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Magnicon is the main 
RF power source at BPL

diamond breakdown cavity

surface electric 
breakdown cavity

quasi-optical compressor

Axion-Search [beyond the standard model]

…and others



Magnicon * a multi-MW, 34 GHz amplifier, operating in TM310-mode
*  the first attempt to achieve multi-MW power output in mm-wave 

amplifier

Choice of technology for the tube was not optimal, yet justified: 
**  could not be fully-brazed or subjected to high temperature bake-outs;
**  a desire to have as much diagnostic as possible
**  has a demountable design that contained ceramics in a collector. 

Strategy was based on the successful design of the 7GHz magnicon…

Conditioning of the presently operating 34GHz magnicon was a great challenge, 
worsened by several facts such as: 

(a) low rep. rate of the modulator, 
(b) high fields in the output cavity, 
(c) sensitivity to high-magnitude guiding magnetic field because of a long-

period interaction in a long output cavity, 
(d) narrow pass-band that imposes high degree of sensitivity to the all 

phenomena (multipactoring, breakdowns, outgasing, reflections from the 
loads) that usually take place during conditioning. 



Conceptual Approach: 

In order to have a robust tube working 24/7, with output power
~25MW in Ka-band, radical means are suggested:

(a) be a fully brazed tube without ceramics (save for the gun insulator);

(b) design is to allow bake-out up to 600 0C so that successful conditioning in
reasonable time can be performed;

(c) the output cavity with TE311 mode is to be used allowing:
* noticeable decrease in the RF field magnitude on the cavity walls,
* significant decrease in the guiding magnetic field,
* wider bandwidth,
* tube performances far less sensitive to operational parameters and

settings which is critical during conditioning.



Schematic of the tube (not to scale). 1 – electron gun; 2- superconducting solenoid; 3 
– chain of the deflection cavities (6 pieces); 4 – two chamber output cavity with 

waveguides; 5 – collector. Other components such as TWT driver, diagnostics system, 
etc are not shown. Note that actual installation will be vertical with the gun at the 

bottom.

New magnicon: a fragment of the full schematic with the deflection system, output cavity 
and part of the collector adjacent to the rf-cavity chain. There are 4 waveguides (WR28) 

connected to the output cavity to extract the power

450 keV, 
187 Amps 

beam



NEW OUTPUT CAVITY, operating at  TE311 mode



NEW OUTPUT CAVITY, operating at  TE311 mode
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NEW PENULTIMATE CAVITY



NEW PENULTIMATE CAVITY
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Table: Project parameters of new magnicon.

Output power (MW) 20-27

Operating frequency (MHz) 34272

Pulse duration, min-max range, microsec 0.25-1.3

Rep. rate* (Hz) 10

Electronic Efficiency (%) 24-33

Gain (dB) ~52

Drive frequency (MHz) 11427.6

Drive power (W) 115-200

Beam power (MW) 84

Beam Energy (keV)/ Gun Voltage (kV) 450

Beam Current (A) 187

Beam diameter after compression (mm) 0.9

Magnetic field in deflection system (kGs) 11,870-10,280

Magnetic field in output cavity (kGs) 10,280-10,500

* rep. rate is dictated by the performances of the available modulator



Power, going to external loads, is very insensitive to the loaded Q-factor (left), and the 
maximum surface field in the output cavity is still tolerable when Q < 250. 

For the actual output cavity the loaded Q is 200.



[a] Power produced by magnicon vs. the frequency of the drive signal (the drive signal
power is 200 Watts);

[b] produced/generated power when the drive signal power changes (the so-called rive
curve).



Dependence of the power (MW) extracted from the electron beam vs. the beam diameter (mm) 
–see the left-hand side, or vs. the gun voltage (kV) while the guiding magnetic field is not 

adjusted to maintain synchronism. Note that even under such circumstances, remarkably fairly 
large changes in the gun voltage are tolerated, which demonstrates robustness of the new tube 

essential to have especially during conditioning. 



a) Efficiency vs. the current of the bucking coil, and b) efficiency vs. the current of the so-
called output coils wired together in series (totally there are 3 coils). These coils serve to 
create the guiding magnetic field in the output cavity volume. One observes that large 

changes in current – and thus, magnetic field – are tolerated.



The overall conclusion is that this new tube should 
allow reliable 24/7 operation without extreme 

sensitivity to operating settings, thus making it a 
perfect source of the RF power as needed by the 

facility.
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