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Introduction
Recent LANL activities in millimeter
wave structures focus on 94 and 300
GHz structures. They aim at power
generation from low power (100-
2000W) with a round electron beam
(120kV, 0.1-1.0 A) to high power (2-100
kW) with a sheet-beam structure (120
kV, 20 A). Applications cover basic
research, radar and secure
communications and remote sensing of
biological and chemical agents [1].
While for round beams rf-structure and
powercoupler design are fairly
straightforward, for the sheet-beam
structure (aspect ratio ~ 12), especially
the power coupler design is more
challenging. In this paper the design of a
complex, non-linear converter/combiner
power-coupler and its match to the rf-
structure will be presented.

RF-design of the wide structure
The traveling wave rf-structure is a
symmetrically vane-loaded rectangular
waveguide. The design of the rf-
structure was driven by consideration of
the achievable gain, the proper group
velocity of the traveling wave and a flat
field across the width of the sheet-beam.

Figure 1: Section view of the rf-structure
with a choke-section to flatten the fields.

Figures 1 and 2 show a section of the rf-
structure without coupler. The copper
colored material shows the vanes of the
loaded guide. On both sides chokes and
small over/undercuts (see Figure 2) set
the flat field across the width of the
sheet-beam.

Figure 2: A close-up look of a choke
with over/undercuts.

Quantity Value [mm] Comments

Height 2.1

Width 24.5
Waveguide

Height 0.60789

Thickness 0.25
Vane

Thickness 0.25 Cell

Aperture 0.88422 Height (H)

Choke 5.0 Width (W)

Undercut 0.05 * 0.2 W * H

Overcut 0.02 * 0.2 W * H
Table 1: Loaded waveguide dimensions
for the wide 94 GHz structure.



Figure 3:This plot shows the dispersion
curve for the rf-structure with choke and
over/undercuts. The straight lines show
the phase velocity of electron beams at
energies ranging form 10-240 kV.

Figure 3 shows the dispersion curve and
the phase velocities for electron beams
in an energy range from 10-240 kV. The
120kV electron beam in TW operation
would be in phase with the 2 /3 mode of
the structure.

Concept for the power coupler
The power coupler scheme we opted for
uses a mode conversion and combination
from two standard rectangular
waveguide TE modes that are converted
into a TM mode. Figure 4 shows the
concept. The TE-mode waveguides
above and below the beamport are
merging at the entrance into the rf-
structure.

Figure 4: The concept of the power
coupler with the electric field of two TE
modes converted and combined into the
accelerating TM-mode.

This coupling concept has originally
been designed for a narrow 300 GHz
structure [2]. A verification of the
concept in a 10 GHz scaled cold model
is also presented at this conference [3].
All simulations have been done with
Microwave Studio [4].

Design of the wide power coupler
For the wide structure the power coupler
has to provide a more complex
conversion of the fields. Input power is
fed from nominal WR10 waveguides,
whose cross-section has to be converted
into a waveguide coupler of the full
structure width of 24.5 mm. A design
study started with multiple WR10
waveguides above and below the central
plane that were merged. The approach to
convert a single driving waveguide into
a full width waveguide however seems
to be more promising [5]. Figure 5
shows such converter/combiner
geometry.

Figure 5: A candidate geometry of mode
converter and combiner that propagates
a reasonably flat TE mode through a full
transition of width from a WR10
waveguide to 24.5mm width.

This geometry uses a number of discrete
steps to change the width of the
structure. In this approach, due to the
overmoding in the full width waveguide
too many higher order modes are
generated and transported into the rf-
structure.



Recent simulations of continuously
changing converters provide alternative
solutions that suppress the transport of
higher order modes. Figure 6 shows the
geometry of a coupler based on such a
transformer.

Figure 6:Converter/combiner geometry
with non-linear continuous width
variation (blue) and beam-waveguide
(green). Higher order modes are
suppressed to less than –24 dB.

Using this approach a broadband coupler
geometry has been developed. Figure 7
shows the s-parameters for the coupler
connected to a simple waveguide.

Figure 7: S-parameters for the coupler
connected to a waveguide. All higher
order modes that nominally could
propagate in the structure are
suppressed to –24dB.
The coupler has a bandwidth of at least
20%.

Matching of the coupler to the rf-
structure
For a proper match of the coupler to the
rf-structure we did not directly couple

into the vane-loaded waveguide, but
introduced tapered vanes that start at
’’zero’’ height and increase to the full
height over a number of periods. Figure
8 shows a full coupler and rf-structure
model with 10 tapered cells in each
matching section and 35 full cells in the
TWT structure. At present a rf-structure
without chokes for the flat transverse
field has been chosen. This simplifies the
matching process and helps understand
the influence of individual parameters on
the matching and the matched frequency
range more easily.

Figure 8: View of the input/output
couplers and the rf-structure with the
tapered-vane matching section.

The s-parameters show that the
bandwidth of the matching section is
reduced compared to the stand-alone
coupler, but it is still a significant
portion of the width of the dispersion
curve.

Figure 9: The s-parameters show a good
coupling over a bandwidth of
approximately 6 GHz around 93 GHz.



A snapshot of the electric field in the
central plane (Figure 10) shows that a
TM-type mode is driven in the rf-
structure. The variation transverse to the
beam-direction indicates that a flatter
field has to be shaped to provide good
interaction with a sheet-beam.

Figure 10: The cones represent the
electric field driven at 94 GHz within the
structure. Except for transverse field
flatness the input/output coupler pairs
drive a suitable mode.

Conclusion
A wide TWT rf-structure for a 94 GHz
tube has been designed. The power
coupler concept for such a tube has been
demonstrated for a narrow structure. Due
to the overmoding of the wide structure a
much more complex design path has to
be followed for a structure suitable for
sheet-beam operation. The design of
such a coupler and a proper matching
section have been successfully
completed. At the present stage of the
design traveling wave operation close to
the 94 GHz frequency has been
achieved. To complete the effort the
chokes for the flat transverse field have
to be reintroduced. Fabrication of a cold
model test structure is expected for the
summer.
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