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Extended Abstract
Helix Travelling-Wave Tube (TWT) is a high power broadband 
microwave amplifier that is commonly used for communication, 
remote sensing, and EW radars. Large-Signal Numerical Analysis 
(LSA) is used to analyse the beam-wave interaction in a TWT 
using Lagrangian approach. In this approach, electron beam 
of one rf wavelength is defined by the representative charged 
particles (electrons). These electrons are tracked in small steps 
of forward integration along the tube under the influence of the 
rf circuit field, the space charge field and the magnetic field by 
numerically solving the relativistic Lorentz force equation for each 
particle. For analysing multi-signal operation including the effect 
of higher-order harmonics and inter-modulation components, 
base frequency is defined that is the highest common factor 
of all frequencies. All the signals are then considered to be the 
higher-order time harmonics of the base frequency. Any number of 
simultaneous signals can be modelled in this manner subject only 
to the limitations of computing power. The mutual beam-wave 
coupling variables, namely the rf current induced on the beam 
by the circuit field and the voltage induced onto the circuit by the 
modulated beam, are calculated at each step of integration. This 
analysis predicts detailed beam and rf field variations all along 
the length of a TWT. All input parameters related to the electron 
beam and the rf structure can be easily optimised for desired TWT 
performance using this large-signal analysis. 
One-dimensional large-signal model (SUNRAY-1D) for the 
multi-signal analysis of a helix TWT was developed. For 1-D 
analysis, confined flow of the electron beam was assumed, and 
the electron beam in one rf wavelength of the base frequency 
is represented by cylindrical charged discs. For self consistent 
results, number of discs in one base wavelength should be such 
that the minimum number of discs in one wavelength of the highest 
signal is 24. Number of discs required therefore increases for 
reduced separation between the frequencies of the input signals. 
The use of more discs per wavelength increases the accuracy of 
the simulation but at the cost of increased computing time and the 
need for more memory in the computer.  A 1-D large-signal model 
is fairly accurate and fast to estimate complete TWT performance 
over the desired frequency band in terms of small-signal gain, large 
signal gain, saturated output power, efficiency, AM/PM factor, 
inter-modulation and harmonic components. It is easy to optimise 
parameters of a complete TWT including severs and velocity 
tapers, and beam parameters for desired TWT performance. The 
limitation of the 1-D LSA is that it does not include the effects of 
the magnetic focussing field and gives limited information about 
the spent beam for the collector design. 
Two and half dimensional large-signal model (SUNRAY-2.5D) 
has been developed for:

Improved prediction of tube performance, • 
For optimisation of focussing field, and • 
For generation of spent beam data for collector design. • 

For the 2.5-D large-signal analysis, the electron beam in one rf 
wavelength of the base frequency is represented by axi-symmetric 
charged rings of equal cross-sectional area and axial thickness. 

Each charged ring is represented by a lumped charged particle 
whose position is described by two dimensions (r, z) and velocity 
is described by three velocity components (r’, z’, θ’). The angular 
velocity θ’ of a charged ring arises because of the magnetic 
focussing field. In the 2.5-dimensional large-signal analysis, the 
rf structure is considered axially symmetric with axial and radial 
variations of the rf circuit field, the space-charge field and the 
magnetic focussing field. The relativistic equations of motion 
were solved with variable focusing fields and rf circuit fields. 
Improved expressions of the rf circuit field and induced voltages 
were developed. Complete data on rf output and beam performance 
including higher order time and spatial harmonics, inter-modulation 
components, beam interception were simulated.
Both 1-D (SUNRAY-1D) and 2.5-D (SUNRAY-2.5D) models 
were developed for detailed beam-wave analysis of a complete 
helix TWT with given variation of helix pitch profile (including 
input and output matching) and loss profile (including lumped 
loss and sever).  Both the models are fast and found reasonably 
accurate. Both the codes have been validated with the experimental 
results of several broadband TWTs and high efficiency space 
TWTs. Agreement for saturated output power is achieved within 
0.5dB and for saturated gain within 1dB. High efficiency TWTs in 
different frequency bands have been designed using these codes. 
Spent beam data generated by the 2.5-D code has been used for the 
design of multi-stage collectors of high efficiency space TWTs. 
There is a scope of adopting parallel process algorithm in these 
models for faster computation of many simultaneously fed input 
signals with frequency separation less than 10MHz.  


