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ABSTRACT 

The design and operation of a high power pulsed gyrotron are reported. The device 

runs in pulsed regime with a 25gs pulse length at a frequency repetition rate of 10Hz 
and during operation the pressure in the tube is ordinarily less than 4.0 x 10 -7  Torr. 
Several TE modes were detected over the magnetic field range 9.5 to 12.5 kG and the 
measured resonant frequencies (29.0 to 32.0 GHz) showed to be in close agreement with 
the self-consistent calculated values. Experiments are currently under way to measure 
the absolute ouput power and to identify the modes through field pattern measurements 
techniques. 

1. INTRODUCTION 

In recent years, the gyrotron lias emerged as the most powerful source of millimeter and 
submillimeter radiation. It is based ou the cyclotron resonant interaction between an 
electromagnetic field and a helical electron bearn in the presence of an external magnetic 
field. Current gyrotron applications include radars, advanced communicaiton systems, 
technological processes, atmospheric sensing and electron cyclotron resonance heating 

(ECRH) of magnetically confined plasmas 111 . As a result of the ability to deposit the 

RF energy locally, ECRII can be used not only for bulk heating but also to initiate the 

plasma and suppress instabilities. Recent progress in the gyrotron development [ 2] has led 

to the availability of devices of I MW ouput power for short pulses (— 1 ms) and 0.5 IVIW 

for 2.5-s pulses at a frequency of 110GHz. 

In this paper, the design and operating characteristics of a 32 GHz gyrotron developed at 

INIPE are reported. The experiments have been carried out at short pulse length s) 

and low duty cycle (0.025%) which greatly alleviate problems associated with heating of 

the tube. However, the design of both the resonant cavity and collector is consistent 
with tecnological constraints posed by long pulse and high average power devices. The 
results presented here represent the first phase of an ongoing experimental program which 
includes the development of high-power coaxial gyrotrons using non-adiaba.tic electron 
guns. 
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2. GYROTRON DESIGN 

A schematic of the device along with the experimental setup is shown in Fig. 1. The 
gyrotron is composed of three main parts: the injection electron gun, the resonant cavity 
and the collector. For the present design (Table 1), a purely azimuthal operating TE 02  
mode Imas been selected chie both to its low ohmic wall losses and to the simpler field 
configuration allowing efficient conversion to linear polarization. This chosen mode is 
relatively free from mode competition owing to Lhe excellent separation in frequency 
(4.5%) with respect to the nearest competing mode TE 22 . The electron gun PA is of 
the rnagnetron injection type with a triode configuration which is able to produce a 5A 
laminar electron beam with a calculated transverse velocity dispersion of 1.5% at a 1.5 
electron pitch ratio. The resonant cavity, machined from brass with tolerances of ± 0.02 

rum, consists of a tapered waveguide that provides for the nominal mode an electronic 
efficiency of 40% and a cliffractive Q factor of the order of 1000. To reduce current 

density and space-charge problems in the cathode, the hollow electron beam is placed on 

the second radial maximum of time operating TE 021  mode. The collector is a copper tube 

of 6.3 cm internai diameter. The active length of 13 cm was determined from the study of 
Lhe deposited energy pattern by the spent beam ou Lhe inner collector surface [4] . By means 

of Lhe collector coil, the electron trajectories can be controlled to some extent to restrain 

Lhe energy flux density to a maximum tolerable of 2 kW/cm 2 . The cavity magnetic field is 

provided by 20 conventional water-cooled solenoids fed by a current of 900A. This system 
produces a magnetic field strength up to 1.3 T with a spatial homogeneity of ±0.1% °Ver 
the cavity interaction regionfs) 

3. EXPERIMENTAL RESULTS 

The primary goal of the experiment was to achieve single-mode microwave emission as 
well as to determine the output power intensity as function of Lhe operating parameters. 
A schernatic of the diagnostic system is depicted in Fig. 2, which includes a boxcar 
integrator and an X-Y recorder. In the experiments, Lhe device Imas been operated with 
beam voltage of 38 kV for a 25 — gs pulse length at a repetition rate of 10 Hz. Typical 
experimental traces for the TE 021  mode are shown in Fig. 3, where it is seen that the 
mnicrowave power is present only during the flat top of Lhe current pulse. Quick frequency 
mea,surements were made using a direct reading wavemneter to within a 0.15% accuracy. 
For each mode, both the gun and cavity magnetic fields were varied to maximize Lhe signal 
strength detected by the video diode. Measured data are presented in Table 2 which also 
includes frequencies calculated from self-consistent theory using the design cavity radius 
Rw  = 10.57mm. We can note that Lhe measured frequencies are below the calculated 
ones by 0.9%. This effect is probably ascribable to Lhe ohmic heating of Lhe cavity. As 
the brass cavity walls became hotter they expanded, yielding a drop in frequency. It to 
be noted that if one considers a cavity radius of 10.67 mm, the measured frequencies 
match up with the calculated ones to better than ±0.05 GHz, which is the instrumental 
measurement error for ali Lhe modes. 

We have also investigatecl the dependence of Lhe relative output power intensity ou the 
cavity magnetic field. In these experiments, the beam voltage and guri magnetic field (Bk) 
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settings were kept fixed when scanning the field of the cavity solenoid. Throughout the 
scans, the tube operated continuously with no interruption or degradation in performance. 
For the values of gun magnetic field, Figs. 4(a) and 4(b) show the relative output power as 
function of the resonance field (Be.„) for a continuous scan at a 38 kV beam voltage and a 
beam current of 2.5 A. From a set of similar plots, we constructed the excitation maps of 
the detected modes on the plane of pararneters Bc„„— Bk where good agreement between 
theory and experiment is found (Fig. 5). In this plot, the upper and lower straight Unes 
indicate, respectively, beam interception at the entrance to the drift tube and occurrence 
of arcing in the cathode region. Unfortunately, as a result of low power absorption in the 
water load, the calorimetric techuique could not work to determine the absolute output 
power value. 

4. CONCLUSION 

The design and operating characteristics of the INPE 32 GHz gyrotron have been de-
scribed. The major purpose of the experiment was to verify if single-mode emission 
could be achieved at frequencies around 30 GHz in a pulsed gyrotron designed to satisfy 
the technological constraints that would exist in long pulse devices. Although the beam 
parameters, such as velocity dispersion and electron pitch ratio have not been directly 
measured, the beam quality should be reasonably good in order to excite the modes de-
tected in the experiment. In addition to developing a calorimetric system with higher 
absorptivity and a variety of diagnostic techniques, we hope to improve the gyrotron 
performance and ouput power levei by exploring other resonator geometries and electron 
beam forming systems. 
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Fig. 2. Experimental setup to detect output signa! 
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Fig. 3. (a) Microwave ernission detected by the diode 
and (b) the corresponding beam current pulse (each hor-
izontal time division is 5 gs) 

219 



o 

O 	ao 	kC 	 CV 	 CO 

d 	-c; 	•;" o 

( 0-131d -8 Nn9 

C
A

V
IT

Y
 M

A
G

N
E

TI
C

 FI
E

L
D

 ( T
) 

o 

8 

220 


