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Abstract. This paper represents the comparison of periodic permanent magnet (PPM) and
solenoid focusing for dual anode multi-beam electron gun using OPERA3D code. The electron
gun has been operated at 6 kV having 75 mA beam current with 0.45 mm beam waist radius.
The design has an additional feature of cathode protection from ion bombardment with the
application of extra ion barrier anode.

1. Introduction
As the multi-beam technology has numerous advantages [1]-[3] and therefore it is used in microwave
tubes, such as klystrons and traveling wave tubes but due to increasing demand of more compact and
lighter weight devices PPM focusing is used than conventional solenoidal focusing. The elimination of
the solenoid power supply can also lead to higher overall device efficiency. PPM focusing has been
widely used in helix and coupled cavity traveling wave tubes but is much less common in klystrons
because the historic applications for klystrons has not required. The weight reduction compared to a
solenoid or a uniform field permanent magnet is 1 to 2 orders of magnitude.
A deficiency in the PPM case that is not present in uniform-field focusing is that the rotational
energy of the beam increases as the beam becomes more confined. As a result, the energy in the axial
motion of the beam and the efficiency decrease. For reasonable values of confinement, a large fraction
of the beam energy is utilized in rotation for microperveances above ~0.5. As a result, efficiency is
degraded. Thus, the confined flow PPM focusing is limited to low-perveance designs [4]. But in
present case of four beam electron gun microperveances per beam-let is 0.16 which can be easily
handle with confined flow PPM focusing.
2. Design Approach
A four-beam electron gun on 14mm PCD at an angular distance of 90◦ from each other has been
simulated using OPERA 3-D [5] to study the effect of PPM and solenoidal focusing. The total beam
current (300 mA) of multi-beam electron gun is equally divided (75 mA) among each beamlet with
laminar beam flow at 6 kV beam voltage. The total beam power is 1.8 kW. The beam waist radius and
beam throw of electron gun are 0.45 mm and 15 mm respectively. It has been estimated that a positive
potential of the order of 100-150 V with respect to ground is good enough to prevent the flow of
positive ions from beam-wave interaction region to the cathode-anode region, thus protecting cathode
surface from ion bombardment and deteriorate the emission current. The design parameters of multibeam electron gun are summarized in the Table I.
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Table 1. Design parameters of multi-beam electron gun
Parameter

Cathode voltage
No. of Beam Lets
Total Beam Current
Total Beam Perveance
Individual Beam Perveance
Cathode Diameter
Cathode Emission Loading
Beam Waist Radius
Beam Throw

Value

-6 kV
4
300 (75×4) mA
0.64 μP
0.16 μP
3.2 mm
0.92 A/cm2
0.45 mm
15 mm

3. Focusing structure
The design of PPM focusing structures, however, is more complex, and beam transmission is not as
good as for uniform field focusing; therefore, this focusing method is limited to lower average power.
But specially designed pole piece (of suitable thickness, aperture shape, and size) are the major design
parameters that are responsible for preventing the electron beams from corkscrewing in order to get the
desired beam transmission [6]. When the beam-lets enter the pole-piece aperture, a symmetric
magnetic force is experienced by them, their center remains at its own axis, and hence, the beam-lets
remain laminar. In both cases i.e. PPM and solenoid same magnetic field (2400 Gauss) is used to guide
the beam-lets but less than 2 % scalloping in solenoid focusing while 5.2 % scalloping is observed in
PPM focusing and cut views of OPERA 3D simulated solenoid and PPM focused four-beam electron
gun are shown in Fig.1 and Fig.2 respectively. Comparison of magnitudes of magnetic field in PPM
and solenoid focusing are shown in Fig.3

(a)

(b)

Figure 1. (a) Cut view of OPERA 3D simulated solenoid focused four beam electron gun (b)
magnified view of single beam
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Figure 2. (a) OPERA 3D simulated PPM focused four-beam electron gun (b) magnified view of
single beam

Figure 3. Comparison of magnitudes of magnetic field in PPM and solenoid focusing
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