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Abstract forward solution for a fully planar geometry. On the other

hand, SW structures have a constant gradient but a lower

The paper presents the design of an on-axis coupled strug- . . LS
ture which is planar double-sided and suited for fabricaléchunt Impedance. The only exception is zeroranode

tion with d X-rav lithoaraphy. It i tanding wav operation, where the group velocity is small, the structure is
s?ructure w?tipan_oaératir?g f?g Ej/.enc 50?951%92 gHZaaﬁgensitive to fabricational errors and only a few cells can be
; ) P g freq y ol 9L oupled. The apparent solution to this dead end are double-
is designed for the-mode. End cells and input power cou-

) . periodic structures which are confluent and have high shunt
pler are matched numerically by means of the cGdédL. impedance and group velocities. The first solution we had

Was a side-coupled structure [3]. Although the paper design
Wda scaled-up model behave reasonably well, we were not
completely satisfied with the group velocity and a distorted
Brillouin diagram due to the direct coupling between main
1 INTRODUCTION cells. Therefore, we started the design of an on-axis cou-

. . . pled structure, Figure 1.
Very high frequency accelerating structures will explore

new parameter ranges and new applications. Among other
things, a very attractive feature and a potential break:
through concept is an 'integrated’ accelerator module, i.e.
the manufacturing of accelerating structures, power sources w 2b

and focusing elements with one technology and on a com- I
mon support. The avenue to realize this vision is X-ray! | — 2L
lithography (LIGA). It meets the requirements in fabrica- ! tj
tional precision] micrometer tolerances and ab®ui mi- 9 28
crometer surface roughness, and it allows for nearly arbi-
trarily complicated structures as long as they stay planar.

That is where the skill of the design engineer is chalgjgre 1: Topview and cross section of an on-axis coupled
lenged: to develop and build planar structures and compgstfin-tin: g = 0980, w = 2.231, ¢ = 0.230, wl

nents. _ 13.374, g1 = 0.200, 2a = 1.050, 2b = 2.540 (in mm)

Based on the concept of a doubled-sided, open muffin-
tin structure [1] we have been working on different deviceShe iris thickness and the gap of the coupling cells were
[2]. Since we believe that a constant impedance structufiged to¢ = 0.23 mm andgl = 0.20 mm, respectively.
is easier to build and that a standing-wave (SW) structurgne period length follows from the-mode operation as
with equal power dissipation facilitates cooling and oper-
ation we had at first designed a side-coupled SW muffin- L=a/f=A/2=164mm.
tin [3]. However, the RF parameters, especially bandwidtiihe beam aperture is in principle a free parameter and in-
and attenuation, were not very satisfactory. Therefore #fluences bandwidth, shuntimpedance and wakefields. As a
the present paper, we present an on-axis coupled doubigxde-off we chose
periodic muffin-tin with a larger aperture, lower attenuation
and large bandwidth.

model at 10 GHz are presented.

w1 |

2a /X = 0.32 = 2a = 1.05 mm.

The other dimensions were calculated waHfidL[4] and
2 STRUCTURE GEOMETRY AND RE are shown in Figure 1. The resulting RF parameters are
given in Table 1. As a comparison the Table shows also
PARAMETERS the parameters of the side-coupled structure (SCS) and of a
Since the RF power dissipation increases with the squagégle-periodic muffin-tin (SPMT). As can be seen, the on-
root of the frequency and since additional losses due &xis coupled structure (OACS) has the largest bandwidth,
surface roughness are inevitable, high frequency structur@ighest group velocity and lowest attenuation. An estimate
have high losses. Therefore, an adequate cooling and tefhthe number of cells which can be coupled together gives
perature control system may impose a constant-gradient ) B
operation. But a constant-gradient structure is nota straight < modespacing = IN or N < 136.
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Symbol| OACS | SCS | SPMT | Unit gular guide. The resulting match of the whole structure was
f 91.392| 91.392| 91.392| GH:= found with the time-domain option d@ddfidLand is given

r/Qo 58 53.8 816 | kQ/m in Figure 4. The losses were simulated by a lossy dielectric
r 155 166 200 | MQ/m filling.
Qo 2680 | 3090 | 2490
a 3.6 8.6 4.1 1/m ‘ ‘

vg/cCo 0.10 | 0.036 | 0.094
B 11.9 7.8 9.3 GH:z
B 0.13 | 0.085 | 0.102

Table 1: RF parameters fan = 1.05 mm

Then assuming a central feeding point and an attenuation
parameterr = «l = 0.18 an overall structure lengthof

10 em comprisings0 main cells seems to be a good design
goal. The large bandwidth and the resulting high group
velocity together with the point of confluence can be seen
in the beautifully symmetric Brillouin diagram, Figure 2.
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Figure 3: Full structure with feeding line, coupler and de-
tuned end cells
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Figure 2: Brillouin diagram for OACS

3 FULL STRUCTURE WITH END CELLS
AND COUPLER 8.03e+10 ‘ 9e‘+10 ‘ 9.7e+10

frequency

Special care has to be taken to get a #flahode distribu-
tion. This requires a detuning of the end cells which wakigure 4: Simulated magnitude of,Sof the full structure.
done withGdfidLand is shown in Figure 3.
For the power coupler we have chosen a straight forward
solution for the time being. The feeding line couples to the 4 SCALED-UP MODEL AND
mid-cell via the side-wall, Figure 3. Since we did not want PROTOTYPE
a cut in the coupling iris for fabricational reasons and the
coupling was undercritical we added a doubfd stub-line  In order to verify the design we build an Al-model scaled to
for the match. We also had to add\@4 transmission-line 10.2 GH z with seven main cells, see Figure 5. Reflection
transformer and special matching elements in the side-wafieasurement and bead pull measurement ofrtineode
in order to taper and match the groove-guide to the rectanere done with a network analyzer (HP 8722C), Figures 6
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Figure 7: Bead pull measurement for the scaled-up model

5 CONCLUSION

The concept of an on-axis coupled, double-periodic muffin-
tin shows very attractive features for a very high frequency
SW-structure. It has an exceptional wide bandwidth and

and 7. The measured frequency response is in principal mgh group velocity and i_s therefore i_nsensitive to fabrica-
good agreement with the simulation. Only one thing stilfional errors. The shunt impedance is reduced only about
requires improvement. If we compare tBelfidLsimula- 25 % as compared to the single-periodla,/3-mode struc-
tion to the measured reflection coefficient, we have onlfyre- The relatively low attenuation allows for coupling a
four measured resonances instead of six resonances in (@€ number of cells. About 60 cells should be possible
simulation, see Figure 6. One reason for this may be tolef"d would give a0 c¢m long structure af1 GHz. This

Figure 5: Scaled-up model

ances during the fabricational process. corresponds just to & inch wafer for a LIGA mask and
yields a sound attenuation parameiér= 0.18. A model
5 ‘ w ‘ scaled-up td 0.2 GHz has been manufactured. Measure-

ments have verified the design parameters well. Therefore
a first LIGA mask for a91 G H z structure with39 main
cells has been made and electroplating of the structure is
under process.
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