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Abstract

The basic RF characteristics of the 60cm-long X-band accelerator structure was
evaluated and the couplers were matched. In the present paper are described those
methods relevant to such evaluation and tuning procedures. Basic measurements are
such as S-matrix, pulse response and the bead pulling. These are key techniques for the
evaluation and tuning of travelling-wave structures and become very important to make

the structures well performed.
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Fig. 1 Cell configuration of KX01. A matching cell (#1m or #53m) is inserted between waveguide

coupler and regular section.
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Fig. 2 Tuning setup. Structure is vertically set. Double-feed ports are combined with magic tee to

connect to network analyzer.



Temperature stability of clean room
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Fig.3 Temperature of clean room for bead pull measurement. Measurement was performed

from 18:00 in the evening till the same time of the next day.
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Fig. 4 Round trip phase versus temperature of structure.
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Fig.5 Transient phase drift after flowing nitrogen gas and after stopping it.
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Fig. 6 Divider circuit consisting of magic tee, 3 stub tuner and two arms.

ZDEODTNA L —E, vV v 7T 4 —(MT) & i TSN TEY ., MT O Lz
SAL T ANNTT A X =205 DG & /MZLTW5D, 11.4GHz TiXiFiE —40dB 2
ElZMzCWb, £, W~OMAHZEL 1 E CERER 0.1 i) DNz s ko v

11



LEANTRET S, ZoRRE Fig. TR LE, ZOWMENSSMND LT, Fv hT
— 7T T AP —OBPERIEZAT O Y & RS E AR om & LT, INEEOR
— FETIZHZ025dBREEDOE ANELTNWDHZ ENghd, £, ZOHITE 9 & 0.15dB
FREDNRT —T VR T U ANESTND Z ERbhnd,

Devider Circuit Measurement

-20 ‘ ‘ ‘ ‘ -3.2
-30 \ -3.25
- o+
w ©
— ~ @
R g
lid\l\" A+ -1
£ 40 el 3.3 ;
< T
S " —
= -45 &
-50 -3.35
55 1 1 \- f
o] T
-60 I i i 3.4
" 11.2 11.4 11.6 11.8 12
Frequency (Hz)
Fig. 7 Performance of RF feed divider circuit. Matching (red line) and transmission to each

arm (dotted lines in blue and green).
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measurement, while that below is for transmission measurement,
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Fig. 9 Full spectrum of reflection of the KX02 input coupler.
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Fig. 10 Expanded view of Fig. 9.
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Fig. 15 Pulse response of reflection seen from input coupler side.
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Left: Frequency domain measurement. Right: Converted result into time domain.
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Fig. 19  Used bead of ¢ 0.4mm in diameter and 1mm in length
supported with a fishing thread of 50 pm in diameter.
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Fig.20  Sliding hammer for tuning.

Fig.21  Two tuning pins are brazed on each regular cell.

21



5. 3 RIC)BEREENL

ARl 60 cniEE ORNEIZH WA R DEN EIZIEFRBRDO 7 4 v v 75RIC
® LT, 20 eoiEE (T20VGSN) = HWT, ARG 2 2B 2 ERE LT,
AIH T T =B h 7T —~DOFiE DA i@*btﬂ&&@ﬁ?
&% Fig. 2 (28572, 2o onsd Ko, BEEROZEIZR O mREIC
EY= /i R &ﬁﬂ%vﬁgzéﬁ@emammi DOFRNZ i¢mmmm%wé¥_
L7, fEL, Fig. 2 o bond Loz, AEAW D R OER B~ DR
L7 4 b T7A UPBETILTILTWND D, Flg. 19 2B RIZHEET D & ELE
~55um TH Y 1FFE7 4 v PEBRICEHD Z 0BT 5 L A LI ADOERIX
1TEFREE R LW _E b a2, £t k Hz TOIEfe7e 8 1 500E 2 4
BT HHEE, ROMRERERIIKET LI ENMETH D,

021225

del_F due to string measured in T20VG5N
1

0.8

0.6

[MHz]

del_F
=3
-

0.2
50um
0 nominal %string | i
0 0. 005 0.01 0.015 0.02

Dia”2 [mm~2]

Fig. 22 Frequency lowering due to insertion of string for bead pull.
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Fig. 23 Reflection coefficient for all bead points moved in 0.5mm step.
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Fig. 24 Reflection measurement with a bead from a cell n to the next.
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Fig. 25 Bead Pull RF power flow and reflections.
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Fig. 26  Bead pull raw data (LEFT) and central area of the data (right), where data starts from

red area and ends in blue area.
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Fig. 27 Deduction of dwell point.  Left: amplitude versus bead position in mm and

Right: corresponding phase reading.
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Fig. 28 Dwell point plot for KX01.
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Fig. 29 Dwell point reflection data shifted to make the average of all of the middle to be zero. Red
point is the first point, input matching cell, while green the last, output matching cell. 5 cells

following to the end cell are connected by solid line to show the sequence.
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Fig. 30 Amplitude of dwell points in complex plane. These are equivalent to the electric field

strength (with arbitrary scaling factor) of each cell along the structure.
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Fig. 31 Phase advance from a cell to next.
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Fig. 32 Average phase advance versus measurement frequency evaluated by bead pull.
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Fig. 33 Change of S-Imaginary profile due to tuning of cells #40 --- #43 toward higher frequency

direction. Red circles are those before tuning, while blue squares are those after.
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Fig. 34 Reflection seen from output coupler side in KX01,

showing output coupler tuning record until reaching best matching.
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Fig. 35 Bead pull S11 plot for the cells near output coupler. Red squares are those before coupler

tuning, while blue and green are those after best coupler matching.
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Fig. 36 Detuning of output coupler matching to recover field uniformity.
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Fig. 37 Output coupler reflection measurement. Black line is the S11 as of best matching, while
green one is that on the way to recover field uniformity by sacrificing coupler matching. The red
line is the final S11 value, which is a compromise of mismatch of —20dB level while recovering field

uniformity by 20-30% level.
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