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Abstract: In this work it is presented the results of the
initial stage in the development of an automated
measurement system for the dispersion and the interaction
impedance characteristic of a slow-wave structure. The
measurement technique is based on the nonresonant
perturbation theory.
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Introduction

The interaction impedance characteristic of TWT
slow-wave structures (SWS) is a critical parameter for its
design. An accurate measurement of this parameter is also
essential to validate modelling tools that are in vogue
nowadays. Especially interested in the measurement of the
interaction impedance in TWT slow-wave structures, we
present our recent progress in constructing a system for this
kind of measurement. Following works [1] and [2] we are
developing an automated measurement setup based on the
nonresonant perturbation method, which we present here. A
mobile carriage system is responsible for the perturbing
mechanism and a vector network analyser (VNA) collects
and stores the phase data of the transmitted wave which are
used in the dispersion and the interaction impedance
calculations.

The nonresonant perturbation method
The nonresonant measurement method (NRP) is

based on the measurement of the reflected (or transmitted,
that is our case) wave phase shift due to the displacement
of a little perturber body into the SWS cavity. The
background NRP theory [2][3] tell us that this phase shift
dp can be associated with the axial phase constant f
according to
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from where we may find the phase velocity, using its

definition v, =(w/ f) , as
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o= 2z f) where fis the microwave frequency.

From the variation of ¢ with the perturber position z along
the axis of the structure, we may find de/dz. At this point
we have the dispersion characteristic of the structure. For
obtaining the interaction impedance Rao in [2] presented a
way for extend expression from the resonant theory to
nonresonant using the relation Ao = —v,Af, where v, is the
wave group velocity. We will use our own expression
obtaining according to our analytical model related in [4].

The experimental setup

In the figure 1 is shown a (@) schematic representation
of the measurement setup and (b) a 3D model of the
mechanical apparatus that is under construction. It
consists basically of a helical structure centered by
dielectric support rods inside the circular waveguide. The
structure will be excited using a rectangular waveguide
similar to WR-90, however with a taper region with the
goal of improving the structure coupling. A mobile
carriage system driven by a stepper motor controlled by a
PC is the responsible for the displacement of the SWS
along a thin nylon wire which the perturber body is hold
on. Computing the phase information of the transmitted
signal for each z position of the pertutber, we can obtain
the dispersion relation using (1) and (2). To obtain a
measure of the interaction impedance we perform the
same procedure, however with a new pertubation that is a
thin dielectric glass rod placed in the axis of the structure.
With this new perturbation the measure of the phase
information for each z position yields a new f
propagation constant that give us the quantity Af
necessary to solve the interaction impedance K
expression. A first order expression for the interaction
impedance given by Rao in [2] is
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where r, is the perturber rod radius and &, is its electric
permittivity. The procedure of collecting the phase data
from the VNA will be turn automatic by a computer code
developed to control the measurement process.
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Figure 1. (o) Schematic illustration of the complete measurement system, (b)) Measurement setup 3D view.
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