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OPTIMIZATION OF PARASITIC ISOLATORS IN LASER FUSION SYSTEMS»

J. F. Figueira and C. R. Phipps, Jr.
University of Caiiforn:a
l.os Alamos Scientific Laboratory
Los Alamos, NM 87545

Abstract

The results of model calculaticas for the optimization of the efficiency of high-gain
amplificer systems stabilized by saturablc absorbers are described. It is showr that the
isolator performance can be characterized by a couvenient figure of merit.

The sclective use of nonlincar saturable absorbers distributed throughout a high-gain
amplificr chain has proven to be an effective mecans o controlling undusired parasitic
osc.llations in CO; fusion lascrs. Much work has be:. reported on the characterization
of tliese absorbers and their deployment in eristing laser facllities. In this papel, we
discass the extersion of these specific tecliniques to more gencral advanced lascr systems
and develop u nsefol figure of merit to describe the performance of thls class of para-
sitic isolatorz 1n specific laser geometrics.

lsolator Modeling
The transmisston, T(1), of a nontincar saturable absorber is a function of the

incident taser power tenergy). At a given intensity (Fluoence) level, an offective
absorption coc.ficient can be definod by

a (1) = (n1(1))/s (1)
for it matertdi of ltength ? irradiated by a laser jate=iiso ! If the small-stunal less
coefficient is denoted sy 5, then n figure of merit (FUM) 1or tao saturable absorber
catnt be defined by

l'OM Ll "0/1 ) l (Z)

With thosce definitions wo cin cxpress cunergy absorbed by a given material as

lybs = 1y - lg = 1o * (Ige? )

Labs = lo (l'c'q"
and in the high field limit and using (&) we find
NN
0
Lans ® 7oM Lo (3)

In att applications ol suturable shsorbeis to the stabltization of high gain liaser fuslou
systems, nbe attempts to optimize tue overall performance ot il lascer/lIsclator system by
mininlzing the liase- cuergy absorbed hy the isoliutor. As o1 be sceen above, minlmizrtion
of lyps tmplles the maximizatlon of the FOM of the snturable absorber. It 1s this
ehserviatton that provides a partinl motivatlon for the FOM as defined tn equatlon (3).

The factivnal dependence of the FOM on Input Intensity Is related ta the physical
partmeters nt the spturnble absorbor.  To illustrate the usefulaess nf thls definition of
a4 FOM, consider the case of au tutense beawm of 11ght propagating theough n honogenconsty
broadeneil saturable absorber whose clitracteristie recavery tlme Is short compared to the
lenpth of the interacting laser publse (@t Rlgrod-type abxorber). lnder these condltions
the incroementil clinge of Intenslty of tho lucldent puise in a distunce d2 In the
abscerber cun be wrlttun usg

[ o
AEEAAS S 72 T 11 (4)

tjork porforuwoed under tho ausplcus ol the U. S. Depurtment of Luoergy.



where 2,5 is small -signal loss coefficient, Ig is the saturation intensity for the
ahsorber, *yg is the nonsaturable loss coefficient for the absorber and I is the local
laser intensity. In the limit of high intensities, I >> Ilg this can bc solved for an
input fluence I, to give for the FOM,

a € - o ¢ ?
FOM 0 - ° (5)
W T T T '°Ns‘]

s
en | — (e 1) + e
Tys Yo

In the high field limit we find several special ca.es. For ®yg=0, the FOM = 145/1Ig
and the cnergy absorbed by the isolator, is given by

Iabs(?ng=C) = 3571 (6)

and is a constant, indcpendcnt of input intensity. For "Ng * 0, we find FOM = %,/%s,
limited to a maximum value which depends on the parametcers of the material. In this
limit the energy absorbed by the isolator is given by

labs(3xs’0) = INst x g (7)
arnd 1ncreases in direct proportion to the input intensity.

For the general case of intcrmediate values of l,, equation (4) must be nomerically
integrated in space and time fo: the figure nf merit. Figure | shows a typical calcula-
tion for a Rigrod absorber with homogencously and inhomogencously broadennd absorption
and no nonsiturable loss ("yg=0). As can be scen the breidening mechanism has a
profound cffect on the cfficiency uf tlie saturable absorber performance. For homogene-
ou§ly broadetecd absorbers, FOMs 1n e¢xcess of 50 arc casily obzained for input flucences of
10 x tg while FOM ™ 10 are achicvablce Tor inhomogeneonsly broalened ibsorbers. The
figure also shows ihat vartation of the viiue of 75" from 3 to Y has only a mloor
efcect on the tependence of the FUM with input intensity. This independence of the FOM
on the smiall-signal loss is ouly true lor the case of "yg:0. Figure 2 shows an example
cf the morc pencra) cuse wnere NgpU.  In Flp. 2 the FUM is calcenlated for a Frantz-
Nodvikh absorber (absorber recovery tim:ss long compared to the laser pulse duration).
Here, for ltigh I'luences we soce the limiting behavior described proviously by (7).

lso.ator l'erformance

For ase in n broadhand CO; taser fusicn system a parvasitic isolator mnst have the
proper spectril absorptinn claractertstics to provide tuss for atl of the liser wive
lenpths haviny excess giin. o nddition the _soliator must efFiciently saturate, as
described above, so thiat is use dnes not represent an ueacceptible punerpy loss to the
output gotng lascr beam.  Muny materials have heen shown to pnssess saturable absorptions
in the ir. Scveral characteristic naterrats aro listed in Tanlte 1 atong with commneuts
regiarding their uselulnoss.

TABLE 1

Siaturible Absorber FoMs

Matortal Bandwidth 1,0ins) FOM
Sk 20 e’ ! 200 wJ/cnm” 23
Mix 907 Bim ¢ 10:m 200 m.l/cmZ 12
G LLCS R 200 .\lh‘/cmz 5
¢, (Hat) 9 < 11 tm 00 MW/ cm 40
KC1iRoO) oen ! 500 MK/ e’ 30
The FOMs ruuge ream 5 For the tulmmogoepenusly brondened Ge, through 10 - 20 for the

mutebphnton absntbor $F, to approarking 50 For the (wo-level homopgencously bronduened
CU, and KCI doped with Reug. Iractlenl considorations -gain:t heattuy €Oz to

LXY



450°C in large cells and poor spectral match of the currenily available doped alkali
halides dictate the nse of mixtures of polyatomic gases as typifierd by mixture 907 which
contains SFg plus a variety of cther florinated hydrocarbons.* Figure 3 shows a

typical mcasured FOM curve fcr mixture 907 for a variety of small signal loss lengths
ranging from 2 to 6. The laser produced a 1.7-ns pulse which was tuncd to the P(20),

10 yum line for this mcasuremenL. As can be seen the FOM tends to a limiting value of 12
implying that %yg = 0.08 ©,. This valuc is consistent with the known nonsaturable
losses due to the other componcnts in the mixture, including the multiphoton absorption
of the SFg itsclf which accounts for about 1/3 of the nonsaturable loss. Thus for
praccical isolators currently available, FOMs of 12 can be cxpected.

Systems Applications

The optimizacion of an isolated laser fusion system requires the consideration of the
detailed architecture of the system to determinc the proper staging of the isotator. In
gencral isolators with large FOMs arec best piaced nearcr the output cnd of rhe system,
whi!: icus eVficient isoldtors dare vest pliaceu furthery up the ampir:fier cltain towara tic
front end. To illustrate this behavior consider the system sliown in the insert of
Fig. 4. A lascr amplifier is operated in singlec pass at the saturation limit. In order
to stabilize the system against unwanted parasitic oscillations, a saturable absorber is
placed at the output of the amplifier and the loss in the absorber is adjusted so that
the amplifier small-signal gain is nomerically equal to the absorber loss. This is
isolation at zero gain. Under these cunditicns we have

Boll - 2sslz = 0 (8)
where goly is the amplifier gairn length (G - cg°L) and tggl., is the isolator loss

lenpth.  If Eg is saturation fluence for the amplificer thon the output of the amplifier
in the absence of any isolator is

Egtored = Ly #olt * Ejn

and with isolator

and using (2) we can calculate un offective amplificr effieoncy,

dloLZIFUM

Eout’/Egtorcd ® © (u)
For constuant cfficicency 7,ly/IC4 « constant and higher gnin nmptifiers required
increavingly more cfficiont isotators. Figurce 4 shows n graphicial representiation of

cquation 9. The laser efficiency (Loye/listored) is plottert for varions vilues of the
fipure of merit (tgg/ps! for diflerent valurs ol the amplilicr gnin bength gyl
ranging from 3 tn b, ractlcnl €Oz lasers run at gobl's of 6 - Y. As can be sonn for

elfflcicncies of 90% or greater, FOMs betwern 25 aud 100 nre required.  IFor more optimal
starin,; with multipass lasers the requlred I'OMs can be roducoed to 10U - 200 by proper
deslgn.

lu this paper we hitve lutrodnced the coucopt ol the flgure of merit (FOM) for a
siturable absorber defined ws FOM o "q/7(1) aad hnve described the resnlts of severat
specilic FOM caleulatlons. The :urrvently avallablo s -w.able absorbers were revigwed and
shown to have usptul FOMs of ~ 12, Finally some slmple system calenlations were
described imdicating the requirements of FOMs in the ranpe of 20 for offlclent
performance.

*907 ls a mature of SFQ. Cqby, FC-11S, FC-1S2A, FC-1LE2A, FC-12 nud FC-1HEY In the
by volume proportious of u.uz?. 2.07%, 0.064%, 9.09%, 13.63%, 25.0% und 42.0% respectively.



PR = 9 O LHSNTURDELE | 0SS
CRUSE AN WARCLE ML L. un]mnlion

@

LT

FC=~

in

26

Figure 1. Model calculations of the FOM of a Rigrod absorber for a
homogenconsly and 1niivmogencously broadencd aksorbe: .
Calculations for igl. of 3, 6, and 9 arc shown.
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Figurc 3. The measured FOM of aas Mix 907 for small-signal loss lengths
of 2, 4, and 6 at P(l0) - 10 :m with 1.7 ns pulses of Gaussida
space time radiation. Maximum FOM 1s ]2.
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Frguro 4. Lingis pass amplifler efflciency for isolation of zerm waip
far various ampliticr gain lemgth . YV, 0, e )
Is locatod at output of amplifier,



