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Abstract : The laser-induced damage threshold(L IDT) of optical coating is alimited factor for development of a high peak

power laser. The automatic damage testing facility was built to determine the L IDT of optics at 1 064 nm and 355 nm. .

The cleanning and process ng procedure of the substrate and coating technique were improved , and the damage res stance

of high-reflective coating at 1 064 nm was increased.
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1 Introduction

The laser-induced damage threshold(L IDT)
of optical coatingsisalimited factor for develop-
ment of a high peak power laser. The output
fluences that can be attained on the National Ig-
nition Facility (NIF) which contains 192 beanr
lines built by the Unite States are ultimatly lim-
ited by optical coatings within the chain. These
optical coatings need to satify the fluence re
quest , 22 J/ c’ for reflective mirrors and 11 J/
cm’ for polarizers (1 064 nm ,3-nspulse length) .
Because the damage mechanism of the coatings
under strong laser irradiation is very complicat-
ed, dueto alot of relevant factors, such as dif-
ferent manufacture progresses ,layer combina
tions, depodtion techniques, and laser parame-
ters. Therefore, the researchersin optical coat-
ing field focused all their attention on finding a
solution to increase the laser damage threshold
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of optical coating™™ . Our recent research on la

ser coatings has been reported in this paper.
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2 Measurement of the laser dam-
age threshold

We have set up atesting facility to measure
laser damage threshold of optical coatings. The
layout of thefacility was showed in Fig. 1.

The measuring system conssts of a Nd:
YA G laser , a series of opticsfor frequency con-
verson, a beam splitter, a trandated sample
stage, an energy meter ,a CCD camera, and a
He-Ne laser collimation source, etc.. The danr
age wavelength can be convenient to change at
1 064 nm and 355 nm. The measure system is
controlled by computer, so it is easy to operate
and handle. The damage experiment can be con-
ducted usng 1-ornr1,N-onr1,Son1,and Ron1
laser modes. In the laser damage threshold
measurement , the laser parameter should be
measured such as pulse width of laser, laser
space distribution, laser energy and effective ar-
ea of laser light beam on the sample surface.
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Fig.1 Schematic diagram of laser damage threshold tes
ting facility

Chopper

Fg.2 Shematic diagram of scattering Sgnal detector

To determine damage, we have added the
He-Ne laser scattering detector in the system,
the layout is shown in Fig. 2.

Passed through chopper the He Ne laser
light became modulation light , then incidenced
with 45° angle on the sample surface, and accu-
rately coincided with damage laser facula. Scat-
tering light passed the collective lens focus on
the photoelectric probe. The dight scattering
sgnal was accepted by a phase locking amplifier.
When laser induce damage take place, the laser
scattering sgnal will be harder , and then we can
judge the laser induced damage in real time.

In this paper, damage of optical coatings
was usng 1-on-1 mode, and pulse width was
10 ns. Damage stes were investigated by Nor-
marski microscope at 100 200 x . If any perma-
nent change can be observed on sample surface,
in other word, laser induced damage existed.

Laser damage threshold is defined with zero
probability method. We graph damage probabili-

ty at different energy densty, and a linear ex-
trapolation of damage probability data to zero
damage probability yields the threshold.

3 Research of the thin films

3.1 dCeaning and treatment of the subsrate

The optical component for the laser system
need satidy certain demands, such as surface
roughness and figure. All substrates are ob-
tained after shaping, grinding and polishing.
The state of the substrate surface sgnificantly
influence on coating quality (adheson, micro-
structure, distribution of the defect) , optical
loss ,and damage red stance. Impurity and parti-
cle on substrate surface and in layer interface
will absorb laser , result in damage. Thus, high
quality cleaning procedure before coating is an
important process. We have used mechanical and
chemical cleaning process and obtained satisied
result.

We used ultrasonic technology to clean the
substrate, and studied the relationship between
the damage threshold of single layers and the
different cleaning procedures. Then the highest
damage threshold with best procedure was
found.

Recent research indicated that the damage
threshold had been influenced not only by the
existence of surface defects, but also subsurface
defects, especially for transmisson components.

The subsurface defects were produced dur-
ing fabrication, including impurity , scratch and
little crackle under surface that extent on the or-
der of several to hundreds micronsinto the bulk.
Existence of subsurface defects would cause le
ser absorption and increase electricfield distribu-
tion, thus rise the damage probability in the
bulk or on the back surface.

We have studied on the subsurface defects
with the different etching processes. As shown
in Fig. 3, the substrate in (b) has appeared to
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subsurface defect. These two substrates come
from different vendors were measured by WY KO
roughness instrument after chemical etching for

one micrometer.

Fg.3 Measuring results of different substrates after
chemica etching

As a brief summarization, we need remove
not only the contamination on substrate surface
,but also the subsurface defects, and we must
consder suitable process for the different sub-
surface defects caused by different fabrication
technologies. The treatment process is compli-
cated and needed to be studied further.

3.2 Deposition parameters

Oxygen partial pressure and substrate tem-
perature are two key parameters to electron
beam evaporation technology.

Zirconiais a very good coating material for
high laser damage threshold coatings. We pre-

pare two group ZrO. samples at different sub-
strate temperatures and Oxygen pressures. Mi-
crostructure and damage characteristic of ZrO:
thin films has been studied™® .

XRD diffraction pattern at different oxygen
pressures was shown in Fig. 4. It was obvious
that with the increase of Oz pressure, the mor-
phology of thin film transtion occured from
polycrystalline to amorphism.

Fig. 5 showed XRD diffraction pattern at
different substrate temperatures of ZrO: thin
films, we can see that the microstructure of
ZrOz thin films was changed from amorphism to
polycrystalline with the risng temperature.
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Fig.4 XRD diffraction pattern at different Oxygen
pressures of ZrO: thin films
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Fig. 5 XRD diffraction pattern at different sub-

strate temperatures of ZrO: thin films

Fig.6 and Fig. 7 presented damage thresh-
old of ZrO: thin films as a function of tempera
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ture and Oxygen pressure respectively. It was
obvious that the damage threshold of ZrO: thin
films has the tendency to decrease gradually as
the temperaturerising, s multaneoudy , with the
risng of Oxygen pressure, the microstructure of
thinfilms will be changed from polycrystalline to
amorphism , but the damage threshold didn’ t in-
crease gradualy. This phenomenon indicated
that the relationship between microstructure and
damage resistance is complicated, so it is neces
sary to choose suitable parametersfor the acqui-

sition of high threshold coatings.
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Fig.6 Damage threshold of ZrO; thin films at differ-
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Fig.7 Damage threshold of ZrO: thinfilms at dif-
ferent oxygen pressures

3.3 Surface defects

Impurity and nodular defect are mainly cau-
sesfor the coating failure'® . Under the laser ir-
radiation , nodular defect is broken at first. Nod-
ular defects come from the manufacturing,

transport of substrate, coating process, etc.

The emphass of the development effort of us
was to improving the fabrication process. After
optimizing the coating parameters, making coat-
ing process stabilization , we restricted the form-
ing of defect.
3.4 1064 nm reflective coating

We prepared the reflector by A PS1504 coat-
ing machine. The layer desgn was 45° of inci-
dence, stack G| (HL)*® H2L| Air (H:HfO. ,L:
S0.) withA/2 S0 overcoat for improving the
damage resstance'’!. Substrate was fuson
qguartz, mean square root surface roughness
(Rg) was 0.6 nm, and the diameter was 85 mm.

Measuring result indicated that damage
threshold (1 064 nm,10 ns) of zero probability
was 46 J/ cm’ , converted to 3 ns reached 30 J/
cm’ (1 064 nm,3 ns). Fig. 8 shown the damage
morphology. From this figure we found that ,
there were less nodular defect on the coated sur-
face and the density of defects was obvioudy
small. This result demonstrated that damage
threshold tightly correlated to the number of inr
purity and nodular defect.

100 pm

Fig.8 Photograph of damaged reflector at 1 064 nm

4 Conclugon

We have set up an automatic laser induced
damage threshold testing facility, this facility
can determine the damage threshold at 1 064 nm
and 355 nm. By improvimg the substrate treat-
ment process and the coating technology, we
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have made some progress on high laser damage threshold of the 1 064 nm reflective coatings
threshold coatings research, and the damage reached 30 J/ cm? (1 064 nm ,3 ns) .
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