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INSTECTION TEAM

This report brings togethsr information which has been
obtained by various interrogationa of Telefunken staff in Hamburg
and Berlin by ¥W/Cdr. G.L. Hunt, $/Idr. E,C, Greaves, P/Lt. Holt,
s$.0.0, F,H, Powell and 3,D,0. E.J. Hubbard, all of M,A,P,
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Introduction, This report on the manufsoture of metal-ceramio
valves is based om information obtained from the intsrrogation
of Dr. Kleen, Telefunken, at Hamburg on 25th August, 1945,
supplemented by information cbtained at the QOsram valve faoctory
in Berlin, Sickingenstrasse, 71, where Dr, Weth and Dr. E.

k) ]?Wiegand were interrogated. At the latter targst it was hopsd

—

2.

" that Dr, Pulfrish could be interrogated but he was not available
although reports which he had prepared on the manufacture of
ths ceramic wers found and removed,

General Conatruction of the Valves

A range of metal/ceramic valves has been developed by
Telefunken for use at decimotre wavelengths, The valves bear
some resemblance to the American "Lighthouse" valves and are
designed for use in concentric line circuitsa, No glass is
used in their construction; instead a special ceramic has

been developed which is claimed to be vacuum tight provided the
wall thickness exceeds 3 mn.

The appearance of the valves is illustrated in Fig. 1.
The anode cooling block is of aluminiun and is screwed on to a
stud projecting from the coppsr anode,

The pealp between the ceranic and mwetal portiocns of
the valve are soldered,

Deteils of the construction of the valves are given in
the following sections of this report.

Manufacture of the Ceramic

3.1 Constituents

10,20 kg. Speckstein (Talcum cr magnesium silicate)

1,44 kg, Zettlitzer Kaolin (China clay obtained from
Zettlitzer in Czecho-Slovakia)

O.48 kg. Zirconlum dioxide

0.2, kg, Kali-Peldspat (Potassium fieldspar)
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3.2 Prepsration of Powder, The above cmatituents are mixed
with 25 litres of distilled water in a hard uwnglased poroelain
mill of 60 litres capacity together with 35 kg. of hard unglased
porcoelain balls, 25 ma. in diameter, The mill is 4riven at

48 repem. for 18 hours sfter which 15 co. of acetic aoid ars
added by means of a centrifuge and the milled material then
separated from the liquid by centrifuge or suotion. The
material is then dried at 420 - 150%,

A further milling is then given in & hard unglazed
porcelain mill of 50 1itres capacity which is loaded with 3 kg.
of the material from the first mill and 3 kgs of hard unglazed
porcelain balls of 25 mm, dismeter. This mill is driven at
75 rep.m. for 1 hour.

3.3 Preparation of ceramio material pasts. 3 kg. of the
powder prepared as in 3.2 ia put into an aluminium pot of
about 10 litres capacity with 300 gns. of solid paraffin
(melting point 529 - 56gc.). The mixture s hsated to 100°%C.
for 15 mins., approx. with constant stirring until the paraffin

is uniformly distributed, and, while still hot, the mixture is
twice put through a sisve of 200 mesh.

3ol Granulation of Ceramic mass. The pasty ceramic mass is
pressed in a hydraulic press into oylindrical form, about
50-60 mm. dja. and 60-70 mn, long, the pressure used being
300 kg./om.“. Thess cylindrical blocks are aftsrwards
granulated to & consistency of fine powder (it should feel
greasy when rubbed between the fingers).

The protracted milling processes described above
Bre neceasary to get the finest poasible powder to prevent
the inclusion of air,

5+5 Pressing of ceramic valve parts, This iszdone by means
of a lever press at a pressure of 300-500 kg./cm®., the powder
being piled to 2 or 3 times the final dinension,

346 Piring of cersmic parts, Firing is done in a Kas or
electric oven, the parta being placed on quertz sand in clay
cepsules.  The firing tempsrature is 1350° - 1400%, according
- to the purity of the talcum, The oven is brought up to its
maximum temperature over a period of 6 hows andis then
maintained at the maximum for a further 3 hours.

/ According
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(Acoording to Dr. Kleen this firing is dons 4n an
atmosphere of nitrogen (30 mm. pressure) but there is no
montion of this in the notes prepared by Dr, Pulfrish.)

At this stege of production the tolerances on the
ceranic are not oritioal, It was stated by In, Klean
that the minimum thicimess of material for no leakage in the
finished valve was. 3 or 4 mm,

J¢1 Grinding of cersmic parts, That part of the ceramic whioh
is to form the seal is next ground to size. Grinding aand
polishing is dons to tolersances of O.1 mm., or less.

3.8 Teating for Porosity and Cracks. The caramic parts are
dipped in ﬁlute red ink and quickly rinsed with water and then
dried at 100°C. in a dry hest oven. = After drying they are
exanined for oracks and pores which osn bs recognised readily
by any red-ink marks which remain.

3.9 Physical properties of the ceraamic.

Dieleotric constant 55
Dielectric loas (at A = 5 m.) 6.8 x 107%
Resistance to fracture by bending 1800-2000kg/c?2.
Temparature ocafficient 65 - 70 x 10~
Contraction during firing in

direction of pressure 12-2(%
Contraction during firing in

direction perpendicular to pressure 8-10%
Porosity 0

Metallising the Ceramic Parts

Where the ceramic forms a seal with the metal portion
of the valve, it is metallised to simplify the subsequent

soldering process, The metal coating is molybdenum with
iron and nickel added,

L.1 Preparation of molybdenum powder. 200 gms, of molyb-
denum powder are mixed with 1000 cc. of alcohol and left to
stand 3 minutes. The coarse particles of the powder are
deposited and the fine particle powder is decanted off with
the liquid. After standing a further 3 hours the fine powder
is deposited and Ehe liquid poured off, The fine powder is
then drjed at 150°C.

/ 42
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ke2 Preparation of Ircn Powder. 100 gus. of ircn powder are
mixed with 500 oc. of alaoohol and left to stand 1 ainute when
the fins powder is decanted with the liquid, = This fine powdar

is recovered after allowing it 2 hours to settle and pouring
off the liquid. It is dried at 150%.

4.3 Preparation of Molybdenun-Iren Paste, LO gus. of fine
grain molybdenum powder and C.& gu. of fine grain iron powder

are stirred into 200 cc. of 10% collodium solution in
"Polysolvan®,

(According to Dr. Kleen, although a mixture of
molybdenum and iron as described above can be used,
the iron is not necessary and the paste can be
made with molybdenun powder only.)

4o Application and firing of paste. The paste is applied
to the ceranic surfaces which have previously been ground
(see 3.7) using a camel hair brush., The applied layer ahould

be 0.03 - 0.C4 mm. thick and should be a continuous and well
covering surface,

The ceramic parts thus prepared ars placed orra
molybdenun sheet thinly covered with sand snd moved in a
molybdenun oarrier through an oven for firing. The firing
temparature ia 1330° - 1340°C, and the parts travel through
at a speed of 2 metres per hour giving & baking time of about
30 minutes. Piring is done in an inert atmosphere for which
the gas supply is 500 litrea per hour nitrogen and 200 litres

.per howr hydrogen (these figures are for an oven of about
60 mn. clearance).

Dr, Kleen, during his interrogation stated that
difficulty had besn experienced with this process of firing
the molybdenum paste. Hde zaid the prime requirement was to
burn in the metal at the highest possible temperature to get
better adheslon, but too high a temperature would give
deformation of the ceramic. Accordingly the temperature was
brought as near to the ceranic firing temperature as possible
but due to the limited accuracy of temperature measurement a
difference of 50°C. between the cerauic firing temperature and
the molybdenun firing temperature was dasirable,

/ b5
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4e5 Niokel layer, Although the molybdenun layer produced
as desoribed above is capable of being soldered to metal,
better wetting of hard solder oan be obtained if an additional

nickel layer is applisd. This nickel layer is preparad as
Tollows; -

40 gms. of nickel powder is stirred in 20 cc. of 10K
colledium solution in "Polysolven® and the mixture is painted
over the molybdenum layer. The layer of nickel should be
about 0.05 mm. thick after the evaporation of the solvent,

It is possible to solder without further processing
but the latest experiments show that better results arg obtained
if the niockel layer is fired in a hydrogen oven at 980°%C.
The speed of movemsnt through the oven is 1 metre psr hour with
& gas supply of 500 litres/hour,

4L+6 Other methods for coating the ceramic. Dr, Kleen referred
to other experiments Which had been made. 7Tn ones of these the
coating spplied to the ceramio was molybdenum with 1% nickel
added, The metal powder mixture was dissolved in amyl acetats
end applied with a brush and subssquently fired, He also
referred to a finishing layer of silver which was baked on at
850°C. in a nitrogen (?) atmosphere to make it compact but
stated that this process had been found unnecessary, TI¢% .
sesns certain that this metallising of the ceramic was the

most troublesome part of the valve development and that it was

difficult to get a process which produced walvea free from
leakage troubles.

Preparation of Metal Parts for Metal/Cerauic Bonding.

5¢1 Compesition of metal parts, Por vacuum tight metal/
oeramic hard soldered joints, pressure is wanted between the
metal and the ceramic. Therefore two types of nickelron
alloy are used according to whether the metal is inaide or
outside the ceramic. For soldering the metal inside a
cersmic ring or cylinder, "Feri L6" is uased and, when the metal
comos outside the ceramic, "Feri 42". The composition of
these alloys is indicated by the numerical part of their

title which gives the percentage of nickel,

Thus Feri 46 is 5i% Pe and 465 Ni.
and Feri 42 is 58% Fe and 4,25 Ni.

The requisite pressure is obtained by taking advantage
of the different coefficient of thermal expansion of these
alloys between one another and with relation to the ceranic.

d -
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5.2 Porming of metal parts. The material was cbtained by
Telefunken in strip Form about 0.3 mm. thick and all metal parts
wors pressed from this strip, In the osse of tubular parts

the strip is first pressad into the form of a oylinder with

ons end olosed and the unwanted closed end then cut off, At
those plaoces where the metal is to form the seal it is turned
down (or rolled) to a thiokness of 0.1 - 0.1k wm.

The nickel iron was obtained from Krupps or Hereus,
Hanau, but sane of the material cbtained from the latter
source was unsuitable for metal/ceramic seals, This was
because the marks of rolling wore still lsft on the surface of
the metal, In the subsequant silvering process which is the
last befors the actual bond with the ceramic is mads, thesme
rolling marks cause the silver to form "islands” and this
imperfeot silvering produces poor Joints giving rise to leaks.

53 Silvering of metal parts, For a satisfactory surfece the
nickel-iron is first nickel plated to a thickness of 7 - 10

snd then silver plated to a thiokness of 5 u. It is then b(uk;d
in hydrogen at a temperature of 1050%. rhz: the ailver malts
and forms & uniform layer. It is during this baking stage
that bad swface nickel-iron causes the silver to bresk up

into scall islands and the material ussd was carefully selected
by Tolefunken, -

6. Vaouum tight hard soldered joints - metal/ceramioc.

6.1 Process of Soldering. Soldering is dons with pure silver
which is used in the form of a wire of about 0.8 mm. dia. for
the largest seala. It is nscessary to ensure that the gap
between metal and ceramic which is to be mealed doss not exceed
0.1 om. The metal and ceramic parts are assembled in cersmls
s8oldering pots which are madas from STG material of Steatite
Magnesia A,G,, Berlin, Pankcow, and the amilver is melted in

an electrically heated hydrogen oven at a temperature of 1050%.
The process takes 7 - 12 minutes and the seals are tested under
water with hydrogen st 4 or 5 atmospheres pressure before the
coapleted parts are built into valves, Fig. 3 shows the method
of assembly and the construction of the ceramic soldering pot
for making an inner and outer seal to & ceramic ring, both

ssals being made simultaneously,

7. Valve Asaembly

7.1 Sub-asaemblies. The valves are assembled in two halves
a8 shown in Fig. 2. The particular arrangeaent shown hers
is not necessarily found in &ll types of wlve in the range

/ but
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but is typical, 1In the valve 1llustrated the grid and anode
ars built into cne sub-assembly and the heater and cathode in
another, In other varietions the grid has been put into the
cathode sub-assembly before final amsembly,

7.2 Anode. A ®0lid oopper ancde 1 is used turned as shown

in Fig. 4A, It rests on the shoulder at the bottom of the
nickel irom cylinder 2, to which it is soldered by eutechtio
solder at a temperature of 810 - 850°C. Thie is same 2009,
lower than the temperature used when making the seal between
ceramic and nickel-iron sc that the process does not diasturb
this previously made seal, Apart from the euteohtic soldered
Joint an air space is carefully preserved between the copper
anode and the niokel iron cylinder so that the copper is free

to sxpand without putting any strain on the seal between metal
and cesramio,

‘ Another variation of snode construction is shown in
Figs 4B. This construction is used in valves used under high
voltage pulse canditions where a long discharge path is
wanted over thes ceramic,

7+3 Grid., The grid disc, 3, is made {rom molybdenun and
is dished,” 1In some valves this disc is fixed to the outer
nickel iron cylinder by small welded bracksts as shown in
Fig. 2A, but, according to Dr, Kleen in those valvea in which
the grid is associated ~ith the heater cathode sub-assembly,
the grid disc is soldered to the outer nickel iron cylinder
using eutechtic solder, The grid itself is of molybdenum
mesh which is nickel plated. In the mnallest valve in the
range the mesh is made of wires 0,02 mn, dia, spaced 0.3 or
0,5 me., apart, The mesh grid is soldered to the molybdenum
disc for which purpose silver is used. The diac is prepared
for soldering by being nickel plated,

1.4 Cethode and Heater, The essential features of the
cathode-heater assembly mre shown in Pig. 403. A double tube
assombly is used so that adjuetment of grid-cathoderclesarance
can be obtained after the walve is pusped and sealed off.
This process is described later, The inner nickel-ircn tube
1, is a tight sliding fit or push fit in the outer nickel
iron tube, 2, and the two are spldered together et the bottom
ends. The e&xhaust tube, 3, is of nickel-iron and is about
3.0 mm. diameter. The cersmic discs, 4, 5, are soldered to
the nickel iron tubes, In the finished valve the space
within the inner cathode tube, 1, below the inside ceramic
disc, 5, 18 at atmospheric pressure, The cathode coating is
sprayed on the spherical end, 6, of the inner cathode tube,
Normel spraying methods are used and triple carbenates
(Barium, strontium and calciun) used when a smooth coating

is essential, / The
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The heater is of tungsten Joined at one end to the
cathode snd at the othsr to the exhaust tube,

7+5 Final Assembly. The two mub-assembliss are put
together as shown In Fig., 2C. To ensure that the two halves
are assembled with correct axial alignoent, a asteel ring
which fits inside the outside nickel-iron cylindar on the
cathode sub-assembly, projects beyond the flange which can
only butt properly against the flange on the grid-anode eub~
assembly when the iron ring has been properly slipped inside
the outer nickel-iron cylinder of the gric-anode sub-assembly,
In the particular type of valvse described by Dr, Kleen, in
which the grid disc was soldered to the outside nickel-iron
tube of the cathods suo-~assembly, cnly the bottam end of the
grid disc skirt was insearted into the cathode sub-assembly
before soldering. The grid disc therefore projected beyond
the flange of the cathode sub-assembly and the projecting
portion of the skirt therefore served the same locating purpose

as the iron ring does in the type of valve illustrated in thia
report,

The two halves of the valve are Joined by silver
solder. In the prooess used by Telefunken welding plant was
used, A silver ring was nlaced between the two flanges and
ring electrodes were used to pass current through the Jjoint
and melt the ailver thereby forming a satisfactory seal,

Exhaust

8.1 Preliminary Bake, Before pumping the valves are
baked at 450"C. for one haur. Electrically heated cvens are
preferable to gas heated ones to aveid sulphur contamination.

8.2 ing. Glass-valve machinery was used for this purposae
by Telefunken and for this reasmm a glase extension was added

to the nickel-iron exhaust tube. This glass extension was not
Joined directly to the nickel-iron tube. An intermediate iron-

_nickel cobalt tube was us~d to give a graded Joint. The pumping

process was normal with short time activation of cathode and
at the end the velve was sealed off at the glass tube, Later
the metal tube was sealed by welding and the glass discarded.

B.3 Ageing, During ageing the valves are fitted with anods
cooling block and forced air cooling used,

/ 9
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Finishing Processes. After ageing the valves are tested and
the grid-cathode clearance adjusted. This process is explained
with the aid of Fig. 4C, Adjustment is made by insarting a
suitable mandrel tool inside the cathode tube, 1, Adjustment
of this tool produces lateral preasure on the inside of the
greove, 7, which is distorted and produces an axial movement of
the cathode towards the grid, The edjustment is made while
the valve is on the test board and the correct grid-cathode
clearance obtained by observing the mutusl conductance. The
final clearance is about 0.1 mm. In the early experiments the
adJustment was checked by cbserving anode current but this
method was discarded because valves were found in which the
cethode and grid were not truly coaxial and in these cases
although the anode current was satisfactory the mutual con-
ductance was low, Non-axial movement of ths cathode is
prevented as far as possible by the fact that tube 1 is a tight
fit inside tube 2 but faulty sealing of tube 2 into the ceramic
disc 4 would result in the displacement of the cathode relative
to the grid, Adjustment of grid-cathode clearance was not
made in all types in the range but only in the LD,6 and LD, 12,

When test and adjustment are complete, the end of the
cathode tube is cle-ed with a ceramic disc and the heater
connector fitted. The cathode tube is simply spun over the
ceramic disc since & proper seal is not required. After tnis
811 externsl metal surfaces are silver plated.

Getter

Ceto getter, which is made from a sintered mixture of
Thorium and an alloy of aluminiun and cerium, is used by
Telefunken, Trds getter is not evaporated but is placed in
an approoriate part of the valve where it is hesated to a
temperature of about 200°C, when the valve is operating.
Appendix I gives a description of the processes involved in
the manufacture, atorage and use of Ceto. It does not act
as & getter until its temperature exceeds 150°%C. and {t gives
off ita absorbed gas at temperatures in excess of 300 C., Since
it is not evaporated in the valve there is no danger of any
metallic deposit being formed on insulating parts and the hi, h
frequency performance of the valve impaired in consequence.

25th Septamber, 1945
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AFPENDIX T

The preparation of "Ceto" getter

C anposition

80% by weight powdered thorium metal
(obtained from Auer Gesellschaft, Berlin)

20% by weight of an alloy of aluminium and
corium mixture metal,

Manufaoture

2.1 Alloying aluminiun and cérium mixzture metal,

Composition: 72%, by weight, cerium mixture metal,
28%, by weight, aluminium,

The cerium mixture which is atored in pareffin oil
1s degreased with Xylol or Petrol and cleapned with a mteel
wire brush. The cerium mixture apd aluminium are then put
into a hard porcelain (or iron) beaker, This beaker rssts
in an iron protective vessel which must be at least 50 mm.
longer than ths . beaker. The mixture is melted in vacuum
with arrangements made for observing the melting process.
After evacuation the oven is heated until the material rescts
normally at a temperature of 750%, The reaction can be
recognised by a etrong agitation of the material accompanied
by & sudden temperature rise to 1500°C. with intermittent
evolution of gas, When the reaction is complete the heater
1s switched off immediately and the purp after a further
10 minutes. The resulting material of glass hardness
is cooled under vacuum and is then pulverised in a porcelain
o iron mortar to the asize of “semolins grain",

2.2 (Ceto Pressing, 200 gus. of the above powder and 24,00 gms,
of Thoriun powder are wixed for 30 minutes in a mixing machine
and the mixture ia then pressed in a hydraulic press at

2000 kg./sqeem. into rods of 12 mu. x 42 mm. cross section and

of suitable length for the heating section of the sintering
OVell, . -

2.3 Coto-Sintering. The sintering of Ceto pressings is done
in elther vertical or horizontal ovens. The melting pots or
carriers and the glowing tubes can be of hard porcelain or
"Bergkristall” (quartz?). The use of such crystal tubes
must however, be watchedcorefully, particularly in horieontal
ovens, slnce the glowing tube is destroyed if 1t comes in

direct contact with a melting Ceto mass. The actual melting

/ of
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of the Ceto must be avoided by means of accurate teuperature
control because melted Ceto is ductiles and difficult to

powdar and shows poorer gettering qualities than the sintered
product.

Before heating, the pressurs in the plant nust not
exceed 0,001 mm., The temperature is raised gradually until
it reaches 100090, after 3 hours and it is maintained at this
level for a further 2 hours when the heatera are switched off.
Pumping is continuocus during the heating and the Punps are
switched off 15 minutes after the switching off of the heaters,
The material is left to cool 4 or 5 hours or more, if possible
overnight,

Zs4 Ceto Powder, The rods, which in the courss of siptering
have more or leas caked togethsr, are carefully separated

and cleaned with a atesl wire brush, and are then broken wp

in a porcelsin mortar and a ball mill. A maximum of 50 gus,
of sintered material is dealt with at & time. It is broken
up in & mortar by hand and put through a silk sieve No. 25
(mesh width 0.02 mm.). The powder which pasaes through the
sieve is useable, The remainder is vut into a hard porcelain
ball mill, wetted with methanol and ground for 8 hours in a
nitrogen atmosphere. Because of its high inflaamability the
ground mass is removed while moist and then dried ani sieved,

Storage.

Since Ceto powder is inflammsble and sensitive to
friction sad shock and under some circumstences {¢eg. if the
nitride content is high and the hunidity of the air is high)
tends to spontaneous combustion, it must be stored in tightly
closed containers free from fire danger and kept cool and dry,
It must be protected from friction and shock (e.2 bottles
with ground stoppers should not be used). The amount of Ceto
material in each bottles should not exceed 3 kg.

Opsrators should wear protective glasses when working
with Ceto and sand should be available to extinguish fires,

Ceto should only be transported in the form of the

sintered material and scrapa should not be put in any general
rubbish dump but destroyed independently,

/ b
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Use,

Ceto 1s uaed in the form of a paste which is
made by aixing 5 parts of powdsr in 1 part of 2.%
collodion solutiaon, The paste is applied by means of
& camel hair brush by hand and after application ie
sintered under vacuun at a tempersture of 10007, if
applied to Nickel-iron or 800%C. 1f spplied to silver.
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"APPENDIX IT

The rating and Applicationof Valves in the

Metal{Ceramic Range

The types on which data ie available in the metal/
ceramic range are the LD.6, LD.7, LD.6&, ID,9, LD.11, LD, 12
and [G,11,

Th: valves are intended for uge under pulse or
continucus operating conditims and, generally speaking,
with grounded grid circuits, They have been used with
concentric lines and with cavity resonators.

The LD.12 has been used succesafully down to 20 cus,
88 an emplifier and a mixer in grounded wrid circuits and it
is claimed that, compared with a pentode, it has the advantage
of a considerably better signal to noise ratio owing to the
reduced shot effect, ®hen the ID.12 is used ms a driven
R P, amplifier its low cathode-anode capacity of 1eas than
30 x 1077 pF. mekes neutralisation unnecessary,

The LD.14 was in the last steges of developrent but
%as not used in any equipnent, Its construction was gimilar
to that of the LD.6, LD.7, LD.9, and at 20 cms. it had beep
tested under pulse econditions ¥ith measured outputs of 100 k¥,

"hen these valves are uaed without the anode cocling
block they are given a new nuaber formed by adding a "Q" tgo
the normal type nuasber. Thus a range LD.sO, 1L.D.70, LD,80O,
LD.90, LD.110, LD.120 ia f oruged,

In the tollowing papes the data on these valves as
given in published Telefunken data sheets are given but
claims have beeu made which suggest thet they can be operated
at wavelengths considerably less than those quoted, Thus
it is claimed that the LD.7 has been operated under pulse
conditicns at 9 cmpas. with Vg = o kV., I, =104., Wy = 300w,
giving power cutputs of 10-15 ¥W., that the LILY has beepn
used with continuous operation to give an output of 20 watta
at 9 cus, with Vo = 1.5 KV, and [, = 200 uk, and that the
LD.11 or LD.12 cen operate down to & Cuss with an output
at 9 cus. of 10 watts obtained with Vo = {00V, and I, = ¢0mA,

/ Valves
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Valves were plenned with builb-in reaonators end
limited frequency range and Telefunken bhelisve such valves
oould be made to operete down to 5 cms.



Decimatre triode oscilla tor (for anode modulation)
' Tentative Data.

Heater voltage 12.6 +3%

Heater ourrent approx. 1.94. '

Por pulse use it is important to cbserve the
+3% tolerance but for continuous cperation
the heater voltage may drop to 12.6 v. - 10K
provided ths consequent power loss ls
tolerated. Even on c¢ontinuousa operation the
tolerance of 3% on overrunning should not be
axceeded if heater-cathode short circuits
are to be avoided.

Heating-up time approx. 2 mins.

Capaocities.

Meagured hot and including stray capacities of
connacting leads

(a) Grid-oathode approx, 13 pPF.
b} Grid-anode approXs 5.7pPF.
c¢) Cathode-anode approx, 0.ZpF.

Maximun operating conditions.

Anode voltage {continuocus operation) 3000 v,
Anode voltage (pulse use) 9000 v,
Cathods current

a) Continuous operation, Vy = 12.6 v. O.4 A,
b) Continuous operation, V¢ = 12,6 v.-10% 0.3 A,
(o]

Pulse opesration. Pulse 1cngthj>10/.macs. 12 A,
Ancde dissipation 300 Ww.

Grid diesipaticn & W.
Common cooling of ancde and grid with
150 litres /min. air flow

Instantaneous grid woltage +300 v.

-Bw Ve

/ Characteristics
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 Characteristios ALV, = 1000, I_ = 150 ma,

Mutual comductance
Durchgrift
Anplification Pactor
Grid voltage
At Vv, = 1000, I, =2 ma,
Grid voltage

Conditions for use as oscillator

Pulse operatiom, anode medulated,

20111 Ve
1.
77

-5 v,

j) ~22 ¥,

Pulse length :F-10/usecs. Duty ratio 1 : 300.

Wavelength Qutput Va I
(cas. ) (w.)  (w.) @
20 25 9 15
30 30 9 7.5

With suitable precautions a

EIJ‘f.
(%)
L
L6

gainst sparkover,

%+ 8. & protective gas atmosphere or similar
device, tle rating can be increased and at

20 cma. with V, = 11 v, I, = 8 mA

ey 8N

output of LO WW. obtained. Grid bias is

obtained with a cathode resistor and
about 100 v,

Continuous operation

Wavelength Output Va I, Wa
(cms.) (watts) (v.) (mA) (w.)
25 12 80O 350 210
30 120 1050 3%0 240
35 170 1200 350 250
50 300 1700 350 300

is

Eff,
(%)

25
33
LO
50

Grid bias is obtained by cathode resistor
and is 15-25 volts. The grid current is

about 50 mA.
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LD.7

Decimetre Triode Qscillator

Preliminary Datme,

The valve is intendmad for use a8 an oscillator
or a driven stage in grounded grid circuita,
Por €.V, use it operates down to a wavelength
of 20 cms. and as an anode modulated pulse
oscillator it will operate down to 41 cnms.

For C.7, oscillatian below 25 cms. the LD,9
is suparior.

Heater voltage 12,6 v,
Heater current approx. 2. 14,
Capacities

lleasured hot and including stray capacities

of connecting leads,

(2} Srid-anode 5.6 pF.
b; Grid-cathoda 11, 3pF.
CS Cathode-anode CsO75pFa

Characteristics
Durchgriff  Vy = 1300/1500 v, I, = 150mA. 1. 7%
Awmplification Factor 59
Mutusl conductance V, = 13060v, Iy = 150/170wA. 18-28mA/v,
¥azxipun operating conditions
Anode voltage far continuous operation
Class 3 use 2500 v,
Ancde voltage for anode modulation 1500 v,
Anode voltagz for pulse usse (Pulsejﬁ>19hsecs.} 9000 v.
Peak voltape for anode modulation 17,000 w,
Grid voltape for continuous operation + 60 v,
- 300 vo
Peak grid voltape with snode pulsing + 200 v,
- BOO v,

Zathode
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Cathoda and anode currents
Cathode Curr. Anode Curr.

Continuous operation - Class B LOO mh. 300 mA.
For anodas modulation 330 mA. 250 mA.
Frequency doubling
(60° conduction angle) 330 mAe 250 mA.
Anode pulsing (mesn during pulse) 10 A. 7.5 A,
(Pulse length }>10 usecs. Duty ratio 1 : 700)
Effective mean ocurrent 600 mA. (BOOmA/umz)

Anode diasipation and cooling

The permissible ancode dissipation depends
uwpon the cooling. The following table
gives typical valuaa.

Pissipation 100 200 300 watts

Air flow EEntry temp. 5o°c.; 50 24,0 600 litres/min.
Air flow (Entry temp. 20°C. L0 160 425 litrea/min.
Anode block temp. 215 192 166 %,

An air flow of 200 litres/min. requires a
pressure corresponding to 5 mm. of water

and 500 litreaﬁnin. 8 pressure of 30 mm,

of water.

Grid dissipaticn and cooling

Max, dissipation 3 watta

When opereting under conditicns of maximum
grid dissipation the thermal grid current
may be as much as 5 mA,

The temperature of the outer valve body
opposite the grid must not exceed 1009C.
and radial air cooling can be used at a
flow of 60 litres/min, with an air entry
temperature of 20%C. or 140 litres/min.
with an air entry tempsrature of 50%C.

/ Operating
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Operating Conditions as Oscillator - Class B

For 300 w, anode dissipation, I = 300 mA., grid
bias obtained from cathode resistanc® and Ig dependent
upon the external resistance but lying between 40-80mA.

Wavelength Cutput v Bffcy.
(cas. ) (watts) () (%)
g0 300 2000 50
60 255 1800 L6
40 165 1550 3%
30 1U5 1300 26
20 35 1100 10.5

Operating Conditions for Pulse Use - Anode Modulated

Anode voltage 9 ¥V,

Pulse length :F- 10zmecs., duty ratio 1 : 700,
Grid bies obtained ffom cathode resistance glving
Vg = =130 to -180 v,

Ravelength Qutput I 1 Effcy.
(cae.) Gy @S ®
50 3e 75 2.5 L8
L0 32 7.5 2.0 47
30 23 7.5 1.5 43
20 24 7.5 1,0 35
12 12 7.5 0.5 20



Decimetre Triode (mcillator

Tentative Data

Heater voltage 12.6 v.

Heater current approX.i.2 A.

The beater voltage ahould not be permitted
to fall below 12,6 v. -10% nor rise above
12.6 v. +¥%k. If the latter figure is
exceeded there im danger of heater-cathode
short circult.

Heating-up time approx. 50seas.

Cagwitiea

Measured hot and including stray capacity
of oonneacting leads,

a) Grid-cathode approx. 10pk,
b} Grid-anode approx. 5 pf.

o) Cathode-anpde approx. 0.09pl.

Maximum operating conditima

- Anode voltage Econtinuous operation) 3000 v,
Anode voltage (pulse use at ground level) 3000 v,
Cathode ourrent (continuous operation)

Class B use with normal heating 0.25 A.
with Vo = 12,6 -10% 0.18 A,
Cathode current (pulse use) Pulaej>19u.secs. 5 A.
Anode dissipation 200 W.
Grid dissipation 4 W,

Common cooling anode snd grid with
75 litres/min, air flow,
Instantaneous grid voltage +200 v.

=500 v,
Characteristica At V, = 1300 v., I, = 120 mA,

Mutual oonductance 201&/’»’.
Purchgriff c.
Amplification factor 111
Grid woltage - v,

At Vo = 1000 v., In = 2 mA.
Grid voltage j> —15 v



Conditions for use as pscilla tor
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Continuous operation

Wavelength
(Cmﬂo)

16
20
30
50

Qutput
{watte)

50
90
140
200

Va

(v.)

1300
1500
1600
2300

I
(m. )

200
200
200
170

EfL.

(%)

13
30
39
51

Grid bias i3 obtained by cathode resistor and is

15-30 volts.

The grid current is about 30 mA.



LD,

Decimetre triode for driven stags or freguency doubler

Tentative Data,

Heater voltage 4 12.6 v,

Heater current approX. 1.2A.

Por pulse ume it is important to see that

Ve 18 maintained within limits of 12.6 v.

+%%, but for continuous operation Vg may

drop to 12.6 v, -10% provided the conaequent
power loss is tolerated. Even on continuocus
opsratim, the tolarance of 12.6 v. +3% should
not be exceeded if heater-cathode short
circuits are to be avoided,

Heating-up time approx. 50secs.

Canacitieﬂ

Measured hot and including stray capacities
of connecting leads,

approx. 10 pF.
approX. 5 pF.
approx. {.,025pF.

b} Grid-ancde

a) Grid-cathode
¢} Cathode-ancde

Maximum operating conditlons

Anode voltage (continuous operation) 3000 v.
Anode voltage {pulse use) 9000 v.
Cathode current (continuous cperation)

Class B Doubler

Normal heating 0. 25 A. 0.22 A.

Ve = 12,6 v. -10% 0.184 0.164.
Cathode current {pulse use) Pulae‘,}»m/u.aecn. SA.
Ancde dissipation 250 W.
Grid dissipation L W,

Common cooling of grid and encde with
120 1itres/min. air flow,
Instantaneous grid voltage +300 v,

~-500 v,

/ Characteristics
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Charsoteristioa At V, = 1300 v, I, = 120 mA,

\

Mutual condustance s 2 .

Durohgriff .

Amplification factar 111

Grid voltage - b,
At Vo = 1000, In = 2 mA.

Grid voltage F ~i5v.

Conditions for use as a freguency doubler {continuous operation)

Wavslength Output Ia Vg,

(cma. ) (w.) (mAe) (ve)

Wa ower in
}rg.) {w.) %ﬂ?ﬁt

100/50 85 175 1500 65 180 1 : 5
70/35 75 175 1700 65 220 1 : 3,5
36/18 L5 175 1500 57 220 1 : 2.5
28/1y 25 175 4500 55 230 1 : 1

As a self-excited oscillatar below 15 cmas. wavelength
ancde modulation may be used, Reaction must be
provided by external circuit coupling.



Pt
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Decimetre triodes osoillator

Tentative data '

Heater voltage 12,6 v,

Heater current approx, 0.8 A.

Overrunning up to Ve = 1445 v, is permissible
but the heatsr voltage should not drop below
12.6 v. -3%. Heater voltage variatians are
to be avoided if frequency stability is
raquired,

Camcitieu

Meansured hot and inocluding mtray capacities
of connecting leads,

approx, 1t pf.
approX, 4 pF.
approx. 0.15pF.

b) Grid-anode

a) Grid—-cathode
¢) Cathode-anocde

Maximun operating conditions

Anode voltage (continuocus operation 80O v,
Anode voltage icontinuous 0perationg valve cold 1000 v.
Anode voltage (pulse use). Pulse 3~ 3 usecs, 2000 v,
Cathode ourrent Ecmtinuous operation) 100 mA.
Cathode ourrent (pulse usa) Pulse F= 5/.13605. 1.5 A,
Inatantaneous grid voltage +50 ve
-150 v,
Anods dissipation 60 25 10 watts
Grid dissipation 2 1 0.5 watts
Oooling air 100 50 0 litres/win.
Grid olrcult resistence 10,000 ohus
Charecteristics At V, = 400 v,, I, = 15 mA.
Mutual conductance ' 9 mA/v.
Durchgriff ’ 1%
Amplification Factor 100
Grid voltage - 2,5V,
. At Va = 800 v. ’ Ia = 2 mA.
Grid voltage < B -6 V.

/ Grid
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Grid leakage is 2 mA., maximum under the maximum conditions
of diszipation for eny given degree of cooling

Conditicnas for use as pscilkor

For Vo = 500 v., Iy = 100 mh. and Vy = 12,6-14.5 v,

Wavelength Qutput Efficiency
(cas, ) (w.) (%)
15 1 -2 4
25 8 20
30 12 30
L0 16 40

Under these conditions I, = 70-75 mA., Ig 25-30 mA.
and the optimum value of Vg = C.
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LD.,12

Deocimetre triods for driven stage or frequency doubler

Tentative Data

Heater voltage 12,6 v,

Heater current

approx, 0.8 A,

Overheating of the heater up to 14.5 v. should
always be used for pulse operatiom but under-

running below Ve = 12,6 v. -3 gives instability
and loes of power,

Cagmitiaa

Measured hot and including stray capacities of
connecting lsads.

approx. 10 pf'.
APPToX, L pF.
approx, 0,03pF.

For operation in the decimetre waveband the valve
should always be used with the grid grounded,

The cutput circuit between anode and grid when
looking into the valve {s equivalent to a

capacity of 3.3 pf. in series with an induo-
tance of 3 x 10”7 H.

{a) Grid-cathode
b} Grid-anods
¢) Cathode-anpdas

Maximur operating conditions

Cathode current gcontinuous operation) 100mA,
Cathode current (pulse operation) Pulse }- j/uaeca. 1. 54,
Anode voltage 800 v,

Anode supply voltage

' 1000w,
Anode voltage (pulse cperation) Pulae}—}/u.nccs. 2000v,
Instantensous grid voltage + 50v,
-150v.
Grid cirouit resistamnce 10,000
ohms,
Anode dissipation 60 25 10 watts
Grid dissipation 2 1 0.5 watts
Cooling air 100 50 0 litres/min.

/ To
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To work under the conditions quoted above it

i8 neceasary to see that connectims to the
eleotrodes are cooled as well as the electrodes,
The temperature of the anode ¢ooling block

should not exceed 15097,

Gharacteristios At V, = 400 Yoy I = 15 mh,

Mutual conduotance
Durchgrift
Amplification Factor
Grid voltage
AtVa = 800 V-, Ia_ = 2mA-
Grid voltage
Grid leakage is 2 mA, maximum under the

maximum conditions of dissipation for any given

degree of cooling,.

Conditions for use as frequency doubler

100 em./50 cm.

Anode voltage (volts) 5
Grid voltage (approx,) -1
Cathode current (ma.) 1

Ancde ourrent (mA.)
Grid current md, )
Output power swatts)
Driving power {watts)
Anode efficiency (%)

for a wavelenyth of 20 cms. and with the use

of good resonance circuits, e.g. line or

cavity, the output resistance of the valve ia

abeout 13,000 chus,

Go
cOo
6o
70
30
18
12
50

Ima/v.

100 .
"2.5 Ve

-16 v,

500m/25cm.

500
=70
100
70
30
6-9
10
20



Heater voltage
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LG, 11

Reoceiving Dicde for Decimetrs Use

Heater current

Capacitiea

(8} Cathode-anode

Maximun operating conditions

Voltage in anode circuit

Momentary value of H,F, voltage between
ancde and oathode

Pulse voltage between anode and cathode in
non conducting direction (Pulse j“-}/usecs.)
Effective anode current

Peak anode current during pulse (Pu]se\f~j/usecs.)

Heater-cathode voltage

External resistance betwveen heater and cathode
Anods current with Ve = 12.6v., V, = 3.0 v. 7
Anode voltage with Vp = 12,6 v., I, = 3 x 107 /A,

The valve i8 normally used sc that it forms *he
end of a concentric line. It is suitable for
use 88 a mixaer,

12n6 - 11&‘5 Ve

approx. 1A,

approx, 3.4 pF.

IQOO Ve

=200 v,
+ 20 v,

1000 v.
80 mi.
1 A,
L0 v,
10,000chna,
30-70 wh.
-1.5 - Ov,



Caramic
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Grid and Anode
half of valve.
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Sailn constructional detnilas.
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Above: Component parts of soldering pot.

Below: Asesnbly of pot and valve parts prior to soldering.

3ilver Rings ..
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Pig. 3: Use of silver soldering pot for making metel/
carsmic seeln,




A.
Anode-grid sub assembly

c.

Heater-cathode
sub asaeably

Figure 4:  Sub assembly details.

B.
Another form of anode assenbly
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LG Dimensions in mm.

Fig. 5: Main Dimensions of Metal/Ceramic Valves.




