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I i i i ' i . t i l l l y i I ,. situ; i HI i l l i u j lusi-i In vaporise t <• s o l i d 

, I t i l l in Hit' IU ,ii-p'.i i SL 1 .: . 1 - i L-I reefe • -i-1 n.jil tor pro. l i o n 

i ., ii 11 ,n':ii j u h i l i l layers l i i -U t - polymer H M U - I I i i l i iss 

u i . , ii iu-ri 1 L jri4i''i •., J i .'.I'M :s l ni> sus i . 'p i i u i i i i.y ot suth 

. I ' j u . i n k t a r y t l s u ii:" i < in i, i j i t - r A>[ ir.-peiuis l r i I i L u i I _, UII 

[:,<• j.iiMuni ul 1 in. lui'ii I I j . , : i • iiL-ryy dusui ui. J u} Hit I d i y t ' . 

i i i i I ' t i j L l v c ausui'pl I nil e l t i i i i-hiy may vary wl tn t a r y i l 

. [ i d l i i ' l j l {pu I yllkt' , y l d v , alio i j l l d UT Idje l 's) J i wel l uS t i l t 

,-, dvi ienyLli ul I lit- 1 I I urn I l iul I ii , IdSer, 

<u iidvt d t term i iitui i: Apt-r i ••«• n t f \ I y t iu t r a c t i o n ut laser 

h y i i l inc ident UII j l i l i led cryogenic polymer coaled uiiu uare 

yldss microsphere la rye ts LndL is ausorueu lo produce t a i y e t 

nea i i ny . Data 'las u t t n obtained fo r bare glass ana Lh and CF 

p'u lynier 'coatea'i i i icrubpheres at 488 nm and o3if nin laser 

wave leny ths . 

The measureirienL tedin ique used and experimental r e s u l t s 

obtained w i l l be presented. 
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Lneryy by the Lawrence Liverinure Nat ional Laboratory under 
con t rac t number W-/4Ub-EUG-4B. 



Introduction 

Somo d i r e c t i r r a d i a t i o n uryogenic User fus ion ta rge ts 

co i i i i b t of po 1 yinur coated not low glass microspheres wi th tne UT 

I i:c I f rozen out in a t n i n s o l i d layer on tne i n t e r i o r ot the 

t a rge t . To msu r t adequate symmetry during tne target 

1 ii,p I.JS lun, l no tro/i.Mi u 1 1 a j f r must be si:.uutn and n i yu l y 

Li.oii.uut r ic . I'roduL t lui: ut sue ti a high q , . . ih ty layer requires 

tn. iL t i le i l l I in: I Hi r a p i d l y t i u / e i l irdtti tin.- v a p o r . Id 

l a e l l i t a l e un 1 I ul'.ii l a y e r pr im. , i . t lo l l <x i a . e i ' neat p u l s e l a s t 

l u l l ' i i i O ( L n l ' l K ) t i i r 111 I L| u c- >'.a • d e v e l o p e d , i l l the l l i u l 

app I 11 i l l I uh ot t in- i In'I-K l e e l i M q u e t i le i i i a l l n y l a s c i l l y N l 

i-M.aiu Or s l l ' u U i | l ) ai i ' .u i 'ueu i - i i i i 0y the i i i l a i . I «111 e li ivuuld Oe 

i i i ' i i l m and V apul' W n i , n o l l e l m : r e s t ut '.lit. l a t ' y e l l e l i n i m s 

ui i i i r a 11 o . «1 l e i " tne l a s e r p u i s e the g a s i o u j t ue I wua ld r a p i d l y 

ii i id .in I I oi'm ly eoi id i -usr m i l i . n i u Hie e u l d t a r o e t . - . a l l s , hot" 

pul/i i ier Loat id ui" nai'i glass i pyogenic targets ideal LhPhri 

oelunilur is not enpecLed, in tnat the Uuin ul tile heat ing laser 

euei (y w i l l Oe uepusited in La.- polymer aiui glass layers , 

i i i e i i i y t ranspor t in tin- Tut-1 . . i l l occur uj tneniidl d i f f u s i o n 

r e s u l t i n g in a lenipcralure di . i r i out ion through the ta rge t 

s i gn \ I ic am ly d i H e f e u t tiiau tue ideal Case. 

Absurp l io i i ol laser l i y i i i uy the non- tue l components of 

"Cue '(.aty' iH c'd'fi "a'ibi") p i u t e a" t'fni'f C "o'n "Che" 'iViaX Iffiulu "f i t ' t f t "I riy " 

rlueiice incident un toe target, if damage lo target components 

is to Oe avoided. Such damaye could occur tnrougti mecnanica I 

failure of polymer coatings due to large stresses generated oy 

differential thermal expansion ot Donaea polymer ana glass 

layers. This failure mode in aadition to ueing relevant when 
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a p p l y i n g the LHPFK t e c h n i q u e , may a lso r e p r e s e n t a t a r g e t 

f a i l u r e med ian is in due to d r i v e r l a s e r A m p l i f i e d Spontaneous 

t i i i i b s i o i i ( A . S . t . ) power i n c u i e i i l p r i o r t o the mam d r i v e p u l s e . 

In o r d e r t o moue I n o n - l u e a l IHPFK co i i o i t i o n s , anu l o 

p i V i i i i l damage t h r e s h o l d s t o . r y o g e n i c t a r g e t s , we i i kasu i ' i .1 

l a s e r puwer c o u p l i n g e t t i c i e i u y to c r y u g u i u t a r g e t s at oJn mil 

J I I U ' tm. IIIII wave leny i n s . h ie t a r g e t s t e s U d .veie o l l l l l e u j d i ' e 

. , i , i ' . . .MI u pu l j i i i i i ' i ' c . i d led in 11. r • > s p n e r" e s . in: t a r g e t s were 

. .limn l i neo Uelweei i U.u ' j j inn l o r i i i va r t I I .•• s w r i i t h were n iou r i l t u 

i i i .i i i . p p e r n a s i i i i .r semo \ } W I I L I I t ac l 1 i i •: t i .; i a p i o j i u 

at i . . r a t e t a r g e t p lacement i n s i d e the sample L e I I . hie i i ano 

• l u . i l u i g s were . I ; p..\ i l e d i.j' a piasiv.d p i ,i iei' w at I on p r o c e s s . 

• . i - . a n l t a r g e t par aiiie le i " s are l i s t e d In l a t h e I . 

n r - t 

hi y 
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i'lelhou ol M e a s u r e m e n t 

The targets teSleO were enclosed in a toppe r cell alldciieo 

lo tin; tuld M n g e r ot a Helitran r e f r i g e r a l o r Shown in Fig. I. 

This copper sample cell provided a highly isotropic thermal 
environment. Thermal contact between the target and the sample 
cell was maintained via helium exchange gas. The degree of 
thermal coupling cuuld be controlled oy varying the exchange 
gas pressure, when operating in the molecular bombardment 
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regime [i.e. molecular mean tree path comparaule to target 

a i metis ion) - At htyiier exchange yas pressures (typically 

greater than luUU pin Hg) transport occurs in the thermal 

conduction reyime. In this regime the thermal conductivity \s 

independent ot the gas pressure and is solely a function of gas 

temp e r a t u r e . Fur helium gas trie thermal conductivity is given 

K(T) = J.J1Xll)"' J | U , 6 O L' walls/cm-* 

valid over the tempernture runye 4K to JuUk. 

Optical access lu the Luryet was tnruugii neat ausuroinq 

ivtnuuwb in m e sample cell anu surrounding vccuuni c i u m u e r . int 

optical system tor visual uu sr rv a t ion ut Lilt target una 

iii W uuuc 11 uii ut trie iiiatiuy laser Dfidm I s d i ayr amine u in 

M y . t. [lie iiedlina. laser is incident un Lhe target liii'oug'i 

Ine Microscope Objective tnul IS useu tu image tile target, ana 

is lucused prior lo reaching uie target. I lie Jiverying loser 

he a MI is incident in a s p n e n c i l patch on the target ub 

diagrammed in M ( | . J. With tins focusing arrangement all of 

the heating laser power wnicn enters the Sample Cell is 

incident on the target. However only a traction of this 

incident laser energy is adsorbed by and heats the target. 

Under steady state conditions the laser uuwer ahsuroed equals 

t fie Un'dui. '<- (\m iri'ui f low be i. ween cue iorii. i jl sonic UiiKiiOwri 

elevated temperature and the chamoer at a known controlled 

t e m p e r a t u r e . It tnere is s u i n c i e n t helium exchange gas in the 

cell to oe in the thermal conduction regime tnen the heat flow 

(assuming spherical symmetry and chamber oiiiiensioiis--large 

compared to the target sphere) is given in watts Oy 
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g = 2.bX IU H s ( T w d l , - T t a r g e t / 

where if. is the external radius of the target in cm, I W d | ] 
is LIIL- c 11 amber wall temperature ana T. . ,, is the target 

I a 1 get 

t e m p e r a t u r e , l o o b t a i n a r e p r o d u c i b l e anil i d e n t i f i a b l e t a r y e t 

I c in |j >_• r j 1111- e f i x e d p o i n t , l l i u n e a t e r l a s e r power was i n c r e m e n t e d 

u i i l l l t i le |J I f u e l so 1 1(1- 1 1 qu l.i p i u s e t r a n s i t i o n was o b s e r v e d 

i m p l y i n g a t a r g e t t e m p e r a t u r e L>1 l i ^ . hK . I he C U H U U L I i o n reg ime 

i i i - i i t t l o h "Q" IS L j l i u l d t t d j i i J compared n l l n I ML- i l ledsui 'e l 

l i u l - J e n l H e a t i n g l a s e r powei M - ^ I , i r t d l u ( H I M U U ' Hit pi iase 

iluin.jt.- r.'k'll o p e r a t i n g III Mli i L i . u a i . t l o n > i. |̂ 1...«. . Ille -JII - t d fye t 

I is i - r po.'.er r e q u i r e d tu me l t t i le f u e l JS a t u h e l l u l i el t i le 

Hi I I i.i. encl ld l iqe i|d'. pi'<.SSi.t'i Is SIlOWIi In , l . j U r ' i ' b -is .-. I. .J 4;j l o r 

i . n ' ae l Ml- 14. i l l I I n d i e s 4a anu <l U we l l a n ii.it j f o r l o o m:i h i 

ion i nil i i j / 11 in I k - f i e n e a t l n g l ase r l 1 I urn I na t i on r e s p e c t i v e l y , 

n i t n two d l t t e i ' t - n t sample C e l l t e m p e r a t u r e s l o r each w a v e l e n g t h 

s e t . I l ie a s y m p t o t i c approach to some puwef l e v e l at n i g n e r 

p n s s u r e s i n d i c a t e s c o n d u c t i o n reg ime o p e r a t i o n . 

ik-I l urn exchange gas pressures were measured witn a 

i<aroiron pressure monitor, aim a t nermomo leco lar ettc-ct 

correction was carried out lur edch pressure reading using a 

computer generated solution ui the WeDer-ScniiiiiH 

e q u a t i o n / ' The heating laser fluence on target is 

determined by measuring the power of a fraction ot the ueain 

diverted off to a power meter ana applying dii experi m e n t a l l y 

determined correction factor to account tor losses in trie 

optical cudin. Sample cell temperature was measured using a 

callurated silicon diode thermometer accurate to Q.IK. 

5 

http://iLi.uai.tlon
http://ii.it


Result:, 

Trie coup l i n y e f f i c i e n c y i s d e t e r m i n e d f r o m t h i s a s y m p t o t i c 

power l e v e l anu the c a l c u l a t e * , c o n d u c t i o n nea t t l o w . For 

t a r g e t s w i t h low c u u p l i n y e f f i c i e n c y , m e r e U i i n s u f f i c i e n t 

i n c i d e n t l a s e r power to m e l t m e f u e l wnen o p e r a t i n g in tne 

r>.chui iye yds cuiuiuc t : on r e y i i i i e . S ince we nave not e v a l u a t e u 

the heat f l o w in l i ie m o l e c u l a r uuinudraii ient reg ime we u u no t 

<if te rm l lie a b s o l u t e l a s e r power c o u p l i n g e f f i c i e n c i e s r ^ r Lnese 

t a r g e t s . However , tue r e l a t i v e neat 1 ny i t l K i e u c y ot MOO iiiii 

.mo i > j t inn wave l f i i . | l i i l 1 I uiii I n.i L H i l l i s Je i i r,n I HdU I t 0> c j i hp ar I i . i , 

power l e v e l s o I ,1 p.ir I i v u I J i ,Measu re s e l l i n g . 

I ne u a i t.1 vj I as . t a r g e t t< f i u i s p l a y e u low c o u p l n i y t o r o o t n 

•Hiii alio u jY l l ir. I o. up i l l soli e l Outd tdKel i . v i l l i sal i iple . . e l l 

t e m p e r a t u r e s f t U. ' i rs j n u l / . ' N l i i U l e d t e Ll ldt Hie ne-f ie l a s e r 

i i i j i i i [OJI n i.i! Is ahout (i U - > J •• as ef r e e l H e in p r o d u c i n g t u r r e t 

nea t inv, in Uj i 'e y l a s i .is trie HJO IIIII Ar l...:. l a s e r h y i i l . n l i u J 

i f I I l e r i i i p e l ' i i l u i e o l I-I.4K an., w i t h btl M., ng ot u e l l u m 

i \ L l u n g e gas the power i n c i d e n t r e q u i r c u l u ;'.;e 11 tne T ae 1 i s 

, . i . i JIW and i . t io mw i i . i 'ie-iNi o ii u Ar ion i i i u . i ; i na t l un 

r e s p e c t i v e l y . We e s t i n i d t e tne c o u p l i n g e f f i c i e n c y o t 4db lnin 

l ie , n i t o r t i n s t a rue i l o be l i s s than l . u . i . 

c o u p l i n g e 11 i c l e n t les t o r the CF a no > l po l ymer c u 31 e d 

, , . ; . . , , . .....^.^ _ , , ,u , , . 1 . , , . , : , 1 .. ,1? ,,•..,..** t f ^ " , t " , - ! * ' - C/ i t - i l l t ! ^ - f'y--~ *"!v^ • -~ •• 

Dji'e glass target. For targe I BF13 (ZU./4 pin of CH) uata was 

ouiaineu at y./K ano ll.bK. with ^UUU pin of exchanye gas at 

y./k, Ine 4ij<j inn laser power required to melt tne fuel was 

I.I IIIW. "When compareo to the calculateu neat flow or . U s mW, 

tins gives a ausolule coupling efficiency of 13.1%. with 
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u'uu pm ut e x c h a n g e gas we o b t a i n e d 3.4 inw ana 0.4? mu power 

levels for H e - N e ana Ar ion laser light r e s p e c t i v e l y giviny a 

r e l a t i v e c o u p l i n g e f f i c i e n c y uf 1 3 . 8 % ana a d e r i v e d a b s o l u t e 

c o u p l i n g e f f i c i e n c y fur the He-Ne i l l u m i n a t i o n ot l.U*. 

S i m i l a r r e s u l t s were o b t a i n e d with a Cell t e m p e r a t u r e of 11.IK 

witn j n a b s o l u t e c o u p l i n g e i t i c i e n c y tor Ar ion l I I unn nation oi 

lO.y.i ana a der i v e d a b s o l u t e c o u p l i n g e t l i c i e n c y lor h e - N e ut 

l.-i*. 

Ii'c uciiuviui' Lit tne II looted t a r g e t s fi-b a no fM'* «J:> 

^ii.iilni to tnat o b t a i n e d tor trie Lh targets «itn blue light 

niMiiiig e f f i c i e n c y being suus tant l a 1 ly iii^iiur tnan that 

o b t a i n e d tor red lignt, lor target BF b [ \ ' J . I pm LI) with J 

eiiiiiiiuer t e m p e r a t u r e ot I I, hi n u e x c h a n g e gas p r e s s u r e ut 

. mill pi:., .(./!> uiw oi >K.;i mil HI' ion power I B I r e q u i r e d to melt 

tne I ill winch when compared lu the c a l c u l a t e d neat flow ut 

. lei! inW gives an a b s o l u t e c o u p l i n g e f f i c i e n c y of 18.3'*. 

liesults o b t a i n e d at. ?U0 gin indicate p o w e r levels r e q u i r e d to 

melt tne fuel of c.. I IIIU and W6 mW for b J<? mil H e - N e and 4tiH run 

«r iun l I luiniiidt ion r e s p e c t i v e l y , we arrive at a o e r i v e d 

a b s o l u t e c o u p l i n g e f f i c i e n c y lur b l l nin i l l u m i n a t i o n ot i.A%, 

m. 11 n target &F14 at y.*K alio M . o b K 486 mil Ar ion c o u p l i n g 

e t t i c i e n c y is lb.y.t and Z'.y* r e s p e c t i v e l y . D e r i v e u c o u p l i n g 

L-i t icieiitj tor K>U IMII he-Ne illumination are 1.6* ana l.btf* 

ootained at 9.y ano ll.oSK respectively. 

We believe the largest source of measurement error to ue 

due to variability in the focusing and alignment of tne heating 

laser beam with respect to the target. Small shifts in these 

parameters could act to alter the amount of target material 
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present in the beam patn. A secondary effect ot oft axis 

alignment is increased reflection loss for large angles of 

incidence between tne target surface normal ana trie beam. 

An implicit assumption in tne analysis ot tnis experiment 

is t ne uniformity ot target temperature, w i t n trie n o n u n i f o r m 

Heating geometry employed one expects trial some variation ut 

steaoy state temperature across tne target would ue p r e s e n t . 

However trie expected temperature range is tnuuynt to be small 

I, less than .IK) and probably not significant. The Sources ot 

rrrur listed could be largely rectified by utilizing a uniform 

intensity heating laser beam wnich would minimize tne effects 

oi ueam m i s a l i g n m e n t . Implementation ot tnese m e a s u r e s was 

precluded due to available laser power auu sample Cell optical 

access 1imi tati ons. 

to in I usion_s_ 

Hit utility ol laser beam heating ot polymer coatea <inu 

bare glass cryogenic leh targets uaS been evaluated tor llyiit 

in ujc em and 4oo uin wave leng tns. For all targets Hit Coupling 

etticiency was liiyiier lor blue lignt tnan tor reu lignt, 

in a r y ina I ly so tor bare glass and significantly so for polymer 

coated targets. Iiiis nigher absorption efficiency for ulue 

liyiit, while appearing to be advantageous tor LHPFR 

«!>(/ rrtrti. ions, ;riay" in race create problems', 'ifie majority "of 'tne 

blue lignt absorption and heating will occur in tne polymer 

layer witn the strong possibility of damage being incurred due 

to thermal e x p a n s i o n . This may indicate a greater liklihood of 

target damage arising trom M S [ irradiation for driver lasers 

operating in trie green or blue. 
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The technique describeu f or measuring coupl ing e f f i c i e n c y 

may, d i m improvements c i t e u , oe app l icab le to accurate ly 

measuring optical absorption coefficients at cryogenic 

UMtiptratures of weakly ausuruirig transparent m a t e r i a l s . One 

L U U I J conceivably utilize data such as' trial presented in Figure 

<iu tu invest igatt 1 ery o y e n u tnerval transport properties of 

yaseous. iielium lur small scale lengths. 

he Hiisli to yratul u I \y litNiiuw leuge rir. V u t t I. b a s s , 

:MI l Li'U M a t e s Military Ac ailt'ii.; wlio asS i sU'O in e ape r l meii L a I 

i f l u ^ i -ilii] O u t a t (IK 1 li ̂  . 

HIM i mint 
I In-, (luuiimiH «.i* |if(|»4tnl .is .in iiKiinil nf Murk xpmiMitii) lit .111 .IJ;CIH\ „f 
i In I mini **ui»* I . I IK tiiihuil Vi • J In. r ilit I niutJ Mali*. t,,t\\ numni nm ihr 
1 umiMtv <>l ( .III(«(MI.< IKII M\\ ,,\ iiivir nnp l i imv main-. ,nn w j i u i i h . c\-
|i;i>s ••[ HII|IIH<I, " i .I-MIMKV .itn lej.il luhil io ur r«s|-irts'hiflilv lor (he H 
t I J I .UK «"iii|ilih»t^>1 in UM Inline nl ,tnv mlWmittiiiti. J|I|I.H.HIIV pnnlitil, nr 
|iritu'%t IIIMIH>UI. HI rrfinst-iih l lu l lis IIM MMUM nui m(fini;»- prit.iUU (i»nul 
rii:hf-s Kid m m IK(di i in ju t •.|ii-iilu tiiriimcrcial (imdikiv fii 'n• •-<>. «>r M-MUV 
t» ir.'ili ii:i[in. ii.ulrm.uk. iii.iniil.iiiiirn. m nthcr^Kr ilm*. rtui inuvsjuls 
niiivlilllli HI nii|ili i lw iKf i iKunnl . riuiniiikiidulinn. ill ( j t i ' t in^ liv llu-l nilinl 
Si:iti->. (.otdiuii i i i l Hi lln I I I I I U M H nt ( jlilnrniii I hi »»«* .in J "|iitiimis i.f 
.iiilh<ii<. i ^ i i t -v,i| lurnn il<« mil i ims^i r id slate »t r t f l r r l llmw t.f (lit I ii i jnl 
M.tlrs <lOWiiiiiH-ni ih i i iof . .mil Ji.ill mil In' uti-d for ailn'riivin^ nr pimluti vn-
iliirsviiici.l |IUI(HIM% 
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Fiy. 4. (aj 4d<i nni Ar ion laser power incident on tdrget BF14 

required to melt UT fill as a function of helium 

exciidnye gas pressure for sample cell temperatures of 

y.VK'ji)- ami }f,ob<\ («}. \b) Pfehiaf'S' 6ifii?rue'<i,~&" 

of 632 nm He-Ne laser power required to melt fill in 

target BF14 at 9.yK (feJ) and 11.25K ( 4 ) . 
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