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PULSED POWER SYSTEMS FOR THE
DARHT ACCELERATORS

J,t/ Downing, WM. Parsons, L.M. Earfey, J,G Melton, D.C.Molr,
R L, carbon, G.A. Barnes, L.A Buitta, S.A,Eversola, G.Keai,

D.C. Rader,J.A. Romero, and R.P, Shurfer
Loa Aiamoe Natbnal Laboralq, P.O. Box 1663,

Los Aiamoa, New Mexico, NM 87546

Tha DuaLNia Radbgraphk HydroTeat (DARHT) Facility b being
designed to produce high-rasoiutbn ffaeh redbgrapha of hydrdynamka
expedmanta. Two 16. to 20-MeV linear inducfbn accelerators (LIA), with

an included angle of 200, are used 10 produca intense bremasfrahlung x-
ray pulses of short duration (60-ne flat-top). Each accaterator has a 4-
MeV glecfron source that injects an electron beam into a series of 250-
kV Inductbrr cells. The three rnajw puiead-power systems are the
injectors, the Induction-ceil pulsed-power (ICPP) unlfs, and the ICPP
trigger systems, and are discussed in this paper.

IntKK!ud!xt

The I)ARHT facility at Los Alamoa wili generate intenac
bremsstrahlung x-ray pulses for rad~raphy using two LIAs. Each LIA
will produce a 3kA, 16- to 20MeV, 60 na flat-top, high.brightneea
electron beam, using a 4.MeV injector and a series of 250kV
accelerating celta. Each cell consists of an oll-insulaled ferrtte we, an
accelerating gap, and a solenoid magnet to transport the electron
beam. [1] Three major putsed-power systems are required to prochxa
and accelerate the electron beam; the Injectors, the inductbmceil
pulsed-power (ICPP) units, and the ICPP trigger systems. These
ayaterns are rfiiussed in this paper.

TIM injector ptdaed-power system has been designed by Putss
Sclencee, lnc.,[2] and consists of a 1.5-MV, glycol-inauiatad Blumlein
that b putse-charged by a step-~ transformer and swlfchad by four,
Iaser-triggerd spark gape. A series of transmlssbn lines is used aa a
lransforrner to increase the output voltage d the Biumlain to 4 MV at the
diode, The dbde design used In the injector is Identical to the diode
developed on the relativist elactrorvbeam experiment (REX) machlna
[3] at Loa Aiamoe. Injector specifications are listed In Tabte 1.

A bbck diagram of the DARHT injector system [2] la shown In Fig. 1
and a croae-sacfbnal vtew b shown h Fig. 2, The prtme power supply
consists of a 2.8-pF capacitor bank charged to 114 kV dc, whkh is
switched through the primary of a 1:15Stangenee Iron-cm pulse
transformer by a eingfe gas-bbwn spark gap, A glycd Blumloin,
consisting of a 7,65-0 fine and a 7.3-0 fine, connected to the secondary
of the transformer la pulse-charged to 1.5 MV In 4,6p$. The Blumlein
output pulse traverses an adjustable L-C filter, whkh converis the initially
sharp rising output putaa to a [1.cos(Q4)]shape wlfh a 10-90% rbetime of
20 ne. Three output lines are used to transform the output putse from
1,8 MV to 4.0 MV on the diode, Circuit sirmdatbna [2] using a REX bad
[3,4] pnsdkt a pubs on the dbde wtfh a 16-rM(1090%) risdirne and 63-

rN (* f%) tit.top, Experiments are now underway on the hfagrated
Teat Sland (ITS) at Los Alamoe to dernonatmte this cqabil&y,
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Table 1.DARHT Injector Spaciflcatlon
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I High-Frequency Ripple I<*l%forf <.50 MHz

I Maxim’Jm Prepulse Voltage 1+5
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P===&=”----arations Between Maintenance >250000 ‘--”- ‘—–
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—.—.———- .-

~

—.—.- ——. — —.—
prefire Failure Rate < Illooo.—_—. —. —-— .—.. -—— ——.
Nofire Failure qale < 1I1OOO—— .————

By using a pulse transformer instead of a Marx gerl~”ator to pulse
charge the Il!umleln, a single spark @p can be used Mead of the
multiple seri= spark gape of a Marx generator. This feature improves
reliabillfy by reducing the numbsr ol componsnls and simpltfhg

maintenencb. The Blumlain is wvilched to ground with four parallel
Isser-lrlggmd gas svdfchas (LTGS), and produces a pubs wilh a 10.
90% risetime of 20 na The LTGS were chosen for this applicalkm
because bw.jitter operatbn haa been demonstrated al sands Nalbnal
Lidrak)hfi [5,6] Th&se swltchas also exhibil bng lifetime because
Ihey do not suffer from accelerated wear on a trigger electrode, whkh is
raquired for bw.]iffer operat bn of an eloclrb’!f triggered gas spark gap

Recent injector dbde experiments (- 250 shots) wtth an AK w of
15 cm, an anode voffage ot 2.3 MV, ahow pulaefo pulse raproduclbility
cd tl%, The anode voltage haa a 61 .ns flat.top and a 20-M rlsetlme.
Laam current measurements Indite a paak cu~rent of 1.5 I@ with a
i3% varbtbn across the BOna ftat40p The riaetimo of the current was

10 na. Excellent timing resutfs have been obtained with the LTGS
producing an overall machine jiier of < 1 na, Measurements on each
indbkfual LTGS show jitters <1 na with -10 mJ per LTGS at 266 nm.
The experimenla have indkated that the specification for maximum
poatpulse, + 1.5 MeV, is a concern, because the dde insulator ffaahes
on a poalpulse of <0,950 MeV. Experiments are underway to evafusle
the aerbusness of the insulator flashing, A diverter switch la presently
under investigation,

lDducticrcCdlPuk@Pf2wrSA3mULW!SI

LAM CONTROL ICPPS SYSTEM
lW WIDE CONTfKX. MCK

The electrical requirements of the pulsed-power system for a LIA to
be used for radqraphy applkafiona are dickited mainty by the beam
handling and focusing requirement of the accelerator. A minimum spot
size is necessary for high-resolution radmgraphy, and one of the critical
requirements for producing a small spot size is the generation of a
mono-energetic beam of electrons. To meet this requirement the ICPPS
must produce a flat-top accelerating voftage with minimal voltage
variaticm. Thew voltage variations are either bw.frequency variations
that produce a “slop&or high. frsquerwy rl@e.

While the flat-top portion of the voltage putae produces Ihe
radbgraphk output of the accelerator, the rising portbn of the pulse
represents wasted energy. The electrons produced during pulse rise do
not transport through the accelerator because of the energy acceptance
of the solenoids, A bnger riaetime requires a Iargor croaa-aactbn of
ferrite core material and a bnger Blumlein to prcxfuce the same length ot
ffat-top on the voltage pulse, A very shorf riaetime IS alao not desirable
because It can excite dectrornagnetk modes in the accelerator rxwity.
Therefore, the Integrated LIA design is a compromise between caviiy
design and pulaedpower design.il ,7-10]

The ICPPS for each accelerator consists of 24 water. insufatad
Blumlehs, each energizing two Induction celfa. The modular design unk
b based on eight Inductbn cells corresponding to four ICPP units. A
bkck dlegram Illustrating the ICPP module la given In Flg 3. Maxwefl
bboratorfes has designed the DARHT IC?PS. Each ICPP consists of a
Blumlein tfyN Is pulse.chargad through a etep-W transformer and
swttched by an elactrlcalfy triggered coaxial spark gap The ICPPS
apeclfkatbna ara given m Table 11, The DARHT ICPPS dealgn
pbibsophy emphasizes minimum risk with maximum reliabiltfy and

compononl Ilfe,
The Blumlein charging untf (BCU) uses two 1 2wF Maxwell primary

capacitors charged 1028 kV, Two EEV CX 1722 thyrNrone are used In
parallel to swlfch the primary capaclfor into a 1;11 atepup SIangenea
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Table Il. DARHT ICPPS Specifications—-. .— .— -—- . . ..-.- —-. ——— ---- -—. —.. .-— .--—
OUTPUT PULSE

‘-”-”--;-:’ ----- ‘--1Nominal BIumlein Output VOflaQe 123Lky_.. _ ____ __.. – —___
f3aL)geBlumlein Charge_Voffa~e———.. +1OO tO +275-kV
Repmduci~

—.-.. — .
*.l%@JJ._ ________ -——- . ..— —

Pulse Length, Flat-top *1% 67. tO&~ E.——. -——.— ——-———. .— — —— -- .--—-———-- ..-——.
Hi~h-Frectuency Ripple < * lYOforf <= 5of’JHz

---
..JQ?lZ.__– —– –— --- -——-— -.--——.—

SYSTEM LIFE, RELIABILITY,
AND MAINTAINABILITY
O~qa!ions Between Maintenance >250000

1

.— ... .._— —. ... ..__ .- _______ ..__

1
.——. .. .— — — ..- — . -.—L—. .—.—-—. .—— .–_

Operations 10 End of Life of Ma@
Componcrnts

“l-------

> 107. ———-.. ______ .._ _.. .__ —._ .. _—— ..-.
Prefire Failure Rate-.—. < 1/5000 O~eralions. ... -.——. .- ..__-—— -——.— — —
No.fire ~ailuro Rate

-1

—..—— —._
< 1/5000 Oflerafions.-— . ..___ ______ —.—

Ouf-of-Screc Voflaae From BCU
Jitter “ -

i

< Ill 000 O*erationa

A
—.. ..— —____ .. . . .. ..—. .—. .—— .-. .— .._
Wf.of Spc Voffage c Ill 000 O~erations—.— ------ . . ..—---------- .-_. —___ _____

m core transformer that charges the Blurnlein to 250 kV in 5 MS Using
10thy~atrons in parallel assures thyratron operation at very moderate
Irrenl and current reversal values All the components on the BCU
we selected to provide good reliability and very bw probability of

ilure The CX 1722 dmdd have a life > 108 operaf ions al the
wrating conditions. SimJarly, the Stangenes transformer is derived

)m SLAC transformers, which have a demonstrated lifetime of > 1~
s at 160 Hz, The c.apadtors chosen for the BCU should have a system

I of more than 107 operations with a 99% confidence level.
The Blumloin pulso forming line has been designed with e bw

Ierating. to txeakdowr~ fidd ratro of 635 (for a 5-ps pulso charging
?e) Water Is the insuk~tmg medium in the Blurnlein, The outer

.-
I
8
t
1
I

diameter of tho Blumlein is 16 in, and the impedance of eacfi of the two
lines is 6 (). Each of the fines has a nominal elecf-kal fer@h of 60 ns
The Blumtein Is connected to a cable disfribufion box, that can use
either oil or water for insulation. Four high-voftage 490 cables are
distributed In parallel 10two induction cetls

The Blumtein switch is a coaxial midplane trigger high-voffage switch
based on the ATA switch design [14]. Extreme care has been taken in
the switch design to minimize any field stresses and to minimize the
inductance (70 nH) of the switch, The swilch is designed to operafe in
pure SF6 and to have an extremely bw prefire probability. A design

safe!y margin (operating voftagabeakcbwn voffage) of 0.71, at 5-PS
puke charge time, assures a bw prefire probability (1/2000) A high
rN/dt (1OkV/ns), high-vottage (200-kV) trigger pulse will be used to
swilch the gap reliabfy. Mutti.channeling of the switch Is sr high
probability, but it is not required to meet the ICPPS apecificatrona The
r,)echanical design of the swilch emphasizes the main gap’s precision
alignment tht is needed to achieve the [ier. life, and switch.to-switch
repeatability. Concentricity of all three electrodes will be maintained to
within 0.025 mm, The switch is designed 10 have minimum distortions
when exposed to high operating pressure. Elkonife has been chosen as
the mateual for all three electrodes,

lCE’P..Jr@er.SMms

The DARt{T triggering system modular unit has been designed by
Maxwell Laboratories and consists of a single control console and four
independently selected, identical Irigger units, each of which is used to
trigger a single ICPP. A bbck dmgram of the modular unit is qiven in Fq
4 Each trigger unil is bcatod in a separate oil-iruula!ed steel encbsure,
and each ICPP hss Ha own trigger ganerator 10 facilitate liming
adjustments One high.voltage power supp!y with a fanwf arrangement
is used to charge tho four trigger units, The output voftage is adjustable
in the range of 150- 10200-kV and is roulad 10 the !CPP unlfs using DS
#2077 cable, The triggering untf consists of a thyratromswttched, sfop-
up transformer thaf drives w magnetic pufsocompressor wh’ch reduces
the risetime of the 200-kV oufpul pulse to loss than 10 ns into the trigger

----- . . . . . . . .
6

-“I!.H’;’Ip!?itl p;?:.1 T;;;:]--”c::,f:r;i[w,........-------... ..........--------.—..

Eiki!t13ki’i::F-
,_.I!’F’’?’c.l-----------l...__

..-

t.. . ----- _

T141GGER
UNIT 041-..
—...1...

lNPUIS :1
14 SCPAflAll ;

lN1’Ul!l, b f
II CIIII(: AI 011

OPII[:AI ) I At41 1)11’(11 !,1 111M(t!i ANI) NIP IIAII’ Cl ()(’ K!;
(1 O(:AI ON ftl MOlll OPI. NAIION)

[ IQ d OAIH I f td$)tv !,ydllfli t)hu h Ih.ljfdlll

I



mble whwh results in a dselime of 20 ns a! the Blumlein spark gap
rigger electrode. The design specifiitbne are given in Table Ill and a
whernatic drawing is given in Fig. 5.

An EEV CX 1725 thyratron has been selected aa a welt-
:hsracterized dcwlce with demonstrated bng lifetime and high
‘etiibillity.[ 11] At the anticipated system operating voltages and

:urrenls, a lifetime of > 1@ operations is expected. The jitter
mWibutioir from the thyratron ahoutd be < 1 rw. The two primary
apecitors will be 15 nF each, and rated at 70 kV. This type of capacitor

EIS a 99.95% survtvat rate at 107 shots for the antk@sted primary
rottagse and currents. The 1:4 step-~ transformer la a Stangenee #Sl-
636 auto-tramforrner. For a charging time of 200 ne, the seconrkq is
ated at 300kV. The transformer output is fed through a bw inductance

Into 0S 207? Cabta 150. to 200-kV
Raproduclbilify

_-—
t 2.5% (3u) .-—.-

p— Negative

4

.—. ——.
<3ns~

Maximum Putse Rep Rate 0.2 Hz __—
Risetime (10% to 90%)
lnt9 spark Gap Load <20M
SYSTEM LIFE, RELIABiLl~, i
AND MAINTAINABILITY

~Betw~ Maintens~e s 2509000
Oparatione to End d LKe of Major >,07
Components
Preflre Failure Rate ‘“.—

2

< 1/5000 Operation ‘—
No-fka Failure Rate

. . ..— .
< T/—m oper6 lions -

.—— ——. ——

Out-ot+pec Voltage From BCU
Jtfter < 1 In 1m-rat bns
Out-otqrec

. —— —.——
VZlts&e, [< 1 ln1000~atbns—.— 4—. —

.,
1 Y

Flg 5 OARHT trigger system schomstk

mdlel plafe buawork to the msgnetk pulse eharpmwr eeclbn The
agnetk pulao sharpener cor’mats of a forrhe Iosdod Irensmisabrr line
#entynlne ceramk ferrttea (C?O10) are used In each tdggor unM The
mxlal Ilrm has an Inner conductor wilh an o d of 38 cm end an outer
rnductor wlfh an Id of 953 cm. A total length of 8t 3 cm 10reqdred tc
mfaln the fwrltes Tho Ilno Inymdmce Is - 30 fl wtwn oaturahrd and

300 (1wtwn unsaturnlad

[1]

[2]

[3]

[4]

[5]

[6]

In

16]

[9]

Io]

11]

M.Burns, P.Altison, L.Earley, D.Lisks, C.Mockler, J.Ruhe,
H.Tucker, L,Walling, ”Cell Design for the DARHT Linear Induction
Accelerators’, IEEE 1991 Particle Accelerator Conference, San
Francisco, CA,Mayl 991.

J.Fockter, BJ30wen, V,Carboni, P.Corcoran, J Kishi,
R.Keunning, ‘A 4MV * 1% Ftst-Tcp Electron Dkde Driv&,
Eighth IEEE Internetbnal Putsed Power Conference,san
D~,CA,Juna 1991

R.L.Carteon,P.W,Mbon, T.JJWppiia, D,C.Moir, ad
R.N.Ridton,-Etectron-Bsam Generatbn, Transport, and
Transverse Oscillation Experiments Using the Rex
ln@oF,lEEE 1991 Particle Accelerator Conference, San
Francisco, CA,May 1991.

R.L.Csrfaon, T.J.Ka~ila, D.C.Moir, R.N,Rtibrr, ‘REX, a 5-MV
Putsed-Power Source for Driving High Brightness Electron Beam
Diodes’, Elghlh IEEE tnternstbnal Pulsed Power conference,
San Diego, CA, June 1991.

T.H.Msrtin, B.N.Turmen, S.A.Goldstein, J,M,Wilson, D.L. Co&,
D.H.McDanlal, E,L,Burgasa, G.E.Rcchau, E.L,Naau, and
D,R.Hurnphreys, ●PBFA 11,The Putse Power Chsracterizatbrr
Phase-, 6th IEEE Pulsed Powor Conference, (IEEE Prass,New
Yorlc 1987), 225.

G,J,Den&son,J,P,CorISy,D.L.JohnaorI, G.J,Webor, R.A.Hamll,
L.P,Schanwald,and J.J,Ramirez, ‘Hermes-ill High Voltage,
Multistage Laser-Triggarsd Gas SwifcW, 7th IEEE Pulsed Power
Conference, June 11-14, 1989, Monterey, CA, paper PI .24.

M.Bums, K.Chellla, C.Mockler, T.Tucker, G,Velasquez, “Magnet
Design for the DARHT Linear Induction Accelerators-, IEEE
1991 Partkle Accelerator Conferenoe,San Francisco,
CA,Mayl 991.

L,Walllng, P,AWMM,M.Burns,D,J,LMca, D,E,McMuriy, and

A.H.Shaplro,*Tranever~ Irrpsdance Messurernente of
Protot~ Cavhiea for a CJUSI-W Radbgraphk Hydrotesf
Facillty DARH~, IEEE 1991 Partkb Accelerator
Confererrce,San Francisco, CA,Mayf 991.

P,AWsorr,MJ,Bumo, G J,Capptaso, A,G.Cole, “BeamBreakup
Cakutatbns for tho DARHT Accelerator’, IEEE 1991 Partkle
Accelerator Conference, San Tranciscg, CA, May 1991,

L,L.Reglnato, D Branum, E,Cook, W,Denhoy, C,Fong,
D,K@penhan, E Moor, M,Newton, W.Pottard, D.Rogors,
S.Hibbe, J Schmidt, M,Smilhl W,Weh, J,White, ‘ADVANCED
TEST ACCEL[ RATOR (ATA) PULSE POWER ‘TECHNOLOGY
DEVELOPMEN t“, IEEE Transscfkma on Nuclear Science, Vol,
NS.26, Nc,3, June 1981,

H,Menown, C A Plrrle, ●nd N S Nkholla, ‘Advancd Thyratrona
●e Switches for the Nlnotlos “, Procwdlnfls of tho 17th
Modulator Syrnpdum, June f 986, Soattle,WA,

?Iwoe major pulmrd pownr nynhwIUI hnvo boon doslgnod for the
Mu II l“nclltry Fact! eystom han boon rfwilumxl fw nmxhum
Iinbllity, Ionuovty, roproduclblltfy, nnd for kw jlftrrr Those unlto nro
Ii)dh Of ProdUch\UthO ek?dfOn h!lll M!d ddVO V(JhW#f3 tU aIh’Oh U.\tIJ

II hwtn whllo mnlnlnlnlng tho crtthvd pmwnolwo rnqdrnct to fmnfuce e
UhqIIMt y x rny $mlrco All the orwnlinl dmr?ntri d II II? I)AIII 11hwlltty
. . ...1. .!. . .


