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R.F. CHARACTERISTICS OF 508MHz 
SLOT-COWLED MULTI-CELL CAVITY 

T.Rizawa, Y.Tanabe, K.Satoh, M.Nakano and Y.Satoh 
Toshiba Corporation 

2---4 Suehiro--cho, Tsuruni-ku, Yokohama, 230 Japan 

&stract 

FUI, the development of d Slot -Coupled Multi Ccl I 
cavi ty (SCtX) oqx?rimttnta 1 il~)~?l'OiiChCS with illi i>luminuJn 

motic, I hiivo IJfwl pc* for~mwi, which were discussed in 
our previous paper .(I With the moth1 cavity that pro- 
vidcs the acccleratiug ‘flat -7r midt? at 508.58Mliz, 
r, f:. c:tiiJrar:tcrist ic:s of ar:c:oler,ating mode and higher 
ortlc?r mtwkbs (1IoMs) have bc>rln invest igatctd The! rcsul ts 
arc discussed here. 

Introduction 

Ac:r:r~~Lir:g t 0 tlJo iucreasc! in bcarn cncrgy. miiiti 
c:t?ll <:avi ticts arc, expcctcd to provide higher ac~:~~l<~ 
at iny: c:ff ic:i~:nc:y imtf simpleI' phase iJdjustmt!nt of coach 
r:iJvity. In lerms of filectro magnetic: coupling betwecrt 
CX,llS. multi cell cavities am distingJished into 
:;i,“(:ri: I typ’s, sur:h iis S(:f!C(Slci~-- CorJlJled Multi (:t:ilj , 
APS(Altcirr:iit iug Periodic: St I ucturc) and so on. 

!lt’S lIii:-. all aXiil1 ly SyNN~tI’iC: StIYl(:tUr(! tIllIS its 
dimins ions ~iJn tK! numt:ric:iJl ly (let ermincd in detail by 
axi al ly syrmnet I‘ ic: comput.ational codc>s But SCMC has 
i~iu~tli~tg slcil s imtl its ilxiill asymmc~try (:auscs dif’f-i 
c1:1 ty iii :it?tcrmirJirJg its ciimonsions JJuzJcrically APS 
has 1;1rp: gr’oup vcloci ty IJeciJuse it appl its mode con 
flui’IK;t? at 7?/‘2 b(!tWt?<?Il il!: 1 c c:ii~rxl iJJg cells and UJJJ 
~Jling c:~:lls. If the r’l:sonaJ~t fr<:cpc:nc:y of these cc?lls 
if,'<! rl<!t ttuiocl st r,ic,t ly, hilnc:v~:r. thti c:onf luencfi is 
not a:,h iovfs 1. On t hc other, hand, SCIK ,JSC?S 7c mode! 
iJc:cc:lt~rat iori whoso group vc 1oc:ity is zero and stabi! 
i ty agains [X?rTurtJilt ions tu~c:cnnc~s worsic! wi I IJ largiir, 
cc? 1 1 n;~.min?r Nevi;rt h(eless SCMC has uo coup1 ing ccl 1 s , 
so its str~ucturo ser’ms to bc rathi,r, simplr. 

S(M(: c~onsist-s of IX: lls, tfisks and auxiliary par,t~ 
Slil:lL iJS iili ilIlt ~?JLIl21. t unsl’s and pickup loops. Fig. 1 
shows 5 ~!li SCMC. that is thrz aluminum mrrdt:l fabri 
c:att~l for this stlitiy. Summiiry cif i !s sIx?c:ifi(:at ion is 
StiJttxl in JJrJxt chapter. On a disk as a partition 
wall , tht:rr, exist slots to ~01Jplc adjacent two c,ell% 
i~lel:tr‘i, Joagrltzt ic:illly. A s.lcl: has il see t.ora1 shape 
whost: numbers is in gcnoral two or four on a disk. 
Slot arcla is ant: of the: most imlxJrt:uJt Iti~ramt’ters ftlr, 
coupling. The coup1 ing fac:tor K is dt!f incd by 

f,:, f, 
Y 

i f<,i f’,) :2 

whcrc f, and f, arc resonant frqiencios of 0 and 7c 
mtxic! , rcqx:c: t i vi> 1 y Largrrr K means higher s tabi 1 i ty 
of I ho ;Icci?Ic?rat iJlg mode against perturbat ions. 

M&e1 cavity 

The motlcl SCMC was madr of aluminum alloy (A5052) 
for casinoss in assilmb ly Sumi> iksign c:i>ilsid(:r~ilt ions 
wcrc taken into as foll(:ws, 
(1) cells: A cell is axially symmetric cxccpt for 
some 1xJrt.s and has noso scones in order to makt? shul,t 
impcdanct: (Kst,) higher The c:onf ip,Jrat ion of c:trll 
inclutliq: nose COMES has been suJ-vcyod fol- OJX? ccl 1 
structure with the computational cotk? SUPERFISII. The 
radius of each cell has be!pn d~~t.ermint:d roughly by 
analyses, but strict. dimensions must bc o1Jtainct-l by 
cxperimeuts for the aocelorating ‘flat K’ mode at the 
required frquoncy 

In ordt?r to survey t tic import.iill-I paramctc?r’s for 
SCMC, such as slot angle, I-di,JS Of a TlOSf? COllt? ?Uld 

so 011, i> 2 ccl 1 StI-lJC:tlJI't! Gil iC?<i ll?H is Ilt?Ci?SSilI‘y 
This structure? c:onsist.s of a center co!1 and two half 
length c:elIs holding it. (‘HFH’ is aJ al~J~itigmcrlt of 

half full ha1 f ) T!cciius~! its lxri~ntiary !,rlrJdit ions al 
both end walls bctlaw as mirrors, 1.ho IIF presents iill 

iJliirJilf> mlilti (:cll i:avitv, whit-h hr ips t 0 ruxii~r5trtiui 
the fuJidaJnc?ntal charact-rr istir::; of SCMC. 

In order to s<!lec:t tht: ccl1 number N, coupling 
fid:tOI' K mlJ:;t 1):' cXlIlSidi:l'Pd. 1,. iIIld ti di?tt'rmiIli? tllc' 

irtquc:ncy spacing, which iJrlil:atc:s t hi? mtwdc stabi 1 i ty 
agairlst perturbat.ions, br!twrLcn thr K mode and its 
J1c~ighboJ,ing (3 11 s/N mcdc ‘IYIP f-ri~r,Jt?nc:y q”iJc: iug is 
luxqxjrt iona 1 t il h’ imd it tJr>c:omes small with the 
irlcxeaw i!~ N. Judging fi-im A’ ctf :NI~ motit?l SCM(:. tlii> 
mc,dti stabi I ity si?i?ms to ix: iJllowi;l)lr! up l(J 5 c:Oll 
strrlctllrc:, whic:h has boc>n invrst igatod in dctdil 
(2) m: As ftn tilts 7c mtxks. rt>II to c:el I c:3iI)liJl~; 
is miignctic. x d?~X?ildS or: slot itl'f?il ;lJWl mqJc:t ic: 
field strength at slots. FOI, large coupling and high 
st;d,ilily against prrtrlrt~2tiori. SlOtS h,JW, t0 tK: 

largt: arid come nciir t u out 01 wall 
The ncunbcr of slots on a disk 1 :; f ixfd at four so 

ai to kcc:;? gootl symmetry and i~c:h itw~ li~rgi: cwpling. 

Slot rlligle have hecxl detcrmintxl by III;11 eq+?rimcnt s. 
(3) antenna: This model has a cnuplcr anti?nnii or-tii 
narily locat :?-cl at a i:PIlt~?r’ (:(>I 1 111 ortic?r t 0 ntli1sluY~ 

r. f characterist its accurately without the inf .IueJlcc 
of pcwer rt:f iet:t.iori, an antenna is rotatd to make 
cri t ical coup1 ing b&wePn tht? r:avity ilIld the? ;ult~?rlJla. 

Mnies such as 27r/5 and 4n/5 arc cxcittd by thP 
pickup probes inserted iJJ each c1?11 bcciJlJs(3 t.ilcz iul 
tenna at the center cell doesn’t drive these modes. 
(4) turiers: Two kinds of tuners, a fix& onf? anti ii 
movable one. are used. A f ixtd tuner corrt?cts machin 
ing error of each cell and is immovable from outside 
of a cavity. The other tlJnt?r is mowbILe from out side 
by feedback cnnt-roller for frequency shift duo to 

tX?iIm loading 2d tempcraturc: 
rise. Each ccl1 has these two ., 

t~c~;nn I’ol‘t arltc’rina port 
--.1’7cJ[\,7-‘L + _..___. 

jei’ Q ‘@ TJJ 

.~~~~~~~~~~ 

A f 

ylh \ , \pg L, qjjpj- 

c-f’1 1’ d< Sk 

) 

II 0 5 e ’ 1 A,. J \ . ,A- 

tuncirs at the right ang 1 e 
with the antenna. 
(5) frequency: The high $xlwer 

508MHz klvstron (e.~. E3786 
508.58MIiz * 1.2Mw E.W.) is 
available from Toshiba carp. 
Considering high power rc! 
cpJired at high beam c:rlcrgy, 

it is advantageous to fix the 
f r<X~JCZlCy JJ~JOIJ 508. 58Mk. 

Fig.1 Elodcl of’ 5-rr~ll SCPlC 
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Experimental investigations 

Thp automat ic r f . 
tern is employed, 

characteristics mctaslIring SYS 
applying the reflection method w1 th 

the network analyzer. Metal and tiielcctric spherical 
pt?rtul’bators dr,iven by a PC-controlled pulse motor 
arc used in order to obtain electro-magnetic field. 

tjy this mot hod, howc>vcr , pT?rtllrl,iitor~s pl’ov Itit! 
only absolutr field valufis. Field sign 1 at al 1 
points in il r:avity mllst bc dccidnd thtwx~tical ly by 
motit? ass igrimcut s. 

‘I’he mu&l ewr iments inc:l~~clt? fol lowilig two maili 
purposes ; to ohtai n the dim<?nsious for, tht: accelo~. 
atirlg flat A -no&i ilt 508 .SRMXz anti to inv.rstigatr tllv 

r.f. characterist its of this structure:. I’hi: former is 
statfd ill uur prfTiorls Iwqx:l'" in ilt~t~lil. In thi:; 
txwcr the latter; the r.f. characteristics of tho 
structure. in tRlrtic:ular 5 cell, are shown maillly. 
(1) tlimensi:)n survey for the f lat-7r motif:: lll;i? !lf 011:’ _-_.-.--. 
f irlal pnrpscs is to survey thf: tlimfxlsions IJrovitlirlg 
the flat- 7r mode at 508. 58MtIz for, 5 ccl 1 structure>. 
The dimension sul’vrjy has procccdcd wl th tt#? i ncrf?~is~? 
in c:t?ll number This process is important because it 
is vc~‘y tiiifir~lllt to cli:stCiirl ttic! flat K I:U+ at th: 
rcquiretl fIW~J~?IIC, 

The fundamcnt;~l paramct i:rS. su(:h a~ C:O~ 1 radi!ls, 
slot allglf>. raclius 0t tE:liIl 11010 arlti SC: 011, h?lVt~ tlW?:l 

determined exjx-?Cmc?rlt.ally with a 2 cc I I HFH str,llr:t;tr+: 
thilt !lilS tkll’ .;amc charactorist ic:‘; a’; au iuf inil,! olli!. 

AC1 Uill ly, ll<WCVf’~, a cavity trf SCMC I~XY not h,-tv~~ 
half ttntl ccl 1s but full oni?s in orticl, to retluc:c~ will1 
loss and to ot~tairl high RsI~. Sillc:ca [x:1 ioclil:ity br rake: 
at cmci <:<?I Is tiuc! to the lack nf- slots 011 r>ri:i walls, 
end u?l 1s mu:;t i?c- cnl;n~gcti in or+r~ to ;~c:hit!vt: t tl<. 
f lilt li m..rd~: Tiii HI$I tilt: 1x1 ius ir; i 01.gl:i~’ rl:,t ::l,:riir:i:!l 
by the Lqlivill~t~!t cir c:uit amly~is. th{> a~ curat<, 
radius oi fin11 c,el 1s mllst 11ci iltltil iua:ti t!y :‘xp~‘r imi:rlt I. 
with the 3 ce I I struc:t IlI’fi. 

With the? dimi:nsious frclro thrust: ~~rc~~~ssr~s, ti~c‘ BI‘ 
~:t:lt~~,;i?ilig flat 17 rncldf? ilt 538. 5HM37 11~7 ~ICYZI~ r)tl! ;:irict! 
for the 5 cul 1 strllc:turt? wi;h s little? ad.justmc!r~t oi 
f ixr>d t uni,rs frrn mac:hiiiing orrol:; of- <VI 1s . . 
!2 I invcs1 igat ion of 5 ci. >ll strlic:tur(~. With ttll: f inCil - _-...-. 
r:cinf iellrat ion of t htx 5 C:S?ll Strul:tulI’, t h! iir:(‘f’ ltxr. 
at ing moticl (TM01 0) ant1 1 t:t: tligh;~~, ~mlc~r m(xif?s (t[OMs) 
ax invest i pa t at1 

Fig.:! ropr”SC?Ilt :; t IX! ~:lec:tric f ii;16 tlistrit)ut iori 
on t.hcx beam axis of- thi? ‘Y’MOlU m!xic;. (‘l%: c:l<~c~tric: 
fieid is stic~w?~ in aI,l,itr,ary unit and ttic> tx,larity is 
giv<,u thrborc>: ically in this f igurt:. 1 it is obviou:, 
t.11ut a 1 I thr (.clls have Ihe same maximum ~!lctctr’i~ 
field. Yhe dil) of the electric fit>ld at the (‘C’nter of 
~?ar;t~ (:~:I1 is owing to ii nest: CiXli?. 
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Fig.2 Elort.rCc field distt,ibution on the beam 
axis of tht, accclcrating flat-n motica 

The> cxpr imtxira 1 dis~x,l~sion curvt! of the TM01 0 
(including the accelerating mode) is described in 
Fig.3. Tht: valur? of the zero mode is measured 011 
YFH St I‘ULtlJI’i x/3 and 2n/3 modi? we ou 3 -c:ol 1 and 

the others are on 5-cell. The line in the fiharc: is 
tht: cosine curve anti traces t.hc experimental results 
exactly il; is obtained as I tie(%) arid thi, frtqucllcy 
difference between the ac:c:t?lfrr;ltirigfn) mrxle and the 
atl,jaccnt (4X/5) mode is 830(ktIz~ 

I I 
, 

0 7: /:i 21: ; ;i 7; 

[i 1 C 

Fi);.:! iiiqxY,icill i’lil’X.‘i’ iif ‘1711111ii KK,li(~ 

lilt! c‘t iiv : :vt’ stirrllt i!rifb-ti~ilv i~fR:!h is j:Ivt’rr ii> I ill’ 
f~iIl~.wirii; i!q:latI~.:rl, 

J (-‘I 1 )“.j ‘> ‘..<i, >/ 
iLli 

-3 
~;~~llird;z’ :‘,IIlLi;i;:; - 

LG<> ii, ? 

ZllF!. ,/ id% tilt‘ .!ll,Jlliril t:I’,~l’~‘““)i .!,:-, Ii 1’1 :I\’ I*iiii’l’ 
llludIk!t i <j, ‘I i is th ‘i[X““l i,f . i~;tll 1 1: i’, 1111’ I,(,, i) 
wl11r~1 i:lw.t: it. I iiblii with~if11 ~x>l;ir j :h ,ir~rl 5 ,‘, t:1<, 
til<!~JIf?ti(~i11 Lv tii!(‘lGt%~l fi’?l<l ‘il):li Of ‘:. 1 0:‘ 0. 

i%?dSiJIYYj c:h;1r ac~tc~ri5l iI (, or tilt, iv illl!r,l! “‘>: 1IiOili 
211’6’ rl’i ti: 1 l~ixs; 

‘1’~1tll<~ 1 (:ilrii’ilr I,‘1 I’-il L’ ‘> 

fr qli?il’:y i I l1lIf?il, 

LlJ110a&d Q 

shunt impwialrc~ 

ILh/Ql 

t.rilIlSit. time filCl!,I 

coup1 ing factor, 
leugth (5 cell; 

f lib: ili:i.l’Ii!I.,lr “I$; nuKli 

f !l iiill?. ‘I’-; iMlIj \ 
VI, ” 137013 
R&l, 17.8 (I%:, 

1 23 (k!:) 

T 0.74 

K 1.68 (41) 

1.473’i (ml 

Sinci: ttlc: motlt>l is miulc of ailnnirilnn. tilt? Villilt' of 
I& iutiicatcs rath:r low. Simllly corivc~r~t RI w t ii t hc, 
rcsistivity of r:oppcer. Qu becomes about 21000. Co11 

sidcc ing insuff ic:ic!nt smoothi~ess of mac:hin~?ti sln.f~lc.c?. 
oxidat..ion of aluminum and imtx!rfctc:t I’. f (:c~rltac t s. I& 
of the actual cavity will grow higher. Assuming that 
Qu is 2t3000. which is reasonable with the rt?s;~l ts of 

the analysis by ‘SUPERFISH for one cell structure:, 
R\h per mf’ter’ of SC?lC is proved IO he over 24(Mo/m) 

HOMs of TMOll, TM110 and TM171 have bcon illvt?sti 
,gat<ed. All these modes have been idnnt if ieti and the? 
results arc summarized in Table 2. including TMOlO. 
TM010 and TM011 have 5 normal modes from r/5 to ?T. 
Evciry diIx)la mode splits into 2, since it S df?@!M?~il!;y 

is incomplctit clue to axial assymmetry caused by some: 
parts. In roslllt Imth TM110 anti ?‘iYlll modes st)lit 
iuto 10. 
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(&pl i rl;, inil li&r:i:!~s or i’ (::I 1 Cl1 1 ;I1 CC1 by I:“)! 

’ longi t t;tiirl:i 1 1:c~up1 ing inpt?ci;~rir:e~ ’ [for, TMI!IO, ??I01 

a, / 
Ii ,, -- 

Liii ) 1s 

I!2 2 
sEahkz + ,jsiIlkZ) rlz 

(l/2 

t, :‘iU,svt::‘:r<! Ul111’1 ing iqx?timrY~ ’ (fr,r ‘I’MIIO, TMlll) 

1s 
i/2 2 

l(L VI lZ<.l (s !1 1s Ii, )(oakz~,;sirkz)dz , 
r&,2 h ii i: cl 

r- 
wh!rr, z,>-i,jci/e,M:, s. s 

4 

and s iwe fi(zld sign?. 
If c:i~il 1r;ngth c ~1s th‘ half of WHVC len@h it 

i ‘; th<xjrf:t ic3 1 ly ;!~vv+xf thijt c:olqjl iilg jmpt?danu?s Of 
dl :l()nl;h I m~tlt:s maxpt ;I ~LW zero. Thc~ ‘I’M010 muck! 
fr~c~q~~c:rlr;i~z~ rlr:~ly ecp1~11 to that of th? K mode. whew 

half waves lc?ligth is dc:sigr~iri ii!+ the’ ~~11 ~!?i~~lh. 

‘rllt~rr~f<~l~t~ K,, of thr> n/5 4~15 mccl~:s arc almost zt?r‘o. 
1’;ltll~: :’ sllciwx :i!ilt r;o,nc~ mntii~!i h;wo large I?,. III 

riu t.il:ulai bzI of wllll r;/s(t~l is cxtrcmcly liirp;. 
wl~osr P lwt r‘j c’ ;uitl mgnet ic: f ic,ic-: distrihrlt ions iiril 
s11rrw11 :n r’i;: 4. Wirt: Fig:.4(b), 1 t is obvious that- ttic> 
m+yi?t ic: fj P Iii of this moda illtc!r~XiteS cvfry half- 
(:I,] 1 l~w~;t h E~xx~~w tht: X-~?WIIAI~I f rquc:r~c:y is rlt?~ly 
t.iir:t: a:; m~:h ds th;it of. thf? ac:ct:lW;ltirlg mode, the 
&?f lt?Ctillg fW(‘i’ on th trcam is supor~x)sed in or Ay 
<)I,(! tllr~c~l~t iCl11. Cot, d mritic, like, TM111 A!F)ib’i may irl 
ti11c.i: 21 I,* ,111 in~;talii 1 ity, -imc’ i:,~r’cxci wil 1 tit> tiLk<:ll if 
lll?(:(!SSilt'q'. 

Fr (:!pueilc:y llIl.~!~iid(!~ 

!k(l? ! :f imlr!j (I :Q,, 

icld 
dist 1’. 

h/5 516 .33Il 15539 -+.i. 
‘iir/:s 514.204 14866 .I0 

v10 1 (! ; 'is/ 5 511.514 14597 -i tt 
like: 4a/:5 sn9 ,420 1412!) 01 

sn/Yl 508.587 1372H 4 + + 

------I 
lni5 718.487 10567 i,iti 
2K/~5 725 .4611 11378 1 +I) 

!li)l I XT, 5 
lik&4n,“, 

7:+1 !lOU IflU3 t+ i’ 
742 .x2 1 ?I382 + n+ 

i 5n;s 744.432 13332 + + / 

I;;;; . 850.638 846.615 lii670 17177 
ii+++ 
I+[)- 

:a) 37r/5 R42.238 16535 t+ 4, 
&t/5 R38.66R 16249 / ot- 
5?r/5 837.394 15044 t-4 i 

Ml10 
like/ 1R-/5 861 .?I50 L 17’,RC i-i 1 I 

;2*/5 857.616 17El +‘o 
(1)) i :in/S 852.471 16614 ii ii 

4n/5 848.872 16340 t- oi 
Fin/s 847.157 12749 I b t 

j 1*/5 
ik/5 

098.24-i 12409 ii +, i 
1005.070 13594 ttp 

++-+, 
+ n+ 
, i-4 

(ill 3Ti5 
, !n/5 

m/5 
?I111 
like ln/5 

2R-/5 
It,) 3n/5 

47ri5 
~ 5n/5 

1018.4:32 
1029.052 
1032.RfiiI 

14080 
14823 
13538 

998.212 12545 +,+fl 
1006.940 12554 .I0 
1018.771 15471 . i--c+ 
1030.565 36103 -01 
1036.859 16695 A.-+- + 

‘:‘,1111(~.:! 11 1;. (:harw:t c?ris I icr; of Eac:h Mode? 

* 

x 

n 

n 

12141 

* 

47.5 
159.1 

711.1 
17.1 

254.5 
674.G 
390.7 

5.7 
87.C 

274.1 
669.4 
407.1 

11.1 
56.F 

5868 
45.5 

7tYl.t 
3.1 

135.2 

6122 
48.9 

913.0 
5.8 

172.0 

POEIIlOI4 Lmn, I 

f, ;I ) 1: 1 c :: t r i (- f i c’ 1 I 

(b) Mqpc:t icy fit>12 

f;ig. 4 Ij, l(:(;tr’i(; a~itj mcq;IN!l ic: fiolci dis! I-i tnlt ious 
on the t,t?am zutis of TM111 n/5(1)) mode 

cwc Ill!+ i 011 

‘i’h,: rnotiol c:avity of SCM(: type? h;ls t~(:<?rl fabricated 
anti stulied c?xpr’irnr~ltally Th(? ilc:c:t!lc?~at.ing ’ fiat A’ 
rniid~! at 5%. 58Miz Oil a 5 :‘til 1 St ITlCtllrt? hiiS tXXl1 

’ obta iricd ‘The measurc’c. Eht, ald !: u-c: ccwiitleretl to tw, 
sutfic:icnt for the practica 1 use. 

The mode assignmellt fr~r ZlOlO, ‘l’Ml)ll, TM110 itltd 
TMI I 1 has brcn c;ompl(?t cd through cllt>c:trtl magnr?t i(: 
field tlistributioris as well as their polarity. 

Tho invest igatiorl of tho important modes shows 
somt? motics havr! rather large coup1 ing impednccs. If 
ac.celcrator ring pwametcrs xc give11 , tIJreshclld , I 
current will be calculat.c?ti. 
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