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8 Claims.
1 . -

This invention relates to the manufacture of
multiseal envelopes or tubes and more partic-
ularly to the simultaneous making of the seals in
such tubes.

The principal object of our invention, gen-
erally considered, is to connect the parts of a
multi-seal tube together as one operation, there-
by saving time and reducing costs.

Another object of our invention is to manu-
facture multi-seal tubes involving butt seals be-
tween “Kovar” or other metal parts and enve-
lope portions of glass, vitreous or insulative ma-
terial having a corresponding coefficient of ex-
pansion, with welding glass of lower softening
point and a narrower viscesity working range,
but with. an approximately corresponding co-
efficient of expansion, applied between said metal
parts and envelope portions.

Other objects ahd advantages of the inven-
tion will become apparent as the description
proceeds.

Referring to the drawing:

Figure 1 is an elevational view of a portion
of a vacuum tube or envelope embodying our
invention and adapted for making a discharge
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device of the general type illustrated in the

Machlett et al. Patent No. 2,376,439,

Figure 2 is an axial sectional view of & por-
tion of the tube illustrated 111 Figure 1 on an
enlarged scale.

Figure 3 is a fragmentary view corresponding
to Figure 2, but showing a modification. |

Figure 4 is a fragmentary view corresponding
to Figure 3, but showing another modification.

IMigure 5 is a flow diagram showing how our
Invention may be practiced.

Prior to our invention, in the manufacture
of seals in g multi-section tube, a portion of
one form of which is illustrated in Figure 1,
a glass blower made each seal individually.
Over-oxidization during the sealing was pre-
vented by first powder-glassing or glass-enamel-
ing the seal metal. Successful assemblies were
thus achieved but they were time-consuming.

In accordance with the present invention, we
propose to eifect the simultaneous sealing of the
parts of a complete mulfi-section tube 11, a por-
tion of which is illustrated in Figure 1, within an
electric or other oven (not shown), thereby simul-
taneously exposing the whole assembly for heating
to the same elevated temperature. Figure 2 illus-
trates a smaller portion of such a tube, comprising
a, plurality of hollow cylindrical vitreous, glass or
insulative envelope sections {2, butt-sealed fto
an annular metal disk 13 therebetween, and hav-
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9 .
ing a coefficient of expansion adapting it for
such sealing. The metal disks 13 in the pres-
ent embodiment are assumed to be made from
flat plates of “Kovar,”” which is an alloy. of
nickel, cobalt, and iron, as described in the Lem-
pert et al, Patent No. 2,279,831, dated April 14,
1942, each cut to circular form and provided
with s central aperture 16. However, we con-
templaie the employment of disks of other metal,
such as nickel-iron alloy, nickel, iron, and copper.

The metal disks 13, of the embodiment of
Pigures 1 and 2, are first powder-glassed on the
sealing areas with rings {4 of glass having a co-
efficient of expansion corresponding with that of
the metal to which applied. If the disks 13 are
of “Kovar” or molybdenum, we desirably einploy
glass which we arbitrarily designate No. 6 or
that which we arbitrarily designate No. 3, the
properties of which and four others, respective-
ly designated Nos. 1, 2, 4 and 5, are disclosed
later. It will be seen that No. 2 has the high~
est softening point and a coefiicient of expansion
close to that of No. 5.

However, if the metal of the disks 13 is not;
“Kovar,” the glass applied is of a composition
corresponding with the coefiicient of expansion
of the metal used. Glass No. 5 may, for ex-
ample, be employed with tungsten disks. The
glass 14, may, in any event, be applied as dis-
closed in the Pask et al. application, Serial No.
091,998, filed May 4, 1945, now Patent No.
2,060,593, dated July 17, 1951, as by roughening
the metal in accordance with one or more of
the methods selected from the group consist-
ing of controlled pre-oxidization, sand blasting,
and chemical treatment such as etching with
acid. After such metal treatment, the glass is
applied to the metal in any desired manner, as
by spraying, painting, or otherwise applying,
for example, as a suspension, dried and fired to'
form an enamel on the metal.

On these enameled areas {4 are then applied
coatings 15 of glass, which may be designated
“welding glass” in that, while having a coefii-
cient of thermal expansion equivalent to, or cor-
responding with, that of the glass to which ap-
plied, it has a considerably lower softening point
and a narrower viscosity working range. It is
applied in any desired manner as by sprayvine,
painting, or otherwise applying, for example, a
suspension of the glass as powder. If the sec-
tions {2 are of hard glass, we may use ah ex-
perimental sealing, welding, or brazing glass I8,
of the kind designated No. 4, and employ it for
connecting “Kovar” parts enameled with No. 6
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glass to parts made of Corning No. 6 glass, for
example.
If it were desired to use sealing glass to con-

nect metal parts 13 of corresponding expansivity,
that is, agreeing near enough in coefficient of

thermal expansion to allow satisfactory sealing
thereto, with sections 12 made of soft glass,
such as No. 1 lime glass, then a soft glass com-
position with a softening point of not higher
than 695° C. and with a coeflicient of expansion
between 0° and 300° C. of from 88 to 94x10-7,
is suitable for the purpose.

A suitable sealing or welding glass may be
manufactured by using a large proportion of
lead oxide, PbO, relatively smaller proportions
of silica and alumina, and still smaller propor-
tions of alkali and boric oxide, in order to make
a composition having the desired coefficient of
expansion and the proper attributes, insofar as
softening and melting points are concerned.

A.fter forming the metal disks with fired coat-
ing (4 and unfired coating 15, as 111ustrated in
Figure 2, they are assembled Wlth a glass section
{2 between each pair of metal disks, supported
by proper jigs, ahd inserted in an oven. All
parts of the whole assembly are thus simul-
taneously exposed for heating to the same, or
substantially the same, temperature above the.
softening point of the welding glass, but still
below that of the glass envelope sections, there-
by causing said welding glass to soften and seal
the perts together After the seals are made,
the assembly is ennealed within the same oven
or transferred to a lehr for mass annealing. All
of the foregoing operations are outlined by part
“A” of Flgure 5.

Ticure 3 shows another form of our invention
in which metal disks 132, like the disks 13 of the
precedmg embechment are cenneeted to envelore
sections 122, like the sections {2, in which the
metal sectmns are not first glaesed or enameled.
These sections (3% are rather treated for seel—
ing, as by a controlled pre-oxidizing, sand blast-
ing, end/er chemlee,l treatment, as previously re-
ferred to, and then have a sulteble welding glass
that will develep adherence to the metal diréetly
apphed Th1s is pessmle since the tempeleture
for softening the welding glass during sealing
just as in glass- enameling is not sufficient to
cause excessive oxidization of the metal in the
tune required for making the seals.

The rest of the procedure is the same as that

outlined in connection with the first embodiment,
and as represented by the pert “B” of Figure 5.
That is, the welding glass (52 is applied like the
weldmg glass 15, only in this case to the metal,
rather than to the enameled surface of the metal.
The. whele assembly is supported by jigs, in-
serted in an oven, and the tempereture raised
above the softening point of the welding glass,
but still below that of the glass sections f22
whereby said weldmg glass melts and effects &
eealmg of the parts.
as in the precedmg embodiment. Beth proce-
dures are suggested since over-oxidization of the
metal would probably occur if multi-sealing is
attempted without any powder-glassmg of  the
metal with the proper glass as indicated in either
Figure 2 or 3.

Figure 4 shows still another modification

Wherem the preferably “Kovar” disk 13%is treated.

for seahng, as in the precedmg embodiments, and

then powder-glaeeed with epprepnate welding:

gla.ss that Wlll develop adherence to the metal,
such as that corresponding in expansion with

Annealing is then effected
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4
glass No. 6, 3, or 5. This powder-glassing is indi-
cated at (5%, and the application and treatment
to form an enamel may be like that of the coat-
ing 14 of Pigure 2. The parts are then assem-
bled as in the bpreceding embodiments, that is,
the enameled disks 13* are slternately stacked
with and between vitreous envelope sections (2P,
The whole assembly is supported by jigs, inseried
in an oven, and the temperature raised above the
softening point of the welding glass enamel, but
still below that of the envelope sections {27,
whereby the enamel softens or melts and the
parts become sealed together. Annealing may he
effected as in the preceding embodiments. The
chief advantage of this modification, cutlined by
part “C” of Figure 5, is that placement of un-
fired powdered welding glass in ine jig assembly
as indicated in the first two examples is elimi-
nated, allowing much simpler and rougher han-
dling of the parts.

It should be undex steed that the above methods
can be aprlied with the use of ceramic rather
than glass envelope portions §2, 128 and {2b,
provided metals and welding glass are employed
whose thermal expansions correspond, so the ferm
insulative is used as generic to both.

Some of the advantages of the proposed meéeth-
ods are:

1. Rapid mass production may tale place under
controlled conditions, resulting in reduced cost

2. The assemblies may be condensed with clear-
ances between the metal parts that would be
impossible for a glass klower to achieve in the
ordinary manner,

3. Multi-section assemblies may be manufac-
tured safely with low shrinkage. |

4. Safe production may be accomplished, par-
ticularly with assemblies employing cerainic en-
velope sections, since normal glass blowing meth-
ods would cause defects due to rapid thermal
changes and corresponding thermal shocks.

The properties of the glasses heretofore re-
ferred to, are as follows:

Glass No. 1 is a clear lime bulb glass. It has
a softening point at 6962-56° C., an annealing point
at 510° C., a strain point at 475° C., a coeflicient
of expansion of 924-2X10-7 between 0 and 300°
C., a working point at approximately 1000° C., and
a density of 2.47. The logie of its resistivity at
350° C, is b.17. 1Its power factor is .009 (ex-
pressed- as: a. decimal—not as ver cent, ifs di-
electric constant 7.2; and its loss factor .0652
(expressed as. a decimal—not as per cent).

Glass No. 2, is designated as an ignition tuhe
glass. It has a softening point at 915° C., an
annealing point at 712° C., a strain point at 672“
C., a. coefficient of expensmn of 41X10—" between
i3 and 300° C., a working point at approximately
1198° C,, end a densu:y of 2.53.

re51et1V1tv at 350° C. is 9.90. Its power factor

is .0038 (expressed as a decimal—not; as per cent),
its dielectrie constant 7.2, and its loss factor .0273

(expressed as a decimal-not as per cent).

Glass No. 3 is. & potash-boresilicate glass con-
taining a small percentage of alumina. It is sold
for radio speclel sealing. It has a softening point
at 702+7° C., an annealing point at 484° C., g
strain point at 450° C., a coefficient of expansion
of 47.54-1.5X10-7 between 0 and 300° C., a work-
ing point at approximately 1080° C., and a density
of 2.24. The logi of its IEeISthIty at 350° C. is
7.95. Its power factor is .0018 (expressed as a
decimal—not as per cent), its dielectric constant
4.8, and its loss factor 0_086 (expressed as a deci=
mal--not as per cent).

Glass-No. 4 is seéaling; welding; or brazing glass.

'The logio of its.
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It hag a softening point at 600° C., an annealing
point at 455° C., a strain point at 432° C., and a
coefiicient of expansion of 49X 10-7 between 0
and 330° C. |

Glass No. b is a soda-aluminume-borosilicate
glass. It is designated a clear sealing glass. It
has a softening point at 704° C., an annealing
point at 467° C., a strain point at 431° C., a co-
efficient of expansion of 40.5+1.5X10"7, between
0 and 300° C., angd a density of 2.19,

Glass No. 6 is a potash-barium-borosilicate
glass sold for sealing purposes. It has a soften-
ing point at T08+45° C., an annealing point at
480° C., a strain point at 442° C,, a coeflicient of
expansion of 46+1.5X10"7 between 0 and 300° C.,
a working point at approximately 1115° C. and
a density of 2.29. The logw of its resistivity at
200° C. is 7.40. Its power factor is .0026 (ex-

pressed as a decimal—not as per cent) its di-

electric constant 5.1, and its loss factor .0133
{expressed as a decimal--not as per cent). ‘The
chemical analyses of the foregoing glasses, in
percentages, are indicated by the following table:

(Glasses by Nos. previously assigned
1 2 o 4 I o 6
i
109 s 78.3 { 56.3 68. 40 68. 1 65, 2
BoOso o oo 9 22. 5 20 95.9 15,3
RoOa 1.4 | 20. 8 2.0 louooo 1.3 2.9
CaO. 5.4 1 4.9 | ___{_____ Trace 0.2
BaO _ e e e e e 2.8
NasO 15.6 1 3.9 loe s 3.7 2.5
KeO o __ 0.5 |o___._ 3.5 |oau_.. .5 3.6
Y100 e o i e e e .2 1.1
L JNNUIUENEUE SICERIRIUIUN SIVIRIUIRIDEPY SN .2 0, 2
A805 e el Trace |__.._. N N -
S 08. e e e e e
PbO . e S DR 75 T [ P
MegO . . 3.8 | 1201 |occom e oo
AbOs e e e 2 P S -
Alkalioxide. el S ) DR PRI

Although preferred embodiments of our inven-
tion have been disclosed, it will be understood
that modifications may be made within the spirit
and scope of the appended claims.

We claim:

1. The method of making multi-seal envelopes
for evacuated electron-discharge devices, com-
prising treating g plurality of annular metal
members for the application of vitreous material,
as means for connecting thereto a plurality of
hollow-insulative eneviope sections alternatving
with said annular metal members, applying vitre-
ous material to said annular metal members in
the form of at least one annular layer on each
side thereof, said layers being smaller in radial
dimension than the annular metal members, so
as to terminate short of the inner and outer edges
c¢f said members, having a softening point con-
siderably lower than that of the envelope sec-
tions, but a coefficient of expansion approximate-
ly corresponding with that of said metal mem-
bers, a mean diameter approximately corre-
sponding with, and g radial width exceeding the
thickness of, the envelope sections, assembling a
plurality of said hollow insulative envelope sec-
tions alternating with said annular metal meme-

ers, the adjacent edges of said envelope sec-
tions engaging the annular layers of said lower-
- softening-point material, supporting said assem-
bly, simultaneously exposing the whole assembly
for hegting to a temperature, which is the same
for all parts thereof, above the point of fusion of
said lower softening point vitreous material but
still below the softening point of said envelope
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6
vitreous materials fuses, allowing the tempers-
ture of said assembly to be reduced to cause the
vitreous material to simultaneously seal the parts
together, and annealing the formed envelope.

2. The method of making multi-seal envelopes
for evacuated electron-discharge devices, com-
prising treating a plurality of annular metal
members for the application of glass, as a means
for connecting thereto a plurality of hollow in-
sulative envelope sections alternating with said
annular metal members, coating the surface por-
tions of said metal members with glass having &
coefficient of expansion approximaiely corre-
sponding with that of said metal, applying to the

coated portions a coating of a welding glass hav-

ing a coefficient of expansion approximately cor-
responding with, but a softening point consider-
ably lower than, that of said first-mentioned

coating, said coatings being all in the form of

annular layers of smaller radical dimensions
than the annular metal members so as to termi-
nate short of the inner and cuter edges of said
members, assembpling a plurality of said hollow
msulative envelope sections alternating with said
annular metal members, the adjacent edges of
sald envelope sections engaging the annular layers
of said welding glass, supporting and simultane-
ously exposing the whole assembly for heating
to a temperature, which is the same for all parts
thereof, above the point of fusion of said welding

glass, but still below that of said glass envelope

sections, whereby said welding glass fuses, allow-
ing the temperature of said assembly to he re-
duced to cause the welding glass to simultane-
ously seal the parts together, and gnnealing the:
formed envelope. |

3. The method of making multi-seal envelopes:
for evacuated electron-discharge devices, com-
prising treating a plurality of annular metal
members for the application of glass as 2 means
for connecting thereto a plurality of hollow in-
sulative envelope sections alternating with said
annular metal members, coating the surface por-
tions of said metal members with a welding glass
having a coefficient of expansion approximately
corresponding with, but a softening point con-
siderably lower than, that of said envelope sec-
tions, said coatings being all in the form of annu-~
lar layers of smaller radial dimension than the
annular metal members, so as to ferminate short
of the inner and outer edges of said members, as-
sembling a plurality of said hollow insulative en-~
velope sections alternating with said annular
metal members, the adjacent edges of said enve~
lope sections engaging the annular layers of said
welding glass, supporting and simultaneously ex-
posing the whole assembly for heating to a tem-
perature, which is the same for all parts thereof,
above the point of fusion of said welding glass,
but still below that of said envelope sections,
whereby said welding glass fuses, allowing the
temperature of said assembly to be reduced to
cause thie welding glass to simultaneously seal
the parts together, and annealing the formed
envelope.

4. The method of making multi-seal envelopes
for evacuated electron-discharge devices, com-
prising treating a plurality of annular metal
members for the application of glass, as a3 means
for connecting thereto a plurality of hollow in-
sulative envelope sections alternating with said
annular metal members, coating the surface por-
tions of said metal members with a welding glass
powder having a coefiicient of expansion approx-
imately corresponding with, but a softening point
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considerably lower than, that of said envelope
sections, firing said coating to form an enamel
on said members, said coatings being all in the
form of annular layers of smaller radial dimen-
sion than the annular metal members, so as to
terminate short of the inner and outer edges of
said members, assembling a plurality of said hol-
low insulative envelope sections alternating with
said annular metal members, the adjacent edges
of said envelope sections engaging the annular
layers of said welding glass, supporting and si-
multaneously exposing the whole assembly for
heating to a temperature, which is the same for
all parts thereof, above the point of fusion of

said welding glass, but still below that of said

envelope sections, whereby said welding glass
fuses, allowing the temperature of said assembly
to be reduced to cause the welding glass to simul-
taneously seal the parts together, and annealing
the formed envelope.

b. A multi-seal envelope Tor evacuated elec-
tron-discharge devices comprising a phurality of
nollow insulative envelope sections, adjacent ones
of which are united by a mating annular metal
disk of larger outside diameter, with vitreous
material having a softening point considerably
lower than that of the envelope sections, but
a coeflicient of expansion corresponding approxi-
mately with that of said metal members, as
a thin layer terminating short of the inner and
outer edges of said metal members, between each
envelope section and the adjacent metal mem-
bers and bonding said sections and members to-
gether.

6. A muiti-seal envelope for evacuated elec-
tron-discharge devices comprising a plurality of
hollow insulative envelope sections, adjacent ones
of which are united by a mating annular disk
of larger outside diameter and formed of nickel-
cobalt-iron alloy, with coatings on the surface
portions of said disk, adjacent the envelope sec-
tions to which they are united, of glass selected
from the group consisting of Nos. 3 and 6, and
glass No. 4, having a softening point consider-
ably lower than that of the envelope sections,
ketween each envelope section and the glass coat-
ings on the adjacent metal members, terminat-
ing short of the inner and outer edges, and bond-
ing said sections and disks together.

7. A mulfi-seal envelope for evacuated elec-
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tron-discharge devices comprising s plurality of
hollow insulative envelope sections, adjacent ones
of which are united by a mating annular disk of
larger outside diameter and formed of nickel
cobalt-iron alloy, with a thin layer of glass No. 4,
terminating short of the inner and outer edges
of said disk, between each envelope section and
the adjacent metal member and bonding said
sections and members together.

8. A composite envelope comprising a plurality
of hollow insulative sections, adjacent ones of
which are united by a mating annular disk of
larger outside diameter and composed of a
nickel-cobalt-iron alloy, the surfaces of which
disk have a roughening layer of oxide thereon,
and carry a thin layer of glass terminating short
of the inner and outer edges, of approximately
the same coefficient of expansion as that of said
alloy, fused onto said roughened surfaces and
in which the layer of oxide is absorbed, the edges
Of said envelope sections abutting the glass~-coat-
ed surfaces of said rings and sealed thereto by
the glass coatings, whereby metal edge portions
project from said envelope.

JOSEPH A. PASK,
CHARLES M. SLLACK.

REFERENCES CITED

'The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,105,506 Ronei o _ Jan. 18, 1938
2,297,492 Michaelis _ . _____ Sept. 29, 1942
2,376,439 Machlett et al, .. May 22, 1945
2,386,820 Spencer . ________ Oct. 16, 1945
2,395,043 Goodchild - Feb, 19, 1946
2,489,854 Ellefson . ___ - Mar. 7, 1950

FOREIGN PATENTS
Number Country Date
115,092 Australia . _ . ______.__ May 1, 1942

OTHER REFERENCES

New.Techniques in Glass-to-Metal Sealing, by
Joseph A. Pask, Proceedings of the I. R. E—
Waves and Electrons Section, February 1948,
pages 286-289, vol. 36, No. 2.




	Drawings
	Front Page
	Specification
	Claims

