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Abstract ity section, beam pipe, pumping slots, input/output coupler

. . . ith detoured wave guides with integrated taper and holes
This paper presents a new design of a planar linear W- . .
: - : . for screws and alignment pins. The power couplers are pla-
band accelerating structure (Muffin Tin). It is a travelin

. . . ar and input and output are from both sides, left and right.
wave, constant impedance structure with an operating fr

The dashed line indicates a sacrificial region, which will be
quency 0f91.392 GHz (32 times the SLAC frequency) o - .
and is designed for ther /3-mode. The design includes put away later. It serves for stabilization during machin

. . oo ing. The thickness of this sheet2$. The design makes
a new power coupler, with a cavity geometry optimized fo[Wo different kinds of bead pull measurements possible:
high shunt impedance. A-cell prototype was fabricated '

by wire electro-discharge machining (EDM). A scalar meat-he conventl.onal longitudinal .puII throggh the t_)c_eam pipe
and a pull with a transverse dielectric fiber, positioned and
surement system for S-parameters was developed to deters, " ) o
. ulled in the pumping slots. Therefore it is necessary to
mine the RF parameters of the prototype. Measured resulis . . '
. . etour the wave guide from the input and output coupling
are presented and compared to results of numerical simu

fions &ills to the exterior boundary of the structure. The con-

nected WR-10 flange is as large as half the structure and
overlaps the pumping slots which are needed for this trans-
1 INTRODUCTION verse fiber bead pull measurement. Further the size of the

. first and last cellg = 0.864 , are smaller than the size
MM-wave RF-structures have the potential of a breai&—fY Y e
9

: . fa WR-10 wave guidevg = 1.27 mm, that means taper-
through tef:hnology. .Transverse: dimensions are extrem g in this direction is also necessary. Some improvements,
small and itis conceivable to build rT‘Od“'eS where the RI:ll'ke a new power input/output coupler with integrated taper
structur_es and power-sources are mtegrate_d together Wdlmd a better transmission are presented in [3].
magnetic focusing devices and beam monitors. A mod-
ule then needs only connections to power supplies, vac
pumps and electronics to become a working acceler
However, the mechanical tolerances of the different ¢
ponents are very tight. For instance, the structure tc
ances are in the oder of a few microns only if one does
want to tune individual cells. Today, modern microfat
cation has developed at least two technologies which |
the required tolerances. These are wire electro-disch
machining (EDM) and deep x-ray lithography (LIGA
Both technologies require planar structures. Therefore
have started an intense research on planar structures
are all derivatives of the basic muffin-tin geometry [1]. /
though we pursue both technologies, LIGA and EDM,
first and present structure is wire EDM 'ed being appre
bly cheaper for prototypes.

2 MECHANICAL DESIGN AND
FABRICATION

The first ideas for the design of the structure are wri
down in [2]. The prototype is & cell structure designe
for wire EDM fabrication. Therefore special points lil
technological limitations were taking into account. Figure

1 shows the explosion view of the structure. The top and Figure 1: Explosion view.

the bottom plate are the mechanical support and the cavity

bottom plates, the middle sheet is the structure with cawigure 2 shows a zoom of the cavity section. The iris thick-
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ness was fixed to = 0.23 mm. The aperture for the bei
influences the bandwidth, shuntimpedance and wake
An aperture to wavelength relation @f A = 0.16 is cho
sen, which results in an aperturef = 1.05 mm. The
width of the cavity isw = 2.363 mm. The depth of tt
cavity is2b = 2.54 mym which is the size of the standi
WR-10 wave guide and a small advantage because
pering in this direction is necessary. The length of one
ity in beam direction igy = 0.864 mm.
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Figure 3: Cross section for wire EDM.

Figure 2: Top view of the cavity section.

A problem was to match the coupler to the structure, bd
cause we wanted a single depth structure, which is eas
to fabricate. This required a cut iris, a very complicateq
step in fabrication. To do this, the wire has toltikee fig-
ure 3. This operation is very sensitive, because we need
high accuracy for this iris roof. The edge could cause prol
lems in later models but not in this cold test model. A big
disadvantage is this second depth if you want to realize
with LIGA. Figure 4 shows the final realized structure.

3 RF DESIGN AND NUMERICAL Figure 4: Realized structure.
SIMULATION

The aimed operating frequency9s.392 GHz, 32 times  Of accelerating cells on one structure/¢f,,, = 178. The

the SLAC frequency2.856 GHz), and corresponds to a theoretical results of the reflection and transmission coeffi-

wavelength of\ = 3.283 mm with cavity dimensions in cient, computed with GdfidL, are shown in figure 5.
the sub millimeter range. It is a traveling wave constant

impedance structure, designed for the/3-mode with a r/ Qo 81.6 kQ2/m

period length ofp = 1.094 mm The inner cavity geome- Qo = 2490, = 200 MQ/m
try is designed for an optimized shunt impedance. The ba- vefco = 9.4%

sic RF parameters have been calculated with our new code 0 = A1m-1

GdfidL [4] and are listed in table 1. For the calculation of )

the maximum lengtti. ., of the structure, we usedraof Lmae = 19.5cm

0.8 (7 = aL). Using thisL , we get a maximal number .
(r=al) 9 maz: WE G Table 1: Basic RF parameters.

1Special thanks to Dennis Palmer, SLAC.
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we couple—10 dB of the reflected power to a crystal de-
tector. The results of the transmission and reflection mea-
surement are presented in figure 7.

The measured frequency response is in good qualitative
agreement with the numerical simulation. The structure
looks detuned, maybe the coupling iris, which was very
sensitive in simulation and unfortunately the hardest thing
to make for the machine shop, got bigger and the coupling
cells got smaller. The measurédiB loss in transmission

is not yet understood. We believe that it has to do with the
bad contact between the irises and the cavity. Therefore,

Frequency we will try next to operate the structure on an isolated res-
onance and measure the Q-value.

Figure 5: Reflection and transmission coefficient, Gdfid!
[4] simulation.

4 MEASUREMENT i

The following chapter shows a possibility to do a transmis
sion and reflection measurement with a scalar measurem
system for signals in th&) G H z range. Figure 6 show the
block diagram of the scalar measurement system.

CH1: MEM A CH2: B/B-M A
10.0 dB/ HEF + .00 dB 10.0 dB/ REF + .00 dB
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Figure 6: Block diagram of the scalar measurement system.
(2]

The source is aHP 83751B high power synthesized

sweeper, working in a frequency range frath5 GH z to

18.33 GHz. A HP 83558Amm wave source module sex- [3]

tuples the output frequency range to fieGH z to 110

G Hz mm wave range. After multiplying the signal rangje

National Laboratory, internal report ANL/APS/MMW-1,
1993.

R. Merte, “First Design of a W-Band Muffin Tin, Cold Test
Model”, Internal Note, Inst. f. Theoretische Elektrotechnik,
TU-Berlin.

R. Merte, “Improved Design of W-Band Muffin Tin
WBAND-003", Tech. Note 144, ARDB, SLAC, Stanford,
Internal Note.

times, the resultant mm wave power goes through an isolag] w. Bruns, “GdfidL: A finite difference program for arbi-

tor to avoid reflection and is splitted inMILLITEC 3 dB
three port directional coupler. 3D of power goes to the
reference channel and B0of power feeds the test struc-
ture. All measured signals are connected via three crystal
detectors, consisting of a detector adaptRr85025Cand a
W-band wave guide detectbiP 85025C-K7 1to the scalar
network analyzeHP 8757E The splitted power goes via
some WR-10 wave guides totP 10 dB three port di-
rectional coupler and feeds the test structure. The output
port of the structure is connected to a crystal detector for
transmission measurement. For reflection measurement,
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trarily small perturbations in rectangular geometries”, IEEE
Trans. Magn. Vol. 32, No. 3 May 1996.



