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1 INTRODUCTION two output apertures at the downstream end of the output
The magnicon is a RF power source with circular bea@z\cteyémztéparated by 135 and ending in WR-90
deflection [1] invented in the 1980's at Budker INP. The '
first magnicon with the power of 2.6 MW and efficiency
of 73% at 915 MHz was built and tested in the pulse of 30
psec in 1985 [2]. The second magnicon was developed as
a prototype RF source for a linear collider. In order to
achieve power of more than 50 MW at 7 GHz, the tube
was built as a frequency doubling amplifier. The
following parameters finally were achieved in 1998:
power of 55 MW, efficiency of 56% and the gain of 72
dB in a pulse of 1.Jusec [3]. The X-band (11.424 GHz)
magnicon [4,5] is being developed jointly by Omega-P,
Inc. and NRL as a potential high efficiency RF source for
the Next Linear Collider (NLC) project. As for the 7
GHz device, this 11.424 GHz magnicon is a frequency
doubling amplifier. The design has been optimized for
the parameters of a 500 kV, 210 Ajldec modulator with

the repetition rate of 10 Hz. This modulator was built for ) = .
NRL by Titan Beta for a previous project. In this paper, Fig.1 The magnicon schematic.

we present a progress report on 11.424 GHz magnicon@secial wall perturbations (similar to [3]) to restore
well as the results of the gun tests and the beam enVel%drupcﬂe Symmetry are employed. The tube does not
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measurements. have output windows and WR-90 waveguides are
connected to the SLAC-type vacuum loads directly. The
2 MAGNICON DESIGN gun, RF circuit and collector are bakable up to°4QG0

Fig. 1 shows schematic of the 11.424 GHz magnicon. TH&€ gun is supplied with the gate valve (bakable also) in
tube consists of an electron gun, 6.5 kGs solenoid, paeder to protect the cathode while changing experimental
circuit and collector, insulated from the ground. The 508€tups: the gun tests, the beam measurements, the tests of
kV, 210 A (0.59 microperv) diode gun is designed téh€ complete tube, etc.. The magnicon design parameters
obtain the beam area compression of 2500:1 and the be@i® given in the Table 1. Beam dynamics simulations in
diameter in the magnet of about 1.5 mm [6]. Théhe magnicon in both time-dependent and steady-state
complete RF circuit has six 5.712 GHz T)deflection regimes were performed using computer code [8] . The
cavities (a drive cavity, three gain cavities and twehysical model includes: realistic RF fields in the cavities
penultimate cavities), followed by an 11.424 GHz J and DC magnetic fields, finite beam size and multiple
output cavity. The gain and penultimate cavities haveflection of electrons from the collector surface. The
inductive measuring probes. In contrast to [3] the twe0de SLANS2 [9] was used for RF field calculations, the
penultimate cavities are not coupled in order to eliminafe?des DEMEOS [10] and SUPERSAM [11] were used
possible instability [7]. To extract RF power there arfor the gun optimization, and the code SAM [12] was
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used for calculation of DC magnetic field and fields in thenagnetic field profile was changed by means of an iron
gun. The optimization of the tube was done taking intoorrector plate in the magnet (see Fig.3).

account possible instabilities and excitation of different 066+
parasitic modes in the cavities. . 066 I e
Table 1 5 064 y////)/ﬂ .
2 0621 —
Frequency 11.424 GHz g | - e P (445 KV)--25.4A
Power 66 MW g % o WP (225KV)--25.4A
.. 1 & —& P (445 kV)--30.4A

Efficiency 63 % 0.58 ;{j o 1P (225 KV)--304A
Pulse duration 1 HS 0'560 05 1 15 2 25 3 35
Repetition rate 10 Hz Time (hours)
Gain 62 dB Fig. 2 Perveance vs time for different beam voltage and
Drive frequency 5.712 GHz heater current
Drive power 40 W
Beam voltage 500 kv
Beam current 210 A G\MW
Microperveance 0.59 & 3000
Beam diameter in the magnet 15 mm .
Beam area compression 2500:1 Cw

The simulations of the beam dynamics in the magnicon é jg

were done neglecting space charge effects, which should 2
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0 24 48 72 9% 0
z (cm)

be small according to estimates. Besides, experiments [3]

show excellent agreement with the simulation results even_ n o i )
for higher microperveance of 0.88. Fig. 3. Original magnetic field profile (a), and magnetic
field profile with corrector plate (b).

3 THE GUN TESTS
i o 4 THE BEAM MEASUREMENTS
The electron gun [6] was designed jointly by Omega-P

and Litton Electron Devices, and fabricated by Litton. AN order to characterize and optimize the electron beam, a
75-mm diameter, 30half-angle dispenser cathode wadligh-vacuum bakable beam analyzer was designed and

used, with a maximum cathode loading of ~5 Alcrfihe built. 1t is similar to one reported in [14]. Schematic of
maximum focus-electrode gradient is < 190 kv/cmthe analyzer is shown in Fig. 4. The location of the beam

which should allow pulse length greater thapsgc. A edges is determined by using a set of 8 mm-wide graphite

unique feature of the gun is use of an electrically isolatéPertures (Fig. 4) that are translated laterally until they
focus electrode biased negatively with respect to the STEPPER

cathode [13]. This serves to reduce beam halo and helps 2:;;): :E e
to overcome the effect of gun tolerances [6]. The electron St | imL
gun underwent initial high voltage tests in June 1998. It (00126 )

was immediately determined that the gun microperveance U

exceeds 1. This meant that the anode-cathode (A-K) gap
was substantially smaller than the design value. An
assembly error in the gun fabrication was discovered.
The gun was cut open and rewelded with an additional
spacer to correct the A-K gap back to its design value. em
However, measurements made on the repaired gun still

show excessive current, corresponding to a
microperveance of ~0.64. This higher perveance is ]
attributed to more cathode and focusing electrode

expansion, than was accounted for during fabrication,

based on expansion measurements that were carried out

after ~0.5 hours of heater operation. The final perveance

value (see Fig. 2) is reached after 2-2.5 hours of heater

operation. This error in A-K gap leads to a beam optidgest begin to collect current from the edge of the beam.
change, mismatching with magnetic field and bearihe analyzer has a rotating cylinder with 12 equally-
diameter increase. In order to correct this effect and g&paced angular positions. Ten of these positions are used
make the beam diameter close to its design value, tite position graphite apertures at 10-mm intervals along
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Fig. 4 Beam analyzer
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the axis of the device. The remaining two angulasize is ~2.3 mm instead of design value of 1.5 mm. The
positions support 100-mm-long graphite tubes with 4-mrheam area compression remains high (1100:1) and current
and 8-mm inner diameters, that can be used to measdemnsity exceeds 6 kA/ém The measured increase in
total beam interception. In order to measure interceptbgéam size leads to some decrease in efficiency. Newly
current, the rotating cylinder is electrically isolated frontalculated magnicon design parameters for the measured
the ground. The cylinder is rotated by a stepper-motdoseam are presented in Table 2.
The angular position is measured to°Catcuracy using

an absolute shaft encoder, corresponding to a [ Vertical Scale: 10x]
displacement of ~6Qim. The beam measurements show
that minimal achieved transverse beam size exceeds the
design value. Measured beam envelopes for optimal case
are shown in the Fig. 5. One can see that the beam is not

0 ohm, optimum B

— 1/2 ohm, optimum B

1 ohm, optimum B

T 1 ohm, constant B

2 ohm, constant B

Relative Position

axially symmetric. The current density on the one side of 3 ohm, constant B
the beam rises rapidly, while on the other side the current 4 0hm, constant B
density is more gradual. o I s s e s e s e 10
Axial Position (cm)
[ 1o Fig. 7 Beam centroid at 1 A intercepted current. Negative
& | s bias voltage equals to ~200 V/Ohm.
g 8 Intercepted Current
E 7 o = fooma Table 2
e g = 2000
= 5 v — 1400 mA
3 . Power 56 MW
3 Efficiency 55 %
I f Gain 59 dB
v | Beam voltage 480 kv
-3 -25 -2 -15 -1 -05 0 05 1 15 2 25 3
Transverse Position (mm) Beam current 210 A

Fig. 5 The measured beam envelopes.
This mini b . hieved f e f The RF structure fabricated at Budker INP (Novosibirsk)
IS minimum beam size was achieved for negative 10Cys,¢ pean gelivered and is being prepared for high power

electrode biasing of 100 V. In the Fig. 6 the beam SiZt%sts. It is expected that high power conditioning of the
Hiﬁ\gnicon tube will begin in April, 1999.

dependence on the focus bias voltage is show
Measurements show an apparent misalignment betwee
cathode gnd focus eIectrode: large beam diameter; 6 ACKNOWLEDGMENTS
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