10th Int. Particle Accelerator Conf.
5 ISBN: 978-3-95450-208-0

A

el

!

5

Z

2

=3

=7

el

Q

® Abstract
<=

% We are modifying the X-Band Test Accelerator at SLAC to

3 operate as an Extreme Ultra Violet (EUV) light source. The
iexisting photo electron gun will be replaced by a thermionic
%X—Band injector that utilizes RF bunch compression. The
£ beam is accelerated up to 130 MeV using an X-Band travel-
< ing wave structure followed by a novel high shunt impedance
g standing wave structure. The beam then goes through a mm-
= wave undulator with a period of 1.75 mm, producing EUV
£ radiation around 13.5nm. The undulator is powered by a
2 W-Band decelerator structure, which extracts the RF power
% from the electron beam. In this work we present the design
g and fabrication of the 91.392 GHz decelerator structure, as
£ well as structural characterization of its cavities using SEM
£ and 3D microscopy.

INTRODUCTION
We have designed, built, and cold-tested an RF undulator

< cavity operating at 91.392 GHz with an equivalent undula-
E tor period of 1.75 mm and 2.375 mm/4.92 mm input/output
.2 beam apertures [1-3]. These apertures are 5 and 10 times
2 larger than those of a permanent magnet undulator for the
‘5 same period and K value [4], and therefore this undulator
gcould be used in a Compact 1 A Free-Electron Laser (FEL)
< with a 1.4 GeV beam having several kA of peak current
& operating in Enhanced Self-Amplified Spontaneous Emis-
S sion (E-SASE) mode [5,6].

© The RF power required at 91.392 GHz for this undulator
§for K =0.1is 1.4 MW. Currently the only available source
8 of such power at these frequencies are gyrotrons with a large
o superconducting magnet [7, 8]. To power the undulator, we
; have developed a new concept for compact mm-wave sources
M [9]. Another method to power the undulator is to extract RF
O power from the drive electron beam [10] in a decelerator
£ structure, which is the focus of this paper. We are currently
S designing a proof-of-concept Extreme Ultra Violet (EUV)
é light source driven by a thermionic RF injector [9, 11, 12]
i—;’ to demonstrate this approach, reusing most of the existing
S infrastructure of the SLAC X-Band test accelerator [13].
We developed a standing-wave parallel-coupled struc-
g ture [14, 15] consisting of 40 re-entrant cavities [12, 14, 16].
%The beam pipe diameter of these cavities is 340 um and the
2 shunt impedance is 444 MQ m~!. The power from 40 cavi-
Zties is combined through two waveguide manifolds [14, 15].
EThe power from four such modules is further combined
§ through another manifold, as shown in Fig. 1. We have pre-
2 viously reported the design of the cavities and a preliminary
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version of the power combining network [12, 16]. We have
redesigned the power combining network for manufactura-
bility and, at the time of this writing, we have machined
several pieces of this structure. In this work we present the
final RF design of the power combining manifolds, the me-
chanical design and manufacturing process, and preliminary
structural characterization data from the cavities we have
built using Scanning Electron Microscopy (SEM) and 3D
microscopy.

Combined Output
Power

(a) Vacuum Model.

(b) Mechanical Model.

Figure 1: W-Band Power Extraction Structure.

MANIFOLD DESIGN

Two levels of manifolds combine the power of 160 cavi-
ties. The top-level manifold, shown in Fig. 2, combines the
power from 4 sets of 40 cavities. An H-plane T-junction
is designed using the methodology of [14, 15]. The junc-
tions are spaced with appropriate lengths to have the same
phase advance and be synchronous with the speed-of-light
electron beam. The last junction is terminated with a short,
positioned appropriately for the manifold to be matched. The
output interface is a WR10 waveguide.

In the second manifold level, two parallel manifolds with
E-plane T-junctions power-combine a total of 40 cavities (20
cavities each). The methodology of designing the T-junction
3-port network is reported in [14, 15]. When power combin-
ing 40 cavities the power going to each cavity is very small
compared to the power flowing in the manifold, resulting in
a waveguide height that is too thin to manufacture at these
frequencies. We have redesigned the T-junctions of this
manifold as shown in Fig. 3 in order to be machinable and
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Figure 2: Electric field profile of the top-level manifold combining 4 sets of 40 cavities.
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Figure 3: Electric field profile of the redesigned T-junction

of the manifolds combining 20 cavities each.
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Figure 4: Electric field profile of the 3 dB combiner attached
to the two bottom level manifolds, thus power-combining 40
cavities.

well-matched. Finally, the splitter/combiner of Fig. 4 power-
combines the two bottom level manifolds. The combiner has
been redesigned from [12, 16] to allow easy manufacturing
of the overall 160-cavity decelerator structure.

MECHANICAL DESIGN &
MANUFACTURING

The manufacturing of the power extraction structure was
arranged in three layers in the y direction and five blocks in
the z direction, as shown in Fig. 1b. Each 40-cavity module
is a block, and there is a fifth capping block. The bottom
layer forms the bottom half of the cavities and power com-
bining manifolds. The middle layer forms the top half of the
cavities and power combining manifolds, as well as the 3 dB
combiner. The combiner is machined on the vertical side of
the block, as shown in Fig. 5. The top layer forms the 4-way
power combining manifold. The pieces were machined on
copper silver alloy by Ron Witherspoon Inc. Once we have
all the pieces, they will be cleaned/etched, and the power
extraction structure will be braised and cold-tested.
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TO08 RF Power Sources

From 40 Cavity Module

©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2019). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

Figure 5: Picture of the bottom and middle block forming
40 cavities. Also shown is the splitter combining the two
manifolds in the middle block.

(a) Four cavities.

(b) Coupling hole detail.

(c) Beam pipe detail.
Figure 6: SEM images of the cavities.

STRUCTURE CHARACTERIZATION

We performed SEM and 3D microscopy measurements to
characterize the manufacturing process. Fig. 6 shows SEM
images of the four cavities of one block. We can see the
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(b) Statistics of the equator cross-section of the last five cavities.

= Figure 7: Nose cone profile characterization with a 3D mi-
] .

= croscope. Note that the 3D microscope can only measure
]

‘2 depth and therefore the structure under the nose cones could

= not be imaged.

his wor
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< tool marks, but the overall finish seems adequate. Note that
& we typically clean and etch the structure prior to braising to
& improve the surface finish and remove the copper oxide.

% Subsequently we characterized the structure with a 3D mi-
g croscope (Keyence VK-X 1000). We took a 3D image of the
§ end five cavities, shown in Fig. 7a. There are clearly visible
< tool marks and surface defects. Fig. 7b shows the average
> and standard deviation of the depth across the equator of the
8 five cavities. The standard deviation at the very bottom is
% only a few microns but rises quickly towards the edges. Note
f; that the prolce.ss of capturing the .equator 18 nqt very precise.
» Also there is inaccuracy measuring near vertical side walls
gwith the 3D microscope. Note that the 3D microscope can
é only measure depth and therefore the structure under the
i hose cones could not be imaged. To obtain the profile of the
2 nose cones we imaged the last two cell with the structure
?2 tilted about 45°. This process allows the imaging of one side
2 of the nose cones of two cavities. Fig. 8a shows the obtained
2 image. Fig. 8b shows a comparison between the measured
é’and the designed nose cone profile. The measured profile
~ very accurately follows the designed surface, except for the
£ sharp corner at the end of the nose cone.

;é}

= CONCLUSION

E We have designed and are currently building a
%‘)91.392 GHz parallel-coupled power extraction structure,
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(a) 3D Microscope image of the two end cavities.
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(b) Comparison of the measured nose cone profile with a 3D mi-

croscope and the design. Note that the 3D microscope can only

measure depth and the structure was imaged tilted, hence only one
side of the cavities could be imaged.

Figure 8: Nose cone profile characterization with a 3D micro-
scope. Note that the image was obtained with the structure
tilted, hence the poor lighting.

comprising 160 cavities that have nose cones. The aim
of this structure is to provide power to an RF undulator at
the same frequency having a period of 1.75 mm. We have
shown the RF design of two levels of manifolds combining
the power of the 160 cavities into one WR10 waveguide. We
have further shown SEM and 3D microscope images char-
acterizing the geometry and surface finish of the cavities.
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