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Catastrophic wrsus microscopic DtBa9Q:

applicability of Laboratory Rtasurehtntg to Real Systms+

SIR. Foltyn and L,J, Jolin

Los Ala,o~ Nati~nal Laboratory

Los ~tSSOS, Nfl #7545

At ultraviolet savc!engths, damage tc both coatinqs and bare

surfac?s is doslnattct by th~ prtsenc~ of dltcrrte Ioctliztd dcfttts.

During multiple-shot irradiation, tht ov?rmhtlminq sadc-lty of thrse

dcfe:t~ art danaqed by the first or first fog shots, Initially, da~aqe

•O:~hOtGQy is that of a cratrr cf approximately 10 sicrons in d:amtte-;

howtvcl , upon continutd irradiation, ont of two rvrr,ts can occur: rithcr

tht crate? qrows to catastrophic discnsions or It rtmains unchal$ed, In

the Iattrr CU8Q? the daca~t is only obs-rvablt und@r s olcroscoptl it nty

b? Indlstlnquishablr from cosmetic dtfccts btfort irradiation, and lt is

IikQly that any r~latcd dtqradation in optical pcrformln:c is

un~easurtblt.

In vi-o of tht generally acctpttd definition of Itser dsnagc (lie.

any visible changt in tht surfact), it is isport~nt to cmnsidtr the

implications for real systcmmi Th@st tr~ discusstd in tht contcat of

altraviolct test rcsultc for both coatings and surfaces.
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~Cy aords: catastrophic damage; damag~ ●orphology; Ias@r-induced dasagc;

●icroscopic damaqe; ●ultiple-shot irradiation,

10 Introduction

The sub~ect of catastrophic versus alcroscopic dasage is not nea to these

p“oceedlngs [11. In this paper we offer results of a preliminary investiqaticn in

which it aas found that a rigid definition of damaqe may be unrealistic, may

unfairly constrain the design of practical systems, and may sis!ead investigators

attemptlnq to optimize R production process, A ta~or question reoains, hoaeve?,

reqardinq the actual optical degradation associated ●ith ●icroscopic daoage, 4

possible solution is the ●stablishsent of an obJectlve damaq~ criterion,

2* Catastrophic ver?us Nicroscoplc Damage: Definitions and Discussion

2,1, Catastrophic Damaqe

Figure 1* 1s a Bicroqraph of catastrophic daaaqe on a 351nt reflectorio On

the f:rst shot, A feu barely visible pits acre formed, On succeeding shets these

pits qreal aerqedl and oecase the l=DB aide footprint that is shown, Although

variablet this particular dhmaqe site has 9roan to the 25X intensity contour of the

elliptical test spot - clea?ky a catastr~phic failure, 7h@ peak fluence xn this

test was sliqhtly over threGhold and the daotqe at the edge ef :he footprint has

occurwd at a flu~nce QCll brlou the threshold Ievclt

* . . . . . . . . .
Test conditions for all present results tre: A~3Slnm, 7~12ns, and prf135

pulset/secO testing oas n-on-s ahcre, at each test fluent@, ten s!ces ~ere

irradiated for 140 shots or sore,
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this fOr8 of catastrophic d~nagt, pitting followd by growth, is observed

prisarily in multi18ym dielectric reflectors - over 90Z of the uv ?cfl@ctor:

tested at Los Alanos have damaged in this ●ode. hnother form of catastrophic

das89e is illustrated in figure 2. In this case, usually observed at fluefice
tm

levels se!) ●bove thresho)d~ 8R’s and bare surfaces, 8 dense collection of pits

has formed but no grosth is observed during continued irradiation. In that a

significant fractio~ of the irradiated area has been disturbed, it is certain Yhay

an actual component thus damaqed would be rendered useless, hence the desiqnatiom

catastrophic. The desiqn:ticfi is, at this point, subiect:ve, TO quantify the

degree of damage could require t ~~asuretent of optictl de9raclationz such as a

change in reflectance or scatter, In a practical sense, daoage may ●ventually be

rvalukttd on the basis of comparin9 such measurements to system requirements

rather than on the basis of visual observations,

2,2. IllcroscopicDamage

Figure 3S illustrates the ●orph@!oqy of ●icroscopic damage, The two da~aqe

pits (circled to distinguish :het fros surrounding cosmetic deftcts) usre produced

in m 351na AF: coatinq irradiated at slightly abeve the dama9e threshold, At such

hiqher f!uenco va)uest these pits sould evolve into ca’tsstrophi~dam~Qe, but at an

lIIterBediatt ]evel, no iurther change oas observed durtng irradiation for 104

shots~ This b~havlor is typical of oost but not all uv AR coat~ngs tested at Los

A18BOB*

. . . . . . . ..-

2
There arc prtiioinary indications [23 that the tnerqy loss assoc!mted cith a

daoaqe pit is far gr@ater than could be expected frms sisple considt~acion of the

aaount of iisibly daangcd surfatt arta,
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Features of ●icroscopic daasg~ trc suBsarizcd beloo,

* Saall pits~ IJsuailvless than 20um diasctcr,

@ Indistinguishable fret cssmetic defects (pinholesj dust) at 100X

●agnification$

“2* Low surface density - fewer than 10aEI t

* Does not grow under continued irradiati~n except at very h:gh fluence

levels,

* Observed primarily on bare surfaces and antireflection coatinqs,

3, Damage Rorpho]ogy

The uorpho!ogy of a precursor to catastrophic damage is shown i!?figure 4* at

various CER saqnlfications$ The frame in the upper l?ft shows the pits as seen in

the test facility v:ew~nq system, Th@ 49-layer coating has been reaov~d domfi to

th~ substrato and a coBmonly observed :!ater in the fused silica is visibl~t The

author of reference [11 finds size to b~ 8 critical paraneter for darnaqw growth

related to ?bsorblng defects under co irradiation! se suggest that electric field

enhancema!ntat th? broktn edges of the ccating is a possible qrowth sechaniso h@re,

The abstnce of thes~ rough tdqes in a microscopic daoage site is shown io

figure St A cosactic Lcfect appears in the framt at Ioaer right ts denonstratt the

similarity betwten the tool and also to illustrate that) in contrast to tho

statement of 9ection 2t2t da~aqe sitts ~distingulshable fro- pinholts by virtue

of the discoloration that surrounds them,
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4, lest R@sults snd Discussion

FiqurQ 6* is the result of s?parstinq catastrophic froB microscopic damage

wvrnts on uncoated CUF at 351nm,
2 Th~ curves are norsaliztd to the catastrophic

daaagt thrmhold, As fluence was gradually increased, ●icroscopic damage was first

observed at about 302 of the catastrophic threshold, The shallow slope of the

probability curve, and the resulting high level of statistical noise, indicate a

ri’latively loo density of defects responsible for microscopic damage, At the

catastrophic threshold a tran~jtion occurs to a higher density cf defects S Y%+

are noa responsible for damaqe accompanied by qrouth, Uhether this is a result of

the presence of tao different types of defect, or sisply a different response at

higher fluence levels by a single class of defect is, at this point~ unknown,

Figures 7, and 8, art curvts generated in a si-ilar sannerl but noa the

emphasis is on the opti~ization of deposition rates for antireflection coatingsl

The results are suonarized in table 10

Table 1, Influence of Deposition R~te upcn Danage Yhresholdsa
.------.--..---------..--.---------------------.--.-------.------.--.---.---.-----

Deposition Rat@ Ilicroscooic Threshold Catastrophic Th?eshold

. . . . . . . . . -.---..!-- ---..Q-.. --------- --------- --------- ---------- ---.=---- --------- -

2$lsec 4,7 J/c92 5,9 J/cB2

7t/sec 3,9 J/CD2 6,7 J/cn2

---.---a- --------- . . . . . . . . . . . . . . . --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . ----

a ,h12(13/8i02~ 4-layer AR’s at 351ns\ R*0,3X

As can be seenl it Microscopic damage proves to be optically detrimental, slightly



better performance is available at the lower deposition rate, Alternatelyt if on)y

concerned about catastrophic damage: the hiqher deposition rate offers better

performance. hd,ittedly, these considerations ignore other factors such as

durability or optical performance that ●ay also vary mith deposition rate: The

pointt however, is that deoending on the type of damaqe b@ing cnnsid@red,

completely different results are obtained in the atteipt to optiBize this coatinq

pzrameter,

50 Conclusions

We have examined two different types of laser-anduced dasage behavior+ Qne

type i? nonqrowing, possibly harmless, and is priBarily observed on uncoated

su?faces and antireflection coatings, The other type involves groath to

catastrophic dimensions mith cantinued irradiation, and is $enerally seen en

reflectors, The significance of ●icroscopic damage rea?lns to be determined; it

clearly will always have a place in coating research, bti? nay eventually be

neqlected in the design of real systeBs,
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Figure 1. Catastrophic damage in a 351nm reflector, At sliqhtly owr threshold,. .

tbc ~fiititlly small daoag? sites greo with continued irradiation to the 2S%

inten8ity contour of the bea~t

Fzqure 2. This type of catastrophic damage is stable under coritlnued irradiataont

but, due to the size and density of pits, optlca! performance has been degraded,

Figure 3+ The nicroscoplc damage (circled) is nearly indistinguishable froa

cosaetic defects, Even at fluence levels above threshold, these sites did not 9row

for 104 shots, The effect upon optical performance is unknown,

Figure 4, Precursors to catastrophic damage in a 49-layer r?flectoro One possible

qroath oechanisB is electric fie!d enhancement at tne broktn edges of the c~atinq+

Fiqurr 5. Microscopic da?aqe irl a 351nm AR, At loner right is a cos~etic defect

for comparison, Under certain viewing conditions, dasaqe sites are found to be

surrounded by a discoloration,

Fi9urc 4. Daaage probability curv@s for uncoated CaF2 at 351nB, Tao distinct

curves result from separating cat~strophic and microscopic damage,

Figurg 7. Dasaqc curves for an antirnflcction coating produced at a slow

deposition rate~



Fiqure 8. Oasaqe curves for an antir~fl?ction coating produced at a higher

deposition rate than that of figure 7, Uhile the slos~r rate gives a higher

●icroscopic thr~sholdt a higher catastrophic threshold results fro- a higher

deposition rate,
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LASER DAMAGE MORPHOLOGY

Al@@Og IIMN9UYER REFLECTOR
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ANTIREFLECTION COATING DAMAGE
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