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OPTIMIZATION OF PARASITIC ISOLATORS IN LASER FUSION SYSTEMS»

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

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

The sclective use of nontinear saturable absorbers distributed throughout a high-gain
amplificr chain has proven to be an effective means o controlling undusired parasitic
osc.llations in CO; fusion lascrs. Much work has be:. reported on the characterization
of these absorbers and their deployment in eristing laser facilities. In this paper, we
discuss the cxtersion of these specific techniques to more gencral advanced lascr systems
and develop a useful figure of merit to describe the performance of thls class of para-
sitic isolators in specific laser geomctrics.

Isolator Medeling
The transmission, T(I), of a nonlinear saturable absorber is a function of the

incident laser power t(energy). At a given intensity (fluonce) level, an olfective
absorption coe.ficiont can be definod by

a () = (2n 1(1))/c (1)

for a materiai of lengtl ? irradaated by a laser ot sisz ! If the smatl-siunal loes
coclficient is denoted sy g, then n figure of merit (FUM) ror tau saturable absorber
can be defined by

FOM = ug/v " 1 (2)
With those definitions wo can vxpress cnerygy absorbed by a given material as
labs » lo - Iy = 1o = (lge™* )
Labs = lo (1-e- ™"
and in the high ficld limit and using (&) wo find

u 09
Labs = voM 1o (3)

In all applications ol saturable ghsorhbers to the stabilization of high gain laser fusfon
systems, one attempts to optimize tne overall performance ot the laser/Isclator system by
minimlzing the lase~ energy absorbed by the isolator. As ¢in be seen above, minlmizetion
ol Tuhs Implles the maximization of the FOM of the saturable absorber. [t Is thiy
observatlon that provides a portial motivation for the FOM as defined In equation (3).

The functional dependence of the FOM on Input Intensity Is related to the physical
parameters of the saturable absorber. To illustrate the uscfulaess of this definition of
a FOM, consider the case of an tntense beam of 1ight propagating through a homogencously
broadened saturable absorber whose characteristic rvecovery time is short compared to the
lenpth of the interacting lascr pulse (a Rigrod-type absorber). Under these conditions
the incremental change of Intenslty of the incldent pulse in o distunce d2 In the
absorber can be writtou us
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where @, 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 >> lg this can be solved for an
input fluence [, to give for the FOM,

. o - f
%o - K (5)
FOM a .
In{T7T,] 0 T “ONs” '“st
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In the high field limit we find several special ca.es, For %yg=0, the FOM = I4/1g
and the cnergy absorbed by the isolator, is given by

Iaps(3Ng=C) = 3571 (6)

and is a constant, indcpendent of input intensity. For %yg * 0, we find FOM s %5/%s5,
limited to a maximum value which depends on the parameters of the material. In this
limit the cnergy absorbed by the isolator is given by

Tabs(3nsf0) = ans® x I (7)
arnd 1ncreases in direct proportion to the input intensity.

For the gencral case of intermediate values of l,, equation (4) must be numerically
integrated in space and time foir the figurc of merjt. Figure 1 shows a typical calcula-
tion for a Rigrod absorber with homogencously and inhomogencously broadened absorption
and no nonsiturable loss ("yg=0). As can be scen the breadening mechanism has a
profound ¢ffect on the cfficiency uf the saturable absorber performance. For homogene-
ou§ly broidencd absorbers, FOMs 1n excess of 50 are casily obtained for input flucnces of
105 x Ig while FOM ™ 10 are achicevuble for inhomogenjeously broadened absorbers. The
figurce ulso shows ihat varviation of the vaiuc of g from 3 to 9 has only a minor
cfrect on the dependence of the FuM with input intensity. This independence of the FOM
on the small-signal loss is only true Lor the case of "wg=0. Figure 2 shows an cxample
c{ the more pencra) casce wnerc INgg0.  In Fig. 2 the FUM is calculated for u Frantz-
Nodvikh absorber (absorber recovery tim:s long compared to the laser pulse duration).
Here, for high fluences we soc the limiting behavior described proviously by (7).

Iso.ator Performance

For use in a broadband COp; laser fusicn system a parasitic isolator must have the
proper spectral absorption characteristics to provide louss for all of the laser wave
lenpths huvnnu CRCOSS Rain. In addition the .solator must efficiently saturate, as
described above, so thiat is usc does not represent an uracceptable encerpy loss to the
output going taser heam.  Many materials have been shown to possess saturable absorptions
in the ir.  Several characteristic matervals aro listed in Tadle | along with comnents
vegarding their usclulnuess.

TABLL 1

Saturable Absorber FOMs

Matorial Bandwidth I,tIns) FOM
Sk, 20 em ! 200 wJ/cn” 23
Mix Y07 9um ¢ 10 ;m 200 m.l/cmZ 12
Go Y - 1l um 200 MK/ cn? 5
cu, (lot) @ - 10 m 80U MW/ cm® a9
KC1:Ra0); e ! 50U MK/ cm 30

The FOMs range from S Cor the inhomogencously broadened Ge, through 10 -« 20 for the
multiphoton absorber $F, to approaching 50 o+ the two-level homopgencously broadenvd
CU, und KC1 doped with Reug. Practlical considorations -gainst heating €O, to
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450°C in large cells and poor spectral match of the currenily available doped alkali
halides dictate the use of Zixtures of polyatomic gases as typificd by mixture 907 which
contains SFg plus a variety of cther florinated hydrocarbons.* Figure 3 shows a

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

10 ym line for this mcasurement. As can be secn the FOM tends to a limiting value of 12
implying that ®yg = 0.08 5. This valuc is consistent with the known nonsaturable
losses due to the other components in the mixture, including the multiphoton absorption
of the SFg itself which accounts for about 1/3 of the nonsaturable loss. Thus for
praccical isolators currently availablc, FOMs of 12 can be ecxpected.

Systems Applicatinns

The optimizacion of an isolatcd laser fusion system requires the consideration of the
detailed architecture of the system to determine the proper staging of the isolator. In
general isolators with large FOMs are best placed nearcr the output end of rhe system,
whil: icus efficient isolators dare vest pliceu further up the ampir:fier chain towmara tiic
front end. To illustrate this bechavior consider the system shown in the insert of
Fig. 4. A laser amplifier is opcrated in single pass at the saturation limit. I[n order
to stabilize the system against unwanted parasitic oscillations, a saturable absorber is
placed at the output of the amplificr and the loss in the absorber is adjusted so that
the amplificr small-signal gain is numerically cqual to the absorber loss. This is
isolation at zerv gain. Under these conditicns we have

BoL] - 255l = 0 (8) .

where golL) is the amplifier gair length (G = chL) and “tgglp is the isolator loss
lengeth.  [f Eg is saturation fluence for the amplificr thon the output of the amplifier
in the absence of any isalator is

Estored ®» Es #olq ¢ Ejp

and with isolator

Eque * by &gty ° Eip? ©

and using (2) we can calculate an offective amplificr effiency,

JIOLZ/FUM

E /1 -ec (9)

out’ "stored
For constant cfficiency 71yL/FC4 e constant and higher gnin amplificers required
Increasingly more efficient isolators. Figure 4 shows a graphical representation of
cquation Y. The laser efficiency (Lgye/Egeored) is plotted [or various values of the
figure of merit (tgg/pe! for different values of the amplificr gain length gyl
ringing from 3 to Y, ructical CO2 lascers run at gel's of 6 - 9. As can be s—en for
efficicencies of 903 or greater, FOMs between 25 and 100 are requived. For more optimal
staping with multipuss lasers the required FOMs can be roducud to 1U - 200 by proper
deslgn.

In this paper we have Introduced the concopt of the flgure of merit (FOM) for a
siaturable absorber defined as FOM a0 q/7(1) and have described the results of severai
specific FOM calculations. Tho currently availablo s 'n.able absorbers were reviuwed and
shown to have usalful FOMs of ~ 12, Flnally some simple system calculations were
deseribed indicating the requiroments of FOMs in the rango of 20 for aefficlent
performance.

*907 Is a mrature of SFy, Cqlyy FC-11S, FC-152A, FC-1L12A, FC-12 and FC-1113 in the
by solume proportions ol u.uzg. 2.57%, 0.04%, 9,00%, 13.63%, 25.0% uand 42.6% respectively,
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Figure 1. Model calculations of the FOM of a Rigrod absorber for a
homogencously and 1nhomogencously broadened aksorbe: .
Calculations for igh of 3, 6, and 9 arc shown.
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nonsaturiable loss #nd gl =~ 4. A norsaturable ldsa of U.35
represcnts the practical case of Mix 907,
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Figurc 3. The measured FOM of pas Mix 907 for small-signal louss lengths

of 2, 4, and 6 at P(20) - 10 :m with 1,7 ns pulses of Gausuian
spiace time radiation. Maximum FOM is 12.
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Figure 4, Singia pass amplifler cfflLanL) tnr isolation of iero pain
for varvious ampliticer gain length. o X, 6,
Is locatod at output of dmpll[ldr.



