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LASERAMPLIPIERDEVELOPMENTS AT MERCURY

Evan A, Rose, John P. Brucker, Emanuel M. Honig,
Andrew W. McCown, Victor O. Romcro, George W. York

Los Alamos Nationaf Laboratory
P.0, BOX 1663, Mail Stop E-543
Los Ahwnos. New Mexico 87545

Electron-ban pumped law amplifiers have been modified to
address the mission of krypton-fluoride cxcimcr laser technology
development. Methods are described for improving the
performance and rdiability of two pre-existing amplifiers at
minimaJ cost and time. Preliminary performance data are
presented to suppon the credibility of the approach.

The Mercury KrF excimer Iascr system [1] replaces the Aurora
KrF system {2] at Los Alamos. The goal of the Aurora sysrcm was
to deliver kilojoules of 248 nm light to a target [3]. The Mercury
system explores KrF laser technology for inertial confinement
fusion applications. Mercury will explore bandwidth, pulse
shaping, and short-pulse amplification using an operational KrF
laser system, from front end to target,

Mercury incorporates exploration of laser subsystems, including
optical, diagnostic, and pulsed power. The pulsed power
subsystems have been mochficd from Aurora hardware. Chan~es,
improvements, and innovations arc being incorporated mto
Mercury. By makmg incremental changes to working subsystems,
this development path sswes time and money and improves
reliability. New tcchnicd ideas are explored on a working system,
rather than in isolation.

Table I summiirrzcs some of the principal parameters ot’ the
Mcrtury system in Phase 1 (current) and Phase II (planned).
Extensive documcntwion of Phase I is available in refercncc [41,
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pulse width 200 ps - S m 2(K) ps -5 ns
energy on rargct 120 joules 8(H) JOUICS
laser spot size 200 microns 2(N) microns
laser beam couni 24 4fl
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Areas of tcchnicitl dcvclopmcnt arc summarized in Table 2, The
KrF Imcr is n promising inertial fusion encr y (WE) driver, since i!

Rincomoratcs shon wavclcnsrth (24fI rim), rostd bandwidth t 100
wssve”numbers), high dynu~ic rungc pulse-shaping, high energy
Cfficlcncy, und lhc ~~ptihillly for high- rcpetitionrutc f.rpertill~n.

Mercury will ad(ircw nutny 01 these pursunctcr~,

~ . .
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Iisscr kinetics ~mcxcttulitni
aser extraclmn

anydlficd sptmulnmw~ rmiision
Iuwr syitcnli opt Icul f’ubri(ut){ltl

lnteyrutcd dusgnmlics
cfflclcllcy & Nl)ut)lllly

Los Aiamos has developed a suite of codes to model the gas
cxcitatkm, Iascr extraction, and amplified spontaneous emission
proccsscs. The codes arc cssentiaf for accurate scafing predictions.
Wc have developed on-site optical fabrication methods, which

le.
romise to reduce optics costs. An integrated diagnostics systcm is

mg instafled to monitor and tzack laser beam properties
throughout the system, We arc cxplonng amplifier efficiency and
rclistbility, particularly with regard to the pu!sed power systems
and elomon beam transport from diode to laser medium.

The Mercury facility explores KrF technology issues on a working
systcm, indicating a path for scaling to higher energy systems to
rncct tFE objectives [5,6,7].

Mercury Phase I uses two cle.ctron-bcarn pumped laser amplifiers
to achicvc greater than 10LI J on target. Aurora’s first and fourth
amplifiers have been modified to rrscct Phase 1 objectives.
Aurora’s second and third amplifiers were decommissioned. ‘flc
cost and time for reconfiguration have bemr reduced compared to
building ncw amplifiers. Reliability has been incrcascd by
modification of proven design: to rcducc the parts count and to
rtxfucc the electrical stresses,

Mercury Amplifier 1 (Al or Charon) achicvcs an incrca.sc in pump

R’
wcr over its previous incarmttion, the Aurorit Small Aperture
odulc (SAM), by incorporating a msgnetic guide field and a

diode-foii structure that protnsdcs into the Iascr cavity. Electron
pumping is intensified in the cxtmctcd volume The Marx
generator capacitance is reduced, achieving it grcsstcnhanccmcm in
reliability, particularly foil lifetime, with no degradation in
pumping.

Mercury Amplifier 2 (A2 or Pluto) is a downsized version of Ihc
Aurora Lar c Aperture MOCIUIC (LAM), The Iuscr.cavity aperturr

/is reduced rom 1(N) cm to 40 cm The laser is pumped from only
onc side, reducing the pulsed power parts count by two. In
addition, the puhsc Icngth is rcduccd by 25%, and the volusge is
reduced by 20%, Impmvcd reliability is anticipated through ptins-
count rcductiorr and electrical-stress rcductiort A new foil-support
structure is designed to reduce mechanical stress on the foil,

l’hc first amplifier, Chamn, was crmstructcd by modifying
Aurtsrti’s first amplifier, Smtill Aperture Module (SAM).

IUSU1l.QMU”RRdMhM

The SAM anrplificr startcxf Iifc as u Mrtxwell Excirron, pressed inm
service on Aurora to boost ttrr laser energy from u l,utmmics
unplifier, II wus nominully is rundown Marx with a pcukcr. The
Marx generator WIM 229 nF (twn tIIof)nF capacitors in cuch nf
seven wt~cs) in .scries with 6(M) n}l ml 25 (1, ‘fhe pcukcr is
9,5 nF in serlcs with 50 III{, A self btrakmg ouIpuI swituh
corrnccts to tsn tit) diode through 100”nll A trrgtitrnn dlvrrts Ihc
tail nt the pulw through 12(! III{ and 3 [J, The pulsed powct’$ Iudi
is 10 pump the Iu\cr ttmpllfier f’or u 60 n$ Iuwr c)(tril~tlotl Pcrlo(l

Eiguw I sh(lw~ the dwdr volusgr fr{tm thr pulsed fs,lwct <Ir :IIIt
rnodrl (70 kV r mgc), includin~ IIpcruII~m Id Ihc dIvrtIilI

F
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rfarkcr trlwc o FIMIIIC I shI)w\ tlw Murx Ecncruu~t rt~ it i$ 10 liIi,
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mduceo to one capacitor per stage. The divertor cuts off the RC
decay of the pulse, leaving the peaker signature. The useful pulse
is csscntiafly the same for both circuits. but the energy absorbed by
the diverter is significantly reduced with the modification.

In actual operation, the new ckcuil has proven fiw superior to the
original. in the past., when the diverter failed 10 operate. the
pressure foil was destroyed by heating from the long, unclipped
tail of the pulse. NOW the pressure foil survives. Reliability has
been gready enhanced.
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Figurr 1. The capacitors are reduced from two per stage on SAM
Miirx generator to one per stage on Chwon. There is little effect on
the diode waveform Reducin$ the soared energy puts less stress
on the diverter and lncreii.us foil Iife[imc.

Figure 2 shows the small-signal gain in SAM and in Charm},
Smisll-slgrral gain is an indicator of the pump power in the laser
gn.~ The Phase I Mercury design calls for 4.5% cm I.

Initially the Iaserexrracted volume of SAM started approximutety
fr cm from the pressure fml. A 50[1 Improvement in laser pumping
wits predicted by cx!cndlrrg the foil forward by 4.5 cm in[o the
htscr ctriilnkcr Thlh itssumes no cxtrir electron beam losses in the
increased drift spiItc from itnode m foil Addltionall). the
pumping would bc more umforrn ucrojs the extracted volume,

Thcrt wits no mugnelic guide field on SAM, A Monte-CarIt}
electron beam energy deposllmrr culcuhttkm (DEP3D) indicitted
that the pumping would he doubled by adding o I -kG magrsctw

‘flte decmtiw in e,ccmm wattcnng out of the cxmtcted volume
uide field and Iettving the cxtrictcd volume hr {he same Iwaiion

(upwitrd iltld downwuId) lncrcuscs the pumping
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We modified the fuil support structure imd added a guide misgnctic
field to SAM. The upper curve of Figure 2 indicates cmwiderably
higher small-signal gain, by a fac!or of two to four times, and only
20% variation across the extracted rrgion. The small-signal gain is
everywhere ativc the 4,5% cm I required.

.,.~

The second amplifier, Pluto, was constructed hy modifying
Aurora’s founh amplifier. Large Aper’wR Module (LAM) I HI.
Figure 3 shows the modified LAM diode.

LAM’s pulsed power architecture was a set of two Marx gerleritwrs
tha[ each charged two PFLs in parillel The Pfl$ were dlschisrged
into two opposing diodes by trigatron swi[ches Divcrtors were

provided to discharge the PFLs into matched rcslstors when the
output switches failed [o fire.
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The fabrication of the Pluto laser chambtr was facilitated by the
existence of a 40-cm aperture laser chamber from the Aurora
Inv.mnediate Amplifier (third amplifier). The chamber was
designed for a 3-m electron beam. We cut out dte center of the
stainless steel chamber and rewelded it for use with the 2-m
electron beam of P!uto.

A 10-cn] thick adapter plate was used on LAM to attach the laser
chamber to the diode charnbcr. A thinner 4-cm adapter plate is
used on Pluto, reducing the drift region in the diode by 6 cm.

Power Red*

Calculation of laser pumping and exoaction indicate that 35%
higher small-signal gain is expected at 600 torr than at 900 torr.
[105 kW/cc specific pump power and 10%/90% Iuyptorthrgon
mixwre were used in the calculations. 1 Opemtion at 6(X) torr
allows single-sided pumping with good spatial uniformity across
the 40-cm laser extraction region.

Single-sided pumping on Pluto. compared with double-sided
pumping on LAM, reduces the miijor pulsed po~er components by
a factor of two and improves diagnostic and maintenance access to
the diode and laser chambers. Only one Marx generator, one pair
of pulse forming lines (PFLs). and one diode are required for
Mercury. The reduction of components increases reliability.

Electrical srress parameters were also reduced, with the exception
of dmle current den}lty. The water-filled, stainless steel PFLs
were reduced In len~th by 25%, from 10.8 m to 8.0 m. The
decision to use a 24(hr\ laser pulse train on the Mercury system,
rather than the 480- ns pulse Iriiin of Aurord led to the reduction in
PFL length. (Ore meter of PFL equals 60 ns of’ dIodc operittlon.)
The rrquired dimie volttige i~ 550 kV on Pluto, versus 7(M) kV on
LAhl, a redu~[ion d ?(W The shorter pulse duritliorr, coupled
with lower voltuge, pronuses [o increase reliability through stress
reduction, piirticulitrly on bushings and switches. These werr Ihe
high fuilure rate components of the Aurtsro pulsed power systcrn.
C’hiqx tritnsfcr through the Pluto switches is only 6(W ot LAM

f-’urthcr improvements In rcllitbillty could h achieved by rcducinf
the nseIImc of [he dlcscic, which would all{lw further Pl:l.
rcducllun. itrrd by dIvcrKIng energy trum the PF1.3 to ir reslstivc
load itftcr (IIC pulse. whl~h would prcvcm aftcrpulse rlnglng

u~ill

I )Iodr ~urrcn[ density IS incrcimed by a ftic!or of two, from 25 A
CIII: (III LAM’\ I(N) cm by 2[M~-cmcnutter to S() A cm ~ on Plum’s
4f)-cm by 2(N)c111 cnuttcr. Ttw utuulc.citthodc gitp was reduced
from x cm mI I.AM 105 cm nn Pluto 10 n)itintilln 15.il Itnpeditncc
For ~t~l{i.~i\th{Mlt’ dIodcs, impeditncc vanes Ilkc A IV 1’‘f) ! (Arcit,
Volllgc, Hk &UtpI)lstitncc) 19]

A thin f’uil wus lnwllcd OII thr htick of the l~ul su ~p{ws itruclure.
/“1’hl\ toil wr~c~ it\ IIINNIC uml M itn ithvwbcr’ l~r Inw-encrpy

clecmm\ In thr ch’ltI)ll t~ill~l ulwrpulw WC hi~ve USC(I \UCh u
prctwl (m SAhl iltl(l ( ‘ll;tt~)!) ittl{l ([Iu!NI ttliil It prl~long\ the lI~c ,}1
thr prewure lIIil 111il(l(llllol}, we IILlvc SCCI)Cvlflcllcc Ill&ll wlrc
WI(KIC5 urc llllil~C(l lhl~lU~!h lhC ptewrc 1[111Ull(l 11111~IIN IUW &ii\
I 101 The prcroll IIVIII(IS IhI\ !tdltml(}geticlty UINI t))iiy Induce Icw
trim~vcr~e hculIng t~l Ihc trcitIII

“1’he clcllr~ttl Iwutll If dlwrtcd Wlwll truvrl)ng fr~m~ cltthlr(lc 10

Iuser uhamhcr, hC1’ilUW Ihr clcclron\ fl~ll{lw thr Iwlslefl twlgnctlt
field lInci crcuml by I!IC um~hltut(l(m Id puIde tIcld IIWI UII field
“l’he bcttm sufl?rs dICIII UIUIrotii!it)il, u~ IIdIcuIcd hy IIIUtjtIIIE {m
flhll I lo] WC CIN)tll WIC(l lhC t’Ulh(Mk to Ulh~$$ (’(~llllt~l II) IUIII)II (If
Ibc CICCII(MI r’llllllrl 1!!!(1 Il)\lilllc(l II It)lillrtl h} Iwo dcfllrm
Irlluf!lllg Ihc Ilelllll 011 I’l,Rhl flllll Illtll{’lilr(l Ihlll Ihc Icchlllquc

Wothc(l
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Figure 4 shows the predicted performance of Pluto with 40% and
60% electron transmission from the diode througti the foil suppon
structure to the pressure foil. Figure 5 shows transmission data for
a conventional - planar structur~ [11] that incorporates a 1-roil
titanium anode/prefoil. The rib structure blocks 12% of the
electron beam in this design. The
electron beam through the srrtrcture
enhanced losses.

This experiment, without pressure
pumping will he adequate,

non-normal passage of the
produces shadows, causing

foil, indicates thal Pluto
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Figure 4, Model predictions indiciite tha~ 120 J to turgel will be
itchicvcd. The energy protiuced is sensilivc to lhe electron

‘:ranwnission of lhe Pluto foil suppufl structtire.
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IJtgurr 5, Mciisurctt~ctlt\ with Ihc I) IUI(I 11}11wipp(m iit)(l ;I 1 11111
tltitnlum nm~lc/prrl{)ll, (’ompanwm tIl currcnls rnlcrlng uml
Icitvlng thr \uppwt Itldlciitc MM clmlrtm trunsmlswln
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Modifications to Charon are complete and the amplifier is
operational. The pump power exceeds requirements and spatial
uniformity has been improved. Foil lifetime has been greatly
enhanced, with foils now surviving undiverted shols.

Modifications to Pluto arc complete and the amplifier is
undergoing qualification. The pulsed power systcm is operational.
Diode tests indicate rhat it will meet requirements. Laser tests arc
irnrninent.

This work was supported by the United States Department of
Energy through the University of California under contract
w-7405-ENG-3fr.

The authors thank Gstrry Ailcn and Michael Kang for their
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[1] Stephen J. Czuchlewski. et al., “Mercury: The Los
Alamos ICF KrF btscr System.” Proceedings of the Intcmationai
Confcrencc on Lasers ’92.(1993).

[2] Louis A. Rosocha, et ai., “Aurora Mukikilojoulc KrF
Laser System prototype t’c: iiicrtial Contirwmcnt Fusion,” Fusion
Technology, 11,497 (1987).

[3] Johnny E. Jones, cl al,, “Performance of the Auroru KrF
ICF Laser Systcm,” Proceedings of the Intcmational Conference
tm Lasers ’89, plki, (1990).

[4] George W, York, et al., “Mercury Laser Facility for
Inenial Confinement Fusion - Phwe 1: Version 2.01,” LA-UR 92-
1593, 14 August 1992.

[5] Evan A. Rose, et al., “Pulsed Power Considcmtions for
Electron Beam Pumped Krypton Fluoride Lasers for Itlertial
Corlfinement Fusion Applicittions,” SPIE International Symposium
on High Power Lasers, Los Angeles, CA, January. 1991.

[6] Evan A Rose, ct al., “A Me ajoulc Chtss Krypton
8Fluoride Amplifier for Single Shot, High .,iun ICF’ Application, ”

Fusion Technology, U, 364,(1989)

[7] David B. Hurris, et al,, “Irnprovcd KrF Laser Dcsi n for
the Laboratory Microfusion Fsrcility,” fhcecdin~, of;:
IEEWNPSS Symposium on Fusion f@inecnng, San Iego, ,
Sefxcmber, I 99 I,

[XI Evan Rose md Duvid }Iurtsrsn, “Finul Amplifier Dciign
ttnd Mercury ,“ PrtN’eedIng\ d’ the Intemwwnul {’conference on
Lisscr\ ’91, p 701,(1992).

[91 John J. (Toogtm Evan A, Rose, Roger P Shwter,
“opticul and Elcctricul lnvc~liguliun~ into Gtthdr Ignition and
[)Iodc (’lowre, ” Itth IEEE International Pulsed Powrr (’onferencc
Proceedings, p.YW, ( 199 I ).

[ 101 {’hitrles R. Mansfield, Hain OWNS, ttt)d Rwgcr P
SItmrer, “flcam Rotis[ion and Shcitr in IS I,urgc FlcctrtNl f3cum
Diode.” Il{llli “1’runsuclionson Plusmu Scicm’c, 12,840 t i~~~l )


