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Abstract

$Q 6�EDQG UI JXQ V\VWHP LV EHLQJ GHYHORSHG DW 655&
�6\QFKURWURQ 5DGLDWLRQ 5HVHDUFK &HQWHU�� 7DLZDQ� $Q

;.�� NO\VWURQ ����� 0+]� DQG D 7+����$ NO\VWURQ

����� 0+]� ZLOO EH XVHG DV WKH PLFURZDYH VRXUFHV� 7KH

PRGXODWRU V\VWHPV IRU ERWK NO\VWURQV DUH EHLQJ FRQVWUXFWHG
DW 655&� 7KH VWDWXV RI WKH UI JXQ DQG PRGXODWRU V\VWHPV

DUH UHSRUWHG�

1  INTRODUCTION
 Through the international collaboration on the X-band rf
gun research project between SRRC and UC Davis [1-2],
SRRC had acquired a lot of high power S-band rf
components, including the XK-5 klystron (2856 MHz),
TWT driver, and PFN components. For the short-term
goal, we are going to assemble these components for
delivering approximately 16 MW rf power by the end of
year 1999. For the long-term goal, we are constructing a
high power modulator similar to that for the SRRC
booster linac system (2998 MHz), which is able to deliver
35 MW rf power. The completion date is set to be
sometime in the year 2000. On successful commissioning
of this home made modulator, it means our maintenance
ability for the booster linac will be highly improved and
the high power technology at SRRC be elevated to a new
level. This in turn will definitely reduce the possibility for
down time of our booster linac. On the other hand, it
could also serve as the high power rf source for the rf gun
research project when the booster is in normal operation.
The main application of the rf gun at SRRC aims for the
IRFEL. (Infra Red Free Electron Laser) in the near future.
For a quick start, we are going to build a single cell S-
band (2856 MHz) thermionic rf gun first. We expect to
commission this gun with the XK-5 klystron modulator
system very soon.

2  COLD TEST OF THE RF GUN
We have designed a single cell S-band (2856 MHz) rf gun
using the code URMEL [3]. The cavity is a simple pill
box type with 80.36mm diameter and 32.50mm cell
length. A flat copper cathode with 15.50mm diameter was
used for test purpose. A prototype copper cavity had been
fabricated and brazed. Figure 1 shows the assembly
drawing of the prototype gun. Three stages of vacuum
brazing corresponding to three different melting
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temperatures of brazing alloys (from WESGO company)
were used to allow the fabrication of various components.
 

Figure 1: Assembly drawing of the gun cavity.
 
 The first stage used 35/65 Au/Cu (35¸ Gold and 65̧
Copper) as the brazing alloy (melting temperature: 1010
�Ö¼ to braze the following three items: (1) WR 284 OFHC
waveguide and SUS 304 Merdinian flange (female), (2)
Copper cathode plate and 35 CF flange (SUS 304), and (3)
Copper plate and SUS 304 straight vacuum tube (1.5ã

O.D.) for electron beam exit. The second stage used 50/50
Au/Cu as the brazing alloy (melting temperature: 970�Ö)
to braze the following two items: (1) WR 284 waveguide
and the surrounding enforcement copper bars (to prevent
the waveguide deformation when evacuated), and (2)
Cavity body, cathode plate, and beam exit plate. The last
stage used Palcusil 15 (65¸ Ag, 20.3̧ Cu and 14.7̧ Pd)
as the brazing alloy (melting temperature: 900�Ö) to braze
the cavity body and WR 284 waveguide together. After
brazing, the cavity was vacuum tested using a Helium
leak detector and found to be Helium leak tight to better
than 10-9 standard c.c./sec.
 The experimental arrangement for the bead pull
measurement is shown in Fig. 2. A machineable ceramic
(Aluminium Oxide) bead with 2 mm diameter was used
as an axial cavity perturbation. The bead was drilled using
an Nd:Yag laser, and  supported by a nylon string with
0.1mm diameter. Two lab jacks were used to support and
adjust the height of the gun body. One translator stage
was used for the horizontal alignment and the other
translator stage was used to pull the gun body so that we
were able to position the ceramic bead at any position
along the longitudinal axis of the cavity. The movement
resolution of the translator stage is 0.01mm, while we
only move the gun body along the longitudinal axis in
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steps of 0.5mm. The bead-pull measurement result is
shown in Fig. 3. We also show the consistency of the
measured data with an URMEL calculation.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2: Bead - pull measurement setup.

An elliptical rf coupling iris was gradually enlarged to
the length of the major semi-axis being 13.25 mm and the
minor semi-axis being 4.90 mm before brazing. The
coupling coefficient was found to shift from 0.8 (before
brazing) to 2.1 (after brazing). The measured unloaded
quality factor is 6740 after brazing.

 Figure 3: Longitudinal E - field profile on axis.

 3  THE PFN TEST STAND
,Q RUGHU WR SURYLGH QHFHVVDU\ UI SRZHU LQ IHHGLQJ WKH ����
0+] UI JXQ FDYLW\� D PRGXODWRU ZDV GHVLJQHG DQG EXLOW WR

SRZHU WKH ;.�� 6/$& NO\VWURQ� 7KH FLUFXLW GLDJUDP RI

WKLV 6�EDQG NO\VWURQ PRGXODWRU LV JLYHQ LQ ILJXUH ��

7KH 6SHOOPDQ 65�� '& FKDUJLQJ SRZHU VXSSO\ �36� LV
XVHG IRU WHVWLQJ SXUSRVH DQG LV FDSDEOH RI GHOLYHULQJ ��� $

RXWSXW FXUUHQW DW �� N9 DQG XS WR �� N9 DW VPDOOHU FXUUHQW�

7KH &;���� WK\UDWURQ VZLWFK KROGV WKH KLJK YROWDJH DW

FDSDFLWRUV RI SXOVHG IRUPLQJ QHWZRUN �3)1��
3URWHFWLRQ RI WKH '& 36 DQG WK\UDWURQ LV DFFRPSOLVKHG

ZLWK D FKDUJLQJ LQGXFWRU DQG GLRGHV� 3)1 LQGXFWRUV DUH

PDGH RI FRSSHU WXEH ZLWK � PP LQ GLDPHWHU� ,QGXFWDQFH

WXQLQJ DW QRPLQDO FKDUJLQJ YROWDJH LV GRQH E\ DGMXVWLQJ WKH
SRVLWLRQ RI VKRUW FLUFXLW FODPS DVVRFLDWHG ZLWK HYHU\

LQGXFWRU� 7KH PDWFK UHVLVWRU UHGXFHV SRZHU UHIOHFWHG IURP
WKH FLUFXLW ORDG� $V WKH WK\UDWURQ LV WULJJHUHG� WKH SXOVHG

FXUUHQW IURP WKH 3)1 LV IHG LQWR ;.�� NO\VWURQ VXFK WKDW

WKH ORZ SRZHU GULYLQJ UI VLJQDO FDQ EH DPSOLILHG XS WR ��

0: >�@� &DOFXODWHG FXUUHQW SXOVH IURP WKH 3)1 LV
RSWLPL]HG IRU WKH LQGLFDWHG ORDG UHVLVWRU DQG LV VKRZQ LQ

ILJXUH �� 7DEOH � JLYHV WKH WHFKQLFDO VSHFLILFDWLRQ RI WKH

GHVLJQHG PRGXODWRU�

)LJXUH �� 7KH FLUFXLW GLDJUDP RI WKLV 6�EDQG NO\VWURQ

PRGXODWRU� ,W FRQVLVWV RI �� VHFWLRQV RI /& FLUFXLW� (YHU\
LQGLYLGXDO LQGXFWRU LV WXQHG WR REWDLQ WKH UHTXLUHG IODWWRS

SXOVH�

)LJXUH �� 2Q WRS RI WKH ILJXUH� WKH FDOFXODWHG FXUUHQW SXOVH
IURP WKH 3)1 LV RSWLPL]HG IRU WKH LQGLFDWHG ORDG UHVLVWRU�

7KH H[SDQGHG YLHZ RI WKH IODWWRS UHJLRQ LV VKRZQ LQ WKH

ORZHU SDUW� ,W LQGLFDWHV WKDW D IODWWRS ZLWK ��� � DPSOLWXGH

YDULDWLRQ RYHU � µVHF LV HVWLPDWHG�

)LJXUH � VKRZV WKH 3)1 FXUUHQW IHHGLQJ LQWR WKH ;.��
NO\VWURQ� 7KH WRS RI WKH ILJXUH JLYHV WKH FXUUHQW SXOVH DQG

WKH ERWWRP VKRZV LWV IODWQHVV LV ��� � RYHU � µVHF UDQJH�
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7DEOH ,� 7HFKQLFDO VSHFLILFDWLRQ RI 6�EDQG PRGXODWRU

'HVLJQ SDUDPHWHU

3)1 FKDUJLQJ YROWDJH �QRPLQDO� �� N9

2XWSXW YROWDJH �QRPLQDO� �� N9

5HSHWLWLRQ UDWH �QRPLQDO� �� +]

3XOVH ZLGWK ����� � µVHF
5LVH WLPH ��� ¤ ���� � � µVHF
)DOO WLPH ��� ¤ ���� � � µVHF
3XOVH IODWQHVV �IRU � µVHF� � ��� �
1XPEHU RI VHFWLRQV ��

$ SUHOLPLQDU\ WHVW UXQ RI WKH FRQVWUXFWHG 3)1 V\VWHP LV

JLYHQ LQ ILJXUH �� ,W JLYHV WKH YROWDJH SXOVH VKDSH DW WKH

ORDG UHVLVWRU� 7KLV WHVW UXQ ZDV GRQH DW FKDUJLQJ YROWDJH RI
�� N9� &RQVLGHULQJ WKH IODWQHVV UHTXLUHPHQW� IXUWKHU

DGMXVWPHQW RI LQGLYLGXDO LQGXFWDQFH DW HYHU\ VHFWLRQ LV

QHFHVVDU\ WR LPSURYH WKH IODWQHVV RI WKH SXOVH� ,W DOVR

LQGLFDWHV WKDW DGMXVWLQJ WKH PDWFK UHVLVWRU LV QHHGHG WR
UHGXFH WKH EXPS VLJQDO DW WKH SXOVH WDLO�

)LJXUH �� 3UHOLPLQDU\ WHVW UHVXOW RI WKH 3)1 RXWSXW YROWDJH

SXOVH DW WKH ORDG UHVLVWRU� 7KH FKDUJLQJ YROWDJH RI WKLV WHVW
LV �� N9�

 � 6800$5<

$Q 6�EDQG UI JXQ V\VWHP LV EHLQJ GHYHORSHG DW 655&�
%RWK ���� 0+] DQG ���� 0+] V\VWHPV DUH FRQVLGHUHG�

7KH UI FDYLW\ DQG WKH DVVRFLDWHG NO\VWURQ PRGXODWRU DUH

XQGHU FRQVWUXFWLRQ DQG ILQH WXQLQJ� 7KH PHDVXUHG UHVXOWV

RQ FDYLW\ ( � ILHOG SURILOH DQG PRGXODWRU RXWSXW SXOVH VKDSH
DUH FRPSDUHG ZLWK WKH FDOFXODWLRQ H[SHFWDWLRQ� 7XQLQJ RI

HDFK VXEV\VWHP LQ IXUWKHU RSWLPL]LQJ WKHLU SHUIRUPDQFH LV

H[SHFWHG�
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