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Abstract: Traveling-wave tubes (TWTs), used in civil and defence applications, use single stage collector due to high power and multi-octave bandwidth requirement rather than very high efficiency. However, TWTs used in space communication necessarily has to have very high efficiency rather than wide bandwidth. Authors are developing a user friendly multi-stage depressed (MDC) collector design code in MATLAB for very high collector efficiency and hence TWT efficiency ( which is presented here.
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Introduction 

With modern innovative design concepts and state-of-the-art technologies, TWTs are capable of delivering very high power with multi-octave bandwidth for ground applications and more than 70% efficiency for space application in space-applicable bandwidth regions. Very high efficient TWTs can only be achieved with very high collector efficiency, ~90%, along with the improvement of electronic and circuit efficiencies. High collector efficiency can only be obtained by collecting the spent electron beam in multi-stage depressed collectors (MDCs). It has also been observed that as the number of stages is increased beyond four, there is no significant improvement in collector efficiency as the efficiency saturates (Figure 1).

Figure 1. Efficiency saturation beyond four stages

Commercially available software/codes, like, EGUN, CST Particle Studio, TRAK, etc are used to design MDCs. In these packages, some limitations have been observed during fundamental research activities, namely, study of secondary electron trajectories with magnetic field in EGUN, incorporation of the spent bean data from large signal analysis model (LSM) in CST, etc. Hence, authors were motivated to develop a self-analytical code for designing of MDC, which has been presented here. 

Analytical approach followed is as follows: The Poisson’s equation is solved to obtain the potential due to collector potential and space charge force. Following this, the trajectories are traced by solving Lorentz force equations, considering spent beam data as starting condition. Finally, the computation of the required results, namely, power recovered by each electrode, back streaming power, efficiency, are done. 

First, the geometry is divided into several rectangular meshes (Figure 2). The Drichlet’s boundary conditions are applied, as the collector potentials are fixed. In order to obtain the potentials at each and every mesh point within the collector, the Poisson’s equation (1) has been solved in cylindrical co-ordinate system. 
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Figure 2. Rectangular meshes
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Above equation is computed numerically as:
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where h being step size along axis and k being step size along the radius.

Charge density at each point can be given as
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where, d is the diameter of collector, l is the length of the collector, optimized from spent beam curve, r0 is the initial radius of the beam and I0 is the beam current. The gradient of the potential gives the electric field due to the collector potential as well the space charge forces as:
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The starting conditions, 96 electrons, obtained from the spent beam data from large signal analysis gives information about the beam current, voltage and the estimated kinetic energy distribution.  Solving Lorentz force equation and after a lengthy mathematics, the final trajectory equation comes to be:
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where, R and Z are reduced variables, 
is the initial angular velocity of the beam and u0 is the initial axial beam velocity.
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  and 
Using above expressions charge density, potential distribution, equi-potential lines and electron beam trajectories under DC condition, obtained from the self development code developed in MATLAB, have been presented here (Figures. 3-7).
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Figure 3. Charge density along axis inside collector
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Figure 4. Charge density along radial direction inside collector
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Figure 5. Potential distribution
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Figure 6. Equi-potentials inside collector
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Figure 7. DC electron beam trajectory

Conclusion:

For the analysis, spent beam data from large signal analysis model have been used. Moreover, cathode voltage, beam current, collector potentials, etc, used here, are taken from Ku-band short length space TWT, under development at CEERI. Analysis of electron trajectories under RF condition is under progress.
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