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The DARHT F_iiiW is being designed _ Los Alarum N_ional Table I. DARHTT."iu_ System Test Results
Laboratory to producehighresolc.'ionf1_,shradiographsof ....
hydrodynamicexperiments. Two line_ inductionaccelerators
(1.,IA_,eu:hin themng_of16to 20 MeV, will be usedtopnxluce PeakOutputVoltage 70_ 22,')kV acljustal_!e
intense bmmssnlhlungX.ray pulses of short dunu_on(60nsfiat Pu_sePollmW Negative
top).EachLIA willprodoeea3k_ highbrightnem,electronbeam (_ling Vol'.a_ 200kV max.(intomatchedload)
usingt4 MeV injccw,tanda sedr..sof250 kV inductioncells. PulseRep-Ra_ Singlesl_xto0.2Hz
Technology dernonsmL_onof key acceleratorsubsystr_rnsis under ,MajorCamlx_en: Life > lO? charw./dK_chatgecycles
proi_ss atthe DARHT Inte_ated Ten Stand fITS). The eight
inductionsce!IspresentintheIt'San=drivenby a Maxwell PulseFal:t_a= < 14nsforoutputaboveI50kV
prototypeInductionCellPulsedPowerSupply(ICPPS)which (10%,o.o0_) (measuredPJ.67_ :ableinput)
provides250kV,70nspulsesviafo'.n"Blumleins.EachBl_rnld.n
drives two cells and is triggered using .ndependentlv c_u'ol_ed Trig_ Sys;cm Jh,_ < 275 ps (I o), ana
U'iggerunits.ThisturnkeyDARHT TriggerSy,qem,consist_gof _mea.sumc:;oreccr,m:_l < 1.5nspcak-to-p_ak

(_as¢donIra?I(30con.,,ecutivefourseparatetngffJunits,provides200kV tuggerpuis_withlow room_o_so[sage_rigg=
jltlcr andfast fi_ ti.m¢to eachof tic fore"Blurnleincouia.[ spark to ]-Wouq_uO testshots)
gaps. Detailsof _he thgger system designandre._ultsobtained
duringexu_nsive:eatingatMaxwell¢','.d.-scribed Dri/t in O_put Pulse - 4 Bsin2000consecutiveshots

Tuning at0.2 Hz
INTRODUCTION

TriggerSystemPre-f'u¢ No pre-fi_sorno-rimsin5000
and._o-F-JeRat_ consecutive_oB

The turnkey,DARHT Trigger System consistsofa single control
consolewhich controlsfourir_eF--ndenttriggerunits.Theconsole PulseShoH.o-Sho: _ :P.2.5%of meanpeakamplitudeis 6 feet high and made up of two 19inch rack mount cabinets
boltedside-by-side.The.triggerunit enclosures,each33 inch wide P,elxodu_ib_i_ (3o)
by 39 inch long by 46 inch high, are located 100 feet from _he Load 67 _ cable ,_30feet) coon¢ced to
controlconsole.The TriuerSystemperformance._x.cificaduns,as
demonstrated during the acceptance t*.,sring,are s_mmariz_d in coaxial spark gap via matchingtermination
Table I. _,put Power:.

ThyratronD_l-Pulse 120 V, !o, _5 A,_gulation ¢!%
Thekeycomponentsof the triggersysteman:describedbelow. Genenuort'tdSupplies

_ I-IVPS ..... 208V, 3_,,,1_$A, unmEulated

.CO_'I_O,. TRIGGER_tYS_ COX'rROL CONSOLE

O,,_,_f Thecontrolsys_'mdesignallo_sindependente_tion ofone.,uil,
_R2.T_ Or_nycombination ofthefour indep_n_nt triggerunits, tng_.er

C_u_SL sys_m controls arc based on 24 V relay logic. Opu'_on in in.-
LOCALMODE is carriedoutfromthecontrolconsol_frompanels

TmGGFJIUNIT
as shown in Figure 1. In the REMOTE.MODE triggerunitsare

(_umTs) operated and monitored via a MODICON pmIFamm_blelogic
i, controller throughisolatedrelaycontacts.

Loc_J

co,too.l, The Wstem cont_roLsincorpora'e protectioncircuitswhichmonitor
"Dm=l._1_tONout-of-rtnge th),ratmncathode andrese.-voir heater dc voltages,
nmc_ Digital panel metersdisplayallheatervoltages and currentsalong
_m.l_r(x_ wiffi charge voltage for each trigger unit. Also monitored are

_hyratrondischargeover-currentand con_tion of pm-fim/no-fir_.
Protec:am circuits also monitor the dc reset currem and pulse
sharpeneroutputovervoltagc. A numberof othersystem_d safety
i._tcrlocksare provided for safe operation. Under a fault condit!on

v _'C,.#_R. :,_eTriter Systemhigh_oim_e,s automaticallyinhibitedandt_
SU_PL'_ Dsg"n_UTO, typeoffault dBplayedviaindicamnon thefro._tpanels.Isolated

relay contactsprovidevariouso_re.t_on_d/fault_;stusconditions of
',heSy$_ tOREMOTE. All safety and operation fault interlocks
an=latchinginnature,andmustbemanuallyreset(afterfau!:

Fig. 1 D_RHT Trigger SystemControlCo_.soLe conditionsam cka:ed) beforeoperationcanben:/surned.
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DISCLAIMER

T_lis report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, og represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom.
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof



Hi_ VoluuF PowerS_u__ly Hi_ VolumeThvrem_.+, - _ __

,, ,'Theconsolehousesacompact2 kJ/s.Maxwellswitchingpower The DARHT THll[ersys_m spe,.'tficationsrequiremajor
supply.TMs isa nommndm_ 70kV flourouc_ts),vm'sionof componentlifeof101cl'ar_dischargecycles,•loud_a/,rd_jit:er
Maxwelrs.CCDS powersupply_ line.Tiffspowersupply,

" specmctllydesignodfor,.heDARHT Triggergvsten%chargesa (3o'IofS 3ns,andapre.-f'tredno.-f'z_rateofIin5(}(}0shotseach.
sml_.etriggerunitin56ms (4unitsin224 m._)to56kV; the Thist-pe_ficationcouldbemetonlyby usinga ',.hyratronasthe

• p_ switch.TheCXI725XthyratronmanufacturedbyEEV is
maximumpnnm,n/capacitorchargevoltagerequiredfordelivenng chosen_ueIoitsh,_ghanodevol_tgeraringandtheavziLsbifityof
the200 kV outputpulse.Eachofthefourhighvoltageoutput
cable.sisI00feetloagandrimsalongwiththecoam_/cablebtm¢_ welldocur_ntedlifeandIXfformance_ut. The CXI725X isa

roue.d2 gap,hollowanode,thyr_ronwitha memt_c
wi'hin an electrical steel conduit to the individualunix. Thispower envetope. It is supplied with an external decade box to precisely
supplyischosenbecauseofitshi_ mlitbiUty,cmnpacmessanda
stogie unit 19 inch rack mountcurtsY. Since a sdnlie power control the heatingof thereservoirfilament which comrols the laspreuure i_ide the tube. This verlion of the thyrammmakes the
,SUPl;lywithfotwOr.pull isen_]oyed,thechlrl_ voltal_cannotbe optimizationof the tubeperformancee_p/;especiallyasthe tubemdependendyadjustedfor [hefourunitsIn the system,Toepower
supplyre_ltzez theprixm_ capacitorchargevo]tap toS '* 0.05%, q'_'
This regulation is essenUal for meeung the :I:Z$% (30) pulse
amplitudevamuion _on. Thvratron hea,.er dc now_ sun,lies: To minimize thyrat_n

co_luc_ion jiuer, sepm'ale line_-_ power supFliu (< .-"0.1%
'l'hv_m_nDuM-PulseT_ner_mr voltage regulation)ereusedfor t_ cathode and reservoirIw_tt_

-- - ._amcnta. _ cathodebeateris o_rmed at6.6V withthe
Alsolocatedinthecoe_l consolearefourindependent_yratzon reservoirvolta_maintainedat6.3v. The currcn:sd,-awnbythe
_ggm"genentwn (model MA2165M) manufacturedUyEEV. Each cathode t._ reservoirfilmrnentsare45 A end 7 A respecu_,eb" A
ot r_se genenttoo pro-,kteall thepulsed and _ vohages required considerableeffog had to be expenckdto protu:tthe low volm_:
for grid biasing and uiue,-ing of ".heEEV CXI72_X thvratrons suol:iies fincluding the dc re._ets_pply) from _he fast voltage
employed in the trigger units. A du,Z.pulse _vm_on mggerin8 Utnsicntsassociat_ withthymtronswitching(veryh_ all/dr).
schemetsusedtornmimizethyratmnconductmnjitter.T._is Prua_donasshowninFi$ure3isprovidedintheformofLC film's
generatorcurtains 2 line :yp¢puls=rs. The PFN providingthe pro. a._ byp_s capt,,,'_0_, Eachd_ snpply,_na_3,i_on,"._l_Vld_ witl_
ionizationgrid(Of)currentpulse'aschazge.,dto-1.5kV. The afastprotectioncircuit_on._i._tingvfvariouscapacimrrs,MOV. and
controlgrid(G2)vohap pulseispnemted by a secondPF'N trtnsorbd_¢dy _ross t_ outputzrminals.
che_gedto-3kV. To minimize:he(31andG2 pulseji_re,a_h
PFN is switched vi•• CX1848 gJass th.vratr_'_switch. No bias Th,_'atronvolta_ bold.off. Thyra_ronanode voltage hold-off and
voltage is used for_.y'ntron gridGI and the posiuve .vola_/typuls_ gasp_ssun: is o_ximized using the thyralronexternaldecade box.
output is appliedvm a 1(30ft RG-58 cable. The connectionto the Different settings allow the reservoir fihment hea_ercurremm be

is made via a suitable series ref,zwr et the end of the cable, controlled in fine discrete steps. LowerS;rigthecurrent through the
grid G2 pulse is again positive and is supe,,'impo'sedon a reservoir i_eater (by lowering the shunt resistance value applied

negeuve 130 V bias wh_a tl_ triggerl_r.¢mor prcndde_ Again a across the heater by the _cade box) reduces gas pressure. This
100 ft of RG.S8 cable wi_ha resistor at '..heend of "_ecable applies _creases the anode ,_31d-offvoltage since :he tube opermeson the
the prise to the _yrtn'_ gridG2. An extern_ tnmpot controls the left hand portion of the Paschen's curve. _ CXI725X nli_bZv
delaybetweenthegridOl andipridG2 pulseoutput.Thisclelav ,_Ids-offamaximum anodevoltageof63kV un_r _e charging
adjustment is necessaryfor optimizing the :hyratron ji:te'r condition.!ts_3c_azeclwith thetriggerunJ_. Thi_voltageexceed_
characteristics, themax,-mum56kV charp reouiredfordelivering',he 200 kV

ou,"puxpulse. Even with the lowest gas prenuresetting allowed b_,
ThvratronT_er Jitter Measm'_lnent. The four thym_n _,gger t_ extcrr.al dccadc bvx (tube practically starved of gas) the
generators are n-i_ered m,l.nutllyf_ Singleshot o_nteoa. Rap. thy.,-atronpn:-f'tredafter a few seconds above 63 kV charge+In anrat_operationupw l p_ is eithervia ac external 15V (< _ ns rise effort to i.'norovcthe ok:hold.eft voitag,,performance,the_)nm'on
time) pulse or a fiber oly,ic pulse. A universal_imeinterval counmr gr_i©nt grld biasing, shown in Flgu,'_3, was chang_ from its
Clipmodel _3"_0)was employed foreLljittermear.a_mentsrepot'ted recommended 50_/50q_ value. T_.e voltage biasing ratio of the
here.The ur,-,_ingjitmrassociated with G2 pulse in rehf.on to the tao_ to IPradkntgrid ted/p'_.ent gridto cathoch:waschtngu:lto
fastexternalelectrical_ggtrinputpulseis< 7_¢s(lO}basedon 40%/60% and subsequentlyto 60%140%, respectivelyby
any l0 consecutive shot series. When._.Uem_ m_utlly the above tPln'opr/ately changing the resistor va!t_es in the gradientgrid
jittexm_eaged IoO._ns(IO). Flberopt_ ml_,ringrelultedinthis biasing _ chain. Both these voltagegrading signif'u.'antiy
jitter being somewhat higher :._m _ observed for the e.,ecmc_l deteriorated the thyrar'on hold-off voltage compared w the
¢iUermode.A _positivedriftonlh¢o_lerof0..aSnlinG2 pulse _Y/_IS0aEgrghentIP'idbiui_.g.The#,0%/60%biasmg,beingthe
rimingovera 100consecutiveshotsequenceisobm':;odfor wont,reduces:h_hoid-offto< 60 kV evenatverylow gas
electricaltriggering.Jit_betweenOl andG2 pu'ses_ < 0.66n! _ressures.The gradient gridisthuscarefu;lybia,sedathalf;he

anode voltage using t% precision high voltage metal oxide[x'ak-tP.peakbasedon a lO0shottestlequcmc_.ForloweJtjitt_
,roddrift a 30 rainwtrra-up tad regulattm of 120 V _ Lx,wer to miaz_.
within:1:1%is necessary..

New thyrstrons exhibit a conditioniag effect. All tubes arc
TRIGGERUNITHIGHVOLTAGESECTION co_ditionedby reducing the gas tube pressun_to the mimmum

allowed by the externaldecadebox sarongsandapplyinga few
hu.'gh'r,dsho_ at 63 kV. The tube is consid_n_dconcHtionedifit

Each of the four tugger units is self contained within a steel wiO'jtlmdsa I minutedc htgl'.-pottestandno more conditioning
enclosure. F",gu_2 shows me layoutof the uiggexunit highvoltage shots are applied. Tkis coqd.:tio,-.ing¢p.su,'esthat ,he tube ndiably

section.Eachu.'dtutilizestwoMaxwell,rq_-Splasticcase,30nF holdsthemaximumrequire,dchargevoi,mgeof56kV.Assbov,n in
capacitorsconnectedinparallel.As dawn.inF'igu_3,aresistorTabk I, no pro-firesor no-fh'es"+'.representin the5000
diode networkis providedat the inputchargefeedthrougJ_to protect _se.cutive sh4_test sequenceat 0.2 Hz. Yh_ c_eariydemonstrates
the swttc_m$powersupplyfrom __'_" voltage revenmls.The the inherentreliabilityof the u'igge.runlit.primarycapacitors chm'_ a Muwell high voltage0.5nF capacitor
via a pulse mmsfonmr. Tbe prtma_ Cal_eitorzareswitchedbya
70kV thyrttron.The voltage acrossthe0.5nF capaciu_ on the Thvratrondisc.baize curre_rThe _,_l:owanodeconflg'aaLion
transformerseconda,'y_.sinputtoa pulsesharpenerviaa low successfullyconductslugcreversecurrcnLs.Figu:_4 showsthe

induct,anceconnection.The outputend of thesharpenerIs th)_tron_sct_rge currcntwho,a 3_H outputi.'K1uctorlocated
conn,.ctedtothe67floutputcableviaalowInductancecoaxial fromthepulsesharlxncroutputtol_uadisusedforde_'minlng

theeffectof_ resetonpulsesharpening.Thb inductorprovidesa
fee,dthrough.Performanceofthekeyhighvoltagecomponentsin convenientwaytoresetthepulseshm_nerferritesusingthesamethetriggsrunitaredescribedbelow.
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SECTIONA--A SECTIOND-D

ill.2 Sectionv_ of_IIII_meltsl_winleom_ layout

co,mm_ cm'mm_ _PP!Y(-._OA)usedform-redeSd_ poise p_ ,,,a _ r._..._,m__
u_mnfemm_, ll_se_in _ cue is q_ll_l on ti_ Inm_f_m_r
c_COnda__wimtin|mudrequieua mm powergmpplyL_oladon

oke(2mH, 300kV) us_hownin l_lpU'e3. The3 pJ,!Inductor Two30uFCmlN_U_lm umdinthep_nu_ c_,,dtto adnimize
1he_ l_imm_cM:uitmclucum_.Thecapmciu_(modrJ351_8),

shownIn,Rlpm:3)]mavid_apart]iel_ forthere_ current, nmmat70 kV _ 204EvoltalleinventS,havet_n a]_;ifica.]l_:_ne netrelct curt=orre_lLudvelyd_videsbetweenIllsllforln_
secondaryresistancesnd the 3 pH Inductorresistance. The deSilnedby MLxwcLIcapacitordepmrtmcnt_oprovidelifie>10
rcsistanceof the3 I,d'l_ wu WlomdsoU to a/low_ least chml_J_schar_ ic_Jcs.TIN:sinll¢ cxtend_ foilcapacitorIS2._.incax 5.ginchx 153 inchhish,
_sct CU_TC_tfor mepulse _urpan=_in _ts cue is 3_1A. The
_nnon l_ak d,L_harlec_,ot in tl)cforwmldin_:_0nil 16l_k A 0._ nF ._wcll do_blc.endcdcapacitoris u,_cdon tile puls=
w_macur_o__vm'u] !_ of'12irA. S_veralthoulmldo_such Irlnlform_ri_mdaxy. Thecapacitor(model3_147),ralcdIx300
75%rcvenai rinlinl curtal pulsel have been appliedto the kVa_ 20%voltsle reversad,is againdesismedfor it life >107
thyr#monduring_e tcstieI o4'thetint _ilser_c- Thehollow- chmTc/dischax_cycl=&ThlulcapacitorIs4 inchx6 inchx 8 inch
•nodeCXlT2._Xhas bcensubjectedto • maximumforwud peak highInovcraUdimensionsIndassistsinyield_I a ldghervoltaicax
currea:of 20k.Awith75q5cunv,utrcver_ forfewhundredshots. ,.helndsesSarpcnerinput._The inputvoltaBepeaxa.mpli_desare

-I0_ Iti|hexwith0.$ nP capacitorILl_e transformersecondary
"Th-e_Yratr°n_ully survivadzm cunr'ntdJacharleswithn°oe_'so_anooobservedin iu pe_ormu_, compm_ tothecue whenitIsabsent._gher inputvolta_ of the









CONCLUSIONS

spec_cad_ns. Asdemmsu'asedbycx_entnveac_puc===s.n# ox
fo=r units at MaxwelL this typc of m:ggcr system is capable of l'hyat_¢lai_mOocumer4.IkV/¢[.v Outputpmmvolmoo(mmNmm_

Formmcumimpuk ..... _I kA
_mv_ding200 kV voltagepulseswi_hdVldt> 15kVhnsinto67
coaxial cablc load. The ext_,cm¢reliabihty of this design is Nocameel_ t,_t: Ou_pa_nu_ow_m_.
demonsl:ratedby very low pa'e._./nO-F',_ probability of << 0.0_.%. M. _=mm_m_r_=r_
Extremely lOW system peak-to-peek j=,t_r of < 1.5 ns and Long
rrmintcna.nccfre_ life makes d-,e_ Lhyran'on.transformm'-lharpenet PiB. II Thyran'o_ c_Tent wid_ut 3 pH m_ctor andouqm',pulse
b_.d high voltaic fast ri_e tin_ pu;scn vca'y_t_v:dve, vo|mgc as _¢_ by T& M cable shunL
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