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Introduction 
Etching a phase-separated glass can produce a surface film with 

low refractive Index that Increases gradually to the bulk value. This 
report demonstrates that such a graded Index can be produced on optical 
quality glass for use with Intense pulses of energy at 1.06 vm. The 
film reduces reflections and raises the threshold against damage of 
iiie surface by the transmitted energy. 

This work was begun at Owens-Ill1nc1s by Or. Howard L. McColllster 
who evolved the final glass composition and perfected the polishing 
technique (assisted by Henry F. Pawlecki, Jr.). After Dr. McColllster 
left 0-1, the emphasis was shifted somewhat to demonstrate that this 
glass could be produced as large discs with the same optical qualities. 
Purpose 

The intent of this project was to demonstrate that glass with an 
etched antlreflective surface can be obtained with adequate optical 
quality for laser-transmitting optical components used on the Argus 
and Shiva laser systems and also for the future Nova laser. 
Results (briefly stated) 

A glass composition (GS-459) was found that undergoes phase 
separation so that 1t could be etched to have antlreflective surfaces 
while maintaining transparency at 1.06 um. (The absorption coefficient 
is less than .007 cur'; the optical density of a 1 cm thick plate 1s 
less than 0.003.) These glass surfaces survived 1 ns pulses of laser 
light (1.06 um) with Intensities In excess of 18 Joules/cm'. 

As a modification of the original contract, slabs of this glass 
were poured with diameters in excess of 20 cm. These slabs also had 
the desired etchabllity and moderate absorption coefficient. However, 
the slabs poured during the contract period all exhibited some bire
fringence. When a slab was reannealed to relieve the stress presumed 
to cause this, the absorption coefficient rose and a sample disc cut 
from the slab did not form the expected antireflective surface when 
etched. Subsequently the time-temperature profile of the reannealing 
step was changed to diminish the birefringence in large slabs of this 
glass without Intolerably affecting the transmission and etchability. 

Pouring larger additional slabs of this glass with a modified 
cooling procedure to avoid frozen stresses was specified subsequently 
1n a purchase order from LLL to Owens-Illinois Optical Products. 

Half-Inch thick sample discs from a glass slab not reannealed 
Initially had transmission of 99? at 1.06 um after etching but this 
•*ell to 98.65! in the course of time. This degradation appears com
plete after three days. The laser damage tests were performed more 
than three days after etching. The freshly etched surface could be 



expected to be chemically reactive. An attempt to passivate a freshly 
etched surface by baking at 300°C did not result fn a significantly 
higher transmission when measured one month later. 
Results Collated with Task Items 

Task 1: Glass Composition and Initial Filming Studies 
1.1. Our glass composition GS-459 was etched to achieve reflectance 

less than 0.5*. 
1.2. It was delivered as 1.5 inch diameter discs and as ingots larger 

than 16 cm diameter with birefringence of about ?. nm/cm. At 
1.06 ym the refractive index is 1.514 and the absorption coeffi
cient is nominally 0.006/cm. At shorter wavelengths the absorp
tion coefficient depends very much on the time and temperature 
history of the glass. If the poured glass is cooled too slowly, 
or 1f it is reheated above 700°C, the light scattering Increases 
considerably at visible wavelengths, see Figure 1. 
The viscosity 1s rather high, 100 poise at 1618°C,and the anneal
ing point is 693°C. In our experience, phase separation occurs 
as the glass 1s slowly brought down 1n temperature after pouring. 
Residual stress causing birefringence can be relieved by ''fine 
annealing" at only 643°C for ten hours without significant 
"ripening" of the separation (which would appear as increased 
light scattering at 500 nm or less). 

1.3. Etched discs with transmission above 99.5% at 1.06 vm that were 
submitted to LLL withstood 1 ns pulses of 10 Joules/cm2. The 
damage threshold is dependent on the polishing technique before 
etching the antireflective layer. Our polishing slurries had 
progressively finer grain alumina (down to 0.5 urn). Some discs 
with thresholds above 18 Joules/cm2 were delivered. 
Task 2: Optimized Antireflective (AR) Films 

2.1. Properly polished discs of our glass GS-459 generally required 
three minutes in our etchant to produce AR films for 1.06 urn, 
If, however, the phase separation was over ripe (coarsened) by 
baking at 716°C for several hours, then the AR properties were 
unpredictable. 

2.2. Figure 2 presents two electron micrographs (Pt-C shadowed replicas) 
that show the excellently fine mtcroporpslty of a good AR film 
in comparison to that of a polished and'etched surface of a 
sample'that had been baked at 716°C for several hours. This 
porous structure is the siliclous residue from an anhydrous etch 
and an ultrasonic rinse in water. The AR properties are degraded 
by extreme humidity, and there is an initial degradation 1n the 
first few days after etching. 
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, FIGURE 1 - Absorption coefficient of two melts of rs-459. Cooled differently and then reannealed 



a. Disc froii. small melt, annealed one hour at 7506C 

1 micron 

b. Disc from large melt, annealed 10 hours at 716°C 

FIGURE 2 - Electron micrographs of Pt-C replicas of polished and etched 
samples of GS-459 glass with differing thermal histories. 
Coarsening of the phase separation during the long "fine 
anneal" modified the etching properties, and a satisfactory 
AR film was not achieved, 
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Two experiments were done to study this. One disc was baked 
at 300°C for an hour soon after etching (Figure 3). Another disc 
(Figure 4) vtas measured from time to time with different relative 
humidity exposures and then given an additional ultrasonic 
rinse in water and remaasured. Before etching, both discs had 
the proper fine polish needed for good AR films only on one 
side; the other side was only finished with 1600 paper. 
It appears that the 300°C bake gave temporary Improvement 
but did not prevent the gradual degradation of transmission. 
Also,even one week after etching, 1t appears that desicca
tion and then flushing with dry nitrogen during measurement 
improves the transmission. After this disc had aged some weeks 
1n air, a second ultrasonic rinse 1n water produced a brief 
improvement. 
Task 3: "Increase Surface Damage Thresholds and 

Component Size: 
3.1. The improvements in polishing technique eventually produced 

etched surfaces that would withstand 1 ns pulses of 18 Joules/ 
cm 2 without perceptible damage. 

3.2. Two large pieces with acceptably low birefringence and high 
transparency at 1.06 um were delivered to LLL for fabrication of 
14 and 25 cm discs 2.5 cm thick. We are willing to perform the 
etching at LLL after the discs are optically "figured." 

3.3. At various times as our technique improved, scratches correlated 
and with damage sites were found In scanning electron micrographs of 
3.4. samples returned to us after laser tests. Such pictures were 

shown and discussed with H. LowdermHk and others at LLL. 
Postscript 

Owens-Ill inois, Optical Products, was awarded LLL Purchase Order 
8203109 to pour four discs of GS-45S as large as 54 cm. 
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FIGURE 3 - Transmission of disc before and after 3Q0°C bake 
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0 Before baking 
• After baking 
B One month later 
Only one side of this disc was finely polished, 
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FIGURE 4 - Effect of hunldity and additional ultrasonic rinse on one disc 

7/18 « After etching 
7/23 v Desiccated and flushed with h"2 during measurement 
8/27 • One month 1n desiccator 
8/31 0 Four days not 1n desiccator 
9/10 § Before additional ultrasonic rinse 
9/10 + After ultrasonic rinse 
10/15 % One month later 
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