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luc:idate the hardening

< e last progress report,

ave 7 g zrdening mechanisms in
superlattic a ¥ = tailed dies TWo new polycrystalline
superlattice <coatings, NoN/VN and CxN/TiN, which wsre produced using an
oprosed, dual-cathcde, high-rate, reactive, unbalznced-magnetron sputtering
system. Significant hardness enhancement the zbcve rule-of-mixture hardness
value was found for the CzN/TIiIN, but nct for the NEN/VN. Correlating these
results with prior results for TiN/NoN and  TiIN/VN shows that the major
hardening mechanism in polycrystalline superiacttices is the difference in
layer elastic moduli, which is minimal in the NbN/VN case. The meodulus
difference provides a barrier to dislocation flow across the layers. In the
absence of modulus-difference hardening in NoN/VN, it was found that other

hardening mechanlsms such as coherency strains and the small grain sizes
opserved in the superlattices play a minor rcle. The results achieved in this
report period are described belcw zlong with publicaticns and presentations.

A model was developed that explains the yield stress and hardness enhancements
that have been observed in superlattice thin films. The stress reguired for

dislccations to glide across layers with different shear moduli wds calculated
using an expression that accounts -for core effects and all interfaces in
E

t zoidal - or ° sawtocth composition - modulations. .~ The predicted
strength/hardness enhancement increased with Iincreasing superlattice period
A, before reaching a saturation value that depended on interface widths. A
second mechanism, where dislocations - glide within individual layers, was

important at large A and gave a decrease in -strength/hardness with increasing

A. The combiration of these two mechanisms gives. a'strength/hardness maximum

versus A in gocd guantitative agreement with experimental results for nitride

and metzl superlattices The . results indicate °~ that  superlattice
- i v

lv on interface widths and the difference in
s ZIor ‘A values below the maximum, and on the

A new *transitiorn metal nitride superlattice VN/MNbN with little difference in
ghear” mecdulus was investigated in order ftc test theories that. relate the
strength/hardness -enhancements. to the 'modulus difference. . The NoN/VN
superlattices were deposited cn. steel substrates in an coppesad dual-cathode
unbalanced magnetron sputtering system. Despite a large lattice mismatch of
5.7% between NeN and VN, XRD results show that the superlattice structure
exists in all the films studied, where the superliattice period ranged from 2.4
nm to 69 nm. The structures and properties of the superlattices were
investigated under difierent deposition and superlattice modulation parameters
including nitrogen partial pressure, superlattice pericd, and relative layer
ratio. Micrchardnesses measured by both a Vickers micrchardness and a
nanoindentation tester showed no appreciakle hardness enhancement as a
function of superiattice period or relative layer ratio. The results were

compared with TiN/NbN and TiN/VN superliattices, in which hardness enhancements
cf over 2 times either nitride layer wsas. shown. This study supports the
theory that the difference in layer shear modulus is a major factor affecting

the superlattice hardness. Furthermore, they show that any other hardening
mechanisms related, si

o

9. te coherency strains or grain sizes, were minimal.
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n d-spacing which can be relsted to
rN/TiN ccated samgles, preliminary
an increase in hardness ¢f > 10 GPz
and TiN, znd scratch tests {on high-
cads that exceedea 6 kgf.

Our prior studies have shown that the effe
polycrystalline superlattice structure, hardn
to the dependences observed for homcgensous nitrides such TiN, NpN, and VN.
However, the hardness and adhesion values oktained under optimal conditions
are much higher for the superlattices. Thus, 1in oxder to obtain
polycrystalline superlattice coatings with the desired properties, the
individual layer materizls need to be cptimized. - Polycrystalline VN films
were deposited onto M2 steel substrates in a high-rate reactivée DC magnetron
sputtering system. The crystal structure, surface morphelegy, and properties
of the. films were explorsd under severzl process parameters such as nitrcgen
partial pressure,” target power, and mnegative substrzt i
technigques including X~-ray diffraction and SEM were used to characterize the

t of deposition parameters on
sg, and adhesion are analogcus
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structure and morphology of the films, and the mechanical properties Jf the
films were measured by a Vickers microhardness and a scratch adhesion testers.
The nitrcgen partial pressure was found to be <the dominant deposition
rarameter for the formation of different crystalline phases. The film

rdness of

hardness was shown to depend on the crystalline phase, and maximum ha
K he '

& e
0 GPa was found for the B-V,N phase.
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prouvl and S.A. Barnett, "Reactive TUnbalance
' —alline TiN/NbN  Superlattice

Wong, W.D. Sgrcul, X. Chu, and S.A. Rarnett, "Reactive Magnetron
tion of Niobium Nitride Films"™, J. Vac. Sci. Techrnol., A 11(4)

"Mechanical Froperties and

5.3 Chu, M.S8. Wong, W.D ul a E .
c lline Metal/Ceramic Superlattices"™, Suriface and

Microstructures of Poly
Coatings Technology, 61

6.P. Yashar, ¥. Chu, M.S. Wong, W.D. Sproul, and S.A. Barnett, "Synthesis and
Froperties of Folycrysalline CrN/NeN Superlattices". to be presented at AVS
1234 {Oct.) Annual Meeting. (paper submitted). ) -
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7.5, Chu, M.S. chﬂ, W.I. Sproul, and S.Z. Earnett, "Deposition and Properties
cf Polycrysalline VN/NbN Superlattices™. o be pressnted at AVS 1984 (Oct.)
Ernual ¥eeting. (paper 1ih preparation) *
2.M.S8. worg, X. Chu, W.D. Sproul =znd S.A. Baznett, "Synthesis and
Characterizatiecn o Superhard Polycrystzlline Superlattic Cecatings"™,
gresented at AVS 1933 Zanual Meeting.

°.X. Chu, M.S. Wong,

Spcutter Deposition of

Msgeting. (paper sucnit

10.¥X. Chu and S.A. Earnetrt, ce ttic

Enhancements™ {Submitted to J. App. Phys. in Aug. 94[

11.X. Chu, S.E. Barrett, M.S. Wong, and W.D. Sproul, "Hardness Enhancement in
Polycrystalline Transition-metal nitride superlattice Ifilms", presented =
ICMCTE 1994, {paper. in preparation)

Graduate Students :

¥i Chu {expected to complste his Ph.D in Dec. 1994)

Philip Yasher - {second year graduate student)

Research Diiedtibn for Next

Réportingﬁ?eriod

Although. we kave been succes sful in elucidating the main mechanism of ! hardress
enhancexment in polycrystalline superlattices, we 4111 carry further qtu:iles to
refine the hardcqidu theories and to .understand in more dctad¢ tne eiffects of
ctheér centributing hardening mechanisms such as coherency-strain and grain
size effects. Further stidies in the CrN/TiN system are re u’red_t optimize
deposition cenditions and then determine if a larger hardress enharncement is
cbtained for a larger modulus differernce. We will .continue to study the
fundamental  factors affecting adhesion and attempis will be made to improve
zdhesicn using metalfnitride superliattice interlayers. Also, materials
factors affecting the layer structure and high-temperature thermal stapility

f superlattices will be investigated, and measurements of new property such
2s hot hardnesz, friction, wear and ercsion resistance will be carried out.
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