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Abstract . The National Ignition FaciIity for inertial
confinement fusion will contain a 1.8 MJ, 500 TW frequency.
triplad naodymium glass laser system that wiIl be used to
explore fusion ignition and other problems in the physics of
high temperature and density. We describe the facitity briefly.
The NIF is schedulad to be completad in 2003.

L fNTffODUCfTON

The United Stataa Department of Ik.rgy hm ~bli~he,j *
project to construct a National Ignition Facility (NIF) for
inertial-wmtinernent fusion (ICF) and other research into the
physics of high temperatures and high densities. The facility
will contain a neodymium-glass Iaaer capable of irradiating
targets at an energy of 1.8 MJ and peak power of 500 TW at
the third harmonic (35 1nsnwavelength) in a pulse shape suit-
able for an ICF igrition target. A recent review by Lhdl [1]
discusses the target physics of ICF inducct-drive targets and

the prospects for fu.+on ignition and propagating burn with
a laser driver of this sort. The NfF will also allow dircct-
drive ilhlmination of fhsion targeb, ad will be ~~ for ~
wide variety of other experiments in nuclear weapons phys-
ics, weapons effects studies, and laboratory astrophysics.
Peny and Remington [2] recently described some of the wide
variety of weapons ph-ysicsexperiments that have been con-
ducted on the Nova Icser at LLNL and thst will be continued
and expanded using NE

Figure 1 shows an overall view of the facility, which haa
two laaer bays extending to the Ieff of the figure and a cylin-
drical concrete target chamber building between two beans
switchyards at the right ffont, The NJYlaser and target area
building will occupy an area of about 125x 170 m~.
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Fig. 1. Overall view of the NIF kser and targetareab“ildi”g.
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11. THE NIF LASER SYSTEM

A. Genaralfmtums

The NIF laser system will have more than an order ofmag.
nitude higher poww and energy than the largest fusion laser
systems now operating. As a consequence, it is very impOr-
tant to minimize construction and operating costs for the
system. NIF targets will typically be larger than targets used
with smaller lasers, which leads to somewhat longer pukes.
A laser design that uses only a single, laige power amplifier
stage with multiple passes through that atage has both many
fewer components and better saturation properties for Iong
pulses than typical single-pass laser designs [3], so we have
chosen a multipass design with a single size of Brawster-
angle laser slabs for NIF. The amplifier is split into two sec-
tions separated by a vacuum spatial filter to impmve its per-
formance for short, high-peak-power pulses.
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Fig. 2, SchematicIayuutof theNIF lasersystem,

Figure 2 is a schematic layout of the major components of
the NIF laser. A preamplifier module amplifies and spa-
tially shapes a pulse from the maser oscillator, and injects
this pulse into the laser near the focal plane of a transport
spatial filter. The spatial filter recollimates tbe beam at full
size, and it then passes through a 5-slab-long power ampli-
fier and rsflects fmm a thin-film polarizer to enter the main
laser cavity. After passing through the cavity spatial filter, it
is amplified by an 11-slab-long main amplifier, strikes a de-
formable mirror, and returns thrnugh the main amplifier and
cavity spatisl filter. By the time it reaches the other and of
the cavity apstial filter, the Poc.kels cell baa been fired to
rotste the polarization an the pulse paaaea through the pnkrr-
izer and reflects back from a cavity end mirror. It mskea
another double pass thrnugh the cavity spatial filter and main
amplifier and returns to the Pockels cell, wMch has now
switched off so that the pulse reflects ftom the polari~. The
pukepas.ws bwktbrnugh the transport spatial filtarat a slight
angle to its initial path, missing the injection mirror, and re-
flects tium a series of mimnrs that direct it to the target chanr-
ber. Here it passes thrn.gh frequency convemion crystals
and a lens that fmuaes it onto the target.

The largest practical size for laser glass slabs and nonlin-
ear crystals with current technology is a clear apwturc of
about 40 cm. We have chosen an amplifier aperture size of

40x40 cmz for NfF, giving a beam size of slightly less than
38x38 cmz. The NW will contain 192 of these beams, each
separately aligned and pointed to the twget using a corn.
puter-conlmllsd, automatic alignment system. his system
also uses the deformable mirror and a Hartnrann sensor on
each beam to control the wavefmnt at the output of the laser.

The basic NIF structural unit is a bundle ofbeama stacked
four high and two wide. Six bundles am cloaepackedto form
a cluster of 48 beam, and each of two laser bays contains
two clusters. In the switchyard and tmget S& each bundle
of beams is split into two groups of fouf-~t are muted to
the top and bottom henrisphcms of the target chamber. A21y
combination of beam bundles can be fired independently
(though all beams in an active bundle must be tired).

A prototype of a single beam of the NfF system (at a
dightly smaller beam size of 35x35 cd) called “Bmrrdct”
was completed in 1994 at LLNL. Opemtion of thk pmto-
typs over asvsml yaars has demonstrated that the NIF de-
sign parameters cm he rea[ized in a large system [3].

B. Clean assembly and maintenance strnte~

Particles and other residues in large laser systems can
explode and lead to damage to optical mmponents when
expaed to high fluence laser pukes, sn it is extremely im-
portant to minimize contamimtion. It is pmhihitively ex-
pensive to establish conditions clean enough to avoid dan-
gerous contamination in a large laser bay. For NIF, we shall
assemble clean wmponen@ in a cl~m and Sa th~
‘Iiie-re.placeable units” (LRU) in clos~ clean containers
for transport to the dirty laser bay. These.LRU’Swill then he
inserted cleanly into the clean laser atmctum fi-mrrthei2trrms-
port containers, where they will engage kinematic mounts
that locate them precisely in the desired position. This stmt-
egy is similar to the wafer-handling shategy used in mndem
semiconductor plan% and was derived km that stmtegy.
Moat LRU’S in the laser arc.a stack of laser components four
high ~d one wide. Also most of the LRWS will& ime~
from the bottom of the stmcture so that gravity aids in mini-
mizing particulate contamination, though mechanical finri-
tations fome some insertions to depart tim the bottom-load-
ing strategy.

C. Tha NIFla.rar and target area building

The NfF bdiing is baaed on a stable, reinfomuf con-
crets foundation slab that extends under the laser bays and
tsrget building. Lsaer components are mounted on steel and
concrete structures in the laser bays, and beam transport
minors are mounted on a steel awitchyard spacefirune on
the sides of the target mm building. The target area building
is a vertical concrete cylinder for stability and radiation
shieldkrg. Final laser beam transport mirrors mount to the
concrete structure of the target mea building.



The NfF maatm oscillator andpuke sba@ng system is

baaed on the fiberoptic technology used in high-speed fiber
cmnmunicatinna networks. The master vacillator k an ytter-
bimndoped fiber ring oscillator that is directed into a fiber
amplifier and splitter amay to form 48 ae+mratefiber outputa
that can be.individually mudulated under computer contrul.
Each of them signals is phase mndulated to a bandwidth of
30 GHz (90 GHz at the third hmmnnic) tn suppress tmna-
verm stimulated Brillouin acattming in the Iarge, high.fluence
laser optics at the output of the Iaaer. Phaac modulation for
beam smnnthing by spectral dispemion (SSD) [4] is also

aPPli~ h=, if desired. Each of the 48 outputa goes tbfnugh
au integmted-uptica amplitude mudulator where ita tempn-
rai shape can be set tn high precisinn.

Each of the 48 fiber nutputa fmm the maater oscillator
mum gues to a preamplifier mndule Iucated in the laser bay
underneath the transport spatial filter. The preamplifier mud-
ule contains a dbde-pmnped, single-mude glaas regenera-
tive amplifier that amplifies the pulse tn -10 mJ, follow~
by a spatial beam shaper and a flasblamp-pmnpcd, four-pass
5-cm md amplifier that amplifies the pulse to several Joules
(Upto 25 J ). The preamplifier mndule is an LRU aasembled
and tested off-line, then installed aa a unit. The output from
the preamplifier is sampled by a main laaer input sensnr and
is then split into fouf pulses for injection into a group of four
NIF beams.

The NW amplifiem am particularly impurtang aincc they
contain roughly half of the fill aperture, expensive optical
mmpnnents in the lawn The amplifiem are arranged aa two
atacka nf four beam apertures in a common tiame. As shown
in Figure 3, laser slab and tlaahlamp LRU’S slide into the
fmme from below for aasembly and maintenance. Figure 4
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Fig. 3, ‘IlwNIF laseramplifieris mnmmctcdof severalmily.
rmlaccablccasscttcs.

shows an amplifier slab LRU being installed in a prototype
of the NIF amplifier in a development Iaboratoty, and Fig-
ure 5 shows a photogmph of a NIF-sized xenon tlaahlamp
that has been tested to 39,000 shots aa part of vendor quali-
ticatinn for the lamps. Figure 6 shows two cluatera of NIF

Fig.4.Traqumterinxrtinga cleancalm of fourIau$slabsi.fmlbe
NIFamplifierp-ololypc.

Fig. 5. N[F flashlatnp
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mnplificrs installed in the laser bay, with access !ium below
for maintemnce and from above for utilities such as clczm
nitrogen gas and pulsed-power cabling.

muuoed to form a four-hleb LRU. T& Pockels cell LRU is-.
mounted togetbcr with pol&izcr and mirror LRU’Sin a struc-
ture called the periscope, as seen in Figure 8.

Fig. 6. Wh laser bay contains (VMchub of six bundIcsofampmie=
with utilities hum above and mai.tmaace from Maw.

The NIF deformable mirror will have 39 sctuatnrs in a
triangular grid and a maximum comcction range of -15
waves. Two commercial vendors are supplying prototypes,
snd an LLNL design is also available and has bear tested on
Besmlet.

The NIF plasma+ledrode Pockels cdl (PEPC!)provides
gsin isolation, switching in tbe laser cavity as described
above, and isolation against stray re.tlcctions in the laser sys-
tem [5]. Thin helium plasmas on both faces of a thin potas-
sium dlhydmgen phosphate (KDP) crystal are used as elcc-
trndes to charge the surface of the crystsl plate and apply an
electric field in the direction of beam propagation. The basic
PEPC electrical subassembly switches two beams of the la-
ser, as shown in Figure 7. Two of these subs.ssemblics arc

Fig, 8. Pmkels cells, polarizers, and mim - ins ~~~ ~u~
the “pwkccqm,”

NIF uses image-relayed propagation to maintain a uni-
form intensity profile across the beam snd to control the
growth of intensity noise. This muses the NIF tmnspnrt
spatial filter to tx quite long (dOm) in order to relay the ima-
ge properly to the final optics assembly over the long prop-
agationpath through the switchyard to the target chamber.

The Final Optics Assembly (FOA) is mounted on the tar-
get chamber, as shown in Figure 9. The beam pssscs through
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Fig. 7. Tim N[F Pockds cdl is based cma lvm-a~rture b“ildimgblock i.
an ancdizcd al.min.m housing.

Fig. 9. The Final Optics Assembly mounrson the target chamber,
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a vacuum window before it encounters the tlequency con-
verter. This design was chosen because it allows a more ru-
bust vacuum window since the laser damage threshold is
higher and noise grnwtb due to the nonlinear index of re-
fraction is lower at the onc-micmn fundamenbl wavek@

than at the351 -mn thkl harmonic. The frequency convmtcr
consists of a tMn plate of KDP that converts twu-thirds of
the input light to the second harmonic, followed by a deuter-
atcd KDP mixer that sums the secund harmonic and fim&-
mental to give the third harmonic. Beandet tests have cnn-
firmedtbat whole-beam convemion efficiency= ofup to 80??
to the tbii hsrmonic csn be achieved with bighquality~P
Crystsls [3].

Atler frequency conversion, the beam passes through a
final fumm lens thst brings the beam tu fucus at the center of
the target chamber. Past the lens, there is a removable cas-
sette that contains diffractive optical elements including a
sampling grating for beam dmgnostics, a color-separation
grating that deflects light at the tkndamental and sccond-
hannonic wavelengths away tkum the target, and can include
kinofonn elements to smc-otb the fwl spot diahibution or
deflect the beam to other Iucatiom in tbe target chamber if
desired. Target irradiation at the fundamental and second
harmonic wavelengths is also possible with customized
diffractive elements in this location. The final element is a
fused silica debris shield that protects the other components
in the FOA fmm target debris and tritium contamimtion.

The line-replaceable unit in the FOA is a single.h
package that extends fmm a removable cover over the
vacuum window tn the debris shield. Four of these units am
gruupcd to form a single FOA.

III. TARGST CHAMBER AND DIAGNOSTICS

Indirect-drive Iaacr targets commonly U.W.CUnCSOf~~
rmtering the two ends of a cylindrical bohbsum [1]. Implu-
sion symmehy is adjusted by manipulating the pulse shapes
on these dlffermt beams. In the NfF target chamber, the axis
of the cylinder will be oriented veticzdly snd the target illu-
minated by two con.% of beam ti-nm almve md hVCIkm
below, as showu in Figure 10. l%e outer cone of beams in

4W
Fig. IO.TIIc N[F indirect driw .mniig.ralion bas IWOCOIICSof Lxatns

from atovc md two from bd.mv.

each hemisphere contains 16 FOA’S(64 beans), and the in-
ner cone.contains 8 FOA’S(32 beams). The FOA’Sand beam
tmnspurt mirmm aredesigned au thst 24 FOA’Scan be mnved
to pusitions arnund the waist of the chamber to give aphmi-
tally-symmetric illumination for dkect-ckive Ioser targets,
as shown in Figure 1I,

“..-.-, .,,-,
aimbm

“ *
Fig. 11. For direct &ivc, 24 beams U-CIIWVd tO p$itim ~~d ~

waist of tie mCeI .imnbm.

The firat wall on the inaide of the target chamber will see
X-ray and Ia.scr fluences up to several J/cmZ.The chamber
will be lined with removable aluminum panels cuated with
plasma-sprayed bumn carbide (B4C), which is highly resis-
tant to X-my md laser damage. The tips of diagnostic in-
struments and target positioners will see much higher
fluences, and will be designed to be eaaily replaceable and
to minimize damage and shrapnel.

A wide vsriety of @get diagnostic instim~ MII &
used to study the behavior of ignition and other~~. Mom
of these are not part of the NIF project itself, but will be
ccmstmcted and installed by the various experimcntem wbo
use the facility. The chamber will have 86 ports for mount-

~g fh~ bents, ranging in size tium I5 to 70 cm. There
is also a large (1.7m) side port for inwting large teat assem-
blies into the chamber.

Access to the chamber for ckarring, replacing wafI pan-
els, and the like will be by way of a hydraulic lift Out riaea
tbruugh a 1.9-m port at the bottom of the cbmnber in the
center of its suppurt pcdestaf. The chamber is further sup.
pmted by the reinforced concrete fluom of the target ding.
nostic.sexperimental areas around its circumference.

fv.0FITC8

NIF will require abuut 7500 40-80cm bighquality opti-
cal components tn be produced over a perind of about four
years. This greatly exseeds current production capacity, so
the NIF pmjcct has already begun development projects with
large optics vendom tn put in place the technology and fa-
cilities fnr this production. Schott Glass Technologies and
the Hoya Cnrpmation are developing tecbnolngy for the con-
tinuous melting and pour of neodymium-dnped phusphate
laser glass. LLNL has developed a fast-grnwth prncess for
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KDP and deuterated KDP crystals which has demonstrated
growth at 1-2 cm per &y up to a size of 57x57x47 cnf,
which is large enough for NW plates: this process will be
transferred to industry for NIF production. Finishing facili-
ties for flat components and lenses are under consttuctio~

and development contracts are in place to improve finishing
plWXXSeSand technology.

V. PROJECT SCHEDULE

Site excavation and construction of the NIF fhcility be-
gan in July, 1997. We expect to have the building finished to
a state that we can begin to install laser components in one
laser bay by late 1999. By September 2001, one laser bundle
(8 beams) will be completed and tested through to taqjet
chamber center, and early target experiments can begin. In
September 2002, one fill cluster (48 beams) will be avail-
able for target experiments, and activation of a second clus-
ter will be underway. The project will end in September 2003
with two clusters available for target experiments the other
two clusters filly installed and in the process of activation.

VI. PROJECT PARTICIPANTS

NW is a national project with participation from a num-
ber of US laboratories, as well as significant international
participation. The project will be located at Lawrence
Livermore National Laboratory, which is playing the lead
role in the desi~, however many subsystems and compo-
nents will be designed or provided by other participants. Los
Alamos National Laboratmy (LANL) is ddguingsome parts
of the laser support structure, manipulator for servicing the
target chamber, and many of the target diagnostic instruments.
LANL will also play a very important role in NIF ICF and
weapons physics taqgetplanning and design. Sandia National
Laboratory (SNL) is providing eonatmction management for
the facility, designing the target chamber and electrical
pulsed-power ayaterq and providing installation alignment
for the laser and target chamber support structures. The Uni-
vecaity of Rochester Laboratory for Laser Energetic is pro-
viding vrduable expertise in optied cxxnponentdevelopment
and handling.

The Cornmiaaariat4 l’EnergieAtomique (CBA) of France
has been a full partner in the &velopment of laser compo-
nents for NIF: ind~ many of the parts beii assembled in
Figure 4 were manufactured in France and sent to LLNL for
assembly and test. CEA researchers are presently construct-
ing a single 8-beam bundle called Line d’Integration des
Lasers (LIL) at their reaearch fhcility in Bord~ to be avail-
able for target experiments in 2002. They plan to follow this
with a 240-beam Laser Megajoule (LMJ). These facilities
will use the same basic components as NIF, but will explore
some alternative options for laser and final optics architec-
ture. The CEA Phebus laser facility is also being used to
develop strategies for protecting the tips of diagnostic in-
struments and other target chamber components. The Atomic
Weapons Establishment of the United Kingdom is design-

ing the diagnostic manipulators for the NIP target chamber,
and will participate in NIF experiments. AWE is also con-
sidering the construction of a laser fwility using NIF tech-
nology, but somewhat smaller. The Vavilov State Optical
Institute in Russia will be supplying some highly-speeial-
ized laser diagnostic components. Further national and in-
ternational collaborations are likely as the project progresses
towards completion.
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