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RF POWER SOURCES FOR 1990 AND BEYOND’
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5ummdry.—

This paper will d,~cui~ the [ypesof devlce$ and
system architectures that show proml~e In provldlng r!
power sources for future space rcqulrernents It WIII

extrapolate these solutions to d~celerafors that are now
being planned ‘orconstr~ictlon ~nd commls$lonlng In the

1990s and WIII suggest te~hnoloqlcal advan[age~of uflng
SD1-developed rfsystems EInally, the pr~wnt state of the
various SDl ,ponsored high powered rf d(, velopment
programs WIII be reviewed

Overvlgw

For the past 2S years m,,c[ accelerators have been
drlvt>n by rfsource~ previously developed for radar or

hIqh pow?r broad~ast ~ stems The workhorseof acc~l
T-er~tor rl power source< ,as been [he klystron for freq,uen

cle~ abcvu 400 MHz wl[h ttlegrlddcci tube being u~~d
below [hat frequency Magnetrons have been used for
\Inglc strut ture electron accelefa:ors

Tile Sirateql~ De fenw Inltatlve (SDI) requlrerrlcnt to
de:ermlne if It If rcaflbl~ !O place a Neu*~al Particle Beism
(NPB) accelrratoror a Free Electron Lafer (F EL) In sp,][e
ha$ placed an ,Jnnreccdented demand on rf sources for
tompactncss, II( 1,[ weight, and cfflclency a; well as other

iparameter la IF I Isa wt of IypIcal NPB parameters
TIIC Ftl par,lnltltor~ ,lrt* 110 ICJS$~trlngcn(

IAUI II

NPHRFI)OW[ RR[Q[JIREMEN15

The typical solld+tate amplifier IS made up of modules,
or books, as some companies call them Figure I shows a
typical 2 5 kW nlodule with the newverslon, which uses
1986 technology Each module contains J to 10 transls
tors and dellvers about 25- to 3 O-kW peak power The
modules are also self contained In that they have their
own power condlt, onlng, preampllfler, and output
combiner

Fig. 1, The 2.5-kWsolld.state alnpllfler modules
showing reduction In size using rlew technology

Many modules are cornblncd todevclop the final Gut
put power. Sume manufacturers use a Wllklnson Lomt)lr’
Ing scheme and others use a radl,ll comblnln ~5chemo
Flqure 2 showsa 32 way radial cornblnerwlt I a cw powtlr
output at 200 Mt{z of 2 kW In prlrl~lpal, a solid ft~tr
amplifier could be hunt at any power level If the dc~lyni!r
were wllllng to use enough combiner stages
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powi, r $ourcps for the 1990’s ,]: UHF ind low L b~nd
frequencle$

Vi, ry Ilt:lf,w!ll bewld,ioolit klyttron$ rheyarc
M,l[ure devlL~,i, wlttl WI?I1 urld(?r$t OOC up~ratlr)g pararn
etcr~ [hey Jro re.)ctl!y tlvdi]dblc at be~ri c’fflclenclos of 5U
ta bO”’,1 Klystroll\[wl beopcr,~tcdat any .>u Iw len th
from a few rmlcro~e~l~llr~s to (w lll(~lr rot. In $pace ~.]wd
ac~elerator appllcatlor’,( Isc!oubtful hc~ause tl]e kty~tron
SIZC at LI}IF frequer~cles IS prolllbitlve

Grldd@ ‘:Jhe\ooerate wet! at UHF frequer~cle$ and
fllaw promlw as sp~ce baied, Iow. duty factor ilc~elt, r,ltor
drives beC,lu\c 01 tllolr compact size Ttlls SIZ~ r~ductlo,l

IS Pspcc Ially true when use of distributed ampllfl~r< IS
arltlclpatcd These t~jbe~opcr,lte at 50 to 60 ‘,, bc,~m
efflcr?rl~y and havtu ?U dB gain Grlddcd tubrsdo t]avc ,1
PUlfe Ierlglh Ilmltd(iorl lypIcallv, as tl]e pul$u lel~gtt]

Increases, t!~e peak power ~apdblllty decreases, al]d
cxtriipolatloll to cwscrvlce appears urlllkclv For [,x
alnplc, one tctrodt~ IICI!, dll ~dvertlsed output p~:wt>r of
2 MWat adlityaf04 ,, ar~d ~pul<elengtll of 13 IIS Thl)
ootput power fall> to 275 kW wh(~n tile duty 1~ra:wd to
6 ‘,1 and the pulw length Increased [o 2 ms A +yp IL,~l
grlddod power tube IS $hown In FIy 4 The tube mij$t bII
housed jr drl exterl]~l, rejorlant ~avlty
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Fig 5 Multlple planar trlode cavity ampllfler

not require a r.rreampti fler chain They do, however, Ilavc
average pow~- and pulse length Ilrnltatlons For exam
pie, the magnetron cited above Isllmlted to a duty cycle
Ofo. loo.

The gain structure of the conventional crossed-field
amplifier does not provide Isolatlon between the Input
and the output of the tube Thlsdeflclency makes the
device very sus~eptlble to variations In rf load Because an
ac~elerator cavity preser:ts such a high VSWR during the
fIII hme and reflects mo~t of thestorcd energy back to thv
source after the pulwI, the crowed field ~mpllflcr could
riot be stably run without usIn exj pen,lveclrculatols
whlLh are large and have dII d vf!rse effect 011 syst(lnl
efficiency Fortlllsreasoll, and becau~e of the experlcncc
.lt ChJlk River Jnc! at LAMPF, Jcceler.lto rdc\lqrlors h~ve
,lvoldcd using tt)ecrossd fl(’ld ampllllcr

Durlnq the past few nlorlth~ Raytheon lla~ becll test
IIlq d ncwcrowpd flvld ,Impllfl(lr that lsLathodcdrlvcn
I hI\ t(. chnlquc SOIVC5 Iho Isol,]tlorl problem hl}twe:~n th~~
Input ,Illd c)ulput clr(ult 111Itl,lt the rlcw cltw Ico Ilt]$qreat
or tharl 30 dH lsol,~tloll bctwt}erl thcw two ports 5[11 IS
priwtntly fundll]t] d projoct with R,lytheoll to I(wt aI)d
Ltl Jr(l Lt(}rl/C lhl\ dl)VILC 111[0 .1 rL%Oll JI)t 10Jd Thv prownt
tubi’opvrato~,l[ 5 b,llld at 1 25 MW outptlt powiir, 60”,,
{’ftl Ll(’ll(ydlld W(ll(’Jh\ 7~ Ih It h~$ ?4 dl] (],1111 Itllj I\ drl

~~x~ltillq powIb IIIty for sp(]f.t~ ,}ppll~,ltlons IMILJIIWI 01 tl)t)
low wI~Iqht ,?IId volunle ft]itor~

A rel~tlveiy new dcvll[~, tllv (In)lwion gatvd ,ln}~,llfier
IUIW, Ilas betw dcvelopud durlr)g tllc pa~t few y~,.)r~ IVVO
tiit)c Iy m havv rtwltwl

f
tli~l I,)wltrul)’’)dl)d tl}i, hIy

$trodr In both of thcw dcvIcc\, the btwm If hllt~ct)id ,]!
It It’ ri~qlilrml II froquc~n(y J\ II I\ IImItt IPd from Itlo
t .Itllcdv I hc l)(~,~m I\ thttll I), Iwod tllrouq)l ,1 klv~tror}
typ(’oiilput ~,lvltvwlli~rt~ ttlil Pow[,r I}[,xtr,l(to[l 111tlIII
lollvvlllloll.11 W,lv 1 I)(J 1)1(] ,Nlv,lllt,l(ll, to tt}l\ tvpll !)f

(j(*vI\(~ l\tllIl t~llrnlll,l[lull of 11)1~ Illt(,rll(tloll \l),l~Il t(,r~lilr(,(l

III tlli~ ({~l)vi,rltlol},ll klV\trol). wlII(t I or],ll) l{.\ 1111* I(il){. t(] 1)1.

Irl II(ll +Ilorli,r fof ,1 II IVIIII frv[liil~ll(y (;l,lrl ,1 (I IIlv4!r It IIItl,ll

kly\l\(]rl

I !111.1( ll.l\(ll*vl,loJ )ll(l till, Klv\tlo(!{., Wlll[ll 11, M ,1 tll[l(ll.

II I~)IIt \P(lIOII ,111,1 ,1 ~011 V411111~)II, Il kly~.tr(]ll ~)iirpilt wI{lIt)Il
A trf~w WtIIt)II i}f 1111.1111)1, I,, \lIIIw Il III I I(I [I III(I [III(I I\

(I)llpll. (1 to ,1 llJ\oll,lll I (,}vlty tll,ll l\lillvi~ll ,It 1111! ,)1)1)10

I)rl,lll, tllvllllvl(y llll\WllllnllJ (!)11\4,\ ,1 I)l,ll(tll,ll Illl,ll!l to

III* i’ltil!tml fr{~lll tlII~ ,,ilt~{)tjl,

I 1111.1(1),11.lIrIjIIII\III1 1111,1 l) IIlw{l K.lV\tr,)(l[, ,11 d~’I MI1/
wlth,lllout~nll ;Il)wl,l of ‘10(1 I(W 11)1. l)lll\l*ll,ll(~lll I\

I’l(lll\ .11 I ‘!, {Ill ly, ,lllll III{, 1111)!, Will ll,lvl~,l ll,lll}(ll ,11)0111

lo(lll llll\ t~ll)li Wilt tl,lVlt ,It 1{1.l\t /() ’’Iti ~10,111) I,f!l(l[,ll(v ,}t

Flg 6. Klystrode cross-section schematic

85 kVand WIII weigh sllghtly over 100 Ibs, with the
magnet

The Iasertron IS being worked on at several places ln -
cludlng Varlal., SLAC, Ors~y, and I es Alamos The ba;lc
Idea Is the \arne as the Klystruue except that the cathode
Ispulfed by a laser beam The Iaseitron requlresa photo
emls~lve cathode aswcll as the added complexity of a
laser with enough power to ar~lvltate the cathode, but
dctef have the potential foroperatlng at higher frequen
cles and fa$ter pulse rise times ~han the Klystrode beLau Se
of ttl~ ellmlnatlon of the ~apacltles associated with the
grid

C,Q)ciuslons

During the pa;t lB months, the SDI requlrementf to
p,ace a NPB accelerator in space has put tremendous
emphaslson small, Ilghtwelght, highly efflclent, Ill 1)
power rf sources The development of soltd state r?
s stems makes distributed amplifiers or Indlvldual L!IVlty
J rivers practical. Such systems al~o hold promise of
excellent rellablllty, ellmlnatlon of hlqh voltage and Its
associated floor space requlrcments, and Inexpenslvp
repJ’r bills

Tt}e SDI ri,qulrements hav~ also caused a renewal of
Irltere\t :P <m~ll, compJct tuhc$ The Kly$trode showt
proml;e, afdocs thecathodo drlvun cro$wd field Jmpl I
flcr and phase locked maqrl(ltron~ Thew rcqulrcmont~
have also caused tI new look to bo taken at an old frl(, nd,
the direct coup!cd c~lvlty!,ln)pllfl~,r, u~IIlq multiple trlod(,i
or a single, tetrodc lube

The bottom Ilnc for Ihc Ilrlct]r ,)cLeler~llordefll]rl(,r 1~
ccst, both Inltlitl and opt ‘J II OIIJI, rfflclenLy, and ~,io I t)l,

potentl Jl for u~IIlg rf >ourlu$ (hall Jrl’ Wldllur dnd tlliit
rcqulrp Iem power condltlorllng l?q LJlp Mltllt nlcdflf iI%i

floor sp,lce ,]nd a wlb~t,)r)tl,)l Irlltl.11 cmt s,lvlnqi I iIII pn

tcntlal operatlnq co$t mvInqsw Ill bc ~lqrllflc,]l)! WI1OII
better rellablllty I> consldt’rw.l Ar~ Improvt’nlunt Irl ov(’r
all efflclcrlcy of 15 to 20!’,, transldtw to J powor btll
wvlllgs of the wmc ,)rnobnt

Th(i on qcrlng cfovelopmcnts tor rf pow{~r to~lr[m 11)1
$[)1 ,)ppll~,]tlor}~sllo~ild bt}CJr12flJll w,)t~htvd II UIIIIII 11111

Y11(,X( j 10 j y~,lr> todi~tornllnt? tn.. L-,I\ll)ll Ily for\l),li{,
b,w~d ,lppll[atlurl~ Itloru WIII IIndt)lll]trdly 1)11MIVIII, II
dt}V ‘Iopl?l!lllt$ ttl,lt (LJ(Jtd t),IVO l?l,lj~r IIIIP,I1! 01) f)rli$llfl!
.l~(illilr,ltor Ilpqrildm,lrl[l Il~IW ,It(t,lur.ltor fl(I\IIIIl\
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