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Abstract: Conventional microwave tubes generally use               cylindrical electron beam coaxial to RF interaction circuit for generation or amplification of microwave signals. Many performance limitations these tubes in respect of band width, efficiency, voltage break have been addressed by emerging multi-beam technology which uses several low perveance electron beams in place of single beam used in conventional tubes. Design and development of a four beam electron gun is being attempted at CEERI with an aim to develop a multi-beam klystron. An approach has been developed to design four beam electron gun and focusing system. Effect of pole pieces for confinement of beam is studied and a proper pole piece size and shape is investigated using software OPERA 3D and OmniTrak simulation codes to enhance laminarity of beam. The paper presents the some of design results.
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Introduction

TODAY, there are number of challenges for microwave tube designers as the conventional single-beam amplifiers cannot fulfill the emerging requirements like high power, high operating frequency, high efficiency, large bandwidth, low noise, compact and light weight device [1-2]. Multi-beam klystrons are highly promising candidates to meet most of such needs. 

The design and thickness of pole piece aperture is very critical to prevent corkscrewing or interception by the beam tunnel [3]. Design of aperture is responsible for the transverse magnetic field to remain axisymmetric around the axis of each aperture. When beamlets enter the pole piece apertures a symmetric magnetic force is experienced by them and their centroid remains at its own axis. Finally beamlets remain laminar. Pole piece design has major effect on beam laminarity. It is observed that a square hole in the pole piece improves focusing and gives good laminar beam than circular hole. In this design we take four square holes in place of circular holes corresponding to four beams.Using the OPERA 3D-code, the pole piece design have been analyzed and cross checked using OmniTrak 3D. 

TABLE I

DESIGN PARAMETERS FOR FOUR BEAM ELECTRON GUN

	Parameter
	Value

	Cathode Voltage

No of Beam lets

Total Beam Current

Total Beam Perveance

Individual Beam Perveance

Cathode Diameter

Cathode B Field

Beam waist

Beam throw
	-4kV

4

256(64x4)mA

1.0 µP

0.25 µP

3.10mm

50-53 Gs

3.5mm

15mm 


                II. FOCUSING SYSTEM DESIGN

For a multi beam gun the designing of focusing system is the major challenge because off-axis beams are at various azimuths. Therefore, there should be an axial field along the axis (trajectory) of each beamlet which cancel the dc space charge force. In addition, a transverse component of focusing field is also required at the pole piece aperture to take care of converging electron beam. Design of aperture is responsible for the transverse magnetic field to remain axisymmetric around the axis of each aperture. It is investigated that the square aperture converts more accurately the transverse magnetic field to remain axisymmetric than a circular aperture. In multi beam gun this is the main challenge to design such an aperture which stops the magnetic flux leakage and converts the transverse magnetic field to axisymmetric about each beamlet. 

A. For circular aperture in pole piece

When four circular apertures fig.1 (a) corresponding to four beamlets are made in a pole piece then it may be observed from fig. 1(b) that in case of circular apertures contours are not symmetric. Due to which radial electric field (Er) is unsymmetrical and this affects the beam laminar because beam is highly sensitive to aperture shape. From OPERA 3D code in fig .1(c) it is observed that the  beamlets are not laminar and high degree of scalloping is there and same result is observed from OmniTrak 3D code fig . 1(d). When beamlets pass through circular apertures then due to unsymmetrical radial field (Er) beamlets either strikes at anode or shows scalloping. 
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(a)                                                      (b)

Fig 1(a): Pole piece having four circular apertures.
Fig 1(b): Electric potential contour map for circular apertures
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          (c)                                                           (d)
Fig 1(c): Electron trajectories from OPERA 3D
Fig 1(d): Electron trajectories from OmniTrak
B. For square aperture in pole piece

In a pole piece when four square apertures are made in place of four circular apertures corresponding to four beamlets then it is observed that in case of square apertures fig. 2(a) contours are more symmetric as shown in fig. 2(b). Due to which radial electric field (Er) is more symmetric and this helps in beam laminarity. From OPERA 3D and OmniTrak the beamlets are reasonably laminar with negligible scalloping in fig. 2(c) and fig 2(d) respectively.Total current is 256mA(64x4) which is evenly divided among four beamlets when magnetic field is applied from 15 to 75 mm. When beamlets pass through square apertures then due to symmetrical radial field (Er) no scalloping is observed

[image: image3.png]


           [image: image4.png]


 

(a)                                             (b)

Fig 2(a): pole piece having four square apertures.

Fig 2(b): Electric potential contour map for square apertures
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(c)                                  (d)

Fig 2 (c): Electron trajectories from OPERA 3D shows no scalloping

Fig 2(d): Electron trajectories from OmniTrak
TABLE II

COMPARISION OF RESULTS BY DIFFERENT

CODES

	Parameters
	  OPERA-3D
	OmniTrak-3D

	Beam current
	  256(64x4)mA
	278(69.5x4)mA

	Beam throw
	  15mm
	14mm

	Beam waist
	   0.35mm
	0.36mm


                             III. CONCLUSION
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The initial design of a four beam electron gun and focusing system for a multi beam gun has been discussed. It has been observed that square hole is a promising candidate for the focusing of multi beam gun. The multibeam electron gun design simulated from the code OPERA 3D is validated with another electron trajectory code OmniTrak . The results of the multibeam electron gun parameters obtained from two codes are in good agreement.
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