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A Perpendicular AC Riased Ferrite Tuned 
Cavity for the TRIUMF Kaon Fact’ory Booster 

Synchrotron 

R.L. Poirier, T.A. Etlegren and C. Haddock, TRIU>;IF 
I. Enchpvich, Sofia University, Bulga.ri;t 

Abstract 

Tlie rf cavity for tilt, Booster S~nchrotron requires a freqoenc? sU8iiig 
oftiii >JIlz to C; j hII at a repctit Ion :att- of 50 11~ This will br a~com 
plistied using a tuner containing yttrium garnet ferrite where the hias 
firal41 is prrpendicuia: In thv rf magrli~l,ic field. C.~ol;vcrlt:i-Ina.: metl~rKls 
use parallel biaxd Kij%n ferrite. Yttrium garnet ferrite powers a high 
p]i,i-:rir qtt;*]ity fartor aili \r’hi~Il oper,itrLd in b;l’nratior: a!%) pr.i3Sr3+i Z1 
hip]. magnetic qlialit:; factor. lIwvevt>r the at magnetizing circuit ib 
rrilitlL nIrui> ro1nplic;~t0d anti iprcial care must t;c takwl to niinhiw 

thr i~~duc~t~ti t-tidy current los.iS5 u.1~6~11 decignirlg thrx t I1nFr. .4 dr bi- 
awd prototyy cavity was ci)Ilst ructd alid tr:stc~d at LOS Alai:lO~. Ai 
J’2”’ of t hP prirj0ct tief,liitiolr study for thi* propoicd K.4OK Idit( 
tilt, ca\-its ha> I~OM’ ht~n alrno~t cntirvly wlluilt at TIIII!hll’ \vitlt ~1 
ri,jr~j,lnt+]y rw]wip,ltvl tljiirr for a< l,i;lL r~j,or;Ltiori. hli~aiuwrrlt~1i.s ail4 
tcx,: rcsi~li, wll !r~s riy~brlrd. 

Illtrodurtion 

.4 ,, rok5, i.~tio~i \ii,\v IIT 1 !IC. ;ir tmias4Li! fwl-iii, : u1i.4 racily is sh0u11 in 
fig, lril :, ‘I’lli. [,rwer tetrodc ji cap:~ritii4> coupl<~il to tlic acr<~liiratillg 
ri+\ ily. ‘l’lif, f4~1-::li> t’lri0r is lnratwl on rhc t)t,;inl axi5. 11 toroidal mag- 
~jil! s irr(juIidk :ji: :;t!liti.~l ~r;iribrl fvrritl, rinpL. w*;~l)!iLtli:lg ii lli;li tiPId 
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Figure 2: (‘ross Swtiorl Yitw of t.tle il(: Hi;rwd Twwr. 

in rhcz 1r)ngitridinal dirwtion nhirll ii pcr~v~ndiclrlar tu tli;‘ azlmutlial 
rf magnetic field. Iler~lliuni oxid<, ( HrO) cooling spa(r’rr are placed 
between the fcrrito rings and ronduc-t Ilc‘;it from tllf rings to ii c<>pper 
cooling jackrxt at thr outflr ra(ljlis. A crocs sei ii011 viv\i. of the fsbrriti 
txncr is shown in figure 2. The return yoke for thr nlagnetic field 
r<insists of 12 sectors wlGrh are held tqythc~r b’ an alunlirlum clamp- 
iug plate and a wt of tie rods. The sector design provides room for 
the entrance ar,d exit of the stranded cable and further provide’~ eas! 
access for the various water cooling lines. Each sector is made from 
three rect.angular laminated blacks which arc tapered by cutting and 
grinding. The coil consists of twe!ve turns of cable constructed front 

82 strands of #9 heavy formvar insulated magnet wire that surround 
a copper tube that is bvatrr cooled. The voids between the individual 
strands and the coil turns are v~c~~um impregnated. The rf compo- 
nents of the ferrite tuner surrounding the ferrite rings is formed b> 
the copper cooling jacket, a tapered inner conductor and two thin rf 
membrane end walls The support structure for the rf membranes 
consists of two stainlrss steel rings connected by an array of spokes 
to form a wheel shaped structure. Tloth the stainless steel rings and 
the spokes have water cooling chanrwlc to remow tht- hwt from thp 
rf mcm branss. 

Eddy rurwnt losws 

It is desirable tl.at the cort:l)cmcnts that comprise tllc ferrite t un(,r bc 
designed such that the indurcd eddy currents are as small as possi- 
MC. The inner and outer stainless stwl rings of the structure that 
supports the thirl rf membranes are broken at opposite ends of a di- 
ameter. Calculatinris show that this ri+ulth’ in a reduction in eddj 
current losses by a factor of 900 for the outer ring and 80 for the inner 
ring. tYonstqueritly, for our particular diniensiolG, whenever a corrl- 
plete circular geomet r)’ ran be broken a significant redurt ion in edd) 
current losses can lw achieved. The most difficult task wx the re- 
duction of eddy current losses in thca rf me~rnlrranc end walls This was 
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arror~~pli~hwl b! wtr~i~dir~g h oftli~~ 1% ratiial blots 11, tlir rfmi~itibr;i~~c+ 

ICI til(’ o,~:ger tirruinft~rc~nri~ r’f tllix r~ii~rl~l~rari+~~ all? iiitroilt.ci:lg eipiii 
iniulatirlg brc’aki i:l tli0 waLer roolirq jacL+~l. ‘l‘lit~ thr(!q:h sloth a.ild 
tl I’ iu%lllatiilg tirt~;i;i au* aligliwl wit11 t’a 1, (~tli(,r ‘$5 .ii~olin in figiirts 3. 
In order to ri:ai:rtain thv va~.u~ln intqri’y c jf 11143 r;ivil,y asw~iibl~ thi- 
radial blot+ Cariw~t lr*, estcwtiwl i11t0 thi, inn47 c-irii~rllfi~r~llrt~ ii) hrv.ii, 
ti!c rorI,pli’lP Cii(.illill. gf”‘:n”trv. 

Eddy current losses ttw:~sur(.n~cnts 

Thr rnag:li~t codr l’EX1) ‘iv:,& u,wl 11) ~-val ~>,itca ttip wiily c urr~iit los\<~i 
in the difTertv~1 ~ec~:oni of the tuner cavity. Alll~~~~:gli tlic calculatr~d 
rr~sulls w.‘n ql.itt~ ri~;:.wr:a~~l~~. I’IX!I) ii ~.~rl:! ii l.kicb diriir~~~iitr:ial lb*,* 
gram and can not prethrt whirl happens v,hm the witiorib <if the tl.nryr 
cad?’ arci brrqtll logc~:hf’r in a thrw lliIIli~rlsinIl;d cvIlfigllrdti<,Il. II 
wa.k ticcmsary to drtcrnlillr’ the eddy current loses ex:)(~rii~icnt;ill~ 
Ttw :trucfur~ SIICWII in figure 3 was introducrd irlt<i ari 50 Ilz ac ril;ig:- 
netic firsId with a piuk value of -005 tc,sla. Tlic water cooling jacket 1s 
a co])pcr cylindw 600 mm in diameter, 160 mm long and 1Frnnr thick. 
Thr rf memh:xlw .LIP c~~r.s:ructr~d rro:n 0.5 1~1111 a:air:l~x. a:wI plated 
with copper to a thickness of 0.013 1111rr. It was found that m~asur- 
ing thr t~mpr~-at~~r~~ of the surface of thF. rnr~~~~l~r:wc~ ~a.5 a wry g<.iod 
indication of the etidy current distributicbn. The through slots in the 
membrane and the isolating slots in the water cooling jacket were pru 
gressively doubled and the temperature distribution arrou~~d the inxter 
circumference of the rf membrane for the different numLrr of slots is 
shown in figure ,I. Thr* rwults clearly show tha: at least a fact,c;r of 
9 in the rcdvctiou of temperature rise can be achirwl by increasing 
the nurntwr of slots from 2 to 8. ‘I’hP. ‘(1 aw tw’(.l plots bhown with 6 
slots, OIIC with and one without the water cooling jacket. The rffec 1, 
of the water cw)ling jacket is to increase thr n~asi:nun~ t‘~r~peraturc 
rise by approxi~natcl~ 12 drgrces celsius. Figure 5 shous the effrrt of 
increasing the water cooling jacket resistive path by rcplncitrg the 16 
mm copper water jacket with a I.5 mn stainless steel ~‘at.~r cooling 
jacket. In this case oniy a factor of 2.5 is gained in going from 2 slots 
to 8 slots but the temperature rise with 2 slots is already a factor 
of 5 lower than in ttr case of 2 slots wi:h the copper cooling jackrt. 
Thtl cor~clcsion from thaw measurements is tl,at in ordr~r to rrtducc 
the temperature rise due to eddy current losves a compromise can be 
madry between the number of radial slots a1141 the r+-sistiw path oft hi: 
water cooling jacket. For the continuing protot!pe work the number 
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I’igure -I: Azimuthal ‘Ii,lllperat.ori, I{:!,‘> l)ihtril)utii)ll :It IIIIII~I. liadiii- 
t~f l(adi,lf Slots in the’ t< b’ hlcu~brat~r as a ~*'UIICI~~II (II‘ tlwil n’ur~~l:v~ 
xvi1 II (‘opp<-r Cooli:lg .larkrt. 

of slots in tlIc co~tipc’r cooling jackrlt ~$11 hrl htspt at caight. I‘ignw 5 
kli0 SllC~iV, the timJ”‘ratlirr rkv Ini’;l’lIIiid at tlli’ cluti-r rdg:l-~ l,f I II.3 
rf mcmhranr~. ‘l‘hc: positiorI of maximum trrnl,c~raturc~ corrcy~~n~l~ 1~1 
llif2 arei* of n~asimilIr: eddy ruri~nls in the cc~ol:l~g ~vhwl xhich is tlliar- 
ma:ly connected to t hrx rf rrlrrrll~rnli~~. Thr rf mclnbranc+ ha\v 6 riiili;il 

slcits hrtwrtw t,hv S radial through slots uhirh do ucsi ~xtvnd il,to t11~* 
iilrllxr (lr Lhc outrr circurrlfrrc~riw ‘I’0 di~lt~rllliIi~~ uh;:r iLa]‘J”‘“” lo ti1,. 
cddj, currents around thrst- slots. a probcb wi:h a fixed separation of 2 
CII: lwtwc~tw trrrllirlsls u’as us0 d to measure rhc radi:ll a:l(l ;uin~rl~.l~.tl 
si~rfiicc potentials on 111~ rf mcmbranc. A v~~:or plot of thf, eddy cur- 
rent distribution iu a onv 4gllth siction of tlic rf mc~rnhrane is SIIOWII 
in figure 6. The eflwt of the slots is to split the c~ldy CIIT~CIII con- 
irlg from the inner circumference at a Illrough ~101 iritu tlrwe pu;illi~l 
pat1.s and increasing thr resis!irp path by causing the currents to fl<>\\’ 
outward radially and thcrl bark in again. This distributicw paitf~ru 
i,~r~xitli~~ a vitlual7l~ iils.glit for ii~i~,rw~ilig 1 IIV cvc~111ig ili~~~.gI~ 
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E’igur1.8 rs: Azimu!hal Terll;)erattt:c Riac Distributio[l a~ II,I~CI Ila<iiu, 
of Radial Slots in the RF Membrane as a. Function of their Nurn- 
her with Stainless Steel Jacket. The RF Membrane is ‘I’ht:r~n;Jl~ 
C’onnected to the Stainless St,eel Cooling Whcrl which has Co~upl~~t~~ 
Radial Slots at IX l?cgrws arid 315 l)~jyw~h. 
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Tuning rneasuren~ents 

‘I hr f+rritr tua<~r w’it h 8 t.hrougiI slot 5 in tlv: rf mr~111)raw~ and 8 insll- 
I;lring breaks in the uatcv coolll:g,jackPt v+xs rrassrmblrd and mounted 
Oil the ravit~ il’ifl: 1 Iif> tuner Ir:odificatiiw- it xai now possible to 
tic bins the tuner to a peak c‘urrcvlt of 2G50 amprws at a repetition 
r;rtrs rlf 50 J17 witl~~wt nvertloatirlp t11cs rf rn~~rnl~ra~~c as drnw lrvvi 
ouily. The currrnt and voltage, wawforms ~-iwasurcd at the terminals 
of the biasing roil aw shown in figltr~ i. The cavity ww esritc~l with 
a nc~:work ar.al~wr whme sweep rale u’s wt sdhcjf~ntly low so that 
111~ tt~axitnu~n resonant frequency of thr ravit.! could be mrasured. A 

I*‘igNrt~ 7: (‘umnt (top tme) and Voltagc~ (tlottom traw) \vavcfl~rrllF 
at the, Tcr:rlinals of the Biasing Coil. C’urrienl scale ~lOOR/div., VC~ltagc~ 
hc ;ile ‘22,Ll:/tliv. awl tirnr scale :Im?/div. 
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‘f?ig+re 9: Frequcnry Tuning Rnttge of the A(‘: Biased Ferrite TuI~?~. 

typical measurvttlrnt al fjl.1 hllI2 with tl;e pPak bias cilrrC?IIt. set, at 
2(j50 arrllwr~~ ia shot:‘rr in !il;~trc 8 A plot of t!te WSD~Z~II~ fi-rq1~“lcy 
or tl;e ca\-ily as a, fulic.ti,,n of ac aud dc hias currrnt is s31ow11 in figure 
9 7’11~ clumsy agtwrnt~nt Iwt wean tic and ac biasing is very encourag- 
ing, indicating thdi thr influr~t~rr on tlif: \li;is fvld by tli<l eddy CIITTPII: 
Inagnetic Iii~1d.s is rrlil!irr~nl. I)urinn tlicw, m~~asiIrrw1Pllts ttlfl p0WPr 
suppI:, w;,s ILO! wgulat iug p1~“pwiy ;1:1d I,hwY~f~,rr the, Itlt’asIITCIIICnl S 
‘11 t:>rx [c,v,el. :dllr~ ,,r hinsing ~rlrrt’llti ;I,‘? not il.5 arruraiv ;I*‘? the Jnc’a- 
Cllrl’tr’t’l~lb iit 1 iI’> l~igllcy bixrii~~ r’lirl(~iits. ‘I’tlis ;&o Illc;lnt t.i.wt 111*, 
s]lafjP of file hi;iijug clIrV0 Was ni3l ;ili\.R).S COllst~~llt arId c'i)llld Zic‘~UUllt 

f<,- tl.<> f,r, i , tl:it tl,r- I‘,I,‘\‘c ii ,)iit ;,c srlaiuth ai rxpcrtid Howrv+~ 

tlif- c~s~;wirt~i~r~t:il :I~~~;IS~III~I~I(~II~ 5 rx,ii:irrrlvrd th 0 tt~cwi.dic.al prwliction’ 
1 ilki ;I ],vtk CI~ITG~:~ of 2fj,j(l nntp~rrv ir iufiii ii>nt itr ;ilioa~ thcb c0vil.y 
1s) rc-wri;*l,r 21 01 1 hlllf. 

7‘11~ :iuti1013 ‘icihh 1,i ;ic li1,cnvli~,1g<’ t’t+r li;~rttc~~r l;tr hi:: drYlit ;rted lit 111 
ii: I.!~<> ;imril,l) ;ilid lwt 01 t l/P rvr: 11/b tinir’i ;Lr111 l.hi~ w~~illcws rrrllll 
(Y’S (~‘artda I,tti rvtt,, v.wk~id tiiligevlll!, tu rndir~ tl.is hi:ls p1>W:r il:ppl: 
opcr;iti9nal t0 oht iti t1.v wl)ort(,il r~~iillii. 
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chhcLlict7 i,ll hfngIli4 ~li~chnihi~. Tsuku!,a (:ity. Japan. Sept 
lo:!). 

[2] R. I.. I’oiricr +t iL;.. “I’;,r;tll~~l Dins :‘b t’rr~)~~rl~li;~ill;l~ t\i:is of :I 
J,>~rrjte TunivI CI:~\ity for l.li11 ‘l’l< Illhll: li;l<~n 1,‘aclc)ry l!Oiiht<‘l’ 
Rir~g”. Kuropcan I’articl~ I izcc i’li’I.4ilK ~‘ol~fl~~r~ll~r,Ir;ll~. I> 1321 
(I%%). 

Figuw K: Measurement of the Maximum RF Frequency K,ith a Peak 
AC’ Hias Current of 2650 Amperes at a Repetition Rate of 50 Hz. 


