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Ceramics in Valve Construction

By R. HOWARD
- = - " coefficients of expansion to the ceramic
prevent the effectual heating of all the

URING the development of a
D U.H.F. generator it was found

at frequencies approaching 3,000
Mc/sec. that the losses in the glass of
the valve were considerable. The fol-
lowing notes are the result of an in-
vestigation into the use of low-loss
ceramic material for the seals, with
particular reference to the work which
has already been done in Germany.

In that country developments have
taken place in the manufacture of direct
metal-ceramic seals and seals using
glass as an intermediate material (Fig.
1). It would seem that the metal-
ceramic seal is the better method, since
the glass seal tends to reintroduce the
losses, the reduction of which is the
main object of the use of ceramic
material.

A further disadvantage is that met4l-
glass seals, such as are used for the
sealing of leads into ceramic valves, are
very prone to cracking. Attempts have
been made to overcome this particular
difficulty by covering the whole of the
base of the tube with a glass melt. It
seems, however, that this is impractic-
able, and again defeats the original ob-
‘ject by reintroducing the glass losses.

Nevertheless, the Steatit-Magnesia
A.G. of Berlin have specially designed
ceramic materials for the purpose of
sealing to glass.

LEAD OUT

Fig.2.

A ceramic envelope valve of German construction

On similar lines the Glasswerk Gust.
Fischer, a German glass-manufacturing
company, have developed glasses for
sealing to ceramics, notably *‘ 357,”" for
sealing to ¢ Calit ”’ and *¢ Calan,” cera-
mics made by the Hescho Company and
“ Frequenta,’’ and ** Kerafar,’’ made by
Steatit-Magnesia A.G., and also ‘“ M
Glass,” for sealing to ‘‘ Steatite,”” made
also by Steatit-Magnesia A.G.

These glasses are somewhat harder
than lead glasses, and have a coefficient
of expansion of about 7o0x10’* for ‘M
Glass ”’ and 66x10 7 for ‘“ 357.” The
coefficient of thermal expansion for
natural steatite is 60—65x% 10",

These glasses are of some importance,
for, while it is possible to do away with
glass for sealing the leads into the en-
velope, the problem of sealing the valves
on to a vacuum pump (to be referred to
later) is still a large one.

To return to the problem of sealing
leads to a ceramic envelope. Consider
first the problem of a small tube, when
glass is used as a sealing means. In
most cases the lead is first wetted, and
then jigged into position and sealed to
the ceramic (see Fig. 1), in some cases
in an atmosphere of hydrogen or other
neutral pressure.

Hard glasses are mainly used for these
small seals, as the soft glasses of similar

* See table on page 376

materials
create

to be interconnected, and
difficulties in the choice of
matecrials to be used for the leads.

Where larger metal-ceramic seals have
to be made, a more favoured method is
that of shrinking the metal part on to
the ceramic material and using glass as
a means of making the joint vacuum-
tight, rather than using it to make the
joint itself (see Fig. 2).

Another type of seal, which again does
not use glass as an actual sealing
means, but more as a method for ren-
dering the seal vacuum tight, can be
seen in Fig. 3, in which the metal and
the ceramic, or the two ceramics, form
a butt joint around which a glass melt
is formed, thus making the seal vacuum-
tight.

A joint in which the glass actually
does form the seal is shown in Fig. 4.

—— —The glass is used to join the ring of

ceramic, which forms a ring seal, to the
ceramic tube comprising the envelope.

While there are numerous disadvan-
tages to the metal-glass-ceramic con-
struction, such as fabricating problems,
annealing difficulties, urreliability of
seals, and, above all, greater losses at
ultra-high frequencies, there is very little
to be gained, except possibly in reduc-
tion of cost.

Now consider the other aspect of the
problem, that of direct metal-ceramic
seals. Metal-ceramic seals are in the
main more expensive to manufacture,
but they are not open to criticism on
the same grounds as the glass seals.
There is no increase in dielectric loss at
ultra-high frequencies, they are not sen-
sitive to critical temperature changes,
and are therefore easier to de-gas, and
are not prone to cracking or seepage
and subsequent loss of vacuum.

There are two main types of metal-
ceramic seals, the first being a coaxial
type of seal very similar to the lead-in
seals using glass, previously described,
except that the actual sealing metal (in
most cases silver) does not extend the
whole length of the lead in the ceramic
but is melted into a conical depression
on the outside of the seal (see Fig. 5).

This method would seem to be rather
a crude adaptation of prior metal-glass-
ceramic seals.

COPPER
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The other type of seal is more highly
developed, and it is best to describe it
in greater detail.

Dealing first with the problem of join-
ing two surfaces of ceramic, a major
consideration is that the two surfaces
should fit as precisely as possible at the
point of contact. A considerable im-
provement can be made in this respect
by grinding the parts in.

An adherent layer of metal is then
ap;_)lied to the two faces, either by sput-
tering on in vacuum, by electroylisis, or
by sintering powdered tungsten or
molybdenum on to the surface of the
ceramic.

Carbonyl iron has been suggested as
an alternative to tungsten or molyb-
denum.

In the cases where the metal has been
sputtered on in vacuum or applied by
electrolysis, the mechanical stress of
the joint between the metal and the
ceramic may be too great if the thick-
ness of the metal exceeds 0.1 mm. The
layer must not, however, be so thin as
not to fill the spaces which may be left,
even after grinding.

LEAD-OUT
AND DISC

Fig .6

The ground and metallized faces are
now pressed together and raised to the
melting-point of the metal used, thus
forming a vacuum-tight joint. Alterna-
tively, if it is not desired to heat the
joint to a high temperature, a metal
or solder with a much lower melting-
point can be used to join the metallized
faces.
the tungsten or molybdenum surfaces it
would be extremely difficult to use the
first method.

It has been suggested that the actual
metallic layer be used as the lead out,
but this presents a number of difficulties.

A logical development of this method
of sealing flat surfaces together is the
following method of sealing a metal lead
through the wall of a ceramic envelope,
utilizing an annular disc attached to the
conductor as the actual sealing means
(see Fig. 6). A bush is formed at the
place where it is desired to seal the lead
through, with a hole through the centre
of the bush of somewhat larger diameter
than that of the lead-in.

The flat surface of the bush is metal-
lized by any of the methods described.

The disc on the lead-in fits flush with

GI&C LEAD-OUT
SiLv METALLIZED
LYER FACE
P
CERAMIC
Fig .7

It <is obvious that in the case of °
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the flat metallized face of the bush and
is soldered to it, thus forming a vacuum-
tight joint (see Fig. 7).

The disc need not be an integral part
of the lead, but may be soldered to it at
the same time as the soldered joint to
the ceramic is made.

In most cases this type of seal has
been made, using a metal of similar
coefficient of expansion as the ceramic
itself, such as nickel-iron, using silver
as the soldering means.

Usually, the soldering operation takes
place in a non-oxidizing atmosphere.

There is no apparent reason why, for
U.H.F. work, the annular disc should
not be made of copper, provided that it
is kept thin in cross-section. The whole
lead, including the integral dise, could
then be machined from a copper rod.

As a matter of interest it is worth
while mentioning a method, primarily
intended for use in large mercury-arc
rectifiers, for sealing a metal lead insu-
lated by a ceramic inset to a metal en-
velope. In this case the metal is soldered
direct to the ceramic, without any prior
metallizing whatsoever.

A metal tube is fixed projecting from
the envelope (see Fig. 8), and a ceramic
tube with an annular groove is fitted to
the inside of the projecting metal tube.
In a similar manner, a cap carrying the
lead-in is fitted to the other end of the
ceramic tube. The annular rings are

LEAD-OUT

SOLDER

METAL
ENVELOPE

filled with a solder such as silver, in a
powder or wire form. The whole is then
heated in reducing atmosphere or
vacuum, the solder taking to the metal
and the ceramic, thus forming
vacuum-tight joint.

At this point a more detailed descrip-
tion of the process is interesting. In the

Fig.8

August, 1941

first place, the solder is melted in a
vacuum (thus the ceramic part is de-
gassed considerably). Bubbles of gas
try to rise through the solder, but as
soon as it is fully melted a neutral gas,
such as hydrogen, is let into the furnace
at a pressure of several atmospheres,
thus increasing the surface pressure on
the solder, which is immediately cooled.
As soon as the solder is set the furnace
is again evacuated, air only being ad-
mitted after the seal is quite cool.

In this way a seal is formed in which
the gas bubbles in the solder itself are
compressed to a very small volume at
the point of contact between the solder
and the ceramic, and the seal itself is
thoroughly degassed.

Although the technique of sealing leads
through the ceramic envelope has pro-
gressed considerably, there is still room
for a great deal more development.

A further problem which has to be
tackled is that of the exhaust tube. This
problem can be approached in several
ways. The most simple is to seal a tube

LEAD-OUT
P —
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of one of the specially designed glasses,
to a bush on the envelope of the valve
(see Fig. g). This again, however, re-
introduces certain undesirable factors
into the manufacture of the valve.

Another method is that of placing the
valve bodily in a container which is at-
tached to the vacuum pump. The valve
itself is then evacuated, either through
an aperture which is covered by a mesh,
or through the actual place where the
seal will eventually be made.

When the tube has been exhausted,
in the case of the tube with the meshed

(Concluded on page 376)

Examples of seals in ceramic valve base
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Ceramics in Valve Construction
(Continued from page 344)

aperture, some form of solder is melted,
thus filling the holes in the mesh and
forming a vacuum-tight seal. In the
other case, the seal is moved into posi-
tion and soldered in a similar manner.

The latter method of pumping the
valve appears to be the most satisfac-
tory, and a similar method of pumping
all-metal valves is at present being pro-
duction-tested in the United States.

In general, while great strides have
been made since the original attempts
to use glass as sealing means, develop-
ment has by no means reached an
optimum.

It is noticeable that very little work
has been published other than in Ger-
many, workers in this country and the
United States having left the field almost
entirely to the Germans.

Although great strides have been made
in the generation of ultra-high frequen-
cies, in most cases a more or less con-
ventional glass construction has so far
been used, and it is hoped that this
article will stimulate the development of
a more specialized method of construc-
tion for these frequencies.

TABLE 1.
. Cocfficient of
Material. Thermal
Expansion.
Copper ww .. 1685 x 10-7
Lava o iy .. 80 x 10-7
Platinum .. . .90 x 10-7
“ M-Glass ”. . .. .. 79 x 10-7
‘857" Glass . s 66 % 10-7
Commercial Steatite . 60to70 x 10-7
Low Loss Steatite . . .. 60to65 x 10-7
Molybdenum . 48to52 x 10 7
Tungsten 40 to 45 x 10-7
Porcelain 30 to 60 x 10-7

All figures for 20°C. to 100°C. approximately.
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R.M.E. 69, built-in noise limiter, D.B.20 Unit, and
Speaker in Cabinet. like new ... ... £58 0 0
PHILCO EMPIRE 22 Auto-radiogram, 20 valves,
all-wave, cost £100. As new ... . £60 0 O
CELLOPHONE All-wave Radiogram, with ribbon
type records, including small collection. Shop-
soiled only. Cost 60 guineas ... £3710 ©
GENERAL ELECTRIC Radioforte Console, 7 valves,
14 push buttons, 200/550 metres. Attractive
cabinet. Dem. soiled .. s .. £27T10 0
McMICHAEL Cabriole § v. Console, med. and long
waves, 1938 model, perfect order . £ 15 0
AMERICAN PRESTO Jr. Recorder, portable, with
enclosed amplifier, speaker, etc., and six 12” blanks,
as new ... ... £52 0 0
V.G. SIMPLAT 1940 Super Recording Amplifier
{2 PX4s), controls, bass and treble corrector.
Dem. soiled .
CATHODE DRIVE, i20 watt |l valve American
Amplifier, latest type, two chassis, asnew £35 0 0
SCOTT ANSON Imperial Auto-radiogram Cabinet,
finished light Finmar, good condition £1210 0

Many more items. Callers preferred.

A.C.S. RADIO ciomier wenr
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A Method of Detecting Metallic
Foreign Bodies

Recently a speaker on the German
Radio described a new device by which,
he claimed, bullets, shell splinters,
needles and other metal objects can be
readily located.

This metal finder developed by
Siemens and their medical advisers de-
pends on the use of a high frequency
oscillator of small intensity. The tun
ing coil of a small short-wave trans-
mitter is fitted into a stérilisable porce-
lain probe, 10 cm. long and 10 mm. in
diameter. If this coil approaches a
metallic substance, such as a splinter in
the operation area, the inductance of
the coil will change and hence so will
the frequency of the transmitter. The
change of frequency which may be very
minute, can be made audible by com-
bining these oscillators with those of a
second short wave transmitter, oscillat-
ing at a slightly different frequency and
so obtaining oscillations at the beat
frequency, amplifying them and pass-
ing them to a loudspeaker.

The apparatus is extremely sensitive
and can trace the minutest particles,
but all metal instruments within a
10 cm. radius must be removed while
the probe is in use.—ZLancet, May 31,
1941, p. 699.

G.E.C. ““ Microgram”

A modified and improved version of
their ¢ Microgram ”’ amplifying equip-
ment is announced by the General
Electric Co., Magnet House, Kingsway

It embodies a three-stage amplifier
with microphone and gramophone in-
put, transverse current microphone,
turntable, and 5o ft. of cable, contained
in a portable oak cabinet 20} in. by
17in. by 13} in. Both inputs can be
independently controlled.

The maximum power output is 14
watts, and the equipment is particularly
suitable for use in factories where it
may be subjected to rough wusage.
Inquirers should ask for Leaflet BC.

9330.
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Classified Announcements

SCALE OF CHARGES

The charge for miscellaneous advertisements on this
page is 12 words or less 2/-, and 2d. for every
additional word. Single-column Inch rate displayed,
12/6. All advertisements must be accompanled by
remittance. Cheques and Postal Orders should be
made payable to Hulton Press, Ltd., and crossed, and
should reach this office, 43, Shoe Lane, London, E.C.4,
not later than the I5th of the month previous to
date of issue.

FOR SALE

GEISSLER TUBES, Several large types for dis
pcsal,  Price 8s. 6d. post free, SUPERSONIC
LIGHT CELLS still available.—H. E. SANDLRS
& CO., 1, Grays Inn Road, London, W.C.1. Chauncery
8778.

LOUDSPEAKERS

3,000 SPEAKERS P.M. and energised 4° to 14%
including several Epoch 18°. Sinclair Speakers,
Pulteney Terrace, Copenhagen Street, N.1.

MISCELLANEOUS

ALL TYPES of Rotary Converters, electric motors,
battery chargers, petrol electric generator sets, etc.,
in stock, new and second-hand.

A.C.-D.C. Conversion Units for Operating D.C.
Receivers from A.C. Mains, 100 watts outpnt, 2. 10
150 watts output, £3. 10.

WARD, 37, White Post Lane, Hackney Wick, E.9.

LOUDSPEAKER repairs, British, American, any
make, 24-hour service; moderate prices.—Sinclair
Speakers, Pulteney Terrace, Cgpenhagen Street, N.x.

MORSE EQUIPMENT

FULL range of Transmitting Keys, practice sets and
other equipment for Morse trai .~—Webb’s Radio,
14, Soho Street, London, W.1. Phone: GERard 2089.

MORSE TRAINING .

FREE. ‘‘Book of Facts,” -all about The
Candler System of Code training. urses for Begin-
ners and Operators.—Write : Candler System Co. ($5B)
121, Kingsway, London, W.C.2.

RADIO MAP AND GLOBE

WEBB'S Radio Map of the World enables you to
locate any station heard%«f by 30° 2 colour heav

Art Paper, 4/6d.,post 6d. ted supply on Linen, 10/6,
post 6d. WEBB'S R "Globe—superb 12° full-
colour model. Radio prefixes, zones, etc. Heavy
oxydised mount. Post Paid. 27/6.—Webb’s Radio,
14, Soho Street, Londog, W.1. *Phone : Gerrard 2089.

TUITION

—
WIRELESS. Students of both scxes trained for im-
portant War-time Radio Appointments, also for peace
time careers in all branches of Radio & Television.
Boarders accepted. Low inclusive fees. College in ideal
eaceful surroundings. Prospectus Free. Wireless
ollege, Colwyn Bay.
PRACTICAL POSTAL COURSES, radio television,
test equipment design, trade-test coaching for R.A.F.
ost, I.P.R.E. and L.W.T. exams.; booklet free—
ecretary, [.P.R.E., Bush House, Walton Avenue,
Henley-on-Thames.

The Walsall Technical College is prepared
to receive applications from suitable qualified
persons able to act as temporary full-time
instructors in Army courses demanding know-
ledge of Radio Engineering and radio service
work.

Applications to be made to the Principal,
Technical College, Bradford Place, Walsall.

V. J. MOORE,
Director of Education.

Education Offices,
Darwall Street, Walsall.

WANTED

ALL TYPES of used Radio Sets, Radio and Elec-
trical accessories. Bought for cash. University Radio,
22 Lisle Street, W.C.2. 'Phone: GER. 4447.
KIT OF, PARTS, pl or i plete, for
Fultograp Write sending specification to Box 642,
Hulton Pr Ltd., 43-44, Shoe Lane, London, E.C.4.
WIRE RECORDING APPARATUS ASSE

Full details to Box 643, Hulton Press, L#
Shoe Lane, Lonaan,;_lf.c.4. 3

¥ BOOKSELLERS TO THE WORLD ¥
New and secondhand Books on every subject.
Join The Scientific Book Club!

113-125 Charing Cross Road, London, W.C.2
Telephone : Gerrard 5660 (16 lines)

MOVING COIL Pl

HOLIDAY & HEMMERDINGER Ltd,
74-78, Hardman Street, Manchester.
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