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Introduction

The main goal of the University of Maryland's
gyroklystron project is to develop an efficient,
high power, high gain, phase controllable
amplifier at 10 GHz. While peak powers of several
hundred megawatts are ultimately o£ interest, our
Initial experimental design values Include 30 MW
of output power in 1 lia pulses with a gain in
excess of 50 dB. The 30 MW power level represents
an enhancement of almost three orders of magnitude
over the current state-of-the-art In gyroklystron
amplifiers. ' This enhancement will be achieved
by going to high beam energies {y - 2) and
overmoded cavities (TEQJ). Outlined in this
report are the steps being taken to realize our
goal.

The Modulator

Tt.e experiment will be driven by a modulator
similar in design to those used by the SLAC
klystron. Several pulse-forming networks (PFN's)
in parallel will be resonantly charged to 50 kV by
a dc supply. The PFN's will be switched through a
20:1 pulse transformer to the electron gun. The
modulator will supply sufficient current for the
gun and for a resistor divider that will provide
the control anode voltage. The modulator
currently under construction in our laboratory
will have a repetition rate of 10 pps and a 500 kV
flat top of approximately 1 ps.
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The Magnetron Injection Gun

The starting point for our Magnetron
Injectiot Gun (MIC) design Is a set of adlabatic

equations collected by Balrd and
The replacement of one trade-off

by the Hull cutoff condition and the
inclusion of relatlvlstlc corrections has improved
the accuracy of these equations. A further
Improvement was made by Che addition of an
expression for Che spread In guiding cencer
radius.

Nominally, the beam has an average guiding
center radius of b =" 8 mm, a gyroradlus of

a "transverse velocity of
and an axial velocity of

For these parameters, a magnetic
compression > 10 must be chosen if the electric
field on the emitting surface of the cathode is to
remain below 50 kV/cm. Current densities in the
range 6-10 A/cm are being considered to achieve
tot.il currents between 120-200 .. (corresponding to
gun powers of 60-100 MW). These l.irRe current
densities arc a significant fraction of the
limiting current densities .it the required
magnetic compression ratios. Consequently, large
angle cathodes (> 30° half-cone angles) and

a -4.29 mm,
v° - 0.718 c,
v i o - 2v, /3.
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laminar flow beams are being considered. For the
expected gun parameters, total beam thicknesses
< 2.5 a are possible (Ab/a « 50Z).
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The design value from the trade-off equations

is used as the initial input to a gun simulation
code. Currently,, we are using a square mesh,
finite difference, electron trajectory code
developed by W. B. Herrmannsfeldt. The code is
used to fine tune the shapes of the cathode and
control anode and to determine the shape and
location of the accelerating (full voltage,
anode. Because of the relatively high curren.
density, the simulation Is carried through to the
opening of the input cavity. Preliminary results
Indicate that a beam thickness of - 2.5 a is
feasible. Also, the spread in axial velocity due
to electron optics has been brought well below the
107. total spread In v anticipated in the cavity
design.

The Magnet System

The nominal magnetic field in the Interaction
region is 5.65 kG. This field will be provided by
a set of (identical) water-cooled pancake coils.
The flexibility of this system is sufficient to
enable a flat field region (< 0.1Z variation) of
25 cm. This design has been achieved without Che
use of pole pieces. The length of Che compression
region (cathode center to input cavity entrance)
Is 46 cm. The magnetic field Is provided in this
region by a large gun coil placed over the cathode
and by an additional pancake coll placed in the
middle of the compression region. Magnetic field
Capering will be accomplished by adjusting Che
postlon and currents of the various coils.

The CyroklvsCron Circuit Design

The primary tool used in the design of our
gyroklystron circuit is a partially self-
conslscent code developed by K. R. Chu. The code
assumes a single EM mode from an ideal circular
cavity and then uses an iterative process to
determine the correct amplitudes and phases of the
fields in each cavity in the presence of the beam.

An Initial 30 MW design was reported
assuming that a beam of 500 kV, 200 A, and a
thickness of 3 a traversed four equally spaced
TEQ. cavities in a uniform magnetic field. To
avoid linear start oscillation currents. It was
necessary to have low Q cavities (Q • 300 In the
input and hiinchcr cavities and <! " 100 In the
longer output cavtcy). With zero axljl velocity
spread, 35Z efficiency was achieved. With
ov /v - I0Z, an efficiency of -8.15 vlth -i
lar»;e slr.n.il gain of ')>> <lll was obt.iliu-d.
Consequent lv, -i bo.im power ot° 100 MW was needed tn
produce " JO MW oi microwave power.
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There are several reasons to expect higher
ultimate efficiencies. First, the actual beam
thickness should be reduced (- 2.S a ) and the
axial velocity spread might be lower. More
Importantly, the effect of tapering the magnetic
field and cavity walls has not yet been
considered. Stagger tuning the penultimate cavity
is another possibility not yet under
Investigation. If we can achieve an efficiency of
50% or ao,r?, (as obtained in some gyrotron
oscillators ' ) , only a beam power of 60 MW would
be required.

The gyroklystron circuit code is currently
being improved and expanded. For example, actual
(cold) field profiles for partially open-ended
resonators have been included in the code. Soon
the code will model tapered magnetic fields and
the effect of space-charge potential depression.
These Improvements will enable us to better design
gyroklystron circuits.

The Preliminary Gyroklystron Circuit

In order to test some of our design concepts
In simple geometry, it was decided to design and
build a preliminary two cavity gyroklystron. The
available input power is somewhat limited, and
since a two cavity system has inherently less gain
than a four cavity system, a lower beam power was
considered so that non-negligible efficiencies
could be achieved. The beam power was to be
reduced simply by reducing the cathode current.
Unfortunately, prohibitively high Q's and low
currents forced us to abandon the design In favor
of a three cavity system.

A satisfactory three cavity design has been
obtained even with the (possibly) pessimistic
values of Ab - a and Av /v = 10%. The
magnetic field °was "fixed at S^S^G, the input
power was bounded by (O 1 kW, and the efficiency
was "maximized" with respect to the remaining
circuit parameters given the constraints:

1) Start oscillation currents were not -
exceeded.

2) Resonances with unwanted cavity modes were
avoided.

3) Q's were held to within experimental bounds.

4) Cavities were adequately Isolated.

The circuit parameters and predicted results
are shown In Table I. The beam current was 30 A;
all other beam parameters were specified
previously. The start oscillation current In the
output cavity was 36.7 A. The space charge
potential depression was negligible (< 1%J as was
the power loss to the walls (< 10 kw/cm peak).
This system is expected to produce 5 MW output
with a gain of nearly 40 dB and should be an
Impressive first experiment.

Unfortunately, the drift tubes are not cutoff
to the fundamental (TE° ) mode and so a concept
for mode suppression has to be Implemented. Two
techniques are being considered; one involves
drift tubes made of connected rings and backed by
microwave absorbers. Preliminary results

Indicate that this technique will sufficiently
lower the Q's for the TE.j mode in the drift
space. The isolation of these drift spaces for
the TE0, mode is currently under Investigation.
Narrow band injection techniques for the input
cavity such as the ring converter and multiple
rectangular waveguide exciter appear to be
sufficient for the narrow-band gyroklystron and
are also currently under investigation by our
group.

TABLE I. The three cavity gyroklystron design for
input power 0.52 kW, gain 39.6 dB, and efficiency
31.3Z.

Cavity

1

2

3

Drift Tube

1

2
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Department

Radius
(cm)

2.43

2.34

2.11

Radius
(cm)

1.50

1.50

Length
(cm)

2.28

2.40

3.00

Length
(cm)

8.40

4.80
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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
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mendation, or favoring by the United States Government or any agency thereof.
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