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OPTIMIZATION OF PARASITIC ISOLATORS IN LASER FUS1ON SYSTEMS*

J. F. Figueira and C. R. Phipps, Jr.
University of Caiiforfi,a

Los Alamos Scientific Laboratory
Los Alamos. !04 8754S

.
Abstruct—____

The results of model calculations for Lhc 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 iI convenient figure of merit.

The sclcctivc use of nonlinear satur~hle absorbers distributed throughout a high-gain
amplifier chuin has proven to be an cffcctivc means o controlling undusired parasitic
o;c. ]laclons in C02 fusion lasers. Much work h~s bcc . roportcd on the Characterization
of these absorbers-ond their deployment in eyisting l~scr- facilities. tn this nagc]. we
discuss the cxtcr.sion of these spcciiic tuchniqucs to more general ~dvant terns
and develop H Ilscful figure of mcrlt to dcscribc the performance of this a-
sitic isnlatorz in specific laser gcomctrics.

Isoliltor ktodcl~. . . . .. -.—-—-

Thu transmission, T(l), of a nonl incar s;lturuhlc ilbsorhcr is ii fun~t
incident ldscr powtr ~cncrgy). At n givv.n iutcnsity (lluuncc) level, un
absorption Coc.cicio!l: cun hc drfinud by

cd las~>r’ Sy:
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011 Of the
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m(l) = (?ll”l(I))/f (1)

[01” :1 Ill;ltcl”ltli or Icll[qtl” f i~l;l,ll;lt[!d by d I;lscr ;;:::-;i.j, f If Chc s~n:l-sl.?!ldl If.ss

Cucl[lc;cnt is dcnotacl Iy l., then n figure IJ1’ murit (1;0!4) tor t~lu SJICUl”ill)lG ubsurhcr
CiIII be duflnccl hy

1’IXI ■ ‘l./”l . 1 (2)

With thosu dafil)itiolis w Cilll IJxprcss cncr~y absorlicd by u given mutcri:ll :Is
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und in the high field limit untl using [1) W find
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Ill :111 ilppllciltlolls nl SiItU~ilh]U VhSO~hCIS to tk StilhlliZi,tiOll of hlxh ~1]11 IilSC1’ fllSl~)ll

systems, ollc iltt(?llll)t~ to uptirni:c tlic ovurilll pt!r[orrn:lllcc 01 Lhv l:lscr/lscl:ltor systcm hy
miuintlzinx Ihc lilSC- (!llC~)t)’ :lhSol’bCd IJY tllC iSOliltOri AS L“II) hc SCCI} ul~OVIJ, milllmizi[loll
01 l:,l)s Impl !us Chc nl:lximi:iltlon 0[ the I:UIM ul’ the Slltlll’ill)lL! ilbsorhul”. 1[ Is this
L?bSCI’Viit[Ull thilt ])1’(JVldU!4 :1 I):ll”tilll mc.titi:ltiun fur the F()$I ns dcflned In eqlldtloll(3).

“~11~ fllllCtifJllill d(!pCll(lCllCC Of ttlU 1:01( 011 llll~llt Intensity IS rUliltL!(l ttl tho l~hysi(.nl

i,;lr[lmctcr:i IJI LIIU %Ut.llrllhlc nhsurht!r, “1”() illllStl’iltC the ll!i~fll]tlcss of tlIIs dcfilliliull 0[
il l;O$l, cwlsidcr Cllc C:I!IU of illl lllt Cll SU hCilln of I 1 Xllt l~l”(lllil~:lt I 11~ thl’(lll}:h II hOMO~Ull L!Oil!: l)’

I)ru:i(lcl)c(l S:ltU1’ill)lC ill)S[)~lllJ1’ WllOSc Cll;lrilC”tcl” iSLIC I’UCOVUI”)” tlmc Is snort comp,lrcd to the
lull}!tll 0[ th(! illtf:l’il~tlllg lil!iL!l’ pIIlSIJ (:I l{l~rod-tyl:c :{hfiurher). IIndci thu:,u conditions
th~ ill~l’clllcll till Cll:lll~C Ul” Illtullslt)’ 0[ thu Illcldullt pulse ill il distullcu tlt Ill tllu
dbsorbur CUII bu writtull us
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where ~~ is small si anal loss coefficient. 1= is the saturation intensity for the
absorbc~, ‘N$ is the-l]onsaturablc loss coefficient for the absorber and i is the local
laser intensity. In the limit of high intensities, I “ Is this can be solved for an
input flucnce 10 to give for the FOM,

In the high field limit we find several special CA+CS. For aNS=O, the FOM = l./ls
rind the energy absorbed by the isolator, is given by

labs(’J~s=c) - CJOV.15 (6)

and is a constant, indcpcndcnt of input intensity. For ‘NS + O, wc find Ft)M E ‘o/aNS,
limited to a maximum value khich rlcpcnds on the parameters of the mutcrial. In this
limit the energy absorbed by the isolator is given by

(i)

CIGLI Incrcascs in direct proportion to thu input intensity. .

For Lhc general case of intcrmcdidtc values of l., cquatioll (4J must be numerically
intcgr~tcd in space find time fo:” the figure of merit. Figure I shoks a typical calcula-
tion for a Rlgrocl absorbl!r with homagcncously and inhomogcncous]y bro:ldrncd absorption
unci no nons;;turablc IOSS (-IN$=O). As can bc seen the i)rcvdcning muchrtnism has iI
profound u[fccc on the cfficlcncy uf the saturable ub~orbcr For homogcnc-
ou Iy bro;ldcl,ud fibsorbers,

Y

{erformancc. ~
FOMS In cxccss of 5iJ nrc easily o :~lncd for in ut flucnccs of

lu- x 15 while I:LMI “ 10 urc ticllicvuhlc for inhomogcl]cously broudcncd absor crs.
figure ulsn

l’hc
shows that vuriution of the VUIIJC of ‘Io” from 3 to Y has only u rnlnor

c[iccc on the dcpclldcnuc of thu FoM with il~p~t intensity. This indcpcndcncc of the FtlM
01) Lllc StlZdll-Sigl)ill 10ss is only true [or the CJSC of ‘%JS=O. I;i}:urc 2 shows LIII cxumplo
C( [k more }:uncriiJ cusu hncrc ‘~(j#l. In FIR. 2 the FUN is C:ll
Xndvth ilhsorbcr (dhsorhcr rccrrvcr, ) tim~s lon~ uwnp;irud to thu
IIrru, for high f)bcllccs tic soc the Iimltiug buhiivinr dcscrihud

Iso.atur Pcrformuncu..—. . .-..

chlilted for iI Fruntz--
IISCI. pulse dllr:lti on).

pruviuu>ly by (7).

iSOl;lt~)l” mus( hilVC tilt?

:111 Ill’ the lilscr Wilvc
t:l~l}fly s:ltur;ltcm ns

TAIII.1, I

S;ltltr~lble Absorber l;(l}ls. .

Mnturlul Ilillldh’1 11(11 10(llls) I:OM...- -. .

S1’o 21J cm
.1

200 m.J/cm: L3

.

“IIIu 1.0)1s rIIII}!(I l’r,~rn 5 I’or !hu Itll},llno}:t!llcf]llsly 1)1.oIIdL!IIud Gc, throll~tl 10 . 2(J for the
mul L I Ijll[ltllll ;11]s01 11,!1. S1:() to ill)[)l’l)ill’lll Ill: ho K(), [Ilc two-level ll{)lllo~(!l}l!ollsly” I)rulldcnud
~0/ Ulld K(:1 dol)ud b’lth MutJd, l)l’ilcLICill cnnSidUUillioll% .}:uin:t hc~tlllti (X)2 to

.’. ,,, (,,.. ,2
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450eC in large CC1lS and poor spectral match of the currenLly available doped alkali
halides dictate the IJSC of zlxturcs of polyatomic gases as typified by mixture 907 which
contains SF6 plus a variety of clher florinritcd hydrocarbons. ~ Flgurc 3 shows a
typical measured FOM curve fcr mixture 907 fo( a variety of small signal loss lengths
ranging from Z to 6. The laser produced :1 1.7-ns pulse which was tuned to the P(20),
10 Em line formthis measurement. As can bc”secn the F(NI tends to a limiting value o! 12
implying that

!s
= O.OBOo. This value is consistent with the known nonsaturable

10SSCS due to t e other com~oncnts in the mixture. including the ❑ultiphoton absorption
of the SF6 itself which accounts for shout 1/3 of-the nonsa~urable los~. Thus for-
praciical isolators currently available, FOMS of 12 can be cxpectcd.

Systems Applicatio~~

The optimization of an isolated laser fusion system requires the consideration of
dct~ilcd architecture of the system to determine the proper staging of the isolator.
general isolators with large FOMS arc best placed nearer the output end of rhc systcm
Hh:l; i:>i c~~:c:c::: isold~ols drc bCS: ;-l lL:cd iurcher up shc ampl:ilcr chalrt tobaru I

front cad. “ro illustrate this behavior consider the systcm shown in the insert of
Fig. 4. A laser amplifier is operated in single pass ut the saturation limit. [n ort
to stabilize the systcm a~ainst unwanted parasitic oscillations. a saturable absorber

the
In

cr

is
placed at the output of tfic amplifier and” the loss in the absorhcr is ~djustcd so that
the umplificr small-signal gain is numerically equal to the absorber loss. This is
isolation at zeru

where goLl is the
lcnflch. [f Ls is
in thu abscncc of

and with isulutor

gain. Under these conditions we have

goLI - ~ssL2 = U (B)

amplifier guir. length (G = Cgo’”) ~Ild XQSL~ is the isolator loss
s.lturation flucncc for the umpli[icr then the output UC thu ampllficr
any isolator is

Estolcd ● Iis gol.1 ● fiin

L
-,:,:;l. ,

out
. il.s go;., ● ili,,l c .“

and using [?) wc can calculate un uffoctive umplificr cffiency,

-(1 01,2 /l~U!4
~

Out/” stored ■ c
(!))

1’0” collst.lnt efficiency ~1,,1.z/l:(;~4 ● constunt :lnd hixhcr }:uin urnplificrs required

In th
Siltll’”;lhlC

of
Lhc

rot”

th mu]tipuss lasers the rcqulrcd I’OMS ciJn bc ruducud”to lU - 2(J h)’ prop;r

Conclusion--------- . . .

5 ~il[llJI’ WV llIIVL! llltl’LJdlJCCLl thJ2 COllCUpt OC tll~ Flguru of merit [I:(JM) fur ii
;Il)sorhcr dcfillcrl JIS HIM ., lla/rl(l~ il,l,l ],lJvu (l(lG~ril)C~ thu l.~s(J]t\ “f ~~v~r;l;
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I’igurc 1. Model calculilt ions of tk F()>I of a Itigrod ubsorbcr fop u

hrmop:ncou%ly and Ini]ornogcncously broadcnccl al!sorbc: .
Calculations for Iol. of 3, 6, and 9 arc shobn.
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Figure 3. The mcilsurctl H)M o! gas Nix 907 for small-signal loss lengths
of 2, 4, iIIILI 6 iIt P(21)) - 10 ~m wIlll 1.7 ns pulses of (iJustiidn
sp;lcc Lime rddidtion. Maximum H)M IS 12.
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