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Abstract

It has been technically challenging to efficiently couple
external radiofrequency (RF) power to cylindrical dielec-
tric-loaded accelerating (DLA) structures. This is espe-
cially true when the DLA structure has a high dielectric
constant. This paper presents a novel design of a matching
section for coupling the RF power to an X-band DLA struc-
ture with a dielectric constant €. = 16.66 and a loss tan-
gent tan§ = 3.43 X 1075, It consists of a very compact
dielectric disk with a width of 2.035 mm and a tilt angle of
60°, resulting in a broadband coupling at a low RF field
which has the potential to survive in the high-power envi-
ronment. To prevent a sharp dielectric corner break, a 45°
chamfer is added. Moreover, a microscale vacuum gap,
caused by metallic clamping between the thin coating and
the outer thick copper jacket, is studied in detail. Based on
simulation studies, a prototype of the DLA structure with
the matching sections was fabricated. Results from prelim-
inary bench measurements and their comparison with de-
sign values will also be discussed.

INTRODUCTION

Dielectric-loaded accelerating (DLA) structures, utiliz-
ing dielectrics to slow down the phase velocity of travelling
waves in the vacuum channel, have been studied both the-
oretically [1, 2] and experimentally [3, 4] as a potential al-
ternative to conventional RF structures. A DLA structure
comprises a simple geometry where a uniform and linear
dielectric tube is surrounded by a conducting cylinder. The
simplicity of DLA structures offers great advantages for
fabrication of high frequency accelerating structures, as
compared with conventional RF structures which demand
extremely tight fabrication tolerances. This is of great im-
portance in the case of linear colliders, where tens of thou-
sands of accelerating structures have to be built. However,
there are still some potential challenges for DLA structures,
such as breakdown [5] and multipacting [5-7]. In addition
to these challenges, a practical issue to be addressed is the
efficient coupling of the RF power into a DLA structure
with an outer diameter much smaller than the waveguide.
We present in this paper a novel design of a matching sec-
tion for efficiently coupling the RF power from a circular
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waveguide to an X-band DLA structure. There are 3 mod-
ules in the scheme: TEo-TMy; mode converters with choke
geometry, matching sections, and the DLA structure, as
shown in Fig. 1. The mode converter has been studied in
detail [8, 9], so we concentrate our efforts on the design of
the matching section and DLA structure with the aim to
achieve the broadband coupling with the maximum fields
located at the DLA structure. Based on simulation studies,
the prototypes of a DLA structure with the matching sec-
tions and the mode converters are obtained after fabrica-
tion. The RF bench measurements are carried out for the
assembly of the whole structure.
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Figure 1: Conceptual illustration of an externally-powered
DLA structure with matching sections.

DESIGN OF AN X-BAND DLA STRUC-
TURE

In this section, the RF properties of an X-band DLA
structure (see Fig. 2) are studied in detail.
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Figure 2: Front view and longitudinal cross section of a cy-
lindrical DLA structure.

MgTiOs ceramic, with good thermal conductivity and
ultralow power loss, which has been studied in [10], is cho-
sen as the dielectric material for our DLA structure. An ac-
curate measurement of the dielectric properties has to be
performed before using such a ceramic for our RF design.
As shown in Fig. 3, a TEs; silver-plated resonator, which
is designed for testing ceramics at an X-band frequency, is
used to measure the dielectric constant €, and loss tangent
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tané of sample coupons. Four coupons made from the
5 same dielectric rods as for the fabrication are measured. A
Z dielectric constant &, = 16.66 and a loss tangent
tand = 3.43 x 1075 (having error bars 0.6% of the nom-
. inal value) are obtained for the RF design of the DLA struc-
ture and matching sections which follows.

: N S
Figure 3: Measurement setup of the dielectric properties.

The DLA structure could be potentially used for the
CLIC main linac. The inner radius is chosen to be
Ri, = 3.0 mm from consideration of the CLIC beam dy-
namics requirement [11, 12]. The outer radius is then cal-
culated to be R,y = 4.6388 mm for an operating fre-
quency of fy = 11.994 GHz. The group velocity obtained
is v, = 0.066¢, where c is speed of light. A quality
factor of @y, =2829 and a shunt impedance of
Rgpunt = 26.5MQ m are also derived for such a DLA
structure. The length of the DLA structure is chosen as
L = 100 mm for the following simulations and mechani-
cal assembly.

DESIGN OF A MATCHING SECTION

In this section, a dielectric matching section to effi-
ciently couple the RF power from a circular waveguide into
the DLA structure will be presented and analyzed in detail.

A Chamfered Dielectric Matching Section

After optimization, a compact, low-field, broadband
matching section with a tilt angle of 8 = 60° is obtained.
In realistic fabrication, a sharp dielectric corner easily
breaks. In order to prevent such a break, a 45° chamfer with
a length of 0.254 mm is added to this corner, as shown in
Fig. 4.

Figure 4 (left) shows the calculated electric field distri-
bution for the chamfered dielectric matching section at an
input power of 1 W. Figure 4 (right) indicates that the elec-
tric fields near that area are much lower than those of the
DLA structure. In this case, this dielectric matching section
has the potential to withstand high-power test.
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Figure 4: (left) Electric field distribution for chamfered di-
electric matching section. (right) Electric field magnitude
along Line AFC, where the distance of point 4 is taken as
0 mm.
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Figure 5 shows the calculated S;; = —54 dB and
S,1 = —0.03 dB for the chamfered dielectric matching
section. It has a coupling coefficient of 99.3% and S,, also
has a broad 3 dB bandwidth of more than 1 GHz.
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Figure 5: Simulated S;, and S, as a function of frequency
for the chamfered dielectric matching section.

A Vacuum Microgap

A thin metallic layer of d; = 0.0508 mm is coated onto
the surface of the whole dielectric tube which is then in-
serted into the outer two-halves copper jacket. However,
there is a vacuum microgap d, caused by metallic clamp-
ing between the thin coating and the copper jacket, as
shown in Fig. 6. It is therefore necessary to study the de-
pendence of the S-parameters on this microgap d,.

0.254 mm

Figure 6: Geometry of a chamfered dielectric matching
section with a vacuum microgap, and a DLA structure.

Figure 7 shows how varying d, influences S;; and S,;.
With a larger d,, S;; increases while S,; decreases, result-
ing in worse matching. For a vacuum microgap of 0.3 mm,
the peak fields are found to be higher than those of the DLA
structure, which may cause arcing in the high-power test.
The dielectric matching section is therefore allowed to
have a maximum vacuum microgap of 0.2 mm, in which
RF fields are still lower than those of DLA structure, Sy, is
better than -30 dB, and the coupling coefficient is 93%.
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Figure 7: Simulated S;; and S,; as a function of vacuum
microgap d,.

Tolerance Studies

The optimum geometry (see Fig. 6) for the matching sec-
tion and the DLA structure is listed in Table 1. The toler-
ances are studied: By adjusting a certain parameter from x
to x + dx, S;; is calculated and compared with the setting
requirement of -20 dB. It can be seen from Table 1 that S,
is very sensitive to Wy, Ry, and R;, and less sensitive to
&, Hy, 0, Re, and R,. The dielectric fabrication accuracy
should be better than + 0.02 mm in order to realize a
S11 < — 20 dB, which is acceptable for efficient cou-
pling.

Table 1: Geometric Tolerance Studies

fo =11.994 GHz $11 < —20dB
& = 16.66 [-0.24, +0.27]

W, = 2.035 [mm] [-0.022, +0.022]
H, = 2.74 [mm] [-0.051, +0.054]
0 = 60° [-7.3°, +7.0°]

Rf = 2.0 [mm] [-0.140, +0.120]
Ry, = 0.5 [mm] [-0.245, +0.151]
Roue = 4.6388 [mm]  [-0.020, +0.025]
Ry, = 3.0 [mm] [-0.024, +0.020]

Full-assembly Structure

The mode converters with choke geometry, the matching
sections and the DLA structure are connected together as a
full-assembly structure in simulation, as shown in Fig. 8.
The electric field distribution is simulated for the whole
structure when the RF power transmits from Port 1’ to
Port 2'.

Port 1’ 660 V/m Pbrth’

Figure 8: Simulated electric field distribution for the full-
assembly structure.

PRELIMINARY LOW-POWER TESTING

After fabrication, the prototypes of the DLA structure
with the matching sections and mode converters are ob-
tained. As shown in Fig. 9 (left), the fabricated dielectric
structure has a thin silver coating on its surface which is
clamped by two-halves copper jacket. It is then assembled
with the fabricated mode converters, as shown in Fig. 9

(right).
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Figure 9: The prototype of (left) the DLA structure and
(right) the mechanical assembly of the whole structure.

The full-assembly structure is then connected with a 4-
port network analyser for low-power testing. As shown in
Fig. 10, the measured Sj; =—11.35dB and
S5, = —6.34 dB while the simulated S;; < —40 dB and
S31 = —0.67 dB at the designed frequency of 11.994 GHz.
It is obvious that there is a significant discrepancy between
measurements and simulations. This discrepancy may be
caused by fabrication errors for the DLA structure with the
matching sections. Investigations into possible reasons for
the discrepancy are ongoing.
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Figure 10: Comparison between measured and simulated
S-parameters.

CONCLUSION

A compact, low-field, broadband matching section has
been proposed and studied to efficiently couple the RF
power from a circular waveguide to an X-band DLA struc-
ture in detail. A prototype of the DLA structure with the
matching sections was subsequently built and mechani-
cally assembled with the mode converters. Preliminary RF
bench measurements have been carried out for the whole
structure. A significant discrepancy, probably due to fabri-
cation errors, was found between measured and simulated
S-parameters. Further investigations are being performed
to understand the origin of these differences.
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