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Abstract

Cathode temperature tests of a MIG-type electron gun have been performed to
determine the temperature of the electron emitting surface as a function of heater
voltage and current. The test have been conducted partway through the construction
phase of the gun as a means to minimize both the necessary heater input power and to
reduce radiating heating of gun components.

1 Introduction

Gyrotrons are devices in which the generated power originates from the perpendicular
velocity component of electrons in a helical beam via relativistic instability. The change of
the electron cyclotron frequency due to the relativistic electron mass variation causes phase
bunching in the electron beam and, consequently, electronu.gnetic culotron instabilities.
Because the frequency of operation is determined by the resonance of a cavity normal mode
and the electron cyclotron motion, the gyrotron can operate in high-order cavity transverse
modes, allowing the resonator dimensions to be largo comp.u. d to the radiation wavelength.
This aspect of gyrotron operation, compared to conventional microwave tubes, results in a
larger power handling capability. Much progress in the development of high-power gyrotrons
has occurred over the past decade. This progress includes the development of CW gyrotrons
capable of generating 200 kW at 140 GHz [1] for application in electron cyclotron resonance
heating of fusion plasmas. A critical element of the gyrotron is the electron gun, which must
generate a helical beam with high transverse energy and low velocity spread.

The INPE gyrotron gun is of the magnetron injection type with a triode configuration.
As shown in Fig.l the conical shaped cathode is surrounded by a control anode which extracts
electrons from the emitting band with a transverse velocity component. Vacuum tight rippled
ceramic shells are used to insulate electrodes from the UHV-flanges.

Since the cathode (Fig.2) should operate at a temperature close to 1000°C, the choice
of material for its construction is limited. As for the requirements of mechanical strength
and low vapour pressure at high temperature, a material of low emissivity and poor thermal
conductivity is needed to reduce heater power losses. The most suitable materials with such
properties are the refractory metals (with the exception of tantalum, which is poisonous to
the emitter) and their alloys. Of these, pure molybdenum is most readily available. Titanium
was selected for the first anoue and flanges as it has a thermal expansion coefficient nearly
equal to that for ceramic over the range of temperatures to which the seal is exposed during
sealing and operation.
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If the gun is a critical part of the gyrotron, the heart of the gun is surely the heater, as
life and reliability of the gyrotron tube is largely determined by the quality and performance
of the heater and filament assemblies. • In this context, the present paper reports on the
development and performance test of a heating filament system operating at an average
temperature of 1000°C to ensure good heat transfer to the thermal electrons emitter of a
MIG-type gun.

2 Heater design and experimental setup

The heater was made of a 0.5 mm-diameter 30 mm-length pure tungsten wire tightly
wound.The resulting helix was then bent to take on the shape of a toroid. A short distance
separation of 2 mm (Fig.3) between the cathode inner surface and the heating filament ensures
good radiation transfer to the emitting surface which makes for short warm-up time and
reduced power consumption. To avoid thermal radiation emission towards the nose and
socket of the cathode, thin molybdenum plates were placed just above and below the heater.

Calibrated K-type thermocouples and digital meters were used to measure temperatures
at the emitting surface, first anode and intermediate and bottom flanges. The input heater
power .is supplied by an AC source and a turbo-molecular pump keeps the base pressure
below 10"*torr.

3 Results and Conclusion

As shown in Fig.4 the steady state temperature reached by the emitting band and the
first anode were, respectively, 1032°C and 204°C after 20 min time span. Due to the low
heat conductance of the cathode supporting stem, the measured temperature at the bottom
flange was as low as 70°C. Also, the average temperature of the rippled ceramic shells were
observed to be below 60°C under the action of forced convection with air.

While 374 W of input power (Fig.5) has been necessary to keep the emitter temperature
at about 1000"C by radiation alone, better filament heating assemblies are being investigated.
In this sense, a new heater útsing is under way to improve the thermal transfer by potting
the filament in a case with alumina powder.
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1. electron gun
2. gun magnet roil
•I. drift lube
4. cavity magnet coils
5. resonant cavity
6. output transition
7. collector coil
8. collector
9. output window
10. vacuum svslcrii

Fig.l. Schematic diagram of the INPE gyrotron and supporting structure.

Fig.2. Longitudinal view of the electron gun.
(1) cathode; (2) anode: (3) emitting band; (4) ceramic insulator; (5) heater assembly
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1 cm

Fig.3. Heater assembly details (drawing to scale).

(1) filament; (2) emitting band;
(3) reflecting surfares
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Fig. 4. Time evolution of temperature for the gun components
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Fíjç.5. Emitting band temperature as function of input lioatcr power
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