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PFkIFOiaMANCE TFSTC, OF THF firto-kw CW, m-mu, RADI13-FREQIJENCY sysTEMS FfIR ThE Ff41T ACCELFRATOR*

R. F. Nylanrler, M. V. Fazio, F. F. Ilaccf,t anti J. D. Roqers,t+ AT-5, MS HR?7
Los ,71amns Nattnnal Laboratory, Los Alamos, NM f17545

5.!!mw
Th~ hiqh-pnwer rf s,ystem fnr the Fusion Materials

irradiation Test (FMIT) accelerator consists of 14
sets nf ?quipmt?nt,** each of whic~ can deliver up tn
H?ll kti (CW) at f!rl MI17 into a load having a VSHR of 1.4
or lc$< fan.y phase). ThP ~q[lipmenl was designed and
l.on<tructod tc Ff41T specifications by Continental
r!I?OfrIIfljLS h!fq. Co, (CEMC) nf Ilallas, Texas.

!fIIIr s~ts have been shippcri to Los Alamos for use
with t!’c zrr~lerator [twn with the radtn.rreqllpn~y

,l!l:.lrup(,l~Iltl:l])and two with the drift -tl]l]e linac
!:]TI)I. rhp first set was fllll,y tt?sted at I’FM(::
Pe\II.LS ar~ slmnari?rv-1 in Tdhle 1, Further test~ cnn-
(I!;ctcdat 1.0s fillmns, hnlh Intn a rc%ist.ive (@lf!ctrn-
Iyt ir.1 ln,ld anll into a resonant cavit,y (1]1 21 nnu),
I;avf} rnn!irme,l that tl,is svst.rwr mprts, and in mnst
,“a<t’c, !ar PxrcrIIls, IIIQ spcr.ifir,lpcrfnrmancr limils.

llIP first of Ihp 11 prnductinn sets (NII. 5) alsn
W,I\ tpqtp,l at, (“IFII” I,r.!nrp shipping any I,f LhI? rf
PIIII i?m~nt t,n I htj Ilantorrl I nqinperlnfr anll [lPVIJlr)pmPnl
I ,al,r)ra! III-V ,11. v if hl,lnd, wasllinrltnllm r?rr.aII\P nf LIIC
.!ifforw[ P\ in Iu}h,lvior nh<ervrul whpn Nn. 1 was nl~Pr-
,111’11,11 I II’, NI,IIIIIII. with ,1 dil f orljnt LIIIIrI in-,1,11l~fl in
I IIC f il},l I IIIIWIII. ,11111)1i! i~r (F1’h) ravil,y, ~1 Ml” aqrrwvl in
Los t Nc) . ‘I wit h I WI] I IIhI~\ hrlvirlq witloly difforlllfl
I Il,lr,ll Il,rir,l i, ,, ~nnlal)l,, prlmllry SI”rrrn omi~~lnnl. A\
II~prv Ilui, Iwh.lvi[lr dif f orp,l markllfl I,y. ,11111 $nnw ,lo~iun
-,,,! i f 1,.,11, i[,ll w, II, 111111,,, ~,.lrv I II mrv, l A I I \llIJI i I irllt ion”,

wit 1) 1~11 Ih}r 1111111. !~l~,,ll II ,, (1I I ill,!I llt~rfi)l.lllfllll 11 ! P\t ‘,

(Ill ‘41). 1. ,11.1, ,11111111,11,i?,,,Iill 1 ,111I,* [ ,1 1,,11,

i,,. 1111111I III I II,, f ,l!, l,l, 11111,Ii11,111.1,..1 tvi,,illl,, ,IIYI

:11.11,.I ,111)11 ill I 1111 , 1? 41 # 111)1 ,1;11 1, !1,’,1 l~lilllll’1 ,. (Al:{,. )
11,111,11 All,.i I ‘, ]’1’ ‘ ,11111 1,1111,Ilv 1, 1’1”1. ili~i ill,~ioll

.:’ I III’ 111111.I ,.i(;ilil II ,In! ,IC,l IIII I ., III 1“1 MI” I, 11. c, I I, ,11111 III
I 1,,1,,19 [,,!1.1 lllvlll,#l ,11 i 1,, r,l,l,!lll,. 1,11 IllW,, ,1 l,rill~,IVI,Irilj-
1 11111 (I! I III, I,,llli:,nll.111 .

Frrlipment Description

Functionally, each set of equipment is slmpl,y a
three-staqc amplifier. The first stage uses a trlorle
(3~W5ftf311A7), the second (Driver) and third FPA,
tetrorles (4CW5000CW and 0973/X2179). All three stages
operate in the grnuncled-qrid configuration. Iloth the
input and output cavities of each stage are tucable
durinq operation. Provision is made for adjllsting
both resonant frequency (tuninq) and impedance (!oari-
inq) in all cavities except the input of the ;PA,
makinq a tnlal of 11 motor-driven mechanisms.

The first two stages are well within the power
,.nrifrequency range of conventional cavity-amplifier
dc=iiqn with which CFMC has had extensive experi(?nct?.
tven sn, cfllrinq the test proqram’s early stnqrs, rf
arcfnq rl~velnps?riin the FIriver and FPA, deftroyinq twn
LIIhPS in each staqe. It is now helipved that tho arc-
inq iII LIIC [lriv~r resllltp~ frrm prohlmns nriqinatinll
in thr I’PA; hnwevvr, before thnsc problems were fully
Ilndnrstnnflq dir rirclllat.inn in thp lh-iver wa.i improvl,d
in an atl. rmpt t.o rwlllcp this .nrrinq :Pndwlry. Morr
~xtensiv~ ,antltlifIiclllt chanq~’; w~re madr t.n Ihc FI’A.

!hc i“l’hd~qiqn is nnt nnv Pl , J1 Lhnuqh il i rl(:or-
poralol <rvI1r,Il f n,llllrrs thn L ar[~ l~r{q)ri[)ldt-y LII ~“! pi”,
rhi \ appl ir,ll. Inn involws op~r, ll,ion al a hlt:h,r fro-
IIIN,;U.VIh,ln prpvioll,idn~iqns tnr lhi% pnwor ll~vl,l,anll
I hI~rr in IillI.ho prnh lrws. Cl M[’ IIPI iov,, q l,ho rl arf in,l
mrIIIl inllo[l ,alII IVII w,I\ II III! LII I -11,11111 p,ll.,lr.it if I, ni.iqi.
nrll,inq in Iht} LIIIMI Iimlcr cl}rl, din InatlIIjlvliIi,tn,,, wll~)ri
IIll’inr.t,I!IIaIIIVM II, .: III IIIP VIJILaI III i~ rvl,ll,ivltlv Inw.
I!,,l,,,,.,,f 1111 ,IrI in~l pl. im,lri ly wait in I ‘III :Vlllllll lll’lwl’l)ll

lhII qriil,,, I’lh? IPII 111,11. Iul. t-ilv In,:,liml in I 11,11
1’1,,1Inn WIIII III (IIpllt.o,;r, LhI! 1),1~,1.,il. il ~, 11111 ,IirlllI l,v-
11,1.:,,ill,lnl IINI .,,Ivuvl aml ,Iri[lI.(I qr(ulntl,Ii,l11,11,1IIIIW
,,111 f it if, nl VI II IIPIII III ,11111 11111 fl~rril (,. I l$rril~, I,l,lllill,l
in IIIhl,t.,IIVI, I,, W, II, I nrf f III. 1. i VO. I 111,1.111,1.llll~rl., il ,1,1,11111
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to the aissipatlon witl,l,l the cavities, compounding
the cooling problems thaL already had appeared.

Also, because of space limitations, the corona
(contact) rings supplied with the tube could not be
used, This left the vacuum seals exposed to hlqh-
vnltage fields and resulted in poor contact between
tll~ anode and the output cavity’s center cunductor,
Th,s condition caused a third FPA tube failure.

Modifications

The modified design IS shown in Fig. 1. A A/?

cavity, filled with dissipative material (Eccosorhl~*),
was added In the qrid/screen region to produce a low
impedance betwwn the ;creen and the control grid In
the active region. Parasitlcs were suppressed by add-
Inq ferrite “necklaces” around the grid contact rirq.
Air circulation was improved by adding a large blower
at the top of the output cavity and allowlnq some of

this air to escape between the EccosorbR blocks In the
screen region. Also, holes were added In the input
cavity to allow a;r to Impinge on Lhe metisl portion
nf the tube envelope at screen potential, which still
reaches t~mperatures somewhat ahove the ma imum recnm-

$mendml In the tube dp+a sheet (700°C). 10 pro-
tect the tube from rf arcinq, shmlri It occur in spil~
nf these precautions. special contact rings wpre added
fi~ both ends of the mii;n ceramic. Also, opticdl arc
flr?LecLoPswere added. \

11111, 111..IWIIIII I {wlldl n,; pr(lprlpldrv data, ill W’hilh I“IMI”
I.ll,,lll,vll,,,!11 rlllhl%. II II. rIqlrmIIII”r Il IIV ~Iorml\\lnn
,11 [“l PI f 01’ I Illl%lr!lt 1!)11 plll”[l[ll, r,, IInly, lull 1111’

Ill,lqlll ,!1 1111 Ill Il.

I Ill, 1. I 111,11 111A t rlvlly 111~”.11111.

~Hlwl%llwd Irdlllw,lt”b. Ill I mrr,.l!ll slut l“llmlllq.

I 1111, IIllm Ill,lllllf m !lll’1 ’1” (1 Im,l, Illv, of V,Irl,I II AI, I,II
1 1,111$,,, ‘.fill l“,lrlll .,, 1“,!1 Illlrll!,l) w,!,, I ,),11 ,ll.lpll, ,11111
Illrln,ll ,1[{ Iqlllllll 1’ 111 1110 hlIIhI*r IIpIIrdl lIIq Imnporfilurr

will!Idll.11111’11 Illwlrl’ f 1111 w,lrrallty. lhl~ 111111~ Ilr%lqn 1,,
Ilf!lllll Ill,l,llf Irll fill’ III, IIPI. IIP,l I ll’dl, \fl~r Ill tho %1.rl~rll
I rqlnll, Illl! Illllll!l IPII IIIIUJ,. nl’1’ 111)1 VPI ,lv,\l lfll)ll~.

Smne of these changes (the ferrite “necklaces”
and imprcved air circulation in the screen cavity)
were not incorporate! in the prototype unit. It met
all performance specific~tlons when tested at CEMC, ~s
shown in Table I. However, when these tests were
repeated at Los Alamos with a different t~be, the
problems experienced earlier reappeared, Anrther tube
was installed, b~t before tests with the electrolytic
load could be completed, the load and scnue of the
14-in. transmission-line components were damaged. Tte
FPA appeared to be operating sattsfactorlly; there-
fore, we decided to begin tesLs with the resonar,t load
rather than wait for repair of the test stand.

Meanwh!le, t~sts on No. 5 began at CEMC. lnl-
tially, it appeared that no further madiflcatlons
would be necessary. However, becaus~ of the diffi-
culty experienced with the prototype, Los Alamos pro-
pnsed, and CEMC aqreed, that a second tubp be
Installed In the FPA. This tube had significantly
higher primary screen emfssion, when testprl hy Eimac
oefore shipment. In other respects, Its behavior was
similar to the nthers. When operation was attempted,
parasitic oscillations appeared from 800 to 1000 MHz
with the high VSHR load at some phase settings.

in the course of investlqatinq this problem, the

Fccosorl# material in the screen cavity overheated.
fTMC decided to rearrange this mater!al to i~rove alr
circulation by channeling inward the air entering from
thp output cavity before allowing it to exit the
scre~n cavity. Illt.imately, adding the fprrite neck-
I.ICI?S suppressed the parasitic, which wei-e probahl,y
respnnsihle for the overheating; thlls, recunfiqllring
the material may havp been unnecessdr,y. llow&?vPr, all
production units arr I)e:nq modifierl in this manner,
tInd thp fnur dnits nt l.os lllamn~ will IIC modified al
Js<emhly or, in LhP Lase of thp pr~to~,ypr, If a proh-
Irm rfrvrlnpt or I.nr tuhp mu~t hc rhdnqml.

Tuning. . . . .

rhp sprrif Iration rpqllirps tlldl tk ,wnplilierr
II,l<Sall Irsl,: wil,hnul rrtllnlnq 111P cavll,fn<, Ilccau<[i
il wa\ ml pnqzill!o tn rhnnqo ln,wl rnndil inn~. nvrr Lhr
rarlilorliqllirl,dwit.h[wil in!.rrrllptinfl npor,lL ion, il war.
III(IK:rxlw!llirnt I.(1cnnIIIII’1. d] ] LP<I.s dt nno V!IWIIh~lnrr
rll.+nqinq I,n nnnthpr. Inilinllt, Lho ,mnplllirrt, wvrr
!IIIIPIJ with a real, rh~ul III,w I, follnwinq thv 11%11,11 Ilrnrl,.
dur!, nf maxlmi7inq uwlpul pnwrr dnd Mini mililwf thp
rrf lIW IPII (lU1-Mill) lwlw[~r at. enrh Slflll[”< Inpul .
AIlhIWIIIh thl~ prIw.1,1111111 wnrkrd CIIIIV wrll, WP fomwl
thdt %onwl YII;IIIIIIWI wn$ norr~qdry for SPVPI.,11 rod,,(wli:

(1) Iho ~lmplo procrdurr drscrlllrd dlw)vr ,hM~\
nnt nrcr%s,lrl Iy rIi\IIll in opt ,mllm IIrrfnlman(r wll.h d
mi\mal,.,hod In, ul.

(?) ‘Imr of 11}0 r,lvilip+ rrqlllrr[l a! Ir,l\f 11,111
,111 hIu Ir ! o r[,,lrh I 111,1.M,II OqII I I Ihrlllm. lhrl’lllfll”lt, 11!1(”11
11,,. nl~l [mm +otliIwl+ wIjrv 1~1,1,111!lc,lIPIl, only lp~tI, 11111.

dwrf ml nf Irr thr f Irfl IWWI, nf IIpr,. illlllll IIIWII*I. ral. h
111,111 Imwlllif III wItIr I.nnl.ldrr{,d vd’ld.

f 1) W,IIII IIWI I PA Illhp WA(, cl~anqvd. r(~tulltnq wn~
nrrn\\drv In \wpllrrL.\ pnra~ll,lr OWIII,lI 1011% 1111.111~

rrrl nil loa,l i“ondltlfwI\. #lIll IIwS frrrllr~ IN 111,1 IIS,
Ihr dmplll Irr 1% \lid III* wII II Pllhrr IuM IIIWlIIr ,111
\llF1’ If ~Pll Illfllt I’llfldtt Illtls. IIIIIPI,I, [II(, ~ ltA ~,, 1,1.II\,, Iv
mi~llinr!l,

Id) [“h,llllfIl\ Ill 11, l\l/)\ Vlllt,t,lp., , ,~n ,lf:,!,l
llpll,lvill~. III 1111. Ifpill.iq, llIfll I.@lIIIllII,l 19, I.l*llllll.PII III
I’r%l IIIT 11111lmIIm porl ormdm t,. OII:v III(I lllA I. I.rFrII
Vlllt!!llv l“. ITlllllntlwl: fhll\, 1111,~ v(lltrl,l,. Vfl! lfll~i]l).,
prIIIIIIIfI matly ,Ilffrtwwl vf fm II.,

lh*\pllr ItlP\l* Illff II Illf 11”!, only n fl~w 11~,,1% hllll Ill
ho Iqlralrllm (lIll IIW’U II W~’. IlllllwlIhfit prrfnrmnnru
wa\ nffrl IFII Vvly Ilfl 11* I!v 1111, I’rlllllltllf lhilf Ilnll
Illvql Ihlllr.



Performance Tests with Res!stimve Load-—— —

Performance tests were conducted using procedures
adopted durinn rfpvelopment (see ATRs), usinq an elec-
trolytic loa(l I-Idesigned and built by CITMC) to
establish the , and a motor-driven 14-in. coaxial
phase-shifter (d Ined and built by Dlelectrlc Com-
munications) As ,?n In Table I, performance was
specified at full wer for a VSUR of 1.4 under two
extremes of phase (. ‘,iqnated VMAX (maximum rf anode

voltage) and VMIN (ma} mm rf anode Cllrrent). pQrfOrlII-

ance also was speclfie at 200 kkl~ith a VSHR o, 3 and
at 250 kU (~ulsed) Int, an infinite VSWR of any phase.
Additional tests were made at unity VSWR to explore
further the amplifiers’ frequency response, but no
requirements wre impased beyond the basic J-dB band-
width spcciflcati~n. Finally, a ?O()-h heat run was
conducted on Nn. 1 to establish rel:ahillty and lonq-
term stahllity. At the end of the run, the amplifiers
were exa,nined for signs of damaqe and overheating.

Reslllts of the tests at CIYiC are sunnarizerf In
Tal)lc 1; details art? available In the ATRs. P few
adrfitinnal conmwnts are qlven helnw.

The amplifier qain was at least dfl% (1.5 dll)
qrpater than sl]ecifierlfor all load condikinns tt?stcd.
Linearity was wilhin the ?1oZ limit frnm 311 to 9(IZ
of full-power nlltput, Ther@ was an ~1-rfll differ-
ence in qain Iwt.wfwn

‘MAX and ‘M[N “n ‘“” 5’
altlw-mqh the vari,ltinn with pnwrr lPVC1 at. fined phas[!
was shout the $amr III all cac.1,,,.The vtiriat.inn with
pIIaSC i< plottp(l for Nn, h Il. the 51’( pnwei. level
(f’irfm ?). This variat inn is r~spnnsihl~ fnr snmr nf
lhp di!fil:llll,yirlrnnlrnllilq amplitude ml phaso with
,1resnnilnt 10arl IlnllPr I.ranticllt, rnnflitirn%,

Ampl il. mlfi aml plId+o [Irlf I over a l-nlin ;}rrinrl

w{v”v wrll willlin Ilmlls, llurlnrltho ;]lN1-hheat rIIII,
,Imp I i 111111, rl!milln~f~ rllnsl ant. rnr sovorrll Iuwlr% wil.lwllll
,I,l,ill..tinn ~lt her LIw amp] IIior% or thl! Ir,,ld.

llw ho,lt run w,I,,Ill,r(nwm,l al .q Indfl V’;WI?nf l.fl,
11}11~, JI ‘JMflM

‘ln’l1’1’)‘1’11 ‘M IN”
Ilurlllll‘ho fir~t Irw

I1oII,.,,IIWI IIIILIIIIl, pIIWIi I- IIIWI,III I.11 (Irlql, ,11111 I.Iw, IIVI”, h,lIl
10 Ill, l“llilllllr(l Ill ,1 Illqllljl” VI) II, I(I(l Lrlp Lll rll\l. or(~ Il. 1.11
il+ inlllill Itlvlil. IIWI romllin(ll)ruf I.hf’ IIISI. wvnl.
‘!lll[)01 h Iv, NII pllllipml~nlr(~tlrhlidl~Mr~\\ivo lrmlll,r,l-
Illw,;; lhl~ 11111.llt,,: mt!,l,,l,ro[lml Ihr IIVI”.1,1I I,wlh[..
,!Illf,11”1~*I1! II !“1, ,111(I111,11 rlillrp,,,,llll~,l,1,, ,.;l[)”[’
l.l\fl Ii,, PI. 1}1[, 11111.,illl, ,WIIIIPIII. II IIWPVOI”, WIIPII 111{,
amp I i f i[,r~ wl~rl’ d i ,.,lf. %lvnl) 11111 I Ill” ln\lIIvl il,ll, I;lmw,
Il,lllhlllli Ill f lllqPt’ \tlll k W,I1, llIltlIIl, ,111(I 1 Iwqll, r,ll lllw*-

I. II II\ II ivl~ p, IIIIl Ill I Ill, III l.l’1 ,11 1“1,11I{ln Ill I 111. I I’A I IIIIV

v -v
V mm v 111,18

,--

I Ml: AmIIIIhm NII. !,
gmn W* IIIIIIUW 611
1,4 V!; WI{ m#5mulrll

Olllllul Ulf)bwlw
1:1 Ml. 111111111.! lahld

\ . .
.

1!’,r 1,11” 11’,r 1:1[? 4I (r 1Ar
Ill IAIIVI I“IIA”!I

I Ill. ,’, IIJ III VOI’’.l I,, 1.111,11 Ivv Ilh.1”.l’.

envelope Indicated a temperature between 200 and 250°C
had been reached, The equipment was repaired and
modified a:ter inspection, then opera.?d again long
enough to reach thermal equilibrium. Sume tests were
repeated to ensure performance was unaffected by the
modifications or by the change to higher anode voltage
during the heat run. The equipment then was disassem-
bled and re-inspected before shipment to Los Alamos,

At Lus Alamos, the equipment (Set No. 1) was
Installed in a ddpllcate tpst stand, and many of the
tests were r~peated. However, before this program
could be conpleted, the fallurcs in the load and in
the 14-1P. ~oaxlal transmission line forced us to
abandon these tests and to move the equipment intn
position for tests with the resonant load.

~esunant Load Testlnq

The fliqtl-power rf system has heen Successfully
operated, open lonp, Into a resnnant cavity at i?10-kW
peak, 74-kH average power.

This resonant cavity consists, in part, of the
fl-ft-diam FMIT IITL tank. 13ccause the actual drift
tubes ar~ not yet available, J single, stainless
stt?Pl, [Iwmny drift tube (llllT)has been installed in
the tank to make it rpsnnant at RfjMHZ in a TFM mnde,
Stainless stf!pl was chnspn as thp L![ITm,?terial tn
Inwpr the resnnator’s Q, thereljy redllcing the voltago
qrtidicnts across the drift-tulle to end-wall gaps.
rhis was necossar,y tn permit runninq two rr systlwrs,
~ach at fif10-kW p~ak pnwer, withnut causinq sparkinq
in the cavity. “Ihr cnvlLy (] with the l)l)ris 21 1101).
[If?causr t,lw?[Ull cnnlinq can diSSipFILC only ?!I ku Of
avornqv pnwer, WI! are limited tn shout a ?% duLy rac -
Lnr wh?n t.ottinq Iwn Impllrit?r syslorns aL full lw~wl~r.
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fartnrm IIN* ,m~llltim” Imhavrvl in d very slahlp m,IIImIr
al nli pnwl~r Ivv,!l< in ol;on-inop opvrat, ion.
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