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We present a modified Pierce scheme for small-signal theory of the traveling wave tube, taking into account the losses along the slow wave structure. Moreover, considering attenuation effects as first order perturbation of a lossless TWT, we propose an approximate model for the power output and the overall beam efficiency of lossy TWT for different attenuation constant

INTRODUCTION

As traveling wave tubes (TWTs) are progressing toward higher frequencies, the issue of radiofrequency (RF) losses is of increasing importance. New TWT designs with folded waveguide are now capable of amplification in the W-and G-bands, and beyond. However, this kind of TWT can produce nearly as much RF losses as they produce RF power for the user. So, better understanding is required to limit these losses and to improve the efficiency. We present a modified Pierce model for small-signal theory of the traveling wave tube, taking into account the losses along the slow wave structure. Moreover, considering attenuation effects as first order perturbation of a lossless TWT, we propose an approximate model for the power at the output of the lossy TWT versus its loss coefficient. We conclude that the loss coefficient not only causes RF dissipation, but also reduces the overall beam efficiency. Both effects contribute to reducing the RF power available for the user.

SMALL-SIGNAL THEORY

In order to construct a small-signal signal theory of the beam-wave interaction, we use the classical fluid description, where the electrons flux is barely perturbed by the RF wave. As for the wave, we simply use the telegrapher's approach, where a mono-frequency wave e iωt travels through an infinite number of small electrical transmission lines with distributed inductance L and capacitance C, to which we add the losses effects through distributed resistance R and conductance G (fig. ??). The propagation constant β of the waves in this system are the solutions of a 4th degree determinantal equation,

2β e C 3 β 2 (β -iαβ e )+(β -β e ) 2 β 2 -(β e -iαβ e ) 2 = 0, (1) 
similar to Pierce equation, but with complex coefficients taking the losses into account. Here β e is the beam propagation constant ω/v beam , C is the Pierce coefficient, and α is the dimensionless loss factor associated with the transmission line. For small values of the loss constant α, one can estimate the small-signal gain in a lossy TWT as a perturbative variation to the lossless gain. We find that, in a first approximation, the power loss in a TWT is simply equal to one third of the cold (beamless) power loss (fig. ??).

PERTURBATIVE APPROXIMATION

When looking at the beam efficiency and the overall power budget in a lossy structure, in addition to the RF power at the exit of the delay line, one should also consider the accumulated power loss in the the SWS. Since the skin effect losses are typically much smaller than the gain, we develop a simple approximate model for the RF power output as well the overall beam efficiency for a TWT as a function of its loss coefficient, where the power loss is a first order perturbation to the gain.

VALIDATION

The validity of this model is assessed against simulations for different TWTs with several values of the attenuation coefficient for each TWT, using a frequency domain code. In Fig. ??, we compare (in blue) the hot and cold power loss by running our simulation with and without a beam. In a second time, we compute the simulated RF output power as well as the accumulated power loss along the SWS, and compare the total (in green) to our linear approximate model.

CONCLUSION

A linear approach to a lossy TWT is a good way to estimate the dissipation effect on the RF power as well as the overall beam efficiency, even at saturation.
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 1 Figure 1. Telegrapher's transmission line.
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 2 Figure 2. The simulated power loss (blue points) for a TWT, as a function of the attenuation per wavelength, is compared to 1/3 of its cold power loss L 0 corrected by a factor taking into account the small gap in the beginning of the SWS before the amplification process takes place.
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 3 Figure 3. Comparison of our linear model (dashed) with frequency domain simulations (points), for (in blue) the RF power at the exit of the SWS, and for (in green) the overall RF power budget.