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Dlt'LECTRlC COATINGS CU HFTAL SUBSTRATES 
S. S. Glaros, P. Baker and D. Milam 

Lawrence Livermore Laboratory i 
Livermore, California 9-J550 

Large aperture, beryllium substrate based mirrors hi been used to focus 
high intensity pulsed laser beams. Finished surfaces have -igh reflectivity, 
low wavefront distortion and high laser damage thresholds. This paper describes 
ti:e development of a series of metallic coatings, surface finishing techniques 
and dielectric overcoatings to meet specified performance re .irements. Beryllium 
substrates were coated with copper, diamond machined to with • 5 micro-inches to 
final contour, nickel plated and abra'ively figured to final contour. Bond 
strengths for several bonding processes will be presented. Dielectric overcoat­
ings were deposited on finished multimetalic substrates to increase both reflec­
tivity and the darage th.esholds. Coatings wert 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 f wavefrcr.t 
distortion, reflectivity, and damage thresholds throughout the rc-ny steps involved 
in fabrication. 

1. Introduction 
The reflectors described in this paper were designed for use witii the A^'JS laser. T:ie system 

shown in figure 1 consists of a pair of nestc-d ellipsoidal reflectors [1], coupled with an aspheric 
doublet refracting element, wh'ch provides uniform illumination of the specified laser beam profile. 
There are three distinct but interrelated sections of this reflector design; the substrate choice, 
multi-metallic coating adhesion, and dielectric overcoating choice. 
Figure 1: Argus Optics Parameters 
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2. Substrate Choice 
The mirror substrate material choices w e e KB-?, 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 processing and final use 

The first property affecting substrate choice is strength and micro-yield strength. Macroscopic 
strength affects the shape of the substrate. 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 1. 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 B^-7 and three times stiffer than Cervit. 

Due to the required high aspect ratio required ir, the geometry of the reflecting portion, both 
strength and stiffness necessitate thicker peripheral sections for BK-7 and Cervit than for beryllium 
substrates. 

The third property affecting substrate choice is thermal diffusivity (K/eC). A certain amount 
of the laser pulse energy is Absorbed in the coaling and transmitted to the substrate. An excellent 
diffusivity such as that of beryllium, allows 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 of SOO-SOCC. BK-7 experiences nearly six time* the distortion of C'-rvit while beryllium 
has only rwice the distortion. The amount of distortion seen by beryllium substrates can be further 
reduced bv coating both sides and by substrates stabilization where the substrate has been previously 
subjected to numerous cycles at these temperatures such that all creep has been accelerated prior 
to final lapping. 

The logical choice based on the forementioned properties is beryllium [3], [4T,„ [5] but even 
this material is subject to further choices. The desired high strength and low creep with relative­
ly low cost and delivery time war met using ultra -pure beryllium particles further shattered by 
impact with a bery.iiuni target in an inert gas atsnosphere. 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 beryllium oxide in the ci.osen material directly determines 
the strength and indirectly the amount of long term creep hence long term dimensional stability. 
A number of different vendors processes will meet the forementionpd criteria but hot isostatic 
pressed beryllium was the least expensive and was available in shorter delivery times than some of 
the more exotic but slightly superior processes. 

Another factor which enters into the substrate choice is economics. Figuring a cervi-. or QK-7 
substrate is projected to be more expensive than diamond turning with final light lapping of the 
nickel coated beryllium substrate system. 
Table 1: Mirror Substrate Design Parameters 

Kur t lU. 
(gVcm3) 

E 
MDULES OF 
CUSTIC1IES 

HICRO 
YIELD 
STF-EIOTH 

B.TISS1E 
rassu 
STRENGTH 

K 
THEStf 
CONDUCT 

c 
SPECIFIC 
HEM 

n-:r OF 
Tt!EM 
EXPANSE 

0 
THSk.-KL 
OIFFOSUlTlf 

THFE-Kt 
0ISW.TICU 

(x 10t) 

T 
Kur t lU. 
(gVcm3) (10 6 «/c« i 2 ) (osi) (PSl) (Ca l /C I -

sec C) 
(CVs» 0 ( io- $ /c) K/cC 

THFE-Kt 
0ISW.TICU 

(x 10t) It) 

BK-7 2.ZOO 7.00 1.600 - 0.0033 0.188 0.55 0.003 69.0 1,500 

IF.WIT 2,500 3,23 1,500 - O.OOQO 0.217 0.10 0.003 14.0 too 

6CP.YLL1UM 
(r.S! HP-20) 
1.652 2S.C0 3,000-lO.OCt 58,200 0.3600 0.(50 I 2 . « o,«o 27.0 1,300 



Figure 2: llon-Conlivti f IHILTOT'CUT f!e',ti)i* on HI'-/U lit- 2" DfiH 
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TaMt 3: P U t t n g fond Sircnyttis 
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4. Dielectric Overcoating 

/I mir-ber of d'ff<"*ont dielectric coaling? wore -leposltcd on the successful substrate system 
candidate. Additional coating runs were rude at a mmber of temperatures since potential stress 
introduction*, was suspected at the elevated temper*turc*. Since the samples consisted of many 
coatings of dielectr ics, rreuls and beryllium, the.*c was gooc* reason to expect the coefficients 
of llicn-ol c>Mansion to vary such as to induce stress hence ctange the f inal figure Interfero-
grans were UU-n after coating to dctomlne whether stress induced ligure changes had occurred. 
Tabic < shows the rt-latfonafilp of the number of coatings on each sarcpJe, type of coating, appl i­
cation tctrpc-alurc. induced wavefrant d is tor t ion, re f lec t i v i t y , surface qual i ty , and damage 
threshold. 

Table *'• Dielectric Coating Pararrxtcrs 
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S. Dielectric Cc-Hinrj Oarage Testing 

Oaiiago thresholds nor* ewsurei using l inearly polarised 10W nm pulses 125 + ?6 psec In 
duration at ncarl> ncrr-dl incidence. Peak energy density for each pulse was detcmiined by 
rcconMructing ihr i f a t f a l ; r o f i l e o* the beam from a photograph, and nntxaMzIng the prof i le 
to agree i*ith the energy contained in the pulse. A typical bean prof i le 1s shown In figure 4 . 
Kith Ihc a-.r.oci.?icrt isoin;ct.<.(ty contour plot . The c i rc le scribed on the contour plot indicates 
the portion of the prof i le uied in the normalization. On-axls integrated energy density can be 
eVleir-iwii to within ± £-?.".. 

f igure <: laser PoKe Uti l ised in Damage Testing 

Energy density (J/cm) Isointensity contour plot 



6. Sumnary 

; data collected in table 4, i t becomes apparent that the higher coatinr temperatures 
induces Hftstortion into the coated substrate. The coating with negiible distort ion and next to 
highest damage threshold was found in sampe »5. This sample was a 12 layer stack alternating 
Ti02 and SiCj^t. 275'C temperatures resulting In \.o induced distort ion and a damage threshold 
of 6.5 J/crn2. ^ 

7. Conclusion 

The beryllium substrateS^stPm with a l l of i t s complicated processing did prove to be about 
b0% less expensive than the comparable Cerevit or BK-7 substrate* system after coating. 

The multi-metallic coatings apt^jed to the substrate did provide bond strengths nearly equiv­
alent to the beryllium substrate s t rau th i t se l f . 

The dielectr ic overcoating developed far this substrate does provide a distort ion free coating 
with as high a lase. da...age threshold as fliiySjIoss substrate coated system. 
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