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ABSTRACT

We have investigated the surface degradation of bare and sol-gel coated deuterated potassium dihydrogen
phosphate (DKDP) crystals when exposed to 351-nm laser pulses in atmospheric air and nitrogen and at
pressures ranging from atmospheric down to 10~ Torr vacuum. Optical microscopy, surface topography,
surface chemical analyses, 351-nm pumped photoemission maps, and photometry results have been used to
characterize these samples. We report the occurrence of two potentially linked surface degradation
phenomena: the development of increased photoemission and the development of unacceptable surface
roughening in the region exposed to the beam in vacuum. We note no degradation for surfaces exposed in
air or nitrogen at pressures exceeding 1 torr. Diamond-turned DKDP surfaces show a ubiquitous, low-
intensity photoemission signature before exposure to any laser fluence. The observed reduction of this
emission signal as a function of operating pressure and accumulated laser energy when crystals are
exposed to 351-nm laser pulses in air can be correlated with the removal of surface carbon.

Keywords: KDP, potassium dihydrogen phosphate, photoemission, fluorescence, photoluminescence,
vacuum, surface roughening, laser damage

1. INTRODUCTION

Earlier work at our laboratory'? reported the development of induced absorption and photoemission from
the surfaces of fused silica and DKDP optics when exposed to 351-nm laser pulses in 10 Torr vacuum
and the absence of induced absorption when these optics were tested in air at atmospheric pressure. Silica
substrates which were subjected to hundreds of moderate fluence, nsec-scale pulses in ~10~° Torr vacuum
developed a fluorescence signal attributed to formation of SiOx surface layer. Silica samples subjected to
the same laser exposure in air did not noticeably degrade. This paper summarizes the results of a parallel
set of experiments designed to explore the degradation behavior of bare and sol-gel coated deuterated
potassium dihydrogen phosphate (DKDP) optics when exposed to 351-nm laser pulses in air and 10™ Torr
vacuum. As previously reported?, bare DKDP surfaces subjected to many hundreds of laser pulses in
vacuum developed an increased ‘fluorescence’ signal in the region exposed to the beam. Unlike fused
silica, there was a significant (but lower) fluorescence signal for the unexposed areas of the DKDP and this
signal was essentially eliminated in the regions exposed to 351-nm laser light in air. Furthermore, a
severely damaged (roughened) region developed at the edge of the beam for the vacuum-exposed DKDP
samples. This paper explores the role of surface chemistry on the background fluorescence in the
unexposed regions and the development of increased photoemission and surface roughening in the
presence of many pulses of high-fluence 351-nm light in vacuum. In addition, we report the positive
effect of partial pressure in eliminating both surface roughening and photoemission.
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2. EXPERIMENT

2.1 Materials preparation and measurements

Test samples were 5x5x1-cm thick type II DKDP plates cut from a variety of commercial and experimental
conventional and rapid growth boules as shown in Table 1. Sample deuteration level ranged from
approximately 70% to 80%. Linear absorption at 351-nm (mainly due to iron contamination) ranged from
<0.2% to 3.5% per cm. Surfaces of all crystals were single-point diamond finished and were cleaned by
submersion in toluene baths employing ultrasonic agitation at both 40 and 70 KHz. Selected samples were
subsequently cleaned using UV-ozone to remove residual organic contamination.

Boule ID Growth method | Absorption at 351-nm (per Impurities detected
cm) (> 20— 50 ppb)
Prism Pyramid

80% LL1 Conventional NA <0.3% S, As, Rb, Sr, Ba

80% LL6 Conventional NA <0.3% S, As, Rb, Sr, Ba

70% LL5 Conventional NA <0.3% Al, As, Rb, Sr, Ba

727 Rapid growth 3.5% <0.3% Fe, Al,

AD-16 Rapid growth <0.3% <0.3% Al, Sb, Ba,Cr, Sr, Ba

BD-8 Rapid growth 0.3-1.3% <0.3% Al, Fe, Sr, Ba, Zn?

Table 1: Source and key characteristics of DKDP samples used in this study.

A 70-nm thick colloidal silica sol anti-reflection (AR) coating was applied to selected crystals. The coating
was either the original laser-damage resistant coating described by Thomas® and denoted as ‘deammoniated
sol’ or a recently developed hydrophobic sol* denoted as ‘HMDS-treated sol’. Coatings were hand-
dispensed using a small, commercial spin coater.

2.2 Test facilities

Unless otherwise noted, all laser exposures were conducted in the frequency-tripled Nd-glass SLAB-lab
laser facility operated at 0.5 Hz repetition rate. The test beam was a 351-nm, 10-ns FWHM single-mode
Gaussian temporal pulse shape. The spatial intensity profile (Figure 1) is roughly “flat-top” with
nominally 2:1 modulation. The beam size was 7 mm x 5.5 mm at the sample surface. Vacuum tests were
conducted at nominally 10™ Torr. Atmospheric pressure experiments were conducted in HEPA-filtered
room air, nominally 50 - 60%
relative humidity. Partial
pressure experiments (1- 100
Torr) were conducted by
flowing sufficient clean, dry
air through an orifice to
achieve the desired pressure
in the vacuum chamber.
—vert-f0 .
—— horiz-f0 FWHM vert = 6.9 mm Clea? dryfa1r 'wtas Fnsurfflltby
J— : a series of point-of-use filters
nean ot FWHM hor = 5.4 mm (molecular sieve, coconut
charcoal getter, and HEPA).
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Figure 1: Typical incident near-field beam image and horizontal and vertical The setup, operation and

lineouts of a typical beam fluence. (Diffraction patterns are from upstream diagnostics for this laser

damage in the laser chain.) facility are detailed in earlier
publications”.

After laser irradiation was completed, samples were examined off-line using a variety of commercial and
LLNL-built tools. Transmittance and surface reflection maps were generated at 351-nm using a scanning
laser photometer with polarization perpendicular to the extraordinary (sensitive) axis of the crystal.
Photoemission and scatter images were obtained using a high resolution CCD-camera and 351-nm CW Ar-
jon probe beam as described by Demos et al®. Emission intensity and spectra over the visible (450—780



nm) and near infrared (850 — 1000 nm) were also quantified using tools described in previous articles'’.
Samples were imaged on a Leitz Aristocrat optical microscope in reflectance mode. Finally, representative
samples were selected for characterization using atomic force microscopy (AFM) and Veeco NT2000
white light interferometer to characterize topography. Surface chemical analyses after photo-degradation
was performed using a Physical Electronics Quantum 2000 scanning XPS system with a focused
monochromatic Al Ka x-ray (1486.7 eV) source for excitation and a spherical section analyzer.

3. RESULTS

3.1 Comparison of test results in vacuum vs. air

All crystals (bare and coated) that were tested in 10-5 Torr vacuum (hereafter denoted as ‘vacuum’)
showed readily visible surface roughening after 300 shots at either 6 or 10 J/cm®. When the same bare
crystals were subsequently tested in air, they developed no surface roughening. For bare crystals, the
surface damage which formed during vacuum exposure was concentrated in a narrow (~ 1 mm) band
around the perimeter of the beam, leaving a 'footprint' of the beam which was readily visible with the
unaided eye in room light. When these samples were illuminated with a low intensity 355-nm CW pump
laser, areas exposed to the high fluence pulsed laser in vacuum and air could be readily distinguished by
eye from the background signal generated by areas never exposed to laser light, as seen in Figure 2. Figure
2a shows increased photoemission throughout the area tested in vacuum, with especially increased
emission in a narrow ring at the edge of the test beam.
Figure 2b reveals a black ‘footprint,” indicating reduced
photoemission in the area tested in air. Figure 3 shows
high magnification optical micrographs of typical
damage such as that seen in Figure 2a. Areas inside the
'footprint' appeared undamaged in reflected light, while
areas at the edge of the beam show evidence of
catastrophic events. As is shown in Figure 4, the
roughening pattern typically mirrors sharp gradients in
the beam energy. Figures 5a and b show the photometry
maps (transmission and reflection at 351-nm) for a bare

Figure 2: a) Surface fluorescence develops during
vacuum exposure. b) Surface fluorescence is

reduced when DKDP is exposed to multiple 351- crystal after the completion of testing in vacuum. An
nm laser gulses in air. (Shown after 1000 shots at increase in reflection, indicating surface roughening, is
a) 8 J/em®, 10ns, 107 Torr and b) 6 J/cm?, 10ns, not detectable after 30 shots, but changes in both

760 Torr.) reflection and transmittance are readily apparent after

300 shots at 6 or 10 J/em®.

For coated crystals, the damage associated with operation in vacuum was more difficult to detect with the
unaided eye, but it was readily detected in photometry where disruption of the anti-reflection (AR) coating
resulted in increased reflection loss. In contrast to bare crystals, damaged coated crystals generally
exhibited transmittance loss (and
reflection increase) throughout the
entire area illuminated by the beam,
as opposed to concentrating losses
in the beam perimeter. The
HMDS-coated crystals (Figure 6a)
experienced much less 'damage’ —
up to 0.3% increase in reflection —
compared to up to 3.6% increase in
reflection for crystals coated with
the standard 'deammoniated' sol
(Figure 6b). There are two
potential explanations for this
result. It is likely that the weaker
adhesion of the HMDS-treated sol
allowed slow erosion of the sol vs.
the more catastrophic 'flaking' of

Figure 3: DKDP crystal surfaces roughen when exposed to many 351-nm
laser pulses in vacuum. Pictured is the area near the edge of the beam for a
type II diamond turned crystal after 1000 shots at 10 J/em?, 10 ns, 10~ Torr.



the more strongly adhering/cohering standard sol. It is also possible that the accidental phthalate
contamination of the standard sol (resulting in a shift of the UV- absorption edge of the sol from <200nm
to ~ 250 nm) could have contributed to the poorer performance of the standard sol. In any case, the

Figure 4: The roughening patterns mirror
sharp gradients in the beam energy, as
seen by the imprint of the ‘bulls-eye’
modulation in the high magnification
image. The ~ 65 um fringe spacing was
observed for all 10 crystals tested over a
period of more than 1 year.

Figure 8 shows high-resolution AFM
images of the structure in the center
and at the edge of the beam for a patch
exposed to 1000 shots at 10 J/cm® in
vacuum. At the outer edge of the beam
(Figures 8a and b), the structure
evolves from round columns to a linear
columnar structure that is aligned with
the extraordinary axis of the crystal.
As seen in Fig. 8c, the AFM detects
little structure or roughness in the
center of the beam footprint; this patch
is quite similar to areas that never saw
the laser. These results are consistent
with the optical microscopy and white
light interferometry.

The bare crystal shown in Figure 5 was
probed with a 351-nm CW Ar pump
beam to measure the intensity and
spectrum of the emitted light. Figure 9
shows the integrated photoemission
intensity (400 — 780 nm) as a function
of shot fluence, environment, and
number of shots for an uncoated
crystal. Three trends are notable. First,
the background photoemission signal
from areas never exposed to the test
laser was significantly greater than zero
-- i.e., the "clean, bare" surfaces have
significant photoemission. Second, the
photoemission signal was greatly
decreased, indeed almost extinguished,
by as few as 30 shot at 6 J/cm® in air.
(We did not investigate fewer shots or

HMDS-treated sol survived with surprisingly little damage
considering the severe degradation experienced by the bare
surfaces.

Micro-roughness of the laser-exposed areas on bare and coated
crystals was compared to the unexposed surface roughness using
white light interferometry. The damaged 'footprint' of the beam
was readily apparent in white light interferometry as seen in
Figure 7. There was no detectable roughening of the surface
inside the vacuum-laser damage generated 'footprints' for bare
crystals; other than the disruption which occurs at the edge of the
beam, the diamond turning lines are unchanged inside and outside
the laser test area. The coated samples are generally more
sensitive to local beam modulation; Figure 7b reveals an imprint
of the test beam modulation in the coating. Typical micro-
roughness measurements are indicated on the photometry map,
Figures 5 & 6. (The air-exposed regions were not identifiable on
the white light interferometer and hence not tested).
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Figure 5: Reflectance map for an uncoated rapid growth DKDP
crystal (5-cm square) exposed to multiple 351-nm, 10ns pulses in air
and vacuum. Areas of laser damage (increased scatter) show up as
rings of reduced specular reflection. Surface roughness (nm) as
measured by white light interferometry after vacuum and before the
air irradiation are indicated in center of irradiated areas. The test
beam footprint is ~7 x 5.5 mm.
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Figure 6: Reflection measured for a) standard de-ammoniated sol and b) HMDS-treated sol AR coated DKDP
samples (5-cm square) after exposure to multiple 351-nm, 10 ns pulses in vacuum. Large-scale non-uniform
reflectance pattern is due to thickness variations in the sol-gel coating. Localized rectangular patches of
increased reflection are due to disruption of the AR coating by laser damage. Surface roughness (nm) as
measured by white light interferometry after vacuum irradiation are indicated in center of typical irradiated and
unirradiated areas; the nominal test beam size is 7 X 5.5 mm.
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Figure 7: White light interferometry maps ( 6 x 8 mm) detect roughening only at the edge of the test beam;
diamond turning marks appear unperturbed except in areas of high beam modulation or at the edge of the beam.
Left: bare surface after 1000 shots, 10 J/cm2. Right: HMDS-treated sol-gel coated surface after 1000 shots 10
J/em2. Both samples irradiated in 10”° Torr (vacuum).

200.0 nve i : i ordinary axis
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Figure 8: AFM images showing the amplitude of surface roughness on DKDP crystal after irradiation. The largest
features occur at the edge of the test area and are aligned with the ordinary crystal axis. a) Plan view of 60 x 60
MUm patch near the edge of the beam. b) High resolution 3-D view of 5 x 5 um inscribed patch found shown in

plan view. c) High resolution 3-D view of representative 5 x 5 pm patch in the center of the irradiated area.
Irradiated 1000 shots, 10 J/cm?, 10ns in vacuum (10'5 Torr).



lower fluence). This bleaching effect has 1400

also been observed for long exposures to -
the low intensity CW pump laser in air. ® 1200
Finally, the photoemission intensity was g 1000- -

i |
roughly doubled by 1000 shots at either 6 4
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probe laser or upon subsequent . 0@ & ‘ ‘ L)
irradiation with two hundred 7.3 J/cm 0 200 400 600 800 1000 1200
10ns shots at 351 nm.

Number shots

The emission spectra for patches
irradiated at 6 and 10 J/cm? in vacuum ® air, 6 J/cm2 ® vacuum, 6 Jicm2
were similar to those previously reported O air, 10 J/lcm2 O vacuum, 10 J/cm2
for lower fluence irradiation and
catastrophic surface damage on DKDP Figure 9: Measurable changes in photoemission intensity
(2). The broad spectrum peaks at ~ 500 develop after only a few shots in air or vacuum. Surface
nm for all samples irradiated in vacuum. degradation is sensitive to both fluence and cumulative energy.

Unlike fused silica (2), there is no shift to

longer wavelength emission with either

increased fluence or increased number of shots. The 351-nm probe beam was also used to quantify the
scatter intensity inside the central portion of each test area on the bare crystals. There was no assignable
increase in scatter for the areas tested in air vs. vacuum. This is consistent with the white light
interferometry (which found no roughening in the central portion of the beam) and microscopy results
reported earlier.

3.2 Effect of DKDP surface chemistry and partial pressures of air and nitrogen

To test whether residual organic contamination is important, several crystals were UV-ozone cleaned using
procedures previously demonstrated to eliminate even the last monolayer of hydrocarbon contamination®.
Crystals were tested at 10°, 1, 10, and 100 Torr air as well as at 10 Torr nitrogen. While subtle sample-to-
sample differences persisted, there was no reduction in background photoemission for samples that were
UV-ozone cleaned vs. those that had 0.1 — 0.3 pg/cm? residual hydrocarbon. Furthermore, as seen in
Figure 10, there was no reduction in roughening or induced absorption for samples irradiated in 10™ Torr
vacuum. Samples irradiated in 1 Torr air no longer developed surface roughening at the perimeter of the
beam, but still showed evidence of some increased photoemission in the central portion of the beam.
However, as seen in Figure 11, samples irradiated for 300 shots at 6 J/cm® in 5 Torr air are
indistinguishable from those irradiated in air at 100 Torr or atmospheric pressure.

XPS surface chemical analyses confirmed that the observed photoemission behavior is not due to the
nature of the residual carbon species. Figure 12 shows the relative intensity for the C-H, C-C, and C-O
species found on the surface of DKDP in areas which were unirradiated (background), and in areas which
were irradiated in 10” Torr vacuum or in 10 Torr air. The relative ratio of the species found after
irradiation in vacuum and at 10 Torr is quite similar, and both of these samples differ substantially from the
spectrum found on the unirradiated surface. Further confirmation that carbon is not controlling the
photoemission behavior can be found in Figure 13. The carbon concentration at the sample surface is not
significantly different after 720 shots at 10 J/cm® whether the sample is irradiated at 10° Torr, 1 Torr, and
10 Torr. The higher carbon concentration found after only 320 shots at 6 J/cm® on the sample irradiated at
107 Torr does suggest that carbon cleanup may occur more rapidly at higher partial pressure. This is
consistent with the partial cleanup of background emission seen in the Figure 10b footprints generated at 1
Torr.



A final set of experiments was executed to test whether oxygen is required to eliminate induced
photoemission and/or surface roughening. Figure 14 shows reflectance maps for bare and HMDS-treated
sol coated DKDP samples tested under a variety of conditions, including 10 Torr dry nitrogen, 1, 5, and 10
Torr dry air, and 10~ Torr vacuum. These reflectance maps confirm the earlier observation that 1 Torr air
is sufficient to eliminate the surface roughening on DKDP. Furthermore, this data suggest that nitrogen is
as effective as air at eliminating surface roughening. Figure 15 shows the photoemission maps of the bare
and coated optic after 1000 shots in 10 Torr air or nitrogen. The appearance of the image of the laser
modulation (bulls-eye) in the coated sample irradiated in nitrogen but not the sample irradiated in air
suggests that air may be slightly more effective at preventing degradation than nitrogen. However, this
difference is slight and has not been replicated.

Without UV-o0zone cleaning With UV-ozone cleaning

10 Torr

1 Torr,

Figure 10: UV-Ozone cleaning had no observable effect on either photoemission or roughening behavior.
Photoemission maps a) without and b) with UV-ozone cleaning, irradiated at 10” Torr. Photoemission maps c) without
and d) with UV-ozone cleaning, irradiated at 1 Torr. All photographs obtained after 300 shots, 6 J/cm?, 10ns, 351-nm.

Figure 11: The reduction of background fluorescence occurs readily with UV exposure at pressures above 5 Torr
air. Shown above are fluorescence images of the surface of UV-ozone cleaned DKDP taken after 300 shots at 6
J/em® in a) 1 Torr, b) 5 Torr, and ¢) 100 Torr air. Figure 11a still shows some fluorescence structure inside the
area irradiated by the laser.
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Figure 12: XPS surface chemical analyses for a sample that was not UV-ozone cleaned indicate that fluorescence
behavior is not due to carbon. Figure (b) compares the binding energy of carbon found just inside, at the edge and
just outside the edge of the beam footprint shown in Figure a. The C1s XPS profiles shown in (b) can be
deconvoluted into three primary binding energies associated with C-C at 283 eV, C-H at 284 eV, and C-O at 285-
6 eV; an unirradiated patch (d) is compared to patches irradiated in vacuum (c) and at 10 Torr (e).

4. DISCUSSION

Marshall'® reports the occurrence of induced absorption at 266 nm that has both transient and long-lived
components in both KDP and DKDP. The absorption was suggested to arise from an induced defect state
resulting from the promotion of an electron into the conduction band by two-photon absorption and

subsequent relaxation to a long-lived trapped defect site,
which could then be optically or thermally bleached. Our
results only probe long-lived defects, since the
characterization is hours to days later. Also, our induced 10
absorbance is thought to occur only on the surface, so its
relationship to Marshall’s work is unclear.
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Hydrocarbon contamination has been previously implicated in Figure 12.

surface degradation '"'2. Formation of an enhanced
degradation at the beam edge has been attributed to deposition
of carbon to that location''. Residual diamond-turning shower oil could conceivably be the source of the
background fluorescence found to some degree on all diamond-turned DKDP samples, and furthermore,
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Figure 14: Reflectance maps for 5-cm square a) bare and b) AR coated, UV-ozone cleaned DKDP crystals after
irradiation in at a variety of pressures from vacuum (10” Torr) to 10 Torr and in both air and nitrogen. Both bare
and coated surfaces roughen in vacuum, as indicated by the decrease in the bare surface and the increase in
coated surface reflection.
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Figure 15: Fluorescence maps suggest that nitrogen may be less effective than air at preventing degradation.
Figures a) bare and c) coated, irradiated in 10 Torr air. Figures b) bare and d) coated, irradiated in 10 Torr
nitrogen. All patches irradiated 1000 shots at 10 J/em?, 10ns, 351-nm.



this residual carbon could play a role in the development of damage (roughening) and increased
photoemission on DKDP samples irradiated in vacuum. Hydrocarbons might harmlessly decompose to
volatile carbon monoxide and dioxide in the presence of air, but might char to highly absorbing carbon
species in the absence of oxygen. However, the data presented above suggest that hydrocarbon cleanup is
not responsible for the reduction in background photoemission or the improved laser-damage performance
at >1 Torr. Mitigation of similar surface degradation of fused silica and dichroic mirrors has had mixed
results: Some find that inert gases can inhibit surface degradation'®, and others find improvement only with
oxygen .

Furthermore, tests conducted in 10 Torr nitrogen suggest that oxygen is not required, or at least has only a
minor effect. Simple calculations indicate that the contribution of natural convection is negligible
compared to conduction through the sample for any plausible value of surface absorption and hence
improved heat transfer is an unlikely explanation for the observed effect. (To ensure that we were not
looking at a thermally activated process that was induced by the 0.5 Hz repetition rate, one sample was
tested at 0.05 Hz; roughening behavior was unchanged.) Yet, the almost comparable performance of dry
nitrogen and dry air at 10 Torr suggests that pressure may be the most important variable. Perhaps the role
of pressure is to prevent or facilitate bleaching of UV-induced surface defects, hence preventing run-away
surface absorption and concomitant damagingly high prompt temperature rises. Earlier work has also
found that "inert" gases are nearly as effective as oxygen at preventing surface degradation, but no
mechanism has been demonstrated'*.

The presence or absence of physisorbed or chemisorbed water on the surface of the DKDP could also play
a role either through evaporative cooling or chemical reaction. Hirsch and Adams’ report the chemical
sensitization of KDP surfaces irradiated with 1.5keV Ar ions, 1000eV electrons, or Cu-Ka photons for 1.5
— 3 hours in high vacuum (~ 5 x 10° Torr). They report hydrogen gas evolution and surface corrosion that
occurs only after subsequent exposure to atmospheric water vapor. This sensitization is attributed to
generation of metallic K, which can then react with water vapor to begin the corrosion reactions with
evolution of hydrogen gas. The morphology of the corrosion pits generated with Ar ion bombardment is
described as rods that are preferentially aligned with the crystallographic axes. Furthermore, they find that
the rods formed are lower density and substantially larger and more elongated as they move into the
weakly irradiated areas at the edge of the target region. They attribute the observed size distribution to the
density of activated sites. Hirsch and Adams observations are reminiscent of the inchoate morphology
found at the edge of the area irradiated with 3.6eV (351-nm) photons in our experiments (see Figure 8).
However, there are also substantial differences between the surface roughening which we have observed
and that of Hirsch. Most importantly, surface roughening is clearly detected during vacuum irradiation
(does not require subsequent exposure to atmospheric humidity) and is suppressed by atmospheres where
chemisorbed and free water vapor is likely to be more abundant.

It is also conceivable that impurities play a role in the roughening or fluorescence, but through a
mechanism that occurs only at the surface in vacuum. Marshall has reported that impurities, particularly
As, play a role for radiation-induced absorption in KDP and DKDP,"” and Runkel et al'® report a similar
result for induced absorption for exposure to 308 and 248-nm light. However, there is no readily apparent
difference in either the induced roughness or fluorescence in the samples we explored, which represent a
considerable difference in impurity levels, particularly across the pyramid-prism boundary.

5. CONCLUSIONS

As-manufactured diamond-turned DKDP surfaces exhibit photoemission that can be bleached by exposure
to 351-nm light in air. This bleaching occurs more rapidly (fewer shots) at pressures above 1 Torr. UV-
ozone cleaning prior to laser exposure does not noticeably reduce this background emission, indicating that
the emission source is probably a KDP-defect structure and not organic contamination.

Roughening of DKDP surfaces only occurs at operating pressures below 1 Torr. Nitrogen, dry air and
humid air can all prevent roughening, suggesting that oxygen is not required to suppress roughening.
Roughening does not appear to be caused by organic surface contamination — surface carbon is removed
equally well in vacuum and air. Induced absorption, inferred from the increased photoemission, occurs
when DKDP surfaces roughen by exposure to accumulated 351-nm laser light at greater than 6 J/cm? in



vacuum. Unlike the induced absorption observed in fused silica, this induced absorption in DKDP is not
bleached by subsequent exposure to 351-nm light in air. We currently have no satisfactory explanation for
the mechanism of this phenomenon.
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