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HIGH MODULUS COATINGS
N00014-87-C-0251

Research Goals:
Explore methods and mechanisms by which the ultimate fracture strength of ZnS can be increased without

degrading it's optical transparency in the bandpass of interest.

Results:
In 1988 we demonstrated that relatively thin films of Y203 could be used to strengthen substrates of ZnS. The

observed strengthening effect was shown to be related to the intrinsic compressive stresses in the film. During the
past year additional experiments have shown that the magnitude of the strengthening is relatively independent of
film thickness, deposition method (i.e. magnetron vs. ion beam sputtering) and even film composition, depending
only on the sign of the film stress. For example, the strengthening effect was not observed in ZnS samples coated
with evaporated YF3 films, wherein the intrinsic film stresses were found to be tensile. Ion assisted evaporation of
the same material resulted in the creation of nct compressive stresses and the substrate strengthening effect was
again observed. In all cases the observed effect was found to be a 25-35% increase which is in agreement with a
model proposed by Marion (1) wherein flaws originally residing at the surface of a brittle material like ZnS are in-
ternalized.

ALcrnatively, Green(2) has shown that much larger increases in fracture strength can occurr if the pre-existent
flaws are encompassed within the compressive strain field. To this end, we have explored the use of solid state re-
nc",d or diffued coatangs in an effort tc f, .'a s,_h compressed surface regions. Analysis by Mecholsky(3) indi-
cates that the critical surface flaws in ZnS are on the order of 100 microns. This would imply that the compressed
regions would have to extend at least to this depth within the sample for large strengthening effects to be observed.

We have succeeded in forming altered surface regions to depths of up to 0.5 mm in ZnS samples by diffusion and
reaction of transition metals like Cr, Mn, Fe, Ni and Co. The concept of the solid state diffused coating is illustrated
in Figure la. Figure lb illustrates the depth of the transformed region, indicated by the grain growth which oc-
curred exclusively in the diffused region. The extent of this grain coarsening depends directly on the concentration
of the transition metal. Preliminary results indicate that compressive surfaces were formed for several of the dif-
fused species. Hardness increases occurred in most cases with an increase in fracture toughness observed for Fe in
ZnS. Corresponding strength increases, up to 50% for Fe, were also observed. We believe that this may be a very
useful and unique method of tailoring the mechanical, optical and surface chemistry behavior of ZnS. Work should
continue in this area.

From a mechanical properties viewpoint, diamond is the ultimate IR material. Although the growth of diamond
films by CVD processes is under development at many laboratories throughout the country, very little effort has
been expended on the mechanical characterization of the resulting polycrystalline diamond films. We have under-
tkzn the deve!opment of a simple biaxial tension apparatus to evaluate the mechanical piupcii,s f CVD d
The apparatus is shown schematically in Figure 2. In this test, a liquid is injected into the test chamber, thereby
pressurizing a membrane of the film material to be tested. The deflection of this membrane is sensed as a height
change and a pressure vs height (displacement) curve is traced as shown in Figure 3. This data can then be related to
the stress and corresponding strain in the film at the pole, or position of maximum displacement. Young's Modulus
is one of the parameters which can be obtained from such an analysis, as illustrated in Figure 3 for a polycrystalline
diamond film. Here, the elastic modulus was found to be 677 GPa. Work is continuing on the development of the
test fixturing and absolute calibration of the test. Mechanical data taken for diamond films grown under various
growth conditions will be available in the near future.

Finally, while monolithic diamond windows/domes would be ideal for many IR applications, diamond coatings
on existing IR materials would also be of great value and potentially a more realistic near term goal. ZnS and ZnSe
would be ideal broad band substrates for such deposition as well as Ge. However. diamond does not nucleate readi-
ly on any of these materials. We have investigatcd in,'rl'vers for diamond ,rowth onto IR materials like ZnS, ZnSe
and Ge. Successful interlaycrs must I) nucleate diamond 2) promote adhesion of diamond to the substrate 3) be IR



transparent and in some cases 4) protect the substrate from chemical attack during diamond deposition. Interlayers
investigated were, diamond-like (a-C:H) and hard carbon films, BN films and thin SiC films. All interlayer films
were subjected to two sequences of thermal cycling prior to diamond nulceation experiments. The transmittance
curves of four candidate interlayer films on silicon are shown in Figure 4 before and after thermal cycling. The
IBED BN films were found to be completely inert to thermal cycling and did enhance diamond nucleation by 4 1x.
The hard carbon film was found to be most effective at nucleating diamond on silicon, increasing the nucleation
density by 365x, although the film appeared to be completely removed during the initial phase of diamond growth.
Surface analysis suggested that the formation of a SiC layer is most responsible for this observation. Even for the
case of SiC, certain orientations and in particular the (220) orientation was found to be most favorable for diamond
nucleation and growth. It is expected that interlayers like those studied here will by necessity be used when
depositing diamond on IR transparent substrates, where seeding is either not possible or does not provide
sufficiently durable interfaces in severe environments, like high speed raindrop impact.
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Figure 1. Solid State Diffused Coating Figure 3. Pressure-Hgt. Curve Figure 4. Transmittance Data

Future Plans:
, Characterize polycrystalline diamond films using the biaxial tension aT as
- Deposit polycrystalline diamond films onto Ge samples (using interlayL- quired) and test in a rain erosion

test facility
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