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SUMMARY

Plug-in reflex klystrons, which have recently been developed, have many
advantages ; these include flexibility of cavity design, low replacement
cost, improved consistency of characteristics, and a reduction in the number
of types of valve needed to cover a wide frequency band.

The factors upon which the performance depends are discussed from
the particular point of view of plug-in applications. Constructional
details and characteristics are given for two valves so far completed ;
these are, CV2116 for the S-band and CV2346 for the X-band, and both
are low-voltage tubes. The former gives an output power of over 150 mw
and the latter about 40 mw over a frequency band of about 20Y,, but
tests have shown that, given suitable cavities, these two valves have a
useful performance between 2 and 12 kMec/s.

The principles of the design of cavities suitable for these valves are
discussed, with some typical examples.
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§ 1. INTRODUCTION

Tue development of new local oscillator klystrons was initiated as
part of the general programme of improvement of microwave radars.
Improved consistency of characteristics was required in order to reduce the
need for adjustable elements in the automatic tuning circuits (Rateliffe
1954). At the same time the design should be such as to contribute, in
every possible way, to the overall reliability of the equipment, and to be
well suited to systems using mechanical A.F.C.

Tt was soon apparent that these requirements could best be met by a
valve of the disc seal type, which plugs in to a cavity, despite the objec-
tions which led earlier workers (Pierce and Shepherd 1947, p. 570) to
abandon this approach in favour of the integral resonator klystron as
exemplified by the 723A/B. The main disadvantage of the plug-in
valve is a direct consequence of one of its biggest assets ; the valve is so
flexible in application that an inexperienced designer may attempt to use
it in an unsuitable cavity and blame the valve for unsatisfactory results.
This did not seem to constitute a sound objection, for, after all, this
situation is not novel and similar difficulties can be experienced with
integral cavity valves which are coupled to a mismatched load.

Another difficulty to be expected was that of overcoming prejudice
among some equipment designers against the plug-in valve as opposed
to one with an integral cavity, and of ensuring that the difficulties of
designing a cavity were not overestimated and the advantages of the
plug-in valve fully understood. These advantages are as follows.

1.1. Rationalization

Valves with built-in cavities are of limited application, and many
variants are required to cover a modest portion of the frequency spectrum.
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The valve manufacturer is thereby required to spend a great part of
his development effort on designing cavities and tuning devices, at the
expense of development work on controlling the intrinsic valve para-
meters. With production concentrated on a minimum number of plug-
in valves there are benefits in uniformity of product, reliability and price.

1.2. Technical Performance

Many additional and variable factors affecting the performance of the
valve are included in an integral cavity and the user can do little about
these variations. With an external cavity the user can decide for himself
whether to impose strict control on cavity dimensions etc. The changes
in characteristics when a valve is replaced are only those due to valve
tolerances and do not include a variety of other variables.

If a very wide tuning range is required the problems associated with
an integral cavity are almost insurmountable.

1.3. Flexibility

The cavity design can be a compromise between tuning range, frequency
stability, weight and cost, according to the needs of the particular applica-
tion. There is also latitude in the choice of resonator shape and type of
output coupling or couplings. Design work on many new systems can
be started without awaiting development of a new valve which is often
required to satisfy some condition which was not appreciated until late
in the development.

1.4. Practical Convenience

Valve replacement is simplified—an important consideration. This
simplification is partly due to the improved electrical tolerances possible
because of § 1.1 above, and partly because there is no need to disturb
extension shafts which may be coupled to the mechanical tuner. This
feature is valuable when motor tuning is used.

1.5. Replacement Cost

The cavity is not thrown away when a valve fails.

Many other aspects will be perceived, and since two plug-in valves are
now in production this paper has been written with the intention of
acquainting the many potential users with their merits.

The two valves give a frequency coverage of 2 to 11 kMc/s or even more
if considered as signal sources only. Details of their characteristics are
discussed in a later section, together with guiding principles of cavity,
design and some typical examples. For those readers who are more
interested in valve design, some of the problems inherent in the design of
a low power reflex klystron are outlined omitting the detailed theory
which has been presented elsewhere (Pierce and Shepherd 1947, Hamilton
et al..1948).

2Q2
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An early plug-in valve (Broadway et al. 1946) was developed at A.S.E.,
Bristol during the war. More recently, parallel development has taken
place in the U.S.A. (Bohlke and Breeden 1947).

§ 2. THE REFLEX KLYSTRON

2.1. General Principles

Tt is well known that the reflex klystron operates only in a limited
number of conditions of applied voltage known as modes ; for fixed beam
voltage and frequency, the power output is an optimum only if the reflector
voltage has certain discrete values, corresponding to values of an integer »
such that the electronic transit time is #-31 periods of the oscillation. If
the beam voltage, or, more usually, the reflector voltage, is varied around
the optimum value, a fine control of frequency is available, covering some
tens of megacycles at the frequencies with which we are concerned. This
is known as electronic tuning. The frequency range between the half
power points, called the electronic tuning range and abbreviated E.T.R.,
is quite controllable and stable. It is therefore widely used in AF.C.
systems.

The considerations governing the overall design of a plug-in valve are
the same as for any other reflex klystron, but with some slight change of
emphasis. For example, in order that one valve shall be useful over as
wide a frequency range as possible, it is desirable that the variation of
reflector voltage with frequency shall be small, and therefore a low beam
voltage is advantageous (see eqn. (3)). A plug-in valve is often used in a
cavity capable of oscillation in several cavity modes of differing frequencies ;
freedom from mode interference (see § 4.1.) is therefore important, and
this is most easily obtained with a low order cavity mode. A low gap
capacity and high operating voltage favours this condition. Since the
valve may have to operate in badly designed cavities it should be affected
as little as possible by circuit losses ; this calls for a low beam voltage
and high order reflector mode.

Obviously the design must be a compromise between all these
conflicting requirements, which tend to be increased in number by the
versatility of the valve.

We shall now deal in detail with those properties of greatest interest
to the user, some of which are particularly relevant to the plug-in valve.
These are :

1. Power output.

2. Electronic tuning range (E.T.R.).

3. Slope of the electronic tuning characteristic between the half-power
points.

4. Degree of hysteresis present.

5. Noise power output.

+ For brevity we shall write N =n-+} in the remainder of this paper.
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Total useful frequency range.
Frequency-reflector voltage law.
Effect of varying load impedance.
9. Life.

10. Reproducibility of characteristics from valve to valve.

Sl =2

o

2.2. Power Output

The local oscillator of a modern centimetre-wave receiver using a
balanced mixer is not required to give more than 10 mw output.
However, other applications may require more, and it is reasonable to
ask for as much power as possible above this limit, so long as the power
input to the valve is not excessive. The requirement for pre-plumbed
systems has led users to ask that the variation of output from valve to
valve be kept to a minimum.

For a valve of given design, operating at a fixed voltage, the output
power depends mainly on the beam current, and on the value of two
coupling factors, viz. between beam and cavity, and between cavity and
load. The value of the beam current is determined by the geometry of
the electron-gun resonator system provided that the cathode is properly
activated and gives uniform electron emission over its surface. Therefore
the most important distance is that between gun and resonator ; for the
valves to be described, this dimension is controlled to about --0-002 in.
which would cause current variations of about -2 ma. However, other
factors cause the total variation to be somewhat greater than this.

The effective current depends on the cube of the grid interception, and
since the coupling of the beam to the circuit also depends mainly on the
grids and their spacing, it is important that the grid form should be closely
controlled.

The ratio of the load impedance which gives maximum output to that
which extinguishes the oscillation is about 2:1 (Pierce and Shepherd
1947, p. 478). In the design of integral cavity oscillators it has often
proved impossible to avoid large variations in the output coupling, and
consequently tight tolerances on load impedance have been necessary to
ensure oscillation. Consistent coupling is readily obtained with plug-in
cavities, so that this difficulty is much less likely to occur.

2.3. Electronic Tuning Range

In modern radar systems the electronic tuning range required is usually
only sufficient to compensate for transient changes in transmitter frequency
(Ratcliffe 1954), since long term frequency changes are followed by a
mechanical tuner. However, it is still necessary to provide sufficient
E.T.R. for less sophisticated systems; this is probably 6-29, of the
frequency.

All the factors of valve design which affect the efficiency also affect the
electronic tuning range ; these include input voltage and current, cavity
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losses and electronic mode number ; in addition the shape of the electro-
static field of the reflector is important. A detailed discussion is given
elsewhere (Pierce and Shepherd 1947, Pearce and Mayo 1952, Hamilton
et al. 1948). In general, the E.T.R.isincreased by keeping the gap capacity
as small as possible, and using a high order electronic mode ; almost all
methods of increasing E.T.R. lead to a lower loaded cavity . If however,
an attempt is made to carry this too far, frequency stability is reduced
(i.e. frequency pulling by the load is greater, and a greater smoothing of
power pack supplies is needed), efficiency is reduced, and local oscillator
noise is increased.

When the load is varied, the E.T.R. goes through a maximum at the
same loading as that giving maximum power; near maximum power
the E.T.R. is thus insensitive to load conditions. The value depends on
the cavity (see § 4.1) and can be varied over a wide range in the design.

2.4. The Electronic Tuning Slope

The rate of change of frequency with reflector voltage is of considerable
interest to designers of A.F.C. systems and low power frequency modulated
sources. In both cases the requirement is for minimum variation of slope
over the mode and between valves; the actual value is of secondary
importance.

For a plane system, to which practical low voltage tubes approximate,
the slope at the centre of the mode is given by (Pierce and Shepherd 1947)

af \ _ mfeN
(dVR>o_QL(VB+VR) s

where NV is the number of the electronic mode, f, the frequency, V, and V,
the beam and reflector voltage and ¢, the loaded ¢ of the cavity.

Variations in @, V and V; may give rise to changes in slope. The
two former are almost entirely in the hands of the circuit designer, though
beam loading (and hence current) may have a small effect on ;. The
variation of reflector voltage from valve to valve depends largely on valve
geometry and is discussed in § 2.8.

Away from mode-centre the slope is given by (Pierce and Shepherd 1947)

A l@]

where 8f is the deviation from the centre frequency. Thus the slope
increases as we move away from mode centre, and for a given §f the change
is less the lower ¢),. However, for a given valve it is unwise to reduce @,
much below the value giving maximum power output ; it is better to
design the valve in the first place to give optimum output at low @ ;
here the discussion in the previous section applies.

In practice it is found that the variation over the mode is greater than
that caused by changing valves and cavities, provided careful control is
maintained over the dimensions of the two latter.
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2.5. Hysteresis

This phenomenon is well known and will not be described in detail
(Pierce and Shepherd 1947). There are two main causes :

1. Multiple transits of a proportion of electrons.

2. Unwanted cavity resonances (Pearce et al. 1953).

Electrons making more than the normal two transits of the gap partially
retain their bunching and the phase is in general different from that of the
main second transit bunches. The effect is greatest when the oscillatory
power in the cavity is low, i.e. towards the edge of the mode, and usually
the upper frequency side is the more troublesome.

The only satisfactory cure is to prevent more than two transits by
controlling the shape of the beam. Two methods of doing this were
considered : (a) axial metal spikes are attached to both gun and reflector
so as to produce a hollow beam which is outwardly diverging over most
of its path (Pierce and Shepherd 1947). Such designs are not easy to manu-
facture, (b) the electron optical system is so designed that the beam has a
Wwaist in the vicinity of the gap and thereafter spreads out as it goes into
the reflector space and back again. It is necessary to make the resonator
aperture on the reflector side larger than that on the gun side in order to
utilize the returning electrons. This system is used in both (V2346
and VX5048 (an improved version of CV2116) and keeps multiple transits
down to an insignificant level.

A similar effect may be observed if the cavity and reflector voltage
conditions which give the required frequency are also appropriate to
oscillation at some other frequency. This question is discussed in § 4.

2.6. Noise Power OQutput

The local oscillator of a microwave receiver will contribute noise, its
magnitude depending on the ratio of the width of the output spectrum
of the oscillator to the intermediate frequency. Thus the noise varies
inversely with @, ; other factors which may affect its value are partition
noise, multiple transits, and secondary emission. In most modern
receivers local oscillator noise is reduced to negligible proportions by the
use of balanced mixers.

2.7. Total Useful Frequency Range

One advantage of the plug-in valve is that a wide frequency range can
be covered. If this is required in a single cavity it may be necessary to
use more than one electronic mode, and in some cases more than one
cavity mode.

2.7.1. Factors Determining the Limits

At the upper frequency end these are (¢) a mechanical limit determined
by the smallest cavity that can be fitted to the valve ; this is seldom 2
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real limit since the next higher cavity mode can then be used, (b) cavity
losses increase in proportion to fV/2, and, more important, in valves such
as the V2346, designed to operate in a 3A/4 mode, the dielectric loss
becomes excessive at high frequencies, because then, the nodal surface.
which at lower frequencies is within the glass, has moved away so that the
glass is in a position of appreciable electric field, (c) the coupling to the
beam falls off with increasing frequency, (d) when the electronic mode
number is increased the valve efficiency falls, and when the cavity
mode number is raised the cavity losses increase.

The lower frequency limit is determined by the reflector voltage. For
a given electronic mode the reflector voltage decreases with frequency
until the fastest electrons strike the reflector which then ceases to function
normally. The minimum safe voltage is about 70 volts at the low voltage
side of the mode. To operate at lower frequencies the next mode must
then be used, but after the mode giving greatest efficiency is passed the
performance deteriorates and in the lowest mode the valve may not
oscillate.

2.8. The Frequency—Reflector Voltage Law

This relationship is of interest when the reflector voltage is ganged with
the mechanical tuner. Fortunately the reflex klystron gives a good
approximation to a linear law ; under reasonable assumptions it may be
shown that the optimum reflector voltage is given by the equation :

LfV .
Vet Ve= 55180 —F) (3)
where
9f

E‘ W};T/z . . . . . . . (4)
—resonator—reflector distance and g the resonator gap including grid
thickness, in inches, and the frequency f is in Mc/s. The factor £ takes
account of the finite transit time of the electrons between the control
grids, and is generally small. Over the greater part of the frequency
ranges of the valves which we shall describe, E is about 0-1 so that its
frequency dependence may be neglected, and the relationship between
J p and f is sensibly linear. Even at the highest frequencies the curvature
is so slight that over a 159, frequency band a linear law will give I'p

within a few volts of the optimum voltage for a particular valve.

Variations of L and ¢ will produce differences in the constants of this
linear equation, and by differentiation of (3) it may be shown that

&« _ VetVr

oL L
and
Ve Vyt+Ve Vg
oy 4V, oL
For example, in the CV'2346 0V ,/0L and 9V dy are about 7 and 3
volts per 0-001 in. respectively : in practice a spread as low as £0-001 in.
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to 4-0-002 in. has been achieved, so variations in Vj of up to 420 volts
may be expected. Since this variation is comparable with the width of
the mode (about 30 volts between half-power points), a pre-set adjustment
of Vj is required to allow for variations between valves ; however, since
the range of adjustment required is not large, the chance of serious
misalignment should be small.

2.9. Frequency in a Given Cavity

There is some advantage in designing a valve to give as high a
frequency as possible in a cavity of a given size. More important, how-
ever, is the variation of frequency when different valves are plugged
into a given cavity.

In the manufacture of plug-in valves the gap capacity of each valve is
set before processing, by clamping it in a cavity and adjusting the gap for
resonance at a predetermined frequency. Even so, variations of frequency
in the final valve occur, mainly because (a) small distortions take place
during processing, and (b) owing to small variations in shape of the copper
diaphragms all valves do not have the same inductance to capacity ratio,
so that even if identically tuned in one cavity they may show deviations
at other frequencies.

2.10. Summary Concerning Reproducibility

It is evident that the physical dimensions most in need of control are
the reflector spacing, the resonator gap, the thickness of the grids in an
axial direction, the gun spacing, and some dimensions within the gun
(Pearce 1952). Uniform cathode activity, which depends upon the treat-
ment of the parts of the valve, before and during manufacture, is also
important. A number of other factors which have to be kept under
control have not been mentioned. One such is the correct alignment
of the electrodes with respect to the cavity ; if this is faulty the general
performance of the tube is poor.

§ 3. PracTIicAL DESIGNS

3.1. General

This paper is concerned principally with two valves which are well
established. The (V2116 (VX5029) was designed for the S-band and
the CV2346 (VX5028) for the X-band (Pearce et al. 1951, Pearce et al. 1953.
Pearce 1952), but as will be shown later, both valves have a useful
performance over a wide band. Concerning a third valve of the plug-in
type, the VX5048, nothing more than brief mention can at this time be
given since manufacture has not yet commenced and slight changes
may yet occur (Taylor 1956). It is an S-band valve and is an improve-
ment on the CV2116 in the following particulars.
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1. Hysteresis is virtually absent.

2. The upper frequency limit in a fundamental cavity has been raised
to about 4-2 kMc/s.
In appearance and size it is somewhat similar to CV2116 except that the
lower diaphragm is conical.

3.2. C'V2346

A general view of the valve is given in the photograph (fig. 1 (A)) and
a scaled sectional view in fig. 2. The envelope is of lead glass to which

Fig. 1

Plug-in reflex klystrons. Sectional view of plug-in
A. CV2346 for 3-11 kMe/s. reflex klystron CV2346.
B. CV2116 for 0-5-5 kMc/s.

the copper diaphragms are sealed. The upper diaphragm is of cylindrical
shape on the outside and necessitates a spring contact in the cavity.
‘The lower diaphragm has a conical shape. It fits into a conical recess in the
cavity and is clamped by means of an external conical shaped flange.
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This arrangement provides a reliable contact. eliminates the need for a
spring at this diaphragm, and ensures accurate location of the valve in
the cavity.

The bakelite cap at the reflector end of the tube has a longitudinal
slot. This may be used as a keyway to engage a pin mounted on the
cavity so that the valve is always inserted with the same orientation.

The electron gun is of the Pierce type and has a flat oxide cathode of
5-4 mm diameter mounted on a ceramic spacer inside a focusing electrode
which is flared outwards at its end. Across the anode aperture of the
resonator, facing the cathode, a curved tungsten gauze is fitted to act as
accelerator.

The ‘“ honeycomb * grids covering the resonator apertures (of diameters
3:0 mm and 4-0 mm for the gun and reflector ends respectively) are made
of copper. In the direction facing the cathode the copper thickness is
only 0-0005in. so as to minimize electron interception, but good heat
conduction and rigidity are ensured by having a longer dimension in the
axial direction—it varies from 0-005 in. on the axis to 0-010 in. at the edge
of the apertures. A single grid of this sort has been found capable of
dissipating at least 30 watts before glowing dull red. The diameter of
the cell is approximately 0-017 in. and the distance between grids is about
0-012 in.

Grids of this sort can be made flat, and remain reasonably flat in opera-
tion ; this helps in achieving reproducible reflector spacings. Such grids
are also robust and withstand vibration.

The reflector is essentially a shallow dish about 4 mm diameter and
0-5 mm deep and is mounted on a ceramic washer which abuts against a
shoulder in a nickel tube. The latter is pushed home into the cylindrical
boss of the resonator diaphragm. By paying close attention to the
accuracy of the important dimensions, the reflector spacing can by this
means be controlled to within --0-001 in. to 0-002 in.

The gun is held central by means of mica washers which are a good fit
in dimples pressed into the glass. The gun to resonator spacing is set
by microscope before sealing in.

The dimensions of the valve are chosen for operation in a 3\/4 cavity
mode and the glass between the diaphragms is near a nodal surface at
mid-band frequency.

3.3. CV2116

As will be seen from fig. 1 (B), this valve is broadly similar to the
previous one, so a detailed description will not be given. The differences
are mainly due to the fact that the (V2346 was not finalized until several
years after the CV2116 and further development had taken place in the
interval.

The principal differences are: (1) the resonator diaphragms are of
cylindrical shape at both ends, so that two spring contacts are usually
necessary, (2) the electron gun is not of the Pierce type but has a cathode
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of 6 mm diameter producing an electron beam which converges only
slowly as it approaches the resonator. The resonator apertures are about
7.5 mm diameter. This arrangement leads to a certain amount of mul-
tiple transit hysteresis, (3) the resonator grids are made in a different way.
Thin copper tape of section 0-020 in.x 0-002 in. is silver plated, crinkled,
wound into a flat spiral and brazed into the resonator diaphragm. This
is not as controllable as the later honeycomb type, (4) the usual cavity
mode employed is the fundamental.

3.4. Characteristics of C'V2346

3.4.1. Power Output, E.T.R., and Reflector Voltage

Figure 3 shows the average results obtained in the three standard test
cavities in the normal test band (8:5 to 10 kMe/s) on a run of 80 valves.

Fig. 3
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The input voltage was 300 volts and the electronic mode 43 periods,
which is best for these frequencies. The power output is seen to be
reasonably flat over this band. For reasons of convenience in testing
the normal test band was restricted to that principally in use, but the
tests carried out within this band are sufficiently stringent to assure
satisfactory operation at other frequencies.

Over a wider band, measurements of power output in radial line
cavities of different diameters are given in fig. 4. These results are the
average of a small number of valves from a later batch. The difficulty of
making satisfactory measurements over such a wide frequency range will
be appreciated, and fig. 4 should be regarded as a qualitative picture of the
behaviour of the valve, modified to some extent by measurement con-
ditions.

Fig. 4
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It will be seen that a useful output is obtained over a frequency range
of about 5 to 12 kMc/s in a 3)/4 cavity mode and, in addition, frequencies
around 3 kMc/s may be obtained in a A/4 cavity mode. At frequencies
approaching 12 kMc/s, it is necessary to increase the input voltage to 400,
which is safe for short periods provided the valve is well cooled. For
frequencies below 8 kMc/s, the 4% electronic mode becomes inefficient
because the reflector voltage is decreasing, and lower order electronic
modes are preferable. At almost all frequencies, appreciably more output
is obtained with a beam voltage of 350 volts than with 300 volts.

The electronic tuning ranges associated with these modes are given in
Table 1 over as wide a frequency range as permitted by the wavemeters
available. No wide variation with frequency is observed.

For some purposes, an E.T.R. of 30 Mc/s or more is desirable. This
has been achieved by modifying the cavity so as to have a capacity rim
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at the appropriate placet. This is usually close to the glass so in practice
the rim is attached to one diaphragm of the valve. With this arrange-
ment the mechanical tuning is somewhat restricted.

Table 1
Frequency (kMc/s) 7 8 9 10
E.T.R. (Mc/s) 43 Mode 300 Volts — 16 16 13
E.T.R. (Mc/s) 4 Mode 350 Volts — 21 22 20
E.T.R. (Mc/s) 33 Mode 300 Volts 10 10 9 8
E.T.R. (Mc/s) 32 Mode 350 Volts 11 13 12 11

3.4.2. Shapeof Mode

A typical curve of power output and frequency as a function of reflector
voltage for the usual 43 mode is shown in fig. 5. Some asymmetry is
noticeable, but not prominent.

Fig. 5
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3.4.3 Noise Output
The average excess noise temperature ratio of a few valves has been
found to be 0-53. For this test, an image matched mixer was used and
the conditions were : intermediate frequency 45 Mc/s, conversion loss of
+ B.P. 14,634/1954.
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crystal mixer 6 dB, oscillator power 1 mw. An excess n.t.r. of this value
corresponds to a worsening of the signal to noise ratio of the receiver,

from 9 dB to 10 dB. Where this might be disadvantageous, a balanced
mixer is used.

3.4.4. Slope Measurements

Figure 6 shows the way in which the slope of the reflector character-
istic, df/dVy, varies over the mode for two electronic modes. The half
power points are indicated. Some asymmetry, particularly in the 43
mode, is noticeable. This is a direct consequence of the asymmetrical
power output curve of fig. 5.

Fig. 6
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Figure 7 shows how the slope at the centre of the mode varies over

the frequency range 8-5 to 10 kMc¢/s. The increase at 85 kMc/s is mainly
due to a decrease of Q).
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3.4.5. Reproducibility of Characteristics

Table 2 gives statistical results for reflector voltage, frequency, input
current, output power, and slope, for a number of tubes when plugged into
the same test cavity. Columns 3 and 4 show the limits within which
509, and 909, of the tubes would lie, respectively. For instance, 909,
of the tubes have an optimum reflector voltage falling between the limits
173 and 205 volts. If we assume that this variation is due solely to change
of reflector spacing, the reflector spacing limits are about -40-002 in.
Since, in fact, other factors contribute, the actual variation would be
rather less. This variation is small because of the method used to locate
the reflector ; if it were necessary to control the reflector voltage to
finer limits, special methods of mounting the reflector would be

necessary.

Table 2. (V2346 Reproducibility. (Results on 80 pre-production valves)

Mean ‘St‘d'ode"' 0-67c 1-61c
Ve 189 9.7 465 1156
f 9276 20-3 13-6 32.7
: 300 3.4 2.3 55
Power 43-3 6-6 4-4 10-6
qa. 0-42 0-05 0-033 0-080
aVz),

509, of valves lie within +0-67¢
909, of valves lie within +1-61¢

3.5. Characteristics of CV2116

3.5.1. PowerOutputand E.T .R.

Over the range 2-6 to 3-6 kMec/s, using the fundamental cavity mode
and the 22 electronic mode, the power output is almost constant and is in
the region 150 to 220 mw. The E.T.R. too is reasonably flat over this
range and is in the region 20 to 25 Mc/s. At a frequency of 3-75 kMec/s
using the same electronic mode but a 3A/4 cavity mode, the E.T.R. is
about 10 Mec/s.

Oscillations have, however, been obtained over a much wider band from
0-5 to 5 kMc/s (Rateliffe 1952), but the power was not seriously investi-
gated. In another investigation (Smith 1953), a useful output was
obtained over the frequency range 2-38 to 5 kMc/s using a coaxial line
cavity with slot output, without any coupling adjustment. The results
are given in table 3. The power output at the extremes of this band,
could, undoubtedly, have been considerably improved by an adjustment
of the coupling.

The usual input conditions for this valve are 250 volts 25 ma.
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3.5.2. Reproducibility of Characteristics

Since the spacings are greater in this valve, reproducibility is easier
to achieve, though the presence of hysteresis in random degree militates
against this. The results obtained on a batch of 56 production valves
at 3:2 kMc/s are shown in table 4.

Table 3

f(kMcs) | 238272288 3-09

|
333 3-41‘3-70;4-()6}4-40 5-1,»0’

|

Output (mw) 25 80 | 120 | 152 | 160 | 180 | 190 S0 60 20
Ve (Volts) 87 115 | 138 | 160 | 192 | 205 | 255 | 142 | 210 78
Mode — — — 23 | — — — 330 — 43
Table 4
Characteristic Ve I(ma) | E.T.R. Mean slope ({/ (I‘I'R '])et\\'eon
half power points
Mean 180 27-9 l 23-8 0-80
Std. dev. 51 2-8 24 0-06
Table 5
Cathode | Heater | Number Life (hours)
Valve voltage | voltage | tested
g HBg Average | Maximum | Minimum
300 6-3 43 2800 4300 760
300 5-8 7 5200 3100 2150
-)‘
CV2346 | 309 50 5 | Still good at 8000
350 6-3 24 2250 5800 16
250 6-3 11 |8 still good at 2400 2350
CV2116 —5000
325 6-3 6 1850 3300 650
3.6. Life

Table 5 shows the results of life tests on the two types under various
conditions. Tests on CV2116 at a heater voltage of 5-8 showed a life of
at least 10 000 hours.

3.7. Ruggedness

Neither of these valves was designed with ruggedness specifically in
mind, and on the CV2116, no tests have been made. A number of tests have

E.C. 2R
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been carried out on the CV2346 and the behaviour under conditions either
of intense vibration or impact seems to be very good for a valve of this
type.

3.8. Frequency Stability

The frequency stability of both valves is very good, given stable
voltages. The average warming-up drift of the CV2116 in a A/4 cavity
is about 750 ke/s at 2-65 kMc/s, while the temperature coefficient of the
(V2346 averages —40 ke/s per °c, the coefficient of the cavity being
additional to this.

§ 4. CaviTy DEsIGN

Since the design information cannot be condensed into simple exact
rules it is proposed to discuss the possibilities very broadly. to give some
precise information about certain essentials, and to illustrate with selected
examples.

4.1. General

So far as the user is concerned the reflex klystron may be considered as
a non-linear negative conductance element or two-terminal generator
possessing certain special features which have been described in § 2.

Fig. 8
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Variation of output power of CV2116 with loaded and unloaded @.
(Coaxial 3A/4 cavity. 3-7 kMe/s.)

The non-linear property is exemplified by the variation of power output
with load (fig. 8), particularly the manner in which the power output-"
falls rapidly to zero at a critical loading.

In principle, any type of transmission line could be attached to the
valve, to form a resonant circuit. However, development has been
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chiefly confined to two types—radial line and coaxial line—and it is
suggested that these basic types will suffice for the majority of applica-
tions.

With each type of cavity there is a choice of tuning methods and load
coupling. Tuning may be achieved by physical change of the main
resonant element, or electrically using a change of dielectric. Both
methods, especially the former, are used where wide frequency bands
have to be covered. For narrow band tuning, say, less than 19, some
form of trimmer may be employed.

Whatever form of tuning is adopted, the wider the frequency cover
the more difficult it is to design the load coupling, or to set it if the coup-
ling is made adjustable. For the majority of requirements the load
coupling should be designed so that no adjustment with change of fre-
quency is required and it is therefore important to avoid using a tuning
system which causes gross distortion of the field in the resonator.

With elementary types of cavity, i.e. those approximating to a (2k+1)A/4
line, the admittance change with frequency is similar in form to that
of a simple lossy L.C. circuit. The electronic tuning rate and power
output will vary over the mode (see figs. 5 and 6) and, if it is desired to
use the valves as a frequency-modulated source, the modulation depth
is limited to a small fraction of the mode width. The frequency width
of the mode is roughly inversely proportional to (2k-+1) so that a A/4
line is best for this purpose and the linear portion of the mode is increased
as the loading is increased. By using a complex circuit with two tuned
elements properly coupled it is possible to achieve more suitable charac-
teristics (Reed 1953).

For the most common applications the guiding rules in choice of cavity
are :

(a) Choose a symmetrical type.

(b) Use the simplest approximation to a (2k-+1)A/4 resonant line, and
the lowest convenient value for k.

(c) Use the simplest form of tuner consistent with setting accuracy
requirements.

Both the radial and coaxial line cavities give a symmetrical coupling
of the resonant element to the electron beam. With both types there
is a choice of dimensions controlling the characteristic impedance of
the line, and this in turn affects the cavity losses and the corrections in
resonant length caused by the discontinuity at the valve electrodes.
The most serious factor to contend with is the possibility of obtaining
oscillation at more than one frequency. For example, the desired
operation may be in a )/4 cavity resonance with a reflector mode of 12
cycles, and the cavity may have a 3)/4 resonance at a higher frequency
such that the reflector voltage is suitable for the 4% cycle mode. Such
coincidences are unusual, but can be very serious in effect and at the
least will cause some discontinuity in the electronic tuning characteristic.
The interferences may be moved by changing cavity dimensions or

2R 2
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sometimes a change in resonator voltage may be sufficient to remove a
discontinuity outside the required frequency range. Another method
is to eliminate the unwanted mode by the use of a mode suppressorf.
It is always worth while plotting the various modes of oscillation over
the range of the tuner to check whether there is any tendency for an
interference to occur.

The coaxial line resonator is the most versatile, and is particularly
suitable when a wide frequency cover is required because the resonant
length can be changed by moving a single shorting plunger. The radial
line cavity is less suitable for wide tuning ranges, but a simple design
covering up to 209, is described in § 4.2.

Some padding is normally desirable between th: valve and the load
(usually a crystal mixer) but even so, most valve designs have power in
hand. If power output alone is taken as the criterion of cavity perfor-
mance it may not seem important to reduce the cavity losses, although fig. 8
shows that losses, as measured by ¢,, do have significant effect. How-
ever, unless the losses are controlled difficulties may arise through their
variation, and furthermore there is the danger that the loading condi-
tion chosen may be unsatisfactory. Excessive cavity losses are most
frequently caused by poor contacts to the valve, poor joints in the cavity,
or lossy tuning devices, and can easily be kept to reasonable proportions.

The output coupling is usually one which is predominantly coupled
either to the electric or the magnetic field, e.g. by a probe or loop. With
waveguide systems a coupling through a slot in the cavity wall is usually
preferred because it is more easily defined in physical dimensions. The
power output and electronic tuning range are not critically dependent on
loading around the optimum value, but the electronic tuning rate is
inversely proportional to the loaded ¢ of the cavity. The load coupling
must therefore be designed to maintain a reasonably constant ¢ value
over the frequency band if the electronic tuning rate is an important
parameter. With a fixed coupling it is difficult to obtain satisfactory
results over more than a 25%, band of frequency, because the standing
wave pattern of the field changes except close to the valve or shorting
plunger, and neither of these positions is practical. A combination of
coupling to the electric and magnetic fields, or a distributed coupling
such as a directive feed, can be used over a wide frequency band. For
this reason attempts have been made to develop cavities using rectangular
waveguide as the main resonant element, but with this type of cavity
two tuning plungers are required for a wide range (Spencer 1955).

4.2. Some Practical Details

When designing a cavity it is desirable to produce some form of plot
relating frequency, tuner position and reflector voltage for both the
wanted mode and any others which may occur within the tuner and
reflector voltage ranges required. From this the possibility of interference

T A practical suppressor has been designed by W. E. Boud and L. T. King
(see B.P. 751, 741).
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and measures necessary to avoid it may readily be assessed. Figures 9
and 10 are examples of such plots, though they are both far more com-
prehensive than would be required for a cavity of any but the widest
range. Figure 9 is for the CV2116 in a coaxial cavity of the dimensions
shown, where optimum reflector voltage for oscillation is plotted against
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tuner position, the figures on the curves indicating wavelength of oscilla-
tion and the reflector and cavity modes. Interference may occur where
two lines cross, or nearly cross. This type of plot becomes very complex
if it is desired to indicate the finite widths of the modes. Figure 10 is
a chart for the ('V2346 in a radial line cavity of height 10-0 mm. Here
the lines sloping up from left to right are of reflector voltage at mode
centre (full) and mode edges (dotted) against frequency, while the curves
sloping down from left to right are of cavity diameter against frequency.
Possible interferences are not so obvious but can readily be detected ;
for example, at 10-5 kMc/s using the 3)/4, 53 mode, interference with
the A/4, 13 mode at about 2:9 kMc/s would be likely but this could be
avoided simply by using the 43 mode. Although the cavity dimensions
shown may not be the most su'table for all applications, the range of
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values is limited by the valve dimensions and the desirability of using
an outer dimension which is small enough to avoid undesirable waveguide
modes and yet not so small that the circuit losses are serious.

In practice the resonant frequency may be significantly altered by the
load coupling, but it is usually possible to design a form of coupling which
does not add susceptance. Sometimes susceptance may be added
deliberately to affect one type of resonance more than another and
thereby remove an interference.

Fig. 10
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The design and manufacture of suitable contacts between the valve
and cavity seems to present a difficulty to some users. However, it
has been proved possible to make cavities which will give consistently
good results for many thousands of insertions and after long exposure
to humid conditions.

Contacts for the CV2116 are the more difficult. It is possible to make
-contact to the larger copper of this valve by clamping down on the small
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flat annular surface but this type of contact is not satisfactory in the
region of 3-7 kMc/s where there is a current maximum close to the contact.
The spring contact to the smaller diameter copper must be capable of
distortion sufficient to take the tolerances on diameter and eccentricity
if the large copper is clamped. The location of the valve in the cavity
may be defined by a shoulder stop for either copper. Various designs of
spring have been used, but those shown in fig. 15 have been proved most
reliable. The contact to the larger copper is made by winding beryllium
copper strip 0-004 in. by 0-10 in. into a close wound spiral, the ends of
which are soldered together to form a ring, which is compressed after
insertion of the valve. Spring finger contacts of beryllium copper are
used for the inner contact of the coaxial line with equal success.

The experience gained with CV2116 led to a redesign of the valve
coppers in CV2346. The conical skirt fitted in place of the larger diameter
ring has been found very satisfactory, both in respect of good electrical
ccontact and reproducible location. The valve dimensions are checked
in a test gauge with only 1° taper between the different cones to minimize
wear on the valve copper, but in normal use the same valve would not
be inserted many times and a larger taper may be used to give even
greater certainty of a good contact. The locating spigot of bakelite
on the CV2346 was fitted primarily to reduce the frequency tolerance
which would otherwise need to include effects of random orientation,
and also to prevent wear of spring fingers caused by rotating the valve.
This spigot has been toleranced to centre the valve with sufficient accuracy
on insertion, and prior to engaging any spring contacts, so that fouling
of spring fingers can be prevented. Long beryllium copper spring fingers
have been used to form a A/2 low impedance line, and this type of contact
has proved successful for a 309, frequency band. The dimensions have
been chosen so that the spring is approximately cylindrical when a valve
is inserted and a cylinder inside the fingers dimensioned so that only a
small displacement of the fingers occurs &n inserting a valve. This type
of spring requires a force of about 3 pounds to insert the valve and contact
losses are small in the region 85 to 10 kMc/s. In the region of 5 kMc/s
the contact will be close to a current maximum and experience with the
CV2116 at 3-7 kMc/s showed that a pressure of 2 pounds per finger (16
fingers) was necessary to make sure that contact resistance was unde-
tectable. Spring fingers which are burred or distorted so that the length
of line contact is reduced may give contact troubles. With well-made
contacts for the CV2346 it is possible to wobble the valve in its seating
within limits imposed by the clearance round the spigot without any
significant effect. If the circuit is to be exposed to shock or vibration
it is as well to take the further precaution of locking the valve by a wedge
at the spigot end to reduce the strain imposed on the glass-to-metal seals.

Most tunable cavities, except those for small ranges where a trimmer
may be used, require a movable short circuit, the shape of which depends
on the type of cavity. Non-contacting choke systems are preferable as
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a means of maintaining a negligibly small impedance between the fixed
and moving members. The theoretical requirements have been treated
extensively by Huggins (1947) and the essential feature required is a line
of very low characteristic impedance. Because of the very small clear-
ances required (0+010 in. or less) and the need to avoid any stray contacts
along the length of the choke section, the mechanical tolerances are critical
and the surfaces must be smooth. Very small clearances may be used
with a choke made of anodized aluminium and the low impedance thereby
obtained makes the choke suitable for a wide range. However, experi-
ence with such devices has shown that many types of anodized surface
are lossy and results may be very unsatisfactory if the materials and
processing are not carefully controlled.

Table 6
Valve Cavity Reflector Loaded @ Unloaded @
mode
V2116 A 4 radial :
i 23 100-150 600-1000
CV2116 3A/4 coaxial ¢ .
2.7 kMe s 23 350 1500-2000
CvVz2116 37 kMc/s 23 650 1500-2500
V2346 314 radial 700
8:5 kMe/s &
9-35 kMols 43 ;28 1500-2000
10 kMe/s ‘

During development it is advisable to measure the cavity losses, and
the unloaded  value with a cold valve inserted is a suitable parameter
since this will also indicate any defects in the contacts to the valve,
although some of the loading will also be due to losses in the valve grids
and glass. @ values may be calculated from results of standing wave-
measurements (Altar 1947), or, in special circumstances. transmission
filter measurements may be made. Tolerances on these valves are so
close that it is seldom necessary to select ‘average’ valves for circuit
development unless the requirements are particularly critical.

To assist designers, table 6 gives some values for loaded and unloaded
() which are representative of good practice.

4.3. Practical Cavities

Figure 11 shows a sectional view of a simple fixed frequency cavity for
the ('V2346. similar in form to those used for testing the valve. The
variation of frequency with diameter of such a cavity is shown in fig. 10,
though this was obtained using a simpler spring contact ; the A/2 spring
fingers give a frequency 50 to 100 Mc/s greater for the same diameter.
By coincidence the curve shown for the A/4 mode in fig. 10 is almost
identical with that for a (‘'V2116 cavity of height 0-79 cm.
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Fig. 11

Sectional view of fixed frequency cavity for the CV2346.

Fig. 12

(‘avity for CV2346 with Frequentite tuner. (Tuning range 300 Mec/s approx.)

Such cavities. with the addition of simple trimmers, can readily be used
to provide oscillators of limited tuning range. Figures 12 and 13 show
photographs of two examples ;: the former a (V2346 cavity tuned by a
Frequentite rod of 0-26 cm diameter traversing a chord, and giving a
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tuning range of about 300 Mc/s ; the latter a sectioned cavity which was
tuned by an anodized piston in a length of circular waveguide coupled
to the radial line, giving a tuning range of about 600 Mc/s.

A radial line cavity giving a tuning range of up to 209, is illustrated
in fig. 14 ; in this case the diameter is effectively varied by moving two

Fig. 13

Cavity for CV2346 with anodized piston tuner. (Tuning range 600 Mc/s approx.)

Cavity for CV2346 with variable diameter tuner. (Tuning range up to 20%,.)
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C-shaped side members which are spaced off the top and bottom of the
cavity and have chokes cut into them on both sidest.

A coaxial line cavity for the CV2116 is shown in fig. 15 ; it was designed
to tune over the range 3-1 to 4-2 kMc/s, but with a modification to allow
greater travel of the tuning mechanism gave the results shown in table 3.

Fig. 15

Coaxial line cavity for CV2116.

Fig. 16

Coaxial line cavity for CV2346.

It is of particular interest in that it operates successfully despite many
possible sources of trouble. Reference to fig. 9 shows that when using
the 34/4, 2§ modes in this region, interference from both A/4 and 5)/4
modes is possible, and both were encountered during the development.

T These cavities, designed by L. T. King, are available for the following
frequency bands :

6-5-7-5 kMe/s

7-5-8:5 kMec/s > for CV2346. 2-7-3-4 kMc;s for CV2116.
8:5-10 kMc/s
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The reactance of the output coupling slot was used to move the wanted
mode away from the )/4 mode, while the 5)/4 mode was overloaded by
placing the output slot at the current maximum of this mode, so setting
up the required 3)/4 mode preferentially. Some difficulty was experienced
with the TE,, waveguide mode ; the choke tuning plunger then in use
was shown to provide a coupling between this and the coaxial mode.
The * bucket ’ type plunger shown was found to eliminate this and also
gave lower losses than any other tuning plunger tried ; the plunger is
held 0-010 in. off the cavity walls by small nylon studs.

Figure 16 shows a coaxial cavity for the (V2346 which tunes over the
range 8:5-10 kMc/s. The main body of the cavity is of die cast aluminium
and all aluminium parts are anodized, so providing both resistance to
corrosion and insulation between cavity and tuning plunger. This cavity
was designed in the Stanmore Laboratories of the G.E.C. to whom we are
indebted for permission to publish this description.

§ 5. CONCLUSIONS

Experience with the valves described in the hands of many different
users has proved that the advantages expected of the plug-in valve have
been achieved without any serious attendant disadvantages. Even the
protagonists of the valves have been surprised by the consistency of
characteristics achieved, and the versatility as demonstrated by the range
of uses to which they have been put, as for example in the use of high
order cavity modes to provide frequency stability or low noise output,
and in the cavities of very wide tuning range which have been designed.

It has been proved that cavity design really involves no greater problems
than the design of lumped circuits, though the process tends to be slower
since machining is generally involved in circuit modifications.

There will probably always be some users requiring wide electronic
tuning ranges and others who insist on much less. This can partly be
dealt with by cavity design, and in addition the use of the capacity rim
has provided a very neat method of extending the range available without
multiplying the number of basic valve types to be produced. For users
whose requirements are better suited by a valve with a simple cavity
attached it is not difficult to solder the valve into such a cavity and supply
it in this way.

Apart from the improvements expected from VX5048, and detail
development of such qualities as ruggedness, it is difficult to envisage
further advances being required or possible with the reflex klystron type
of valve. There is reason to hope therefore that the valves described
will be accepted as standard tools of the microwave designer for many
years to come.
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4 Cavity Water and Air Cooled
X_Band 1KW CW Klystron Amplifier
CATHODE Indirectly heated, impregnated type.
HEATER V}, (approx) 4.1 v
- 1 A.8 A
I}, Surge must not exceed 10A. The heater must be
run at full current for at least 1 minute
before high voltages are applied to the valve.
VIAXTMUM RATINGS (All values are absolute)
Veollector 11.0 kv
Vcavities 11.0 kv
Vdirector -2.0 kv 2
N +0.25 kV a
lcavities 50.0 mA b
Idirector 15.0 mA
P collector 10.0 kW c
Load V.S.W.R. (max)
at 0.5 kW output)  to be determined
at 1.0 kW output)
at 1.5 kW output)
-
a Vsl and V. ities should be applied before V 4; e ctor.
See section on VODULATION.
b With no R.F. drive
See section on COOLING.
CHARACTERISTICS ',
Frequency range 9.0-9.6 kMc/s
\lechanical tuning +50 Mc/s e =
range
Small Signal power 56-59 dB f
gain
Saturated power 1130 W g
output
d Valves can be manufactured to operate at any frequency
- in this range.

See section on TUNING.
Synchronous tuned.
Synchronous tuned.at V ;= 11 kV

R ™o



TYPICAL OPERATING CONDITIONS

(a) Synchronous Tuned h
Veollector 8 9 10 11 kV
Vcavities 8 9 10 11 kv
Vdirector (approx) 80 90 100 110 v j
- 295 270 205 304 mA
I cavities 25 27 55 96 mA
I director 2 2 2 2 mA
Magnetic field 700 700 800 800  Oersteds
Bandwidth 4.5 4.5 4.5 4.5 Mc/s
Pt saturated (approx) 400 630 880 1130 W
Load V.S.W.R. < 1.05 1.05 1.05 1.05
Power gain (approx) 50 53 55 57 dB

(b) Stagger Tuned

Veollector 8 9 10 11 kv
Vcavities 8 9 10 11 kv
Vdirector (approx) 80 90 100 110 ¥ ]
I salleotor 220 262 288 298 mA
Lcavities 30 35 62 102 mA
I director 2 2 2 2 mA
Vagnetic field 700 700 800 800  Oersteds
Bandwidth (approx) 20 20 20 20 Mc/s
P4t saturated (approx) 490 720 955 1230 W
Load V.S.W.R. < 1.05 1.05 1:05 1.05

Power gain (approx) 45 47 50 52 dB

h In normal practice, the positive side of the high voltage supply is earthed.

i Vgjr should be adjusted, with no R.F. drive, to give the minimum value of | S—
Then with R.F. drive, Vdir should be readjusted to give the correct total current

(Teoll + I.ay) for the value of Vcoll in use.

VIAGNETIC FIELD

The valve should be operated in a magnetic field whose axis is straight, and whose axis can be
adjusted to give the maximum power output.

Drawing No. A57-1534R, available upon request, describes a suitable permanent magnet assembly,
capable of the necessary adjustment.

INPUT AND OUTPUT CONNECTIONS
Both R.F. drive and R.F. output connections are by 1 x % in. 0.D. (W.G.16) waveguide with choke

flanges (as shown in the outline drawing).

A short section of flexible waveguide should be used to connect to the R.F. drive and output
waveguide flanges.
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TUNING !
The cavities are individually tuned over the mechanical tuning range by rotating the tuning knobs
through about 6 revolutions.

COOLING v
The Collector is fitted with a water cooler. About 100 gallons per hour are required.

The block containing the Cavities is fitted with a water cooler. About 10 gallons per hour are
required.

Forced Air cooling of the gun and of the valve is necessary, so that no part of the glass envelope
exceeds 150°C in temperature, about 0.4 cubic feet per minute delivered through a 5/16 ins. I.D. tube is
sufficient. \

Forced air cooling of the output window is required when operating the valve giving more than 1kW
CW output. A tube is provided in the output coupling for this purpose. About 0.4 cubic feet per minute is
sufficient.

PROTECTION

It is advisable when using an electromagnet for beam focusing to provide a relay to remove the
high voltage supplies if the coil supply fails, and similar protection in case of water flow failure, whether
permanent or electromagnet focusing is employed.

~ MODULATION

It is possible to use the Director electrode to modulate the R.F. power output. The negative voltage
required, to cut the beam off, ranges from -500 to -1200 volts, depending on V

collector.

The Company reserves the right to modify these designs and specifications without notice.
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« REFLEX KLYSTRON TYPE R5146

DESCRIPTION
High voltage reflex velocity-modulated 7
PN oscillator for Q-band operation, having 5
L an integral cavity tunable over the range
8-9 mm. (Prototype VX5023). The oxide
coated cathode is indirectly heated. A 3f+ 4"
B: §+4°
C: 43+ %"
D: 24+ %"
MECHANICAL DATA &: 0.853:0.008¢
See diagram F: 418+ 4"
; G: 2} to 3}
Output. Waveguide output standard oW
Interservice Coupler, No. Z830,019 to Hi 1+
WG22 (.240” x .140” 1.D.). I: 14+4&”
ik o
Mounting. Any orientation may be used. J:litd
The output is located with regard to K: lfs+4&"
mounting holes on the tuner, as shown L: 1.3754-0.005”
in the diagram.
- A
Weight. 14 oz. 400 grammes.
Cooling. To minimize frequency drift,
it is recommended that a stream of
cooling air should be directed at the
envelope. This will also help to maintain ! .
a good life.
ELECTRICAL DATA
Base. International Octal.
Connections
PIN 1 PIN 2 PIN 3 PIN 4 PIN 5§ PIN 6 PIN 7 PIN 8 ENVELOPE
Cathode Heater Internally  Internally  Reflector Internally Heater/ Internally  Internally
Shield Connected Connected Connected Cathode Connected Connected to

Resonator

... continued overleaf

e
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ELECTRICAL DATA
Ratings PX|
(Voltages measured with respect to the cathode) / )
Resonator Voltage Va: 2200V max. 295 i -
Reflector Voltage Vg: —100 to —500V. N
Heater Voltage Va: 6.3V nominal. _ﬁ/
Cathode Shield Voltage Vs: 0 to —200V. PnmW
Electronic tuning range Af 60 Mc/s nominal
between } power points. on 5§ mode. VR IN volts
Frequency range. 34,000 to 36,000 Mc/s.t fn MC/S 150
Power output. 15 mW min.
Resonator Current Ia: 12mA max. 8mA min.
Reflector Current Ir: 30p.A max. -
Heater Current Iu: 0.6 to 0.9A. 75 Af _//
Cathode Shield Current Is: 100p.A max. : L
Change in Vr between # 30V nominal. e
power points.
1Some valves are available with useful
power outside this range. 0
33700 34000 34500 35000 35500 36000 36200
FREQ. (Mc/s)
Typical Operation 53 mode
Frequency Mc/s 34,000 35,000 36,000
Rate of tuning 400 Mc/s per rev.
Va v 2,000 2,000 2,000
Vs (adjusted for max. power output) A% —100 —100 —100
Ia mA 10 10 10
Vs v —210 —240 —270
Power mW 30 35 30
Af Me/s 10 60 0 — R i
AVR v 30 30 30
Time and Temperature Other forms of tuner giving better time-temperature
Characteristics characteristics are in course of development.
With standard tuner and forced air-cooling, Life
operating frequency is achieved in 10 minutes. Without With cooling air and Vu not greater than 6.3V;
forced air cooling, the period may be up to 30 minutes. the life is greater than 1,000 hours.
MADE IN GREAT BRITAIN
E.M.I. ELECTU RUONITECS LTD.
RESEARCH DIVISION
CONTROLLED BY ELECTRIC a MUSICAL INDUSTRIES LTD,
HAYES * MIDDLESEIX - ENGLAND
ELC 1109/855 T. & C. Printed in Great Britain
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. REFLEX KLYSTRON TYPE R5222

DESCRIPTION

Low voltage reflex velocity-modulated plug-in X-band oscillator valve, using an external cavity resonator.
(Prototype—VX5028 and CV2346.) The oxide coated cathode is indirectly heated.

7~ CONNECTIONS B7G Base (BS488: B7G/1.1)
. PiN 1 PN 2 PN 3 PN 4 PIN § PN 6 PN 7 Tor Car Disc SeaLs
Internally Cathode Internally Internally Heater Cathode Heater Reflector Resonator
Connected Connected Connected Shield

RATINGS (Voltage measured with respect to the cathode)

Resonator Voltage Va: 350V max. Resonator Current IA: 50ma max. at 350V. 20ma
min. at 300V
Reflector Voltage VR: —500V max. Must never
be positive Reflector Current IR: 4pA max.
Heater Voltage VH: 6.3V nominal. Heater Current IH: 0.6-0.9A
Cathode Shield Voltage Vs: 0V Maximum impedance in reflector-cathode circuit

0.25 megohms.

AVERAGE CHARACTERISTICS
Band 8,500-10,000 Mc/s in correctly adjusted $A cavities of unloaded Q = 2000

Va: 300V Ia: 30mA Va: 350V IAa: 40mA

N Mode. 33 43 33 43
i Power mW. 60 45 (min. 25) 100 70
sf
Min. value of sVR Mc/s per V. 0.22 0.45 0.22 0.45

The valve is free from hysteresis in correctly adjusted cavities.

Electronic Tuning Range: A f*—

between 4 power points Mc/s 8 15 10 19
Change in VR: AVR—

between 4 power points \% 35 25 40 30
VR for peak power V —250 to —450|—100 to —260|—250 to —450 |—100 to —260

Reflector Tracking. 4§ mode VA 300V. VR = (sf — 335) + 6V where fin Mc/s., s=525—550 x 10~V per Mc/s.

*A modified version of the valve is available, which, in suitable cavities,
has a value of Af of about 40 Mc/s in the 43 mode. (Type R9501).




CATHODE HEATER INSULATION

With 90V applied between cathode and heater
(heater — ve to cathode) and a series resistance of
1} megohms, the current is less than 50¢A.

OPERATING TEMPERATURE

The temperature of the valve envelope should not at
any point exceed 200°C, nor should that of the external
metal parts at any point exceed 150°C. Forced air-
cooling may be needed if the valve is mounted in a
confined space.

FREQUENCY

Within + 60 Mc/s of that marked on a standard
cavity of approved design.

LIFE

At 300 V, cooled with a flow of air so that cavity
temperature does not exceed 35°C, VH: 6.3V + 0.05V,
the average life is greater than 2,500 hours. At 350V,
uncooled, with a cavity temperature ~ 80°C, the
average life is greater than 1,500 hours at VH: 6.3V =+
0.05V. Both life tests made with the valve switched off
5 minutes in every hour. An improvement'in the above
figures by a factor of 2 to 3 would be achieved by
stabilizing VH at 5.8V. The heater withstands switching
at 7.5V for more than 3,000 cycles of 1} minutes on,
and 1} minutes off.

WARMING-UP TIME

At 6.3V, 1} minutes is required to reach within SmW
of full power. At 7.5V, } minute is required to reach
within SmW of full power. Frequency is within 4§ Mc/s
of that appropriate to the cavity temperature in the
times given above.

OVERALL TEMPERATURE COEFFICIENT

Is slightly less than that due to cavity expansion.
Typically, a valve in a brass cavity will show a fre-
quency decrease of 3 Mc/s from 20° to a cavity tem-
perature of 50°C.

STABILITY

Is dependent on voltage supplies. With well stabilized
voltages (VA stabilized to better than 1V, and VR to
better than 0.1V), and at a constant ambient tempera-
ture; the frequency varies by less than 200 kc/s over
several hours. At steady accelerations of 50g, a
frequency deviation of about 1 Mc/s is measured.

NOISE

Excess N.T.R. at 45 Mc/s measured in a broadband
crystal mixer with a conversion loss of 6db and 1mW
input from the oscillator, is less than 1 in 4§ mode.

CAVITIES

A tunable cavity for the valve, to cover the range
8500 to 10,000 Mc/s is available. Output coupling is by
means of Interservice Coupler to WG16, No. Z830,001.
In this cavity, a valve will give about 50mW at 9200
Mc/s, falling off to 25mW at the extremities of the
band. The range of frequency obtained for a constant
reflector voltage and a power variation of 2 to 1 is
ca -+ 250 Mc/s at midband and + 200 Mc/s at the
extremities. Two other cavities which extend the
range down to 6400 Mc/s are available.

3radial line cavities of depth 10 mm. may be used
for fixed frequencies, the diameter being related to
frequency as shown:—

Cavity diameter cm. 4.9 4.5 4.05
Frequency Mc/s 8500 9200 10,000
Optimum loaded Q. 660 660 800

Coupling to the waveguide is conveniently arranged
by an output hole of about 8-10 mm. in diameter
adjusted for the particular frequency. The conical
seating and locking ring for the valve is specified in
the diagram.

Narrow range tuning (about 150 Mc/s) may be
achieved by insertion of a dielectric rod. A rod of
frequentite, 6 mm. in diameter, is suitable.

In suitable cavities, the valve may be used at fre-
quencies as low as 5000 Mc/s, and as high as 12,000
Mc/s. Spring finger assemblies for use in cavities
are available.

A4



PHYSICAL DIMENSIONS

Dimensions mm. Remarks Dimensions mm. Remarks
A 20.64 — Circle of contact between cone and N 28.7 Max. —
cavity. P 18.30 +.125 —
B 10 Max. — —.0
G 13.6 Min. — R 825 | +0.1 Keyway defines location and prevents
D 4.5 Max. —3 rotation in cavity.
E 6.5 Min. — S 2.25 +0.1 }SIot in line with middle of gap in base
F 7.0 Max. Between dimensions D & E. pins+10°,
G 9.34 | Min. Between dimensions B & C. Incl. T 3.0 Min. —
9.71 Max. eccentricity. 3.5 Max.
H 18.4 Max. — U 7.0 Min. —
J 1.0 — Eccentricity of Centre of B7G base 8.0 Max.
pin circle relative to axis of ref. \% 2.25 Min. —
K 25.0 Min. — w 9.37 Max. -
28.0 Max. X Top cap—CT1—conforms to BS. 448:
A L 44.0 Min. — 1953 Section 6/1. 1.
47.5 Max. ) 45
M 36.5 Min. —
41.5 Max.
CENTRE OF
REFERENCE BASE PIN CIRCLE
. PLANE] /6
—~ R__ Jl
. x\ r J * r—" -
. § | w G /rE
/ B 1 1 h __A N z H
N2 o e e
XIS OF
/T ———Lnerenence
Dfr— -
VIEW IN DIRECTION _Uﬁ U‘ £
SHOWING KEYWAY C—{ [V —_
e— KMIN}—-
r—— KMAX—=
o L
le—4-0 MIN
KEYWAY-WEDGE PRESSING "
CYLINDER AGAINST \ ﬂ
OPPOSITE WALL T - I T
18475 b e L O
+07 oA : AXIS OF
1 _ REFERENCE
A T
%
3-010_"..1‘ —-— — || o—2-0%04
REFERENCE TEST JIG
PLANE
3 Test jig defines mechanical parameters which are used in checking valves,
M and which must be taken into account in mechanical design of cavities.
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KLYSTRON
E.M.I RK 6112B

KLYSTRON TYPE RK 6112B
DESCRIPTION

This is a low voltage, reflex velocity modulated valve for use as a
local oscillator in the 10 centimetre ("S") Band. It is of the plug-in
type, with disc seals for resonator connection, and is indirectly heated.

SPECIFICATION

Power Output 100 mW minimum Reflector Current 4 micro-amp max.
Freguency Range Cathode Shield Volts * 0
(with suitable cavity) 2600 - 3700 Mc/s
Heater Volts 6.3 volts
Resonator Voltage * + 250 volts
Heater Current 0.7 amp max.
Resonator Current 18 - 34 mA
Reflector Voltage * - 60 to - 320 volts
Range * Measured with respect to Cathode.
CONNECTIONS
BASE B7G Pin 5 Heater
Pin 1 Cathode Shield ' Pin 6 Cathode Shield
Pin 2 Cathode Pin 7 Heater
Pin 3 Blank Top Cap Reflectox"
Pin 4 Cathode Shield Disc Seals Resonator

Part No. 93277

PHYSICAL DIMENSIONS

A1l essential dimensions are included in the fig. overleaf.

CAVITIES
FREQUENCY TYPE OF CAVITY APPROXIMATE
LOADED Q.
2640 Mec/s + wave radial 140
3200 Mc/s + wave radial 185
3700 Mc/s 3 wave co-axial 680

Technical Publications Division.
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DIMENSIONS OF CONTACT COPPERS
NOMINAL WiLL GO THROUGH WILL NOT GO THROUGH
CONTAGT COPPER DIAMETER RING—GAUGE OF DIA.: CALIPERS SEPARATED BY!:
LARGE COPPER 25-5 25463 = 25~37
SMALL COPPER 24:0 2413 2387

MAXIMUM ECCENTRICITIES RELATIVE TO LARGE COPPER

SMALL COPPER TOP CAP BASE
0-30 0-45 0-+75

ALL DIMENSIONS ARE IN MILLIMETRES

EM.l. ELECTROD

(VALVE DIV!
BURY ST.
RUISLIP,
Prices on Application MIDDLESEX,
ENGLAND.

E.M.I. FACTORIES LIMITED

CONTROLLED BY ELECTRIC & MUSICAL INDUSTRIES LTD.

HAYES - MIDDLESEX - ENGLAND
TELEPHONE - SOUTHALL 2458  TELEGRAMS OR CABLES - EMIFACTORY, HAYES, MIDDX.

Printed in Great Britain



EMI ELECTRONICS LTD

Serving Science and Industry

EMI

VALVE DIVISION

EMI REFLEX KLYSTRON TYPE R 9516

Description

A reflex velocity-modulated transmitting klystron suitable for F.M. systems, with
tunable internal cavity resonator giving 2-3 watts over the range 7050-7300 Mc/s. The
R.9516 has a waveguide output system, and should be fixed directly to the end of a length
of No. 14 waveguide.

Electrical Parameters, for normal operation

Resonator voltage (Vy) 1000 V
Resonator current (Ia) 120 mA
Reflector voltage range (VR) -200 to -550 V
Reflector current (IR) 30 pA max,
Screen voltage range (Vg) 0 to -200 V
Screen current (Ig) 2 mA max.
Heater 12.6 V 1.0 to 1.25 A

Mechanical tuning range
R.F. power output

Minimum electronic tuning range for 20%

change in electronic tuning slope.
Minimum electronic tuning slope.

Operation

7050 - 7300 Mc/s
1.8 W min.

10 Mc/s
0.25 Mc/s per V

A suitable diode should be connected directly between reflector and cathode to
avoid damage to the tube on positive excursions of reflector potential, and the h.t.
supply must never be applied to the resonator in the absence of negative reflector volts.

The tubes are normally operated with the resonator at earth potential, and the
cathode should be pre-heated at normal heater voltage for a minimum period of one and
a half minutes before V4 is applied.

The temperature of the valve envelope must not exceed 200°C and the temperature
of the external metal parts must beless than 150°C. Forced air cooling of the resonator

is necessary.

Base connections -

Base type B8G

T T
Pin No. 1 | 2] 3] 4] 5 Bl | Metal body
| -
Electrode Cc IC Cs H i Ccs IC Cs { Reflector i Resonator
i Il
C = Cathode CS = Cathode shield H = Heater IC = Internal connection

M210/1a
DS. 187/1



EMI REFLEX KLYSTRON TYPE R9516

7

040 | 7
ACCESS TO VALVE TOP CAP BS. 44e/c7.z-J§"N"’ mf;:'

CAN BE MADE THROUGH OPENING AT

THIS POSITION _ %
\ ‘ers | I |

. o |
1IN MAX 316 IN MAX
1 B R
,} 4N MAX.
2§|N.
.
4 FIXING SCREWS ——
2 BA THD
. 3 IN MAX.
* 00025 N~
2 DOWELS -I187 IN. ou\.5
4250 IN MIN.
3500 IN._|
T —
P I
T T e L L
S A 875N i , - '%m_ _22'IN
L - - — O “‘_')\"]' I l
750 IN 7 ' A\ '
DIAMAX'|  “I5IN. MAX. 2 3%INMAXJ
12501
Ll ? B.B.G. BASE AXIS WITHIN
| 3 “125 IN. & ORIENTATION
.45 IN MAX. | 17 IN MAX WITHIN 15% OF NOMINAL
5 | POSITION SHOWN.
o 5 § IN. MAX. Cle 32 INMAX.

M210/2a
DS. 187/2
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E.M.I. ELECTRONICS LTD.
Valve Division,
Ruislip.

Preliminary Details of J-Band Reflex Klystron
Type R9520.

The R9520 is a low voltage integral cavity reflex klystron
with an indirectly heated cathode, having a waveguide output to
WG18., Tuning is carried out by flexure of a diap<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>