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Tretitiall comfirehent tusion (IOF) peneibatin Wil requihe diiver westans opefaking
wiilth et o Momliields of megpontts O avetdpe powet.,  The pullse it bedhaology
whhalt withl e werpuittedl o Walthd woch ditiesis s i o pritritive state of dewelopemenlt.,
et develojitients I repetitive pullve poiet ate diixoupsed. & hibghopitage
wrnsformet has been deweloped ad opuiatedl At 3 MY i a wingle pulse expariment
Ahd s helthy tested at 1.5 M, B %l adl 1O pps. b Row-loss, 1, 10 kI, 10 pps
WEEk peheiniat s Welltg bested.. et dewulles Hre  pricdenanic Spok paps Ehalt
Giperitte both i e 100 KW amdl TOO KW ruige abe hopoited. A 250 KW, 1.3 Ru%//@n{"z.,
30 w% elettioh Moun divle has apeirated stably For 106 % !u‘ﬂJ'!’ ipullises.,

INIREDOCITON

Drertiial conFinmment Tisiion Bystoms wetwine Menibheds >F Wilofoules to e
@eposited fih a Feo ThllLinebet didmeter peflllelt ih approkimmbely 20 ws ko sehieve
sightifioant ehetpy waln Fron & hreitonuelear 'i@'én‘:t&@h».\h Aldhough Yhese Thilgh
peik powem Whdl whelrpy TERIITUINES teptetisnt a ERiidable ehalllenpe to tihe pallse
ovet comMuEbinYy, FHMPEFIcHNE progy % s Qupiehtlly haling wikde For wingle-whet
dripverts.  After tedhnitues W prodive ety pbith Ui Uhelinioneleont pellets abhe
essttabllisheds, Tapetitive jpolse pover diitvers Wil e hequilied To phovide @nelbgs
souides for Whe mony IOF experimental pragioms lending 1o 2 ecowshilenlily fegsibde
Ipewset ipllahle.

Thiewe wpstens Will reguine 0,530 T of rvenhge bean pover dellivetell 1o the
lualiﬂge'b."g Pellat Hhieetion, Tencltor Chatber worditivns wad wodnomics Wil Timit the
Ipalltre repeltiition ibte belbweeh 0.01=2 pps.,  Bewcentinlly all of the TOF driivers
eine elledtion of fon besms elilther s Gne Tihul Gheligy sowive oF a% @h inbeivediste
stney, (et Dasels). At the present time, & Few thelpoltii tively=opaiated,, pullse powat
driiweh, imconie Yegh wyslodnts ive aipelinbed wilith ‘aesihpe poveis o 59 W o !Lte'z';s-.-g

A wwall litesenich «'r._'hll develiopment etifort at Sanditn % extonditng Uhe epettitive

hullse ipovel tedhnoleyy to the wetelrall nepivativs wetupe Ipvet letel What willl e
ecdied ot TGF,  Revent fewallbs onh efiielent transforbe wistats, Llov-leoss Marx

iy work was swpported My the W.E ept. of Braigy, wider Guntieet
DA G=Tre=DrDTEY.,
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Rifrcore emsformers Aperating ih a dunl-revonimce Sirowit provide ah et~
Sient methed For ohanging highwoltage, pulse foining thenshission Liwes (HFL). A
ing-ehielded, spiral wwrlip transfeimer desiph was developed during the past few
;5@“% wt Seadia hahesteries.t e of Wheve transioTiers bk wperatad in Ghe
SOO-TE0 ¥V volrtge tonpe ot 10-I00 ppe For > 2 x 57 pulses widhoat sy demuge, Ov0
fewntlly, arother Tiensiomet preduted 3 MW Suuput wollbipsd h & sivgle polee
‘oiflé'r&&l'dh?l and s ey vested wp o 1.5 W ned W28 P

Spizal 5wy Dransforress dre beltler wsuited o PHL ambgivg thivh thelir kelieal
wouhdl covnreiiphTts berdnte Uhey are 1ess YWineitble by interiwin dieledticie hienie
dwin Prom hohobeerrd WolltugR tranbients fed budk iwto Whe ttensfoitmet secondaty
whnaip Wit PRL @iihoipes. ke spiviall steip windiing has ah aptimm Frteilein seiies
Chipei e Bistribation helwerh e Guupet el groundl winich pirsbuces & wubliioin
Qleetrie Field predient duving the bt transient witage palses. Substantial
Fhield enfnenmt owts at the edpes of the .25 mm thich seeondury winding whilleys
ah ellectric Field preding structwie is sdded o Woth the ohee wrdll Jhe cove.  Tke
il oupe gieding sTRbeTe Bhodn Hm Fip. 1 predees seatlly oniform elieitiic Fieids
ih vhe waiginh of the WIS without divreptitg e meetic wwuplithg of te
teansEormes. !

The tronstolinet shown im crevs seetiom im Flig. L s @ single twpn priinary
surrsuhding & 42 woih seconliipy winding. T ey hWewh ttested o 3 MY ih @ dueal-
hetonpce dnabpitg ATtrangemEht welwp the test apssnibly stettheld n iFig., ‘2\7' e
voltape % sRepped=up Erom O %0 G 43 KO oh the ban L85 WP pritmany cupstitors te
3 Y on The 0.76 nF water=dieleetiie cappeiites with @ 9 perent anethyy CiwhsTer
efticiumy., e ootpst wolltme wavelfopn 1% Guall=palariivy wmd the Gotall wretgy
tinnsfer time s 3 . ke mewh divlertrie stters In the o i=pollyester insuliation
ot e Setominny winding §s 470 KUjam ot B W,

AR s i PR
iy (RS

Wi

LIRS - . V',‘ ._v B Lo "
A ! H Wi
L - ‘et | -
. . Hnshyeinae 1 i g p
: T
ORI - R o - N 4= - 5y
A TR st
e, ‘m.‘"“""" . IJ o A 11’1{[-5:(1;
e e " R RN WIS
" P s ) R AACII e S
’ A St (LI AN
ORI ARG et B
Filp., H.,  Tihoes: ephvolt s faiet., B, 2. Oross wectiion of thiwe wognvell

wrpnhformer teslt assAmbily.



e test avedmbly hes been wodlfied for chumpling o 4 WF outiput capaeiter te
1.5 MY at 10 pps. e wionsFomer has beeh opeiated at ©.75 M and 20 pps For Il(l)r’j
Ppolises In 2 singlle pwh without any problens. The W peicent eretpy tramslier effi=
elienty §s malimtaired ih the repetitive operation. Less Uhan ome percunt of the
“sttered emeigy s dissipated im the tmenstormer. This loss tesults in jowle Meating
»f tdhe tiewsformet pritary. 4 approsimate elationthip etveen the prinmy amd
secondaty joule Meating loswes s given by equation (1)
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witieiee ), amd f;z(p ae the priepy and seeondany ekt ivities, \V%: 1% the secondiuny

ollthge, '-v,p Ehe prinEry wolltupe, and n the twihs Tatie. ol a trensfomer with
@ gaih oF JO and a 4200 it patie, the sweondary lowses wie less thun 5 peitent

of the primaty losses.
Guirdymumiic spatk gaps aie heling developed for the privmaty eitewit
wviitteh Ih repetitive eperation, e confipuiations that have boen tested wre the
Tl svitehd and vhe eylindrical Flat-bution SRtk »g'mp'% whhgwn in Fligs. 3 and 4.,
respertivelly. e rail pup has beeh operated on the 300 J FiF=I for swstaimed s
a% Jong 2% 10 shots ar UL ki, Drosten tates with hrss eledtiols that we cweled
by fFlheswiing a1r>® axe 30 e with a 5.8 e eveigy transher Chime. This wwlitehn
hag @ wide CHidpering runge. It willl toigper at Iess thaem 30 pement of the weli-
hrenidenm witape and dves mt mplfunztion with extentive electiole eresion. In
Ahother experinent, 2 slightly medificd version vas eperated with the maih eleticdes
olled hy warer-B  Widh de @it Fiew ad Pested Foi stable eperation (K 1 prefiie
sim 103 Bhiots) WD pereent of the eneipy dissipated in tre sviten was cuiried away
hy e cwolling water wd G0 pereent My the air Flewlng threugh dhe tiipger elevttivbe.
S the ohatige tienslfetr por polse thmiouph these swiltches i relatively high
ffor rapetitive wipecsttivh and witll fneiense substantially as rpxrlirnmr:)y Ehehpy Shonupe

- MR R
R LB RN —tteodt ™

N
<ereaie uw--\’]ﬁ

/
Bk PAESHML i | 2
: ) WA
Gés o PN < i gt
3 % Thcen Rtale TR 3 .
Wig, 3. Relll gap weliteh, ity 4o Qupllimdiifeall. Elat-button, thiee

elletitole WPtk SHp.



g Hncreased, it s hetessiry to maximize the ellectrede aten o achiewe Tony wailkeh
lifflerimes. The electivle areh euh e ivrieused more thuh am order of maghitule
over the Taill switeh with the Flat=-butbon spurdk pap. The wwiteh aled has @ wide
wriggeriing tone and & low prefire b:‘-lalt(e‘.% The Eloving pis L wved mote effectively
for coplling this Fwiteh ahd restering its dieleetiic stiength. A wiwion of Ghis
spatk pup with 10 on dismeter coppet eledtiedies s presently helwng tested oh the
1.3 ¥ wrensfopmer experimant. ‘fhe wits eewi whifeownly over the electivbe biva
el it ~ 107 pallses o % 15 K0 and 420 fipulse, the elevtbiode material wrosivn
wat ot welfficiont 1o these 2 deteetible chnpe in the ellectiolle gup spueing.

RERETUTIVELY HOLIDD HURK GENDREIOR

Mok gRmRTAters are dlse belny investigated as & possible primaty enetgy
Shorhge elemeht ih high aweitpe pover acceletaitmrs Dh neprititive applicativng,
the Tatk pereratdr Fhonld epeiate with 0=93 peircant eFfizieney For o 100 pullises
witth low prefire rates (< 1 prejpalse in ng pullves). Chieuilt ealrulations bxdieate
tihat Whe high emrgy-tensier efflcliency wrh e achieved wilth ah firdetiveli~
Haolated Wark cireuizd A 1L Wi, 0O KE, B0 pips inkectivelly iwolated Maibx pehetater
ha% been dexigned, fabricated vl is presentlly widergolitg best., Figures 5 amd 6
At a wikematic diagmm wd a poveptaph of this penerater dwiing asenbly. A 4R
eshintor ey heeh added in series with the 135 g indecters to dissipate e ehempy
Reffle sroved im these Dndcteors after the Nurk dischabges. e penenator bas & 65
WY ehapping For the capaeiters and 130 &Y, 30 ki spork paps wilth conxiial eleetioles
ag Peeterd i Fig. 7. Two ativs cccur Diom the tripper electiolie wh eadh polse.
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g, 5.  Sohemnitic diapien of 1 W, Fiig, 6. Mnotept. Jh - F LMY, 10 kb, 10 pps

10 kb, 10 pipk Mark pOIRIGLOL. Ttk (S toi duriing bl



e fnterelectivde cupreivame is hilgh bevaeye effoits nve been made o substan-
tially reresse the welul elettiode atesn. e electroles are woolled by both aiy
(ox 3"}6” andl water. T watetr flodws thiiowmgh the tsolating inductors amd origper
resistors. Although the pererater is commetied im am m = 2 capaeitive coupled
Sramngment, 10 the trippering range was extrenely snall due o the lotge Dnterelee—
tivle capreitanmee of the spark paps. One kitlo=oMmn resistors wele added betvern
the trigger electivie am two stages back o convert it to a hesistively coupled
Ytk geReraltor. With this arranpeneant the Mark generator hay beoh trigpered as
low w3 60 pereent of the welf-buwaidowmn woltage. ke resistors resall im an addi-
tioml ety loss of I=2 porcent for this penerateor, At the present time Hhe
Yk penerator Wus been operated at bl weltage at 3 pps for ahout IO pullves per

i dmled o wesistive lewd.
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ransfonmeis oF bk peneraters will chabge PHLs in hikgh average pover
% Otbe  Multielh I pas-dpmaniie, sipatk paps ate Une most promising switehes
o previde the highvolltage, high cotient, lowjitter wd long 1ifetinme peration
requllied Tor switehing the Cirenshilssion Limes, Dritial Dnuestipation of the pre=
ipettiles of tworelectivie spatk gaps ahe being made on K- I ) Ky, 20
Won wiputk gap (see Mg, ) 1% Dnstallled n thlis Fectltiy. Tt has @xp’emm at J0 KW
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avetugpe pover Tor durations of 3 % % pullses and at 530 kW, L1 ki, 40 pps Fog
10 polises im a simgle wm. A dual=pollarity voltmpe waveorm, Shawm in Fig., 9

s appliied to the switeh, In a 100 pulse mem e air Moy wes adjusted For
stable epexation at 16 1/s. The tine hetween wien the witage beoume 100 kY posi=
iiwe whtil the tite when bredkdown witage occurted for ewch pallse was meatuied
and the histegrem v Fig. 10 was mmmﬂl
stramdand deviation of 44 ws Fits this histegren and prefites wutside »f this dis=
trilbation did wot oeewr. ‘This tive jhitrer corvespords to a 1.8 peicent mns sprend
i biedidownn voltage (ee Fig. 9. The eroston of the tunpsten alloy electivles
was about 500 g/t during thils rem 38 WHuh the 30 e pulive dunation 6.5 % 10
Cpolze were transferred amd the ewpeted lifeltime of te wiiteh is pieater thian
10 pulees. '

Ih @ 30 &I ellection bern acvelerator (o possible size of & single reaetor
medlalle)), eah are hanmel of the pire switdhes WLl pass 210 ki deperdivng wpon tive
welittedly indietarce, pulse risetine wrd pulse duration. lhe electroles in these
higher ey wiitehes coulld easily bhrwe a factor of four Latpet aiea than the
ROP-Y swliteh,  This Jamer ates amd the higher voltage (~ 2 M) operation (with
subsequent lower chitges poir Whlit ehnengy) inplies that whe Lifetime of latper emetngy
wwitehes could e within an orer of & TeICLOr SEeHILD2
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" QLD ONTHODE 1DIOES
Another area of comern for highraverape povet elections wnd ion bean
weelerateors i the pulse-tompulse reproducibility and lowg term stability of the
| celdrcatiede diode impediarice and the effective Lifetine of these cathodes. Nhtee
“cathelie configurations operating ak 250 kY, ~ 1 kajem?. 30 ms huwe boen tosted
for extended tuns (20,000-160.000 pulses) to explote these issuwes. In these
expRTimeats the witape and cwtrent vaveforn: were digitally sumpled at 4 wyg
ntervals and the data For each ot was cohputer provested and stomed oh Lape.
ullve wavefotms wote pewnetated using the average walve of the wltape, wireht and
impedianee For cach time step For a selected munbetr of shots to compate the data
e tther during ot after the experiment. ‘
Ia the First oxperiment a eross hatehad catholdie was bested for 20,000 shots
at a pulse tepetition irequeiey (PRIF) of 10O Hz. Less than 5 peocent chiwpe im
wolltape o uitent weurted thiewphoat the test daration® wnril e diiode whorted.
Allthough the averape curtent density was appiokimtely 1L l&oh’/@mjz., emission was
mech hilghetr on Flield erhwmced cotrers of the eross hatching. These points were
reproduced oh the amde by heablets which drilled a correspording patitein of Woles.
Mhie run was Tormbhatied wWinth vre of trese Mles tonpletely poretravel the 3 mm
winfck almitem anede and the diede sherted,
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Fig. 1. amde (left) s catholde for Fig, 12. Wawlberms for a rimg oathede
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The provwved, b om diameter brass cathode of Tig. 11 was wsed o improve beam

wnl formity., Tt was operated For 1.6 % TMJS pollses without appitent damage. Data

were tahen at 10 Hz (20,000 shots), 20 Hz (B7,000 shots) and 33 Hz (30,000 shots).
Mo amde dumage oreurted below 33 Bzl At 33 Nz slight anvde otosion wiiich wepli-
cutted the cathede proove pAtTeIh was ohselved.

Typical waveforns are given im Fig. 12 where the wpper trace is the woltape
and the lowet trace is the diode cutrent. Fig, I2b is typiaal of data takon with
a hew cathodie. The wiltape exhibits @ spike as cathede plasma foims dhen drops to
a welll defived plateaw., Ourrent rises slowly duting the voltape spike then alse
has a plateau. Jecondary woltape and current platezus resullt From the wofleeted
di e voltugs: during the plasna fomation Phase. Afrer the diode was pullscd weweral
wens of Chousand of times the plasma fommition phave becomes Lomgetr wad the iaitial
woltage incrcases. e first woltage platenw dilsappeats. MThe mesult of whiiy
aging provess s whown in Fig. 12a. Aping may be rewversed by e application of a
Light coating of Jiffusion pomp 2il to the calthode. Fig. 12a is Diom the First
slhot after swh a couting, Fig. 12 is from the wext shot. Appatently carbonization
of the oill wpplicd pricr to th"it 120 provided ewission sftes for 120 and subsequont
Fholts. A @ consequanee the aging process was peowerseds This cathodie subsequantly
azed At a rare similat to the aging rate of the wrigimal cathede.
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Flign 13 Unedl xollll plin cathode together Fig, U4 a. Dighitizer output wavelorms
with amede showling beun d ifon & mew Cathede.
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The thind cathode studied (Fig. 13) was made rom 1.5 mm holl law wetal eylindors
(oMU pims) mountted on @ brass backing. In a mwn of TJ(GJ“5 sivols it exdhiilbited give
same apilng obsetved in the previows catthede. ks is Lilusriated by the digitized
waveforms of Fiig. 14 Mhe wariation previewsiy mated in the ewrteat amd woltage
“waveforms ame apparent.,  Un addition e impediance wavelform is sceen to take lomger
to Stabillize in agiecment with the retarded plasms fonmation merdels

Shot~te~shot stabillity is wnehanged as the cathwde apes. fhe error bars on
Fige 1% mark ove standard deviation of The wavelotm abowl the mean valwe. Tyiphealily
fox the mortions of the waveform whilch do ot wary Tapildly with time the wariatien
is % pencent of liess. This Dmpllies 3 4 to 3 jpeteent stabillivy ih quantities Like
Smipodlmce, power, aid tobal bezn onelgys

e ol pim cathodle ages ure Tapidly Uhan the elircalat griosve cathede as
shown iin Fips 15¢  Diwde impedance at the peak of the wolltapge wacelonm fachense
roughly twice as tapidlly For the foll pin w5 compated to the grovecd cathode. Muis
Galtn Shows That catihodies with shanp odped onitters age mobe rapidily Than blunt
Gathodes. The fmplication mhy lbe that Laser diohes which qomeralle enpley o

foll cmitters whill age Fapidly’ in repetitive servize wnll Teguite IMERCAL maLntonanoe «
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Fige 1%. Ohange fn wive diodie Inpebance at woltape muxiinum ws. secunmalated sholts.
e dalzn wnd doumward poimting artow telfer o the wolll phih cutihede.

Chireles and wp artews cotresipond to the ting cativole.
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ONLASTONS
Experiments to develop the repetitive pulse power technology Tor LCF diivers
are whderway. Spiral~strip air cote translommer have beon operated to 3 MY in a
simglle polse medes amd ate being tested wo 1.5 MY, 3 kI, and 10 pps in efFiciont
citesit comfigurations. Spavk gap switehes capadile of wandiing the hilgh pesk powers
in the primary cirewit for extended lifetimes are being developed. Indientively
coupled Murx genetator charaeteristics ave beimg fimvwestipated im & 1 MY, 10 kI,
1T pps system. A 70D KV spatk zap has domorstrated stable operation at 40 pps
without prefizes with modetate (v 16 1/q) Flow rates and relatively low elexthole
erosion rates. Opld cathode diedes show approximately 3 percsnt shot-toahot
varijarions in voltage and cutrent but a grodual inerease in the careon time for
greater than 20,000 pulses for thiee differeont types of calirodes.
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