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This paper presents an experimental
investigation of the spatial evolution and
sensitivity of third-order nonlinear distortion
suppression obtained by harmonic injection in
a Traveling Wave Tube to fundamental
frequency shifts as well as injected second-
harmonic amplitude and phase shifts.
Harmonic injection schemes offer a promising
solution to reduce the nonlinear distortion
effects in a TWT [1-4]. The technique is
readily implemented with simple circuits for
generating the injected harmonic signal and
adjusting its amplitude and phase. It is shown
to yield high intermodulation suppression of
up to -30 dB (or 55 dBc). However, it is
theoretically predicted to be quite sensitive to
injected frequency, phase and amplitude
variations.

Experiments were carried out on a
custom-modified XWING (eXperimental
Wilsconsin Northrup-Grumman) TWT with
two fundamental input tones of f, and f;, at
1.90 and 1.95 GHz at 15 dBm/tone drive.
Second-harmonics of these frequencies at
3.80 (2f,) and 3.90 (2f,) GHz were then
injected and iteratively adjusted in amplitude
and phase to achieve maximum suppression
of -31.4 and -28.4 dB respectively for the
upper (2f,-f,) and lower (2f,-f,) third-order
intermodulation levels (3IMs) at the output.

Measurements of the wave spectrum at
the sensors present along the tube axis reveal
the destructive and constructive effects of the
interfering modes generated by beating the
fundamentals with the nonlinearly generated
harmonic and the modes generated by beating
the fundamentals with the injected harmonic.
Since these modes have different growth rates
and wavelengths [4, 6], the injected

harmonic’s amplitude and phase can be
optimized to obtain suppression at a single
axial location (chosen to be the output in this
case). It has been shown in Ref. [4] that this
location of maximum suppression can be
shifted along the axis by changing the input
parameters. Figure 1 shows the spectrum
measurements at the input, sensor 1 (which is
located almost halfway through the tube),
sensor 4 (located close to the output port), and
at the output.
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Fig. 1 Spatial evolution of the wave spectrum along
the TWT axis with and without harmonic injection.

The input spectra shows that the optimum
injected harmonic power required for
maximum suppression are -3.3 dBm at 3.80
GHz and -2.1 dBm at 3.90 GHz. Thus, very
small levels (<17 dBc) of properly phased
harmonics are needed to obtain 28.4-31.4 dB
of 3IM suppression. The 3IM level at the
input is less than 30 dBc due to the
preamplifiers. It can be seen that the output
3IM levels obtained with suppression are
even lower than the initial level of 3IM
present at the input. While all the frequencies
show almost monotone growth along the axis
without injection, the presence of the injected
mode causes destructive and constructive
effects along the axis. The results also reveal
that suppressing the 3IMs results in -5 to -7
dB suppression of the output second
harmonics as well. Thus, the injected
amplitude and phase can be optimized to
either achieve maximum suppression at a
particular frequency or to obtain a desired
suppression for several frequencies.

The significant difference in the power
levels of the 3IMs between sensor 4 (which is
located close to the output) and the output in
Fig. 1 indicates that the suppression is quite
sensitive to injected amplitude and phase.
Measurements were carried out to investigate
this sensitivity and the effect of changes in
input fundamental frequency on the
suppression achieved. For experimental
simplicity, only one second harmonic at 3.90
GHz was injected to suppress the upper 3IM
resulting in -29.5 dB suppression. The

injected  second-harmonic  phase  and
amplitude was then varied. Experimental
results reveal that 3IM suppression of greater
than 45 dBc can be maintained for a £5°
phase and a +1 dB amplitude variation in the
injected harmonic. These tolerances can be
readily achieved in practice. Further, it was
observed that varying the frequency of the
lower fundamental (keeping the upper fixed)
from a 10 MHz separation between the two
fundamentals to 900 MHz caused the
suppression to increase by only 10 dB to a -19
dB (44 dBc) suppression level. These results
show that second harmonic injection
suppression is fairly insensitive (i.e. can be
readily achieved in practice) to the input
parameters.
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