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DIELECTRIC COATINGS Ch MSTAL SUBSTR&TEﬁ.

S. S. Glaros, P. Baker and D. Milam
Lawrence Livermore Laboratory 1
Livermore, California 94550

Large aperture, beryllium substrate based mirrors h: bheen used to focus
high intensity pulsed laser beams. Finished surfaces have .igh ~eflectivity,
low wavefront distortion and high laser damage thresholds. This paper describes
ti:e development of a series of metallic coatings, surface firishing techniques
and dielectric overcoatings to meet specicied performance re :irements. Beryllium
substrates were ccated with copper, diamond machined to with : 5 micro-inches to
final contour, nickel plated and abra~ively figuwred to final contour. Boud
strengths for several bonding processes will be presented. Diclectric overcoat-
ings were deposited on Tinished multimetalic substrates to increase both reflec-
tivity and the damage th.esholds. Coatings were deposited using both high and
low temperature processes which induce varying stresses in the finished coating
substrate system. Data will be presented to show the evolution ¥ wavefrent
distortion, reflectivity, and damage thresholds throughout the m-—ny steps involved
in fabrication.

1. Introduction

The reflectors described in this paper were designed for use wiin the AR:S Taser. Tie system
shown in figure 1 consists of a pair of nested ellipsoidal rcflectors (11, coupied with an assharic
dout-iet refracting elenent, wh'ch provides uniform illumination of the specified laser beam profite.
There are three distinct bul interrelated sections of this reflector desigr; che substrate choice,
multi-metallic coating adhesion, and dielectric overcoating thoice.

Figure 1: Argus Optics Parameters

*
Work performed under the auspices of the U.S. Energy Research and Development Administration under
contract No. W-7405-Emg-48.
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2. Substrate Choice

The mirror substrate matrrial choices wece KB-7, Cervit and beryllium. There are four primary
properties which determine the final choice since each of the four effect the substrate design (2]
at different times during procescing and final usc.

The firsi property affecting substrate choive is strenoth and micro-yield strength. Macrosropic
strength affects the shape of the sudstrate. Micro-yield strength describes local substrate strength.
Here beryllium substrates are seven times stronger than those of BK-7 or Cervit thus giving superior
rigidity for the same geometric dimensions as seen in table }. The second property of interest is
the modulus of elasticity which is the magnitude of stiffness. Again from table 2, beryllium is four
times stiffer than BX-7 and three times stiffer than Cervit.

Due to the required high aspect ratio required in the geometry of the reflecting portion, hath
strength and stiffness necessitate thicker peripheral sections for BK~7 and Cervit than for beryl}ium
substrates,

The third property affecting substrate choice is thermal diffusivity {&/¢C). A certain amount
of the laser pulse erergy is »bsorbed in the coa.ing and transmitted tp the substirate. An excelient
diffusivity such as that of ber;1lium, a1lous for rapid thermal equilibrium.

The fourth design property is thermal distortion which would be experienced in the final step
of mirror processing, the dielectric overcoating. This overcoating subjects the substrate to temp-
eratures af 200-300°C. BK-7 experiences nearly six times the distertion of Crrvit while beryvllium
has only vwice the distortion. The amount of distortion seen by bery1lium substrates can be further
reduced by coating bath sides and by substrates stabilization where the substrate has been previously
subjected to numerous cycles at these temperatures such that ail creep has bLeea accelerated priar
to final lapping.

The logical choice based on the forementioned proverties is heryllium [31, [4], [5) but even
this material is subject to further choices. The desired high strenyih and iow creep with relative-
1y low cost and delivery time war met using ultra 2ure beryllium particles further shattered by
impact with a bery.lium target in an ipert gas atmosphere. This material is subjected to a number
o- proprietary elevated temperature pressing and sinterirg operations to give the highest density
with a maximum isotropy. The amount of beryilium oxide in the closen material directly determines
the strength and indirectly the amount of iong term creep hence long term dimensional stability.

A number of different vendors processes will meet the forementioned criteria but hot isostatic
pressed beryllium was the least expensive and was available in shorter delivery times than spme of
the more exotic but slightly superior nrocesses.

Another factor which enters into the sybstrate choice is economics. Figuring a cervit or BK-7
substrate is projected to be more expensive than diamond turning with final light lapping of the
nicke) coated beryllium substrate system.

Table 1: Mirror Substrate Design Parameters
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Figure 3: Interferoyrams During Processing of 2 Sample
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Table 3: Plating Sond Sirengths
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4. Diclectric Cvercoating

A nurber of dfffecent diclectric coatings were ileposited on the successfyl substrate system
candidate. Additfonal ¢eating runs vere made at a nunber of {emperatures since potentfal stress
introduction:. was suspected al the elevated temperetures. Since the samples consisted of many
coatings of d¢ivlectrics, metals ard heryllium, there was good reasan %0 expect the cocfficients
of thewal crpansion te vary such as 2o induce stress hence change the findl figure  [Interfero-
grans were talien after coating Lo deteruine whethior stress induced 1igure changes kad occurred.
Table & shoeey the relatfonsnip of the number of coatings on cach samplc, type of coating, appli-
catfi-n tempe-ature, induced wavefront distortion, reflectivity, surface quality, and damage

threshold,

Jable 4: Diclectric Coaliny Parazeters
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5. Ufclectric Ceating Oarsge Testing

Gazage threzholds tere eeasuved using lincarl; polari2ed 1053 om pulses 125 ¢ 25 psec in
duration at ncarly remral dncidence. Peak energy density for cach pulse was detcrmined by
reconstructing Lhe spatia) [rofile o the beam from a photoorsph, and nowmalizing the profile
to dgree with the cuergy contained {n the pulse. A typical bean profile is shown $n figure 4,
with the a-soriated fspintcncity contaur piot. Tne cirche scribed on the contour plot indicates
the portion of the prefile used in the normalization. On-axis integrated energy density can be

determined to within ¢ L.74,

Figure &:  Llasor Fuise Utilized in Damage Testing
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6. Summary

the data collected in tahle 4, it becomes apparent that the higher coating tempcratures

induces tortion into the coated substrate. The coating with negiible distortion and next to
highest dari¥ige threshold was faund in sampe #5. This sample was a 12 layer steck alternating
Ti02 and SiCp 275°C temperatures resulting in 10 induced distortion and a damage thresheld
of 6.5 Jfcme.

u@% 7. Conclusion

The beryllium substratéegyste= with all of its complicated processing did prove to be about
50% less expensive than the cﬂqgahreble Cerevit or BK-7 substrater system after coating.

The multi-metallic coatings aphied to the substrate did provide bond strengths nearly equiv-
alent to the beryllium substrate strémgth itsclf.

with as high a lase, da.age threshold as any%glass substrate coated system,

The dielectric overcoating developcd\r\;lis substrate does provide ¢ distortion frec coating
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