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ABSTRACT 

A surface thermal lensing and a radiometric technique was used to characterize the absorptance 
dependence on time, power, site, and technique of low absorptance optical multilayered coatings. 

This work was performed under the auspices of the U.S. DOE by LLNL under 
contract No. W-7405-Eng-48. 
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Introduction 

An uranium enrichment plant utilizing atomic vapor laser isotope separation (AVLIS) technology is 
currently being planned. Deployment of this plant requires tens of thousands of commercial and custom optical 
components. The custom optical components are expected to perform at a high level of optical efficiency and 
reliability in a high average power laser production environment. The custom optical coatings for the AVLIS plant 
must meet simultaneous performance of numerous material properties, one of which is extremely low levels of 
absorptance. Low absorptance level minimizes thermal-induced distortion of the optic when exposed to high 
irradiance laser beams. Distortions are not desired because they cause light loss and subsequent degradation of plant 
efficiency. Low absorptance also reduces the incidence of laser-induced damage. 

Techniques for Absorptance Measurement 

The surface thermal lensing (STL) technique successfully resolved low-level absorptance of optical multi- 
layered dielectric coatings: near-normal angle-of-incidence high reflectors and transmissive coatings. Surface 
thermal lensing is an alternate configuration of photothermal deflection (PTD) that uses an Ar ion laser (514 nm, 5 
W maximum output, at 12 Hz modulation frequency) as the pump source (Fig. 1). The PTD requires two small 
diameter laser beams to be aligned close to each other. The probe beam diameter must be smaller than the lateral 
dimension of the thermally-induced deformation. The STL technique uses a probe beam diameter that is greater 
than the lateral dimension of the deformation. The larger diameter probe beam facilitates the alignment of the pump 
and probe laser beams with which to obtain and optimize the absorptance signal. The absorptance of a modulated 
pump beam causes a thermally-induced deformation of the substrate. The deformation behaves as a lens in the 
transport path of the HeNe probe beam. The detected amplitude change of the probe laser signal is proportional to 
the absorptance of the coating. 

The absorptance of these coatings was also measured radiometrically using a 300 W copper vapor laser (5 11 
nm, repetition rate = 4.4 kHz, pulse width = 50 ns) as the pump source (Fig. 2). The copper laser beam is focused 
onto a 1 to 2 mm diameter spot on the coating and the temperature rise detected. The temperature change, power 
density, and beam diameter were used in an empirically derived formula that yields optical absorptance. 

Results 

Both of these techniques were able to measure levels of optical absorption from 1 ppm to >lOOO ppm. The 
lower limit of the absorptance level was likely due to the samples, since the STL technique can resolve absorptances 
in the 10 ppb regime. Using the STL technique, the absorptance time dependent and non-linear behaviors were 
recorded, and the absorptance spatial uniformity of coatings characterized over areas of 1 sq mm. Low level 
absorptance from coatings is a function of time, power, test site, and measurement technique (more so for thicker 
coatings). 



Figure 3 plots the results from one sample showing the absorptance dependence on time and power. More 
absorptance time dependent behavior will be presented at the poster. At a low pump power of 392 mW, the 
absorptance increases with time during the initial 30 seconds of it-radiance, and then begins to decrease with time 
At a high pump power of 679 mW, the absorptance increases with time monotonically. Not only is absorptance 
non-linearity observed, but the absorptance value changes with time in different ways. These dependencies were 
also observed with the radiometric technique, but not with the same time resolution as with the STL technique. 

The absorptance can be site-specific because of defects within the coating. The STL technique was used to 
scan the absorptance of the optics and these results will be shown at the poster session. Figure 4 is an illustrative 
example of a two-dimensional absorptance scan on a high reflector coating. The area is 1 mm x 1 mm and the 
pump beam diameter is 10 ym to obtain an appropriate spatial resolution. The average signal intensity from_ 
sampling the entire area was 91 arbitrary units; sampling over Area A gave an value of 254 intensity units (the 
standard deviation is zero because the detector was saturated during the scan of Area A); and Area C had the lowest 
average of 39 units. The intensity units translate proportionately into absorptance, meaning that the coating has at 
least a factor of 6 in absorptance variation in the 1 sq mm area 

Finally, absorptance measurements on the same samples but using two different techniques give different 
values. Even after scanning larger areas with the STL to simulate the larger exposed area from the radiometric 
technique, matching power density, and matching exposure time. Multi-layered coatings with thinner cumulative 
thicknesses, such as anti-reflectors, had absorptance values that correlated between the techniques. The correlation 
worsens as the multilayer thickness increases. The difference may be caused by the different physical mechanisms 
that each technique monitors for absorptance. In the STL technique, the absorbed heat must be transported through 
the multilayer to the substrate. For the radiometric technique, the infrared camera senses the radiation from the 
absorbing defect buried within the multilayer. Other possible mechanisms and test procedures that may improve the 
correlation will be discussed at the poster session. 

Conclusions 

Optical absorptance data for multi-layer coatings were found to be non-linear, non-uniform, and 
time dependent under high average power laser irradiation. Based on the results obtained, it is clear that 
measuring and reporting optical absorptance as traditionally done are not adequate for coatings for medium 
to high power laser applications. For example, absorptance measured at low power may not be relevant to 
the performance in real applications. A new protocol is suggested for reporting low absorptance levels of 
high performance optical coatings. The reporting protocol should include 

i. 

ii. 

. . . 
111. 

iv. 

the time dependence of the absorptance when the coating is under the maximum irradiation of the 
service application; an exposure time long enough to establish the time dependent behavior should be 
used; 
the irradiance, since coatings may have strong nonlinear or time dependent behavior at different 
irradiances; 
the pump laser parameters (pulse modes, beam size, spectral requirements, etc.); 
non-uniformity of coatings should be addressed (i.e. scanning) if laser applications require clear 
apertures much larger than the pump beam dimensions. 

Photothermal Deformation Surface Thermal Lensing 

Figure 1 Comparison of a conventional photothermal deflection (PTD) and the surface thermal lensing (STL) 
technique. 



Figure 2 Optical sample 
absomtance techniaue. 
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Figure 3 Non-linear absorptance measured using the 
STL technique. Sample # 325 is measured at two 
different irradiances. The long term absorptance and 
the absorptance time-dependence is different. 
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Figure 4 Absorptance is site specific. 
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