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X BAND LINEAR ACCELERATOR MAGNETRONS 

P.A. JERRAM, R.M.CRIpPS i\ND D.C. ?~I.P,CKMAN 

ABSTRACl 

Advances in technology 7abe now rra'?e Possible thi! 
production of portable x-ray machirlcs oased oil 
linear accelerators. Operatiy at X-bmz ihcsc cai, 
be broken down ip,to suitcase sized components. The 
misrouave pc~er source has to fit into o-8~ of t+'t'~_ii 
comoonents hot still Produce hiyb peak and near, 
po'.ers. This ;aper describes work carries o..t at. 
EEV on the fixs’. tuqanle X-hand magnetrons dezihned 
spEcifically for t?is purpose. Despite their sii~all 
;irti tt-icy l1di’.2 ttrc trii;ti:-t3t ~iu~t‘r lv~v~i! 1-1~ ,i7v 
tunable X-band imaynetroi? yet m<-lde . 

TRODtJ;TIUN 

In the linear accelerator electroiir, are accelerate: 
down the axis of a series cf cavities. These beccmz 
shorter tow;,:& the on< as tthe electrons reach ai-lzot 
O.Y-lc. E~cn cavit;y iz passed in nalf a wavelen;tn 
of the exciting R.F. energy mowiny to X-bang (9.2 
Gtir) from S-band (2.A GHz) enat,les the length to bl; 
roddced by 2!3rds. 

T-e pulse length hai to be long, as t?s first 
Is used to 'fill the xcelerator. The device ;zcps _ 3 
high '0' m.Jking accurate tuning of the ma;n?:tron 
essential to allow fcr thermal drift. 

Ttifi yield ilf X-;ays is dependent not only on the 
i'?CJii puucr bat ii 1s~ or- the 5/4 CO'I~F~T of the peak 
power. The X-ray energy is dependant upon the Linac 
design but figures around ir Me\! have been oYcained. 

Work began at EEV over 7 years age to develoc a neu 
maynutron at. 9.3 GHz for use liiith port&lz linea: 
accelerators. T.ie followiriy minirnlm specification 
was requi.rrri:- 

*CCV, i,laterho~lse i.ene, ChclirsfordCMl :Qil 

1 NW peak output. power 
0.5 kW mean output power 
7 us pulse length 
I 5 MHz tunability 
8 Kg weight maximurr 
: 10 mm diameter 6 x 253 rl~ lo~iy naxiinum 

The specification was considered to be the miniqcrm 
required to produce X-rays with enough energy to be 
of use in an industrial X-ray machine. In reality as 
much power as possible at t-le longest pulse length 
possible is required. ii realistic target for thP 
final device was 1.5 (nid, 1 .C 4111, 4 PS. 

'it-iv st.art.icv;; ,scrirli. fi-Jr the ill-njcrt ,'a~ a 'ii:ll ki;i (?t‘ak 

Ll.5 kCI mean, air conled, fixed frequency maqnetron 
&ich, iwit.ti it.5 elwtron-~~n~-:t, wri?heri approximately 
F,n Kq and meas\lre? Zp^ mm x 90 mm x 3fl(l mm. 

ThP main prl7hlrrri; M=TF ?r;-vr-te:? in hti:- 

,i ) Vane t,i 12 eroz 'hl d.~i tri ttiv hiL$i [:lll*,l~ <'lli',Id',l 

h) Cathode erosion leading to short life 
L) Urlwanted tililtzr and cnthudc ,:t!:ro, \a~ I(.*?: 

d) Size of magnetic circuit 
e) Tuning precision 
f) flverheatiny of the carhode strtlcture 

DEVEIOPMENT 

a) 

h) 

C! 

'Jane Tip trosion 

The vane tips in pulsed magnetrons are liable 
to erosior by fatigue ~crac~z, catlsed by the 
continuous temperature cycling. At LO% 
efficiency and l.fl MW peak power the peak 
heating of the bane tiPs is of thti ordri of tl 
GW/d. This caJses 3 rapid expansion or the 
surface layer which is resisted by tr.-lsile 
forces in the rectal. In the case of cz~pper 
these exceed thr fatigue strenoth for lIZIt3 
cycles by a factor 3' 3. 'he result is 
usually crac<ing t t 1 1 Li I z ti t t1 e v a r I c? 
perpendicular to the surrac?. tLe"er , crjcks 
iwill follow yrajn bo,Jndaries parallel to the 
surface, causing flakiny and mrlting of the 
isolated area. 

Acceptable li?les have been fo,nd :n msgnet.rons 
'Athere Lhe fatigue strength nas been erccuded 
by only a factor of 2. This Lralue has been 
achieved by substltutinq molybden!.n vane tips 
on %his magnetron. 

Cathode fro2ion 

Oxide cathodes used in marly X-La-d magnetrons 
could no" be userJ at i-t,t. r~ql~i red sinltarjp arid 
currcmt dorlcj.ty. 

Initial ciirre-t is provided by a tariur 
alumi.nate impregnated tungsten cat?ade which 
gives high primary emissioci. /icw~w~r, tlli:, 
type of cathode is easily destroyed by 
electron hombardnent snd gives a low secondary 
yield. Tt'e centrp of the cathode is therefore 
rnadc from zulid 1nl=r.al !,li t,L n qnciii sacon'-;iry 
electron enisrion. 

Resonance Problems 

Colt test,:. C.hCiblPd tl-if: Cunrr =,ystem t,o he nl~r~r 
of resmances near the 77 -Ro?e. If present 
these could have (:.;fl~=ti: meltincj problems -.t 
this pouer level. 
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R probiem 'was experienced with sid? arm radiation. 
This was tackled in two ways:- 

i> A rPcO"a"ce in the radiation tube/Dole 
piece region was rrovez away frcn the ,* - 
mode by charying the pole piece j/3. This 
rtzduced the power cruTled out down ttle 
sidearm. 

ii ) A L\IDICC iual:. btlilt intr. the cathode ?oIe 
piece to prevent r.f. escapirg down the 
coaxial path between the r.nthode stem and 
ttw pule ciecr. 

rl) Mary~ct Circuit 

Bi~i.,iusu i>f ttlF> small size and weigh? 
I ~quiri?inel~t it. ~1a5 iieiciden to LISA Leodymiklm- 
Iron-Burcrl ~mnync"s. Havin? ar extremely high 
energy dfilsity ix is possible to use ahou?. 
Ijiitl uf ti-if volurr,e rrqrirpd for R1nir.c. The 
mst.eri,31 is 31zo mechanically strong, making iC 
pos!.;ihle tc hdndle tile large pipcec, reqiiirrrl. 
ithi 0 ic, iiolit?~/iuci tu t>c ttti! first time thet Nd- 
f (,-ii my i,tc> h::\/i? tewr cased on a maqnetron. 

Tl1.2 ~i~cqwt uses H blocks of Nd-Fe-B ?fl mm x h!~ 
,,,I' > ii) 111rv ;irlil j icjiriixi hai f-al t..: be p”‘oduc.uri 
to as.~:;cmt~lr these ?;afely in the magnetized 
i I II Id i t. i llii. c o~r.r=r; nf atJ~lr!t 5' N i-oth :epulsivc 
,-,I, i ittr.:, ti,,r, -ii e i~r~I<~i‘i~:ri~.~2il -111 iricj a:,ifillbly. 

LateI r:oc~lincJ of the maqrt?troil anode has kept. 
t.hP t.emper‘ature of ttiu rnoyni~t~ t?clciw :Oo C and 
no prahlem ha:; been exjleri.enced with the 
TX. t-8. 1,2ri d1up1 iir rnayrc~..ic. f ifilli. 

ix,,:i‘i i~tii~tr, h&ii? LIPPED I‘~I-T ied oil+: t3 oontrr~l 
til: II. rIiu:.ion nf I tlr mqnet.5. Ueini; sinterw 
Zd-Ft.-F: i=; cliqhtly pornuc, and has problems 
2 'y 5 ri 1. i d +; f.2 1.1 iLith roitinq, cauzirlq loss of' 
71 a rj /I -' t. i I propErt,j es ar,c ; Cl !j s 1 ii 1 c 

-. 
71 s~nt.rr;jr~-,lnn. Rttemcts at plating with 
u;iiii~i~= liii-tal-3; r:c>p(.'rI', llii:l..t!l ar1d r;r1c tl*.lvi.~ 
r P ; p r II ii e -i able to wittlc.;ttrrlc; i a i 1. 5pray 
tc: + ill:]. I pr~;f coat iny/pairlti:lrJ tl;j*- br,r?fI !INII n 
lii,iI i" '.“iJl.. 

It. ii, tlrip~?rl t:tlat. future mqnet material:, will 
be inhrr~ent.ly more resist-nt to corrosion. 

e) Precision luninq 

.Thf m~~qnetrov operates over d IO MHz tuning) 
r ill, ye-' . At Y.3 GHr this is rtn1.y 0.1% and i.i 
easily ac;hLeved by a simple inductive ring 
tur\r:r . Ike of onti.?;icklri:,h gears rlrl the rotary 
to li,oor gearbox makes accurate tuning 
(so:,c;iblc to wit-:i,~ 30 KHz. 

Recent magnetrons have looked more prorrising and 
powers of up to 1.3 NW, 1.3 kU have been obtained on 
experimental magnetrons. Thus we are still hopeful 
that the full maximum power will bc achieved. 

Further improvements in magnet technology nay enable 
the magnet circuit tu be reduced in -ize. The energy 
density of new materials has been increased from 35 
to LO MG.Oe. 

r: Overheatinq UC the cathode structure Conclusions 

P.‘t‘PI ttw problems deLii Ir,' in a) tz e) 'arl 
t~cet-1 overcome it prnued possible t3 Take 
m‘qnr:trnrls that met the ninimum specificztioil 
of 1 PW, fl.7 k\J, 1.5 )JS. However incrcasiny tiic 
mran pnw?r ahove Cl.5 kU caused the efficiericy 
t2 fall. lhis was fzuzd to be dui: to the 
cz:h;de structure ouerheatirkg and eqit'cinq 
elcctrwls from unwanted areas. ThesE eiectrons 
~:AIVLJ~. cclltlibute to ttic outpuL power and a:~ 
:rir~ply lust as tlerit. This problem was 
L' v i I , :. u ii 11 y ! > 1.11 I, c d k I' r,clA'-.i -g '.tle r.nthnrlp 
iiuppozt 5tructu;e with a non-emissive layer. 
Ttlii til-lc, enabled thP meail outp,-t power to he 
ir~cr,~:sed to 1 kW. 

Advances irl t~~/~i~~~logy ia~t? r:nntinuousl y pushing cp 
the power available from magnptrnns. Maqnetrons will 
continue to he preferred whenever a colnpact high 
powered, inexpensive pszwer ssurce is needvd. 

Rcknnwledqements 

rhe authors wish to dckrldulriclqri the htilp qivf?n by:- 

Typical Result 

P~-U.PEf?f4?@IV&L&IPY 
_. ‘s 

" 

iUtJJI!. Wl.ll I( 

T i i I-, ; i,~n~-,i~:li~iw~ thit the 'I l"ld, 1 L.111, .', 
wit'- Lhi! /,r- irrit m~liJ”c4.I~:~il i,; i.,Jf~r.(J i.0 jw[~~f ;,~j~:;i"id 'i >f 

what can he achieved with that design. 

~ffnrt?. h,3ue :ieen ma& to irlcXa‘V2 t.l:c IIumbt.!r c,f 
cavities to maintain the sami peak vane tie cower and 
cat-&c: cu~li-i~t d:rli>it\i. - i? 6' i;:ii.hmk stem diameter 
has been incre3scd tn remove the extra heat 
genereted. 

Ttlc: i~-Icrc~scd number of cavities has cause.~ many ~noi'~' 
prutl1cmi.. A non=,idernble amoi,nt of effort was 
rccl,ire~j to bui Id R Tnynetron with J I-IL& i;;!c~-.tr~.r~~ 
that Q~UP stable operation. 

nt hP1. :~rnt?lc?;ns LIaUe 2132 bei II.CIIU si:\lii~i? witt: more 
I: a !I i t i e 5 , There tla\/u bccrl m:irn j.lrnhlPns r,ri th 
el ertrons escapirll; from ttw ;~IIU~E melt.in(A hclles in 
the 1~01s pieces and possible problems wi+:h 
n,~ltipact~or disct,arqes in ttIr+ wtp!.:t. 

N . 4tki:?i,on, anil I: . Dobos. 


