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A SUBSTRATE EFFECT OF HARDNESS IN FILM/SUBSTRATE INDENTATION:
FINITE ELEMENT STUDY ON ‘OVERSHOOT' PHENOMENON OF HARDNESS
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1. Intr oduction

Nanoindentation tests are used aseams todeternine the nechanical propertiesf small
sized naterials from the measured force-déip cuves, pecifically to exract tre elastoplasc
properties of thin filmdeposited on the substrateor this mrpose, the quantities @he thin flm
must be decoupled from thosetb€& substrate, and it is purtantto understand how the substr:
influences the entire indentation processe Wave carried out extsive finite elenent (FE)
simulations on this indentation probleand found a new phen@mon. Tle measured hardnes:
overshotthe substrée hardness in aertan combination @ the elastolastic propeies of the ilm
and the substrateaterials.

2. Computational method

The speciren, consisting of a seninfinite subsrate with a tlin film deposited on it, i
indented by a sharp conical indentas shown irFig. 1. The thickness of the film is denoteddyy
and half apex angle ohé conical indenterd (8 =70.3°). We assuna that those two mterials are
honogeneous and their uniaxial stress-straing) relations obey a powdaw form:

(1) c=Ee for e<Y/E and c=Re" for e>Y/E,
whereE ard Y are Youngs nodulus and yielastrength, respectivelyandn is the work-hardening

exponent witlR =Y (E/Y)".
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Fig. 1. Schenatic of conical indentation on fil/eubstrate speciem.

When the specien is of a hormgeneous bulk, é., both the film andubstrde meterials ae
identical, the relation letween tle forceP and the indentation depthis described by a quadral
law: P = CH. Here the loading cuatureC is a constant during the inutation, which is determine
by the material propertiesand the indentation ang® When the specien is nade of two layers
(Fig. 1), howeverC no longer remains constant, avaries as a function of depth nangly C(h).
The nodified loading curvatur€C(h) is then dfined by tle following relaion andsatisfes later
two conditions:

2  c(h)=pP/h?,  C(h)—>C; whenh/d -0, and C(h) > C when h/d Y 1.
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Here, subscripts ands mean that th speciren is nade of bik film material and of bulk substrat
material, respectivelyindentation hardness is given by the definition:

©) H=P/A A=Aj=245h?,
whereA andA, represet true prgected cotact area and mainal contact area, resgtively In this

study A is used in place oA to calculée the fardness. Thisneans that both pile-up and sink-
effects of the indented aterial are ignored.

3. Combination of material properties and calculated esults

We have carried out elapladic axisymmetricFE calculatios with ANSYS, ér the naterid
properties and their cdmmations, shown ifTable 1, wherer means Poissog’ratio ofthe naterial.

Table 1. Material properties used in the analysis.

Hm Gostrate
Cast H:/Hs
E(GPa) v Y (GPa) n E(GPa) v Y(GPa) n
A 410 0.25 4.0 0.0 0.675
B 410 0.25 4.0 0.2 470 025 7.0 0.0 | 0.838
C 410 0.25 2.0 0.5 0.931
D 410 0.25 2.5 0.5 1.008
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Fig. 2. Relative hardnessi/H g as a function of relative indentation deptiid .

Calculaed esultsare stown in Fig. 2 ér the four cages shan in Table 1. In the cass of Aand B,
the rdative hardnes$i/Hs remains alnost constant atheir own hardness of filrhl;, in a reldively
small depth rangehfd < 0.2). It then ronotontally increases withincreasing deg, and fndly
conveges toHs (H/Hs—1). The lehavior is \ery different in cases C and D, whétge = Hg. In

these two ases, wrting from H;, the hardness is observeddeershoot both values &f; and H
with increasing depth before congerg to Hs. Then, a question arises: why has this oversl
phenonenon not been observed or reported prelydus\e can think othe bllowing two reasas:
(1) The combination of aterial prgerties of C oD has not been tried in hardness tests yet, o
the oveshmt quantity is no graer than 10 % of the hardnesds), and therefore, eastp be
overlooked.





