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ABSTRACT

The mechanism governing the onset of laser-produced damage in

solids was found to depend, in a critical way, on the spatial and/or 5
"temporal gradient of the interaction strength across the focal volume.

As a result, the threshold values of damage produced by a multimode

laser as well as the internal damage pa-terns depend strongly on the

laser propagation and polarization directioks.

In the forward scattering experiment, the cumulative effects of

microscopic damage were obaerved in crystalline quartz. Other experiments 50

designed to detect cumulative effects were inconclusive. Various light

scattering spectroscopy as a diagnostic tool for laser-produced damage

"studies were investigated.
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I . IITODUaION

The primary ohjec.t4ve of this research project has been to make

an experimental and theoretical iwestigation of the criteria governing

the onset of laser-produced damage in transparent solids. This research

was concerned with the microscopic damage produced within the interior of

the solid. Surface lamage or internal macroscopic damage were not of
primary concern for this program. Toe main tasks were as follows: to

develop a diagnostic tool for stuyying microscopIc damage, to determine

the damage mechanism, and to establish the relationship of microscopic

damage to macroscopic damage.

Under certain conditions an ivtense laser pulse transmitted through

a transparent solid, such as a window or a lens, will produce damage

Internal to the solid. Within the laser rod itseif, the laser pulse

often produces damage leading to self-destruction of the rod. The damaged

region appears as a '"ubble" or a crack within the solid and this type of

damage is generally called macroscopic or catastrophic damage. Laser-

produced macroscopic damage has been observed in many laboratories using

high-power laser systems. It is the catastrophLc damage threshold value

that often sets the dpsIgn parameters of P. laser system. Microscopic

or pre-catastrophic damage is a local defect that alters the optical

= properties of the laser rod. This defect might be reversible or exist only

during the lifetine of the laser pulse, for example, thermally induced

refrantive index change.

Th. defect may also be permanent and may acccunlate or increase in

size with successive laser pulses. A laser induced color center might be

&a examjle of this latter type defect. An Important question is whether

this microscopic danage will continue to grow with muccessive laser pulses

until macroscopic damage is produced. Both the permanent- and cumulative-

type microscopic dawmn are of concern for this research program. A

During the past f4ve years, several laboratories have given special

attention to the macroscopic-damage problem; few have investigated micro-

scopic damage. Because of the Importance and the growing interest in the

problem, in 1?69 rbe American Society for Testing and Materials initiated

annual symposia on lase:-jroduced damage. Based on tha reports and



discussions presented at the symposia, it is evident that progress has

been made but the damage mechanism remains unknown arnd is probably

dependent on the material and conditions of the experiment. No commonly

accepted picture of the damage mechanism has emerged. The results of this
1-3present research program have been reported at each of the symposia

and represent the only investigation of microscopic damege.

Given it, Section II are the results of several experiments used to

evaluate light-scattering spectroscopy as an effective diagnos:ic

tool for invesr.igating microscopic damage. lan and Raleigh scattering

by microscopically damagad quartz crystals were investigated. Stress
4induced defects in crystalline quartz was successfully studied using

leman scattering. The Besman and fluorescen%.e spectra were measured for

ruby crystals having different chromium concentrations. The defects here

are the chromium atoms in the sapphire (Al 2 03 ) lattice. Primary tesults

showed only limited success for ruby and, therefore, these experiments were

terminated. Changes in the Raman linewidth were meas-ured for laser-inducied

microscodic damage in crystalline quartz,

in Section III the results are given of experiments measuring the

effects of laser-mode structure on the threshold value and pattern of

macroscopic danage in crystalline quartz. Directional and polarization

dependence relative to crystallographic axes vere experimentally established

for both the damage threshold value and the damage pattern. The observed

dependences can be quantitatively explained in terms of electrostrictive

interactions and acoustic wave propagatioL.

Experiment: designed to measure the cunilative effects and the

evolution of microscopic into macroscopic damagc are described In Section IV.

Measurements were conducted in fused quartz. laser glass, as well as

crystalline quartz, using a TER ruby laser and a multimode ruby laser.
00

Different results were obtained for the two laser systems. The results

are sumarized and a discussion is given in the final section.

I t. LIGMT SCAflERIM AS A DIAGNOSTIC TOOL

The principal diagnostir tocfl used to study microscopic damage In

solids has been light scattering spectroscopy. This method was suggested

S. . . . .. ., I ,,. •, " I1-I
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by the following argumPnts. A distortion within a crystal disturbs the

S- local lattice pe' ,cdicity and, in general, will produce a change in the

electronic poi•r:-c bility cf the solid. When this happens, the light

scnttering properties of the solid will be altered. ,'aen the distortion

is due to defects, either natural or induced, the Rayleigh scattering may

be enrhanced. A diatortion due to induced stratn in the solid would alter
the vibrational properties of the crystal and produca2 an appreciable change
in thi l.'n- positior and linewidth of the Raman spectrum. In the case of

1a•. cryrnl such as ruby. Induced defects or strain may alter the
i4

;ta t nu . - of tt active ion (Cr I- the case of ruby) affecting

1'e fluorc. i•o radiat'on fr-:u the crystal.

2.1 Stress-Induced Raman Spectra

To assess the feasibility of Raman scattering spectroscopy to detect

local stresu or strain that might be induced by a giant lastr pulse, the A

following experirtent was conducted. A sample of crystalline quartz was

subjected to aa uniaxial stress and the changes of the line positic-n,

linewidth. and lUne intensity for some of the strong Rtian-active vibrations

were measured for applied pressures up to about 3 k-bars. 4 ' 6 These

pressures are of the same order of magnitude as thlo.e expected from the

giant laser pulse. The dependence of the changes in line position and

linewidth for several lines are shown in Figure 1. The measured changes in

line position ;:ere in good agreement with the values calculated from the

valence-force model that had been moditied to inclcde the effects of

the anharmonic potential and a&Tplied stress. The results of these experiment•

were published elsewhere.•" 6

Shoem i. Figure 2 are the raw data of tht 128 c- E vibration in
quartz as a function of applied stress. From the figure the change in

line position with stress is easily seen, but any change in linovidth is

not discernible from these datp, because the linewidth is comparable to the

rpectrracter resoluticn. The stress induced changes in the linewid:h are

observed after the line broadening effects of the spectrometer have been

subtr-ted from the raw data. A computer program was developed' for

performing this deconvelution. The significance of this streas-induced
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experiment was that changes in the Raman spectruv could be used for detecting

locally induced stress. The experimental arrangement and details of

the measurements were published elsewhere. 6 ' 7

2.2 Raman-Fhlorescence Spctrum

Measurements were made of the !!e-Ne excited Raman-fluorescence

spectrum of several ruby samples having different chromium concentrations.

The purpose of thia experivent was to determine the effect of the ionic

additive on the Raman and fluorescenze linewidths. Considering the Cr-

ions as defects within the Al 203 lattice, we were determining the feasibility

of using Raman-fluorescence spectroscopy to detect changes in defect
concentration. Farthermore, laser induced microscopic damage in ruby has
been detected8 as a change in the state of the Cr-ions. This change should

be observed by a change in the fluorescence spectrum.

Shown in Figure 3 is an example of the Raman-fluorescence spectium

for a 0.05% ruby sample at 77*K. The notation (oo) indicates that the

excitation and scattered radiation were both polarized perpendicular to the

plane defined by the optic axis of the crystal. From this and the spectra

for the other orientatinps, the main features are the two strong lines
-1 -I

at 14,199.4 cm- and 14,263.8 cm corresponding to the N and N2 , no-
9 10-l1-

phonon, lines and the ruby R-lines at 14,419.0 cm and 14,488.0 cm

In addition, there is evidence of 40 partially resolved lines on the low

frequency side of the R lines. "lost of these partially resolved lines
-l

have an associated line shifted 29 cm , the same as the R-lines

separation.

The measurements of the Raman-fluorescenze spectrum of ruby ware

discontinued because of the lack of a liquid-helium temperature dewar.

At room and liquid nitrogen temperatures the Raman-fluorescence spectra

of ruby is very complex having relatively broad lines. At liquid heiliu
9

teperatures these lines should become sharp, permitting linewidth and

lineshape analyses and the possible detection of ch=;.ges in defect

concentration.s

-j
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2.3 Microscopic Damage in Quartz

A
The first evidence of laser-produced microscopic damage in crystalline

Quartz was the measured change in linewidth of the 128 cm E-mode Raman

line. Macroscopic or catastrophic damage was produced in a quartz sample

by a gian,-pulsed ruby laser. The damage coiciated of widely spaced

bubbles with nz. evidence of domage between the bubbles when the sample

was examined with side lighting. The Raman spectrum was measured in this

region. it was fotnd that the 128 cm-' E-mode linewidth was about 20%

broader than for an undana.wed region Care was taken to mask of.! any'

light scattered from the bubble regions. This change in iinewidth was

interpreted to be evidence of microscopic dam-age and additional measurements

were performed.

Two giaut-pulsed lasers having .dfferent output characteristics were

_aed ft;r producing the damage. One laser was constructed such that the

output -as a single logitudinal mnde and the lowest order transverse

mode, TED . The output profile was verified to be T-- by detailed
12 0

probing cf the laser near- and far-field patterns. The cutput of the

second lasvr was a single longitudinal mode but with several transverse

modes. As a result several tran.wverse modes could oscillate simultaneously

during a laser pulse giving an irregular iultimode beam profile. The micro-

scopic damzge produced by these two lasers was ntt the same and using t,'e

Raman spect:um as a microscopic probe, the following differences were

observed: (1) For microscipic damage produced by the multi-mode laser.

two "local modes at about 155 cm and 5d0 cm were observed, Fig. 4.

"Considerable effort was made t- establish tIhe origin of these two modes

with the conclusion that they were acsociatec with damage. Aisc, a peak at

181 cm was oa-ginally thought to be a local mode was later found to be

a neon line. To establish the origin of these local modes, it was necessary

to make several modifications to the Raman spectrometer system. Th' moat

imp"rtant modification was the substitution of a Delible Czerny-Turner mono-

chrwr-ator for a Littrow-mcunt instrument. (2) These new local modes 3t
-=-l -1

550 c• and 580 cm were nor observed for namples microsc~vically damaged

by the TLo laser. These new modes could bt produced only with the multi-
00

=nde laser. (3) Careful measurement of the 207 cm and the 466 cm vibrations

showed that within experimental error the line poaition and the linewidth
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for both lines were irdependent of the number of laser pulses incident to

the sample. The double monzchromator was necessary for reaching this

conclusion. Since the Raman spectrum was measured typically 30-60

minurts following the lasei pulse, it was concluded that if a memory of

microscopic damage exists in crystalline quartz, it is very st7All or it

decays rapidly, perhaps in a time comparable to the laser pulse decay

time. To test this rapid decay theory, the evolution exDeriment described

in Section IV was perfermed.

MI. LASER-WODE STRUCTURE EFFECTS

Medsu~ements were made of the macroscopic damage properties of

crystalline quartz for laser pulses having different mode structures. For

a multimode laser pulse the catastroFhic damage threshold value was found

to depend on both the propagation and polarization directions of the

incident radiation. The threshold value for iawage produced by the TF-4

larer was independent of direction. In addition to the different threshold

values. the damage patterns were dependent on the direction of propagation.

The effects of the laser-mode structure on the macroscopiz damage

were measured for crystalline quartz using the TEN Laser and the multi-

=ode laser. Shown in Fig. 5 are isodensity contour plots of the eneray

distribution in the output beams of these two lasers. These contour plo~a

were made by photographing the beam in the :ocal plane of the darmage lens

(fl-30 mm) using fine grain Kodak type 649-0 film. Shown in Fig. 5a are

the smooth and approximately Gaussian distribution of the isodensity contour

lines that are typical for the TEM laser. The Fresnel number for this
00

laser is about 0.67 so that the normalized spatial and temporal intensity

distributions remain about the same during the pulse lifetime for this
TEK4 laser.12 This being the case, tne time integrated bean diameter at

00
the I/e2 iritensity points of Fig. Sa was taken as the beam diameter for

our experiments and corresponds to 50u. The full width at half maximum

(FWHM) pulse width is 8 nsec for the TEM laser pulse. The time integrated

profile of the mutlmode laser, m.%' shown in Fig. 5b. has a diLieter

of about 275u. From the irregular contour lines ft can be seen that the
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energy was nonuniformly distributed across the beam profile. These

regioni, sometimes called "hot spots," vary in space and time from pulse
12

to pulse. The space Integrated FWHM pulse width± was typically 20 nsec

for the multimode laser. The Fresnel number for t he multinode laser was

about 93. The irregular spatial and temporal behavior for the MIR laser

output ma.es the analysis of data taken with this laser more complex than

the analysis of data taken from the TEM laser.
00

The experimental procedure was to focus the beam of either laser

into a quartz sample that had been crystallographically oriented relative

to the laser propagation and polarization directions. The focusing lens

was the same one as used to produce Fig. 5. The peak power of the laser

for each pulse was measured using a calibrated ITT FWII4 biplanar diode

and a Tektronix 519 oscilloscope. The absence or presence of internal

damage within the sample was determined by viewing with the unaided eye,

using side lighting from a low power He-Ne laser. A visible spark inside

the crystal was noted whenever internal damage was produced. Following

each pulse the sample was tranplated such that an undamaged sample volume

was iii position for each laser pulse. The peAk power density threshold

values for the MM and TER0 lasers are shewn in Table I for different
00

directions of laser propagation and polarization. The notation, P(xy),

indicates that the laser was propagating along the x-crystallographic

direction and was polarized parallel to the y-crystallographic direction.

The damage threshold values shown in Table I indicate a propagation and

polarization directiunal dependence for the 'MM laser. The threshold vaiues

for the TEN. laser were indopendent of propagation and polarization.
00

The damage thresnold values of Taole I were estimated as follow6ý

For a given propagation and polarization direction, the peak power density

for each pulte was recorded as to whether damage was produced or not.

The +%GW/cs4 values correspond to the demage power density above which
2

80% of the laser pulses produced dtmage. Below the -G1i/ca values, 802

of the laser pulses did not produce damage. The damage threshold peak

power density is the median of these two values. The t5GWVcm2 deviation

lo Table I was recorded directly for each set of measurements and is not

the result of a weighted statistical analysis. For the z-propagation

gI
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Table I. Intertial damage threshold values in quartz for the mulcimode

and TEM lasers. P(xy) indicates the peak power density for
00

a laser pulse incident in che x-crystallographic Airection and

polarized along the y-direction.

Multimode Laser

P(Ny) - 34 - 5 GWicm

P(xz) = 130 - 5 GJW/ctn

P(yx) - 63 - 5 GW/cm
2

F(yz) - 47 ± 5 GW/cm

P(zx) - 80 t 5 GW/cm
2

P(zv) = 80 ± 5 GW/cm
2

TEM Laser
00

P(ij) 28 ± 5 GW/cm 2

=x, y. z

-1



direction, about 75 data points were used. About 30 data points were

used for the x- and y-propngation direction measurements. A proper

statistical analysis would assign a smaller variance to the threshold

valu-, for the z-propagated damage than for the x- or y-directions. It

should be noted that the threshold value for the T'M laser, P(ij) O
00 I

28 ± SG1~i~-, falls within the range of values qizrted by Olness 1
4

(03-30GW/cm- :or damage produced by a "single spatial mode" ruby laser.

The damage .hreshold peakpower density values were computed using

the measured laser peak power and the time-integrated beam diametEr of

Fig. 5. For the TEN laser, the Lime integrated beam diameter is approximately
00 1212 3

the same as the instantaneous values, and the space integrated pulse

duration is approximately the same as the local values. Therefore, the

value listed in Tabl6 I for the TOM0 laser is an accurate representation00

of the threshold. For the Mt laser, however, the pulse is irregular in

time and space such that the values given in Table I for the M1 laser can

only be considered as relative and should not be compared with the TEM
00

threshold values. However, the relative values of the M4 laser data are

accurate becaune of the "80% points" method of recording.

no evidence of stlf-trapping tracks was observed for any of the damage

regions prduced by either laser in these experiments in quartz. Under
15

other conditions, the critical power required for catastrophic self-

focusing may be achieved and we could produce self-trapped tracks in

crystalline quartz. If possible, self-trapping which complicates

and sometimes confuses the picture of ldser damage16 should be avoided

so that the basic mechanisms of laser damage may he studied and compared.

Given in Table Ii are the ratios of the propagation velodities of

elastic waves (acoustic phonons) in crystallitue qeartz. v(zx) is the

v, locit'f of a wave propagating in the z-direction and polarized along

the x-direction. The velocities wore calculated in the usual manner

using published elastic c,-nstanz da'.a for quartz. Also tsted are ratios

of the Mtt damage threshold peak power densities of Table I. One can see

a strong dependence cc the ratios of the M01 laser damage threshold values

on the acoustic phonon propagation in quartz.

"The following ,ihenw•enolegicai roIel has been developed to explain

the damage sechanism in quartz for the two lasers. RLdlation incident on
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Table II. Ratios of the acoustic wave propagation velocities and

multimode laser damage values in quartz. v(zx) is the

velo.ity of a wave propagating in the z-direction and polarized

in the x-direction.

___- V~x v(y -)
v(zy) i 1.0 0.83 1 .80

SI _ _ __ ___
P(_x p(yx) P~yZ)

P(zx) 1.0 0.8_4 __76

SP(zy) • 1.0O.8____ ___ ~x 'z

gI
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a dielectric sample such as quartz primarily interacts with the electrons

and the electrons in turn interact vith the lattice. Under some conditions

the incident radiation can Also intetact directly with the )attire through

r -ctrontriction. For either the direct or indirect radiation-lattice

interaction, the ions will be set in motion witn a aiven o pi~tude. The

magnitude zf the amolitude w.11 depend on the amount of energy pumped

Into the lattice fror. the incident tield. For proper input conditions

the amplitude of the ionic motion may reach a threshold value at which

the ionic bonds are broken resutcing in the observed internal damage.

The increase in the amplitude of the ionic vibrations in the crystal due

to the amplification of acoustic phonon motions depends directly an

cryatallographic direction and roc o'n the laser nude structure. The

internal damage patterns would, thereiore, be expected to depend on the

direction of propagation and not on the type of laser used. Figure 6

shows typical damage patterns produced by the M lasers. When the laser

was propagating along either x- or y-crystai!ographic direction, a cross

was observed in the dnmage cross-section as shown in Fig. 6a. A c'rcular

damaged cioss-section is seen in Fig. 6b when the laser is fired into the

z-direction of the crystal. The damage patterns in both cases can be

correlated with the dire, ional dependence of sound velocities. 1 9 The

damage patterns produced by the M4 laser have similar directional
oo

dependence with fracture patterns about ten times smaller.

The difference in d:mage threshold5 in the two lasers may be

explained as follovs. The temporal and spatial variation of the TEf
00

laser field is samooth. This type of light pulse interacts primarily with

the electrons. The efficiency of this interaction is quite independent

of crystallographic direction for insulators such as quactz, and thus

the damage threshold value would be independent of the propagation at.d

polarization directions of the incident laser pulse as given in Table 1.

The string spatial and teporal gradients present in the output profiles

for the MO laser on the other hand can modulate the Ionic motion by

electrostrictive interaction. This modulati-jn has components it- the same

frequency and wave vector range as the zone-center acoustic phonons of

the crystal and as a result laser energy may also be absorbed directly and

critically by the lattice from the incident pulse. Because the excitation
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Fig. 6. Typical damage r atterns produced by the K" laser for different

propagat ion dire-crins in quartz. (a) The laser was propagating
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of the acoustic wave in this case results directly from the strcng spatial

and temporal intensity grddients of the propagating MW laser pulse, its

propagation and polarizatico is dictated by the laser beam. As the ionic

motion depends on the crvstallograpnic bonding directions, the efficiencyiiof this interaction and the ~ftlaser damage threz-hold values wouldA be

dependent on cryvtallographic directaons (Table I). The txistenze of

electrostrict_-e interactions may also cause self-focusing of the laser

beam in solids. It should be noted that self-focusing requires a critical

beam intensity and the direct coupling between the radiation and the acoustic

wave in our model depends only on the strong intensity gradients of the MM
15

laser pulse. It ýan be estimated that uur laser Intensity uas below

the critical value for catastrophic self-focusing but the Intensity gradient

for the MI laser was strong enough to excite acoustic waves of catastrophic

amplitides resulting in fracture within the crystal.

The details of the effects of ltser mode structure on damage will

be published elsewhere. In addition, we have alsc examined the surface

damage patterns produced by the TF-4 0o and M- lasers. This is shown in

Fig. 7. Contrary to the ititernal damige. the laser mode structure has

a pronounced effect on the surface damage patterns as well.

IV- EVOLUTIOh OF MICROSCOPIC DAMAGE

Primary goal of th's as weil as mzst laser d&mage programs had been

to determine the origin of the damage. The research program described

here attempted to determine the conditions under which the macroscopic

damage could evolve from the microscopic damage. rrom the experiment

described in Section 1I it was concluded that if a me--ry of microscopic

dmage existed in cryst-al-ibe quartz, it would have a short lifetime.

To pursue the m-eorv an.4 evolution ideas further the follow.ng experiments

were performed. (ji The incident and transmitted radiation were rnitored

for a laser puse with pe-ak power P0' of the macroscopic threshold value.

Both the muitimcde and TIM laser were uaed for this exoeriment. (2) The
00

incident and 90* scattered radiation were mnitored. For this experiment

only the TEN laser was used, but samples of crystalline quartz, fused

silica, and Nd-laser glass were used. A
3
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Fig. 7. Ni~crphmotngraphs of the surf ace damage produced by the ticoa

lasers
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For the transmission experiment, the incident and transmitted pulses

were recorded by a single photodiode (FW114) and oscillcscope tTektronix

519). The incident pulse was optically or electrically delayed relative

to the other pulse, thus permitting the two pulses to appear on a aingle

oscilloscope trace. For this experiment the optical and electrical

delay schemes gave equitalent results. Large fluctuations were observed
M in the ratio of the transmitted to incident power usiig the multimode

laser. These fluctuations were due to the complex mode structure and poor
20

reproducibility of the laser pulse. Using the I'oo laser, the fluctuations

in the data were negligible. Shown in Fig. 8 is the ratio of the transmitted

energy (i.e. the area under the pulse) to the incident energy plotted as a

function of the number of laser pulses incident in a particular sample

volume. The TM0 laser pulses corresponding to these data were each
00

at about 80% of the macroscopic damage threshold value. The solid line in

the figure is a least-squares fit of the data points to a sloping straight

line. The data were also fitted to a constant value but the resulting

"confidence of fit" was appreciably greater for the line shown. Second

and third order polynomials were also fitted to the data but the confidence

was about the sam,, a3 for the sloping straight line. The large ratio value

for pulse number 13 is probably due to a malfunction of the laser. For

those places where no data are given, tne oscilloscope did not function

properly so that no traces were recorded. The error bar shown in the

figure was determined from the reproducibility of reading the areas

under the oscilloscope traces.

From the decrease in the energy ratios of Fig. 8 it is concluded

that a cumulative effect of microscopic damage vas observed. The evolution

of macroscopic effects from these microscopic effects was not observed

before the determination of the experiment (20 laser pulses).

The data of Fig. 8 were also analyzed by searching for nonlinearities

in the instartapeous powers of the incident and transmitted beams for a

given laser pulse. Shown in Fig. 9 is a typical plot of the instantaneous

incident pewer, Pi. as a function of the corresponding transmitted

poweer Pt. for a typical data point of Fig. 8. The solid curve represents

a least-squares fit of the data points to a quadratic curve. The confidence
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of this fit was better than for a straight line fit. This quadratic

dependence would indicate that during the lifetime of the laser pulse a

slight nonlinearity, perhaps due to a change in the refractive index of

the sample, had been introduced by the Incident laser. No data were avail-

able where macroscopic damage was produced.

For the 90' scattering experiment it was theorized that, if cumulative

effects were present, the scattered light, starting from a very low level,

should increase by a small amount with each successive laser pulse and

would be expected to increase suddenly when catastrophic damage was produced.

This sudden change In the amount of scattered light would thus be evidence

of the evolution of microscopic into macroscopic damage. To test this

hypothesis, the TEN laser was used to irradiate samples of crystalline

quartz, fused silica and Nd-laser glass. Shown in Figs. 10 and 11 are

piots of the ratio of the scattered to incident power as a function of

the number of laser pulses for samples of crystalline quartz and fused

ailica, respectively- The peak power of each pulse was about 80% of

the catastrophic damage threshold value. For both samples, changes in .he

90* scattered light are inconclusive. For the Nd-laser glass samples,

the scattered light wa3 not detected because of the large absorption in

the glass. For each sample, measurements were made of the 90" scattered

radiation for each successive laser pulse until the sample developed

catastrophic damage. Within the accuracy of Figs. 10 and 11 evidence of

microscopic damage is inconclusive. This type of experiment is apparently

less sensitive than the foa-ard scattering experiment.

V. SL.IAY AND DISUUSSION.

An important conclusion of this research is that the mechanism

governing the onset of laser-produced damage in solids depends, in a

critical way, on the spatial and/Gr temporsl gradient of the intcraction

strength across the focal voiume. Differeaces in mactoscopic damage

threshold were measured for the TEM and the multimode laser. Due to
00

the strong spatial and temporal gradients of Zhe multimode laser beam, the

electrostrictLve interdction provides a direct way of ieeding energy to the
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aroustic phonons in the crystal and thus resulting in a directional

dependent threshold values. For the TE-N0 laser, the incident radiation

can only interact with electrons, and unless cutastrophic damage occurs,

phonons in the crystal will not be significantly perturbed, thus accounting

for not observing changes in Raian ltre position or linewidth in micre-

scopically damaged quartz. For cie experiment the cumulative effects of

microscopic "-.ma~e were observed in crystalline quartz. Other experiments

designed to detert cumulative effects were not affirmative indicating that

these measurements were not as cer-sitive as first assumed.

The technique of light scattering as a diagnostic tool for laser

induced microscopic damage can be effective if used under proper conditions.

To be completely successful it is necessary to differentiate laser-induced

effects from normal light scattering effects. The results of this research

program indicate that light scattering measurements can provide information

about damage and may be the only tool to diagnose the true mechanism for

laser-induced damage in solids. Further investigations in the differences

between amorphous and crystalline materials, such as quartz and fused

quartz samples, in terms of laser produced dasa.&e should be continued.

a
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