
ployed in the envelope Structure. AS ShoWn, the 
anode terminal member 3 comprises a cup 
shaped nember having a bottom Wall 19 sur 
rounding anode 2 and a cylindrical flange 2 
forming the contact surface of the terminal. 
This terminal member is united to the anode 
at blaze 22. The botton Wall 9 is formed With 
a re-entrant portion for receiving the ceramic 
section and to provide a downturned lip 23 en 
gaging the outer peripheral edge of Ceramic cyl 
inder 2. In this case, the ceramic is metalized 
along both the upper and Outer peripheral Sur 
faces and the brazing material 24 extends over 
both of these areas. So that the ceranic is brazed 
to the flat botton wall 9, as well as to the down 
turned lip 23. This provides an extremely strong 
joint construction which is especially important 
at this end of the tube carrying the relatively 
heavy anode and cooler structure. 
The grid terminal member 6 is tubular in 

shape and has an outturned flange 26 with an 
upturned lip 2 for engaging the outer periph 
eral edge of ceramic cylinder 7. Here again 
the ceramic section is metalized along both the 
lower and outer peripheral Surfaces and the braz 
ing (laterial 28 extends over both of these areas, 
In aimely, at the flange 26, as Well as along the 
lip 27. 
Cathode Stern i 4 includes a. tubular metal stem. 

in ember 23 which conprises the cathode ter 
minal. This stem structure is so designed that 
the cathode may be completely mounted on the 
Stein and the entire unit inserted into the tube 
through the tubular grid terminal 6. For this 
2Ut'pose the cathode stem includes a Supporting 
Sleeve 3 which Slidably fits into the lower end 
of the grid terminal member. Sleeve 30 is pref 
erably of J-shape to provide a downturned lip 
S engaging the upper peripheral surface of 
ceraric section 8. This peripheral Surface is 
Yetalized and brazed at 32 to lip 3. An out 
Wardly extending flange 33 brazed on stem mem 
ber 29 has an upturned lip 34 engaging the lower 
peripheral surface of the ceramic section, the 
lower edge and peripheral Surface of the ceramic 
being intet: i.e. and brazed as indicated at 36. 
Cathode sleeve is connected to and supported 

directly by the upper end of stem member 29. 
One end of the heater coil is also connected 
to the tubular in ember 28, which stem member 
this functions as a cathode terminal as well as 
one of the connections for the heater. In order 
to provide the other heater connection, an inner 
stein member 37 is provided coaxial with the 
outer member 29, the inner member 37 being 
preferably an inverted cup-shaped metal piece 
located at the lower portion of the stem struc 
ture. A cylindrical ceramic Section 38 is inter 
posed between the inner and outer stem mem 
bers. Brazing fianges for the ceramic are pro 
vided by a downwardly extending sleeve 39 on 
the Outer Stern membel and an upwardly ex 
tending sleeve 4 on the inner stem member. 
Sleeve 33 is brazed to the upper end of tubular 
member 28 and sleeve 4 f is preferably a cup 
shaped piece secured to the top of the inner mem 
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4. 
ber 37. These sleeves engage the outer peripheral 
surfaces of the ceramic section, the latter being 
metalized and brazed at 42 and 43. A rod 44 
connects the end of heater coil if to the inner 
terminal member 37. 
The stem structure is completed by an insulat 

ing sleeve 45 inserted between terminal mem 
bers 29 and 31, this being merely a spacer sleeve 
and not relied upon as part of the evacuated en 
velope since the vacuum-tight Wall is formed by 
the ceramic section 38. 
Grid 3 is supported by a cylindrical mount 46 

having a, depending flange 4 adapted for inser 
tion into the tubular grid terminal 6. In the 
fabrication and assembly of our tube the upper 
anode portion of the envelope is completed, in 
cluding the brazing of ceramic section 7 in place 
between the anode and grid terminal pieces 3 
and 6. At this stage of assembly the envelope 
iS Open at the lower end of grid terminal 6. The 
Cathode Stem polition of the tube is completed 
apart from the rest of the tube, the ceramic Sec 
tions í 8 and 38 being brazed in position during 
Sten fabrication. After the heater and cathode 
have been mounted on the Stein, the stem struc 
ture is ready for the final tube assembly. 
The grid 3 on its mount 46 is then inserted into 

the grid terminal 6, the lower edge of mount 46 
being brought into registration with the lower 
edge of the grid terminal. Cathode stem 4 is 
then inserted into the grid terminal, within the 
cylindrical grid mount, until the lower edge of 
Support 36 registers with the lower edges of the 
grid mount and grid terminal. The three regis 
tering edges are then simultaneously bonded to 
gether at braze 48. 
We claim: 
1. An electron tube comprising an envelope, 

electrodes in the envelope including an anode and 
grid and Cathode, coaxial metal terminals on 
the envelope for the electrodes, a ceramic section 
interposed between the grid and anode terminals, 
and metallic bonds uniting the ceramic section 
to Said terminals, the anode terminal having a 
:tant portion for receiving the ceranic sec 
10. 

2. An electron tube comprising an envelope, 
electrodes in the envelope including an anode and 
grid and Cathode, coaxial metal terminals on the 
envelope for the electrodes, a ceramic section in 
terposed between the grid and anode terminals, 
and metallic bonds uniting the ceramic section 
to Said terminals, the anode terminal being cup 
shaped and having a re-entrant bottom portion 
for receiving the ceramic section. 

3. An electron tube comprising an envelope, 
electrodes in the envelope including an anode 
and grid and cathode, coaxial metal terminals 
On the envelope for the electrodes, a ceramic sec 
tion interposed between the grid and anode ter 
minals and metallic bonds uniting the ceramic 
Section to Said terminals, the anode terminal hav 
ing a re-entrant portion providing a down 
turned lip engaging the upper end of the ceramic 
Section and the grid terminal having a flange 
With an upturned lip engaging the lower end 
of Said ceramic section. 

4. An electron tube comprising an envelope, 
electrodes in the envelope including an anode and 
grid and cathode, a tubular metal grid terminal 
On the envelope, a cathode stem colin prising a, 
metal stem member coaxial with the grid ter 
minal, a metal Supporting sleeve having an edge 
registering with the lower edge of the grid ter 
minal, a ceramic section interposed between the 
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stem member and said supporting sleeve, Said 
Ceramic section having an inner diameter larger 
than the outer diameter of the stem member, 
metallic bonds uniting the ceramic section to 
said stem member and sleeve, and a metallic bond 
uniting the registering edges of said sleeve and 
grid terminal. 

5. An electron tube comprising an envelope, 
electrodes in the envelope including an anode and 
grid and cathode, a tubular metal grid terminial 
on the envelope, a cathode stem comprising a 
metal stem member coaxial with the grid ter 
minal, a metal supporting sleeve having an edge 
registering with the lower edge of the grid ter 
minal, a ceramic section interposed between the 
stem member and said supporting sleeve, Said 
ceramic section having an inner diameter larger 
than the outer diameter of the stem member, 
metallic bonds uniting the ceramic Section to 
said stem member and sleeve, and a metallic bond 
uniting the registering edges of said sleeve and 
grid terminal, said Supporting sleeve being U 
shaped to provide a downturned lip engaging the 
upper end of the ceramic section. 

6. An electron tube comprising an envelope, 
electrodes in the envelope including an anode and 
grid and cathode, a tubular metal grid terminal 
on the envelope, a cathode stem comprising a 
metal stem member coaxial with the grid ter 
minal, a metal supporting sleeve having an edge 
registering with the lower edge of the grid ter 
minal, a ceramic section interposed between the 
stem member and said supporting sleeve, said 
ceramic Section having an inner diameter larger 
than the outer diameter of the stem member, 
metallic bonds uniting the ceramic section to said 
stem member and sleeve, and a metallic bond 
uniting the registering edges of Said sleeve and 
grid terminal, said Supporting sleeve being U 
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shaped to provide a downturned lip engaging the 40 
outer peripheral Surface at the upper end of the 
ceramic Section and said stem member having a 
flange With an upturned lip engaging the outer 

6 
peripheral surface at the lower end of the ceramic 
section. 

7. An electron tube comprising an envelope, 
electrodes in the envelope including an anode 
and grid and cathode, a tubular metal grid ter 
minal on the envelope, a cathode stem comprising 
a metal stem member coaxial with the grid ter 
minal, a metal supporting sleeve having an edge 
in substantial registry with the lower edge of the 
grid terminal, a ceramic section interposed be 
tween the stem member and said supporting 
sleeve, metallic bonds uniting the ceramic section 
to said sten member and sleeve, a grid mount 
having a, depending flange lying between Said 
sleeve and grid terminal and having an edge 
registering with the lower edges thereof, and a 
metallic bond uniting the registering edges of 
said sleeve and flange and grid terminal. 

8. An electron tube comprising an envelope, 
electrodes in the envelope including an anode and 
grid and cathode, a tubular metal grid terminal 
on the envelope, a Cathode stem comprising inner 
and outer stem members coaxial with the grid 
terminal, a Ceramic Section interposed between 
the stem members, and metallic bonds uniting 
the ceramic section to said stem members, the 
outer Stem member having a downwardly ex 
tending flange providing a lip engaging the upper 
end of the ceramic Section and the inner stem 
member having an upwardly extending flange. 
providing a lip engaging the lower end of said 
ceramic Section. 

DONALD F. DRIESCHMAN. 
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