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Abstract

The signal transmission characteristics of a wideband beam monitor (WBM) with feedthrough electrodes are discussed
in the frequency region up to 13.5 GHz on the basis of a coupled-mode analysis using an equivalent circuit model with
electromagnetically coupled transmission lines. It is demonstrated that in the signal transmission characteristics based
on an electromagnetic induction method, electromagnetic couplings for fundamental and higher-order rf waves play an
important role depending on the spatial configuration and geometrical structure of the electrodes mounted on the WBM
with a cylindrical structure. The physical prospect in the calibration procedure of feedthrough electrodes is improved
in terms of the signal transmission characteristics over the frequency region. In this report, the modal analyses and
experimental investigations of the signal transmission characteristics in the WBM are described in detail. A new method

of gain calibration for each electrode is also proposed.
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Figure 1: Photograph of test WBM.

T —%, 2E 100mm, HNE 38mm DI SMA
7 4 — R Z2b— 2 iRMNEEH 2> & F.0I2 [ 2 - T Imm

_sdg -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

ZERLUI-MHEEZ L TWS. B0 Ty 7 P38
U, Table 1 WA IRICBE S 23802 R T

Table 1: Mechanical Design Parameters of WBM Body
and Feedthrough Electrode

Parameters Symbol Length [mm)]
WBM
Total length l 100
Aperture diameter 2a 38
Feedthrough
Total length s 24.8
Protruding length h 1
Inner diameter 2b; 0.92
Outer diameter 2a; 4.13
Axial location 1 dq 26.5
Axial location 2 do 73.5

T X —REEORHM Y LT, 400 SMA 1% 90 &
TrWETFAARBET S ZII2ED BPM ¥ LCEMES
52, 400 EBORENETRNIERE=X— L
TEMET 222 ThH 2. 2 L THMARBEMESEN NV F
DR EEIBEHAZ ATREICT 5. S 2 CIHEE LV i
SMA BFDIES ASIERIZ 50 Q & LTWAB A, SeiEfid
=2 RAT0QIEELTVWARVWIETHS. Z
CTIEERI SR LD, ThUEE= R — ERoInE
ETRETZ2V -7 BOEERBENGIT 27-0TH
3 [4. 2OZIZX Y AR FEBSDRRICHIHEIER S
B vz — 7B 2 HESBRE LR KIS S X
SR ZDEHEINPRD LN 2ITHFERELTEBL.

3. EEEXDOFEREN
3.1 BEFHl 2T 4
Figure 1 IZ/RT & 912 — A1E513 SMA i1 55|
%méﬂ\ﬁ%&—fﬁ@ﬂﬁm%ﬁbffmﬁﬁ/n
A a—F I AN LVEIEEHIATThb A S [3]. HEE
RI2H00LERNEHRMIET 20BN D 505, 2!§7r/n
20— FIFWEEAEMIE T 2 BEER BRI TV 3.
VNA Tl L 7B BEBO F— 2 2 H oL —
FLTHBL v, FEBEOESHED FFT(NIK) 2 &b
BRI ZE X ., VNA F— X L2 I - 7214, 5
SRR FEIR A O FFT 12 X b i E X =28 %
HRETZ2ZIe8TE2. —HOMERY 7 v 7 TIT
bz, FlziE, KE=XZ—CTHHT 2FEEY — T
X B1E8MEDIEKIZ I0GHz T30dB ICdHET 3. =
DEIRKERIBIREETZ 2 ZRETH 202 DR
BEZ A Z XIS SR EMIED T, Lad Y 7L
XA LT, L FRICHIEREZ SRR LTINS,
7 4 — R Z2L— D REBEERRE X, HEAmEHRI BV T

FRETRBHEEERD RIS 208 IRV, Ll B—
L EM R EFITIEA M T O BIREHR LSRR T 5
MRS 4 OBV ZDEFHABEE L R 2D TH
IR OE IR DOHIEIINETH .

3.2 BHGEAEICX2EBDIN

Figure 2 (a). (b) 2 WBM QWK ¢ K % ZHh 2
WRT. BRFELZHAVZH LOREEIBIT2E5D

PASJ2022 WEP015

AL S FIRHTR S
(a)

=T I
ch#3

®) in x
excitaion feedthrough Y

. ‘ L |
1 1
[ | - |
! =0 !
L % !
1 1
1 1
1 l 1
i 2a i
1 1
EE—
. B >
i i
1 1
H I‘l mn rr,mn H
: I - output reference plane | ol
uut

OPEN bi receiving feedthrough  OPEN termination
termination l rfaut

Figure 2: Schematic WBM structures with four
feedthrough electrodes in (a) front and (b) side views. The
schematics of the signal transmission and propagation in
the WBM based on the electromagnetic induction method
are also shown. The solid- and dashed-line arrows show
the propagation direction of rf waves in transmission to
and reflection from the ends of the WBM, respectively.
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Figure 3: Equivalent circuit model of WBM taking into
account electromagnetic couplings between feedthrough
electrodes. The couplings for different modes are shown
with different colors.
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Figure 4: Typical measurement results of amplitude So;
between electrodes #1 and #2 (blue) (also #1 and #3 (red)).

Table 2: Cutoff Frequencies for Fundamental and Higher-

order TE and TM Modes

Mode Cutoff [GHz]
TE1, 4.62
TMo1 6.04
TEo 7.67
TEg2 9.62
T™ 1, 9.62
TE3; 10.6
TMo, 12.9
TE4 134
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Figure 5: Typical measurement results of amplitude (a) ((c)) and phase (b) ((d)) in S2; parameter between electrodes #1

and #2 (#1 and #3).
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Figure 6: Correlation plots of amplitude (a) between parameters Sa3 and S31, (b) between S37 and S52, and (c) between
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Ss1 and S57.
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