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PHEKMEX STANDING-WAVE 1 IYEAR ELECTRON ACCELERATOR

T. P. Starke
I.os Alamos National Laboratory

!.o~ Alamo$, VM 87545

Summa r~———

The PIIERMEX standing-wave rt electron llnac 1s a
high-current pulsed electron beam qenerator that is
used for flash x-radiography. This accelerator is

being upqrd[le,lto 1OOI3-A ptak current and 50-”eV peak
enerqy over a 150-ns pulse or over three 40-ns pulses.
This upqrade is d result of increastnq the r“ power in
the cavities and installing a new (Phys{cs inter -
ndtlonal ) injector pul ser.

Introduction—— ...—.— —

PtiEltMEXis a thr<e-cavfty, stancilng-wdve rf
electron T!nac. p!l~:l{f.f~~!)pq~fio:)~~:~~~flf~ !953 at
21 MeV and 300 A; was up~lra(l(, (f In lqfj/ to ?) MeV, an,{
will he up,lraderito 50 McV dn[l 1000 A in 1(183.] ‘2
PIIF.RMFX fS dn acronym fur I)ulsed Hiqh-Enerqy Rd(lio-
qrdphfc Mach !nt? Fmittinq X-Rdys, ‘lhe ~rif!ldry--dl~l~lira-
tion of the PI{FRMI.X heal,,1’s to qenerate d >horf x-ray
burst for f]dsh x-rddioordphlc ml?asurements. A fldsh
radloqraph is an arpal [Iensity [Iistrib,ltion {mdqo nf a
rapirtly moving o!s,ject. This ‘ima{leis qenerdt,r,l when d
short duration point x-rdy Sollrce Is dirpcte(f dt. an
object and x-rdy fiIm. I,1([,RMEX ,fiffers from lmfl$t.

radio qraph+c sourcf, [machlne$ In that the PIII.NMIX x-rdy
system cdn reso!v(~ vpry smal I [Ie!lsttyvaridt.{ens in
e~tremely thi~k hlqh-,ltomlf’ nllmher oh,ject$. TII {l~,ncr-
atp SIICIId hlqh-qodlit,y flash x-rdy l)cmn, t,hc du((,lrr -

ated electron !w<v!lImust.11P of short dordt ton (.2f~l~ n$ )
to m!nlr {ze ol],iect.nmtlo~] hlor. hfqh Cnt,rtlyan,l ll{~ltl
torrent to m<lXiIniZP x-ray flex in tho i’- 7-qI,V x-rdv
enerqy r,tnqc, dnd focosdblt, tn a smallI spot.( 1- 5-IIml
(il Jn t). A st. dn(llrIq-wavfI I ind{. is well solt Pd for (lu!lf,r-

dtfnq t 11!\ typoof l~lo(:t.ron l)ednl.

fl((f~lt.raterCon flgurdt inn

Ff(Ioru 1 shows a 5ctIIImdtic (~t thII d(. ( ,l(lr(!t~lr,In

a typlcdl puls P, first, rf (.nerqy flows lnf(l 1111.,1(.(:(,1-
Prat.,lrcdvit It!< f~lr I IIS, hII!lIlin(I 1111 tlI(I ,1( ((,1{, r,lt {II(I

Plcctr!c fl(,l{l~tr(,n~ltlltInfII th{, rl,slst IVI,t:[IVllV
pl]wpr 19s> PtlltalsIh{, fm)IIt IIIIWI,r, A ;II)II..II,,, {()(1-A
(,11,~’:.ron plll,>(,is 111,1(,[ t,l,ll tllto l,ho f If ’,! ( dvil y tl!llt
focose$, r,hop$, an(l dr(.l, !l, r’af l,\ thl, !,14, ( ! f,(lll 1),,, !111. I 11($

(1! Il(r c,lvlt II, S flirthl,r fII[I,,,thv hIIam III(I! 1~,!lII,n

fi’mfi[’3!’!:..,
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magnet teal Iy focused to a minimum spot size on an x-ray

converter.

The original rf amplifiers are RCA 6949 models,
which develop 1,13 MU pulsed at 5(3Ml{z. As part of thv
lqfJ3 upqrade, these wil I he replacecf with I imar. X7159
tetrode amplifiers thdt deliver 3 MW pulsed at. 50 MIiz.
This amplffter was developed by th(? I.os Alamn$ tlyrlro-
dyndmic Group, It bds an 00% plate Pff{cfency and a
16 d[l qain for d 3-ins pulse operated once ,*vf.ry 10 I,.
Fiqore ? shows a circolt schematic for the tetro Ac
amplifier with the hiss inputs a~d the hiss isolation
circoi try omitted. The X?l!,q is a cylindrical tlthp
with the catliode, the control qri,f, and the screen qri(f
constructed of tensioner! rods ,+ppropridtely al iqne(l so
thdt the control qrfd intt?rr.ppts a mfnimum of cdthode
pmisston, and th~ scre(ln qri(i DrOVi L!@s (maximum capat.i-
t.ivr shfeltfinq hetwoun t.ho control grid anfi the l~late.
ThII primary [Iifficlllty opordtin{l this tuhp dt 50 Mtlr is
that the dctive catho{le Ienqth Is approxiniatp,y 0.1 A
(A = 6 m at 50 Mliz), and the tul,e is almost resonant at
50 Mtlz. The control qri[i/cathode input is series reso-
nant at !s2MHz, the shorf.pd plate-screen circ,lit !s
spl f-resonant at 76 Mllz w{th thp cnrona shields in
p!dce. A spcondary d! ffic,jlty is the propensity of the
control [Iri(l-screen qrld-circllit for sopportinq a
‘l(lll-MIIZI]drasitic, rhl> op(, ra+ Irrq I ine qives a I?(l-ii
1)’at{~rr$istdnce with d 35-k’J I}latP bids, a 111OO-V
screl~n hiss, a 1OOO-V contri)l-qri[f bids, and a qroon(ie(i

Cdttlo(lc. TOP rf drive for thP X7159 final amplifier
ori[lit!dtp$ al t,hp sht~rtv{lros .ndnt line -pld!,t~circllit.
nf an Iimac ICXI’}(1(1[Iriv(,r dmI)l ffier. T},,,1~()-kw

~!riv(I- Il{)wf,r{\ (1111111{1,1!hrf,il(lh,,ix ?!,-111/(;14-1/
(\(,ylld C) (’dht P$, i/4 Wavl,l(lnllthIonq. As t.h(,X?l L,{I
tonf r,)] [lri~lii no,lr s~~ri~,~r{,~,nndnt, tho qrili tnpof
lIm)(I(ldIIItIii very ,lmalI ( (1,I ii), rhl siK cdhl P not-
wnrk Iransf[)r;n,,this (),I 1) ‘II4(11/, whit II if ,1cl,rlvI)-
,I{Q*,IIOIIf. l)IIt IWII(,(I(II1( 4, f{)r tII,,,!rivt, r. III(, \tx (’(1111?,

( ,IIIIIV(,! iywm,t rl( nl IV ,7?otdr\,i fhp K71r>[)c{ltltrnl {Jr!,!;d
4. If,II iInlII,,lJnc I,W(IS IlII)\I,nt,1111(111,11l,iIPc,~nf,rol IIrltl..
trdn$lnl,,ftlIln Ilnt, hnl)p(llln[I, Inii(!(, t ht, t (l I)(,. 1 ho
R(; 14-1/ tl(},,d II,\i\l IVI, ,,11,Iafh (Ira(iin(l thII ~lt)t(,nf ial
,11 fhp (011{111( lIIr., i! 1,1 I, I t rl( ln!I~rfd (I.; thP (.,11111,,, art,
,1 iillltIV ,It IPIIII,II in[l al !!II t.111/ ( \ (11{/ loo ft ). fit

‘)(10 ~111/, R(; 11 1/ l,, 1,11 \! rIImtl V at It,rlll$,t iIIIl t.h,tl tht,

.,1X , ,,1 )1,, II, II WOIL l,, lot ,11 Iy ,Il),,l)f t)lnq; I (Ill,, tllllltllll. ly,
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the 900-MHz parasitic 1s st~hillzect. The screen qrid
is rf biased hy a small neutral izat{or inductor to
ground. This inductor is adjusted to null capac{tfve
feedback from the plate to the control grid at 50 MHz
The plate is matched to the 60-fi olltput transmission
1 Ine by an adjustable nedr-quarter wave, 9-fI trans-
mission line. The loop that. couples the ampllflc+r to
tfie cavity TMOIO mode is adjusted to present a ho-n

pLre reststive load. Typically, two x2159 amplifiers
art coupled to a sinqle cavity. This load impedance
l~nklllH {m+~ the loop is

where Xl is tle loop reactance,
()”fs the unloaded cavity ~,
K2 ~s the loop couplfnq constdnt,
n is the number of 100PS$

W-UO
u is —--— Q ,

‘“o

W. is th(! cavfty resonant frequency’, and
u IS the improved fro!tu.nc,y.

The couplinq K2 is set by a(f,justinqthe couplinq angle
of the loop;; X is typicflll,y30 n, and u {s tuned to

Iithe frequency w ere 7(u) is WI ii resistive.
The cavities are copppr wal led, 2.6-111-lonq, ?.L-m-

radtus cylindrical structures wiLh 0.05-m rddius aper-
tures for hodm trdnsport. ThII unlo~dIId (/ {s l?!i,0[,0;
the resonant fr~tluf!ncy!s 50 MHz. T}MI cavft,y-clcc,tr{c
field stronqth on axis is rrlatod to I,hc tot,ll iIIpIIt
puwer

E(MV/nl] . 3.4/1 I)(MU) .

Two 5-MU tlmpllfters wtll dI*vIIlop11 MV/nr, which l! (),/
of the W. D. Kllpti!rick llmt t.] Iith hrl,l*cllvlt10$,
this qt vps a 11(}-t4PV-PIIICtI,(IIIhIIfimpo~!{ onor(ly.

lhc ?111RMI X olort r-on IIIIIi 1$ hIaC,IIIllIy A ‘IIN)-kV
twncor pul$or ovnorfltlnq o ?OO-ns, 3:10-A PIOI! r-on hoam.
lhi; pIIl~IIrwII I ho rof,lfl{o:lwith h 1.?’I-14Vl’hyflc~
Intvrndt.!nnn! pIIltII’ f11(11WI II ,l~,lfvl,rlhrvo 4{).n$
pIIl$os nr d flnqlo llll)-rIfINIIC,II IIIImII.,lttnq a lIM)fl-A,Illn
(llrrl,nt. 1 1IIIIrI.,1{tlf}w~a 111,1Ilr,:m(If :ho 1’1 11111sot,,
ll~f.I)oh,lvl{)rI~r 1)10 trl{l{lvrt~il11,1.,\wlt I1111%l,,It It1,al
II)makln{j I111$lrtlllc.l]\ll,}f*I~11111$111WI!I.), Ill!,‘i W!l( 111$,,

lrl,lllntrl 1 111!1111(t 111’1 \(’vl$ral Itllnilrl$tt Imtl rll\t$( lll!( l,% !lf I I,r’

t hvy ,!1.1$ t 1! (I(llv $,11, ovorl I Illllltlh rlo VIII t ,1111, I ,$ ,111111II-II
,11 I,{)j$ f ho <Wit [ II 1*11*1’ I f olll, \, I hrt,t, M,IIX III SIIII, ,J’ II I,, ,
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three ethylene glycol 40-ns pulse lines, and three
trtggerecl SF6 switches are used. In three pulse opera-
tions, Marx #l fs erected, charginq Pulselfne #l; this
pulse lfne is switched out throuqh a transfer lfne to
the electron gun. The triggered SFG switch is synchro-
nized with the phase of the rf in the cavities and has
a suhnanosecond jitter. Marx #2/Pulseltne #? operates
the same as System I; the Pulseline #2 voltaqe is
switched throuqh Pulseline #l, Switch #1, and the
transfer line. Marx #3/c’ulseline #3 operat~s in fhe
same MdfSfSf2P. The shunt load Isolates the pulser from
the electron gun. One-hundred- fifty-nanosecond puls~
l~nqths are achieved hy replactng Switches #2 and #3
wtth a 15-ns section of ethyl ene. qlycol pulse llne,
er,!ctinq all three Marx’s together, and swit,chinq the
pulseline voltage out througl Switch #l. rhe pulse
output. is connected through a 50-I) series resistnr to a
45-ns lonq, 60-n-of I pulse line and then to the electron
qun. Thr qun load is 100[1-fI;the 50-(] rrsi$tor Imatches
the qun reflections preventing the 45-ns line from

rinqlnq.
The electron gun fs a Pierce geometry diode with a

thcrmtonic 10-cm-diam barium-oxfde-imprcqanted cathode.
TWCI solpnoidal focusinq lenses transport thv h!!am to
t.h(,first flcceleratinq cfivfty, The h(,am is 2-cm rddius
and sllqht.1:.’diverging at the cavity entrflncr. The
[fiver ence Is necessary to compensate for the rr

1’focus nq of the entrhnce aperture.

Electron Beam Characteristics-.. —- —. —-—---- ..-—.- -

rhe first cavity chops and accelerates the elec-
tron he~m, tlecause the I?lS!Ltl un mass fncreas~s six to
sf,ven times in the first c~vity, thr exit apl)rtllre
[ii,fucuslnq furcrs are snldl1, The second and third cav-
1t!IIS acci,lor~tv the chupp~IIihttam to ?} MPV at 30(1-A
lIII(Ik[Ilrront . The twain Pm{! tancv aftt~r accelorat.ion is
I IIcm-l!)r,!d(unuormal l/vii) ,It ?1 MIJV, ThII !)cam plIl$e-
trdlo {Ilrront pro filfl Is shown in ~iq, 4. lhu [)111 s(I’i

,Irp 3’i II% (IWIIM) lonq with 1 ns rist, tinw,, r4i5 PIIISO

I{,nqth qiv II$a ()()”Iw,lm fiII o! thf, rf poriud. As ,1
rt,sllltof thI* Imrn fill , tho H,h-ni olcctrnn tr{lnsit.
t1(111)of ~+ ~1111111~c,lvity ,ln~it,ho 711-11$pcrlod of thv rf

,I({olorotinq firl,l, t.ht,hI,Anl vn{,rqy variof .30% [illrln~l
‘Ill.pill.,1.(w(, I I(, 4). [!,,I(i(llfion, tbf, l\I*,lnlf,tlt$r(ly
v(lrit,iIll%~lllrtrl[ltho pllISI, trilfn If(II,to tho rf l,ner(ly
!Il(lt0,11h pul\II t,x’,r,l[I\ fftmI tlIIIc(lvltlof ,1$ 1,11{h
11111,,11i~ ,lc((~lordt.~,~1.

A $ol III!IIIIlfllIonj Jf 11111oxlt of tho thlr(l (Avity
r{,fo[’ll\l$<tIll.Ilonm ‘ [) ,1 ().4 { Ill r{l(il (l\ 2 Ill 11(, ynll(l t hu

(Jvltv (,X11. IW(! t(lf’thl$r Ill fl’lv,. f{l(ll\ till, 1)1,.11,1 !11 <1

l), flh., ln 1,9,1 !(1,. At tt’1, x !(1V ( ollvl~rt, $r. $,t,.,,1 1!1(1
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pipe. rhu mlnfm(~w SIIiIt sflII dchlevahlp f$ prlmdrily

(Iet(, rmln[>(i by thI. I , :111 i, f, IIr(Iy vdrldt ton, ral lIIIrth,In
the hedm rlrllttance, Il(lrth(I list 10 cm of l) I!dnl trdvt,l

Lfllf’tfl(] focus tnq, t.h(,ho{!n,trdnsft,s a hor,ylIi;lm(01 Ilmd-
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