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Abstract: This review examines the principles, limitations, and recent advancements in elastic modulus measurement using

nanoindentation. The importance of accurate contact area prediction is discussed, along with the Oliver-Pharr method and its

limitations. The Continuous Stiffness Measurement (CSM) technique is presented as a significant improvement, allowing

continuous measurement of mechanical properties throughout the indentation process. For ultra-thin films, the Li and Vlassak

method, which incorporates Yu's solution and the concept of effective thickness, is highlighted as a means to correct for substrate

effects. Recent developments in artificial neural network-based models for elastic modulus prediction are also explored. These

advancements have greatly expanded the applicability of nanoindentation in semiconductor and MEMS device reliability

assessment.
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2 7b] ST 57 710 S0l AT ol2dh Wl AL, el A ZHE] ol shE-gl TS wAlst
1am s ARESl Ale g Stk 5455 575k (I8 1(b) AF HAS (AR CR &S g
A0 A} (2], BESHE AW TD UbA] Qgste QAP ABE ojAl 51F-0Y THE 557 BA
G A 3], 22 Y FERY] Al 5 5152 ISt (loading curve)dt 5t A7 =4d(unloading curve)C.
=23 Al [4] 0] 29} o]2feh 7]E B4 7 = I/ 2o 1(c)). o] & stEdrt AL AR
= AAA frolA HA3 Mgl $ASE S5 U Y ©HAY HY A 5 UEU L, stEAA A2 &
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2ol 5] oAl 59 QQlo g Qlste 7]ES A & ot AFAR] Aol &0l #EAN. o] & stuel
A 7ol I = A EE]7] o] Pt Sneddon’s solution2 EHd dh-Z7Helastic half-space)

Ur 9FQ) Al (nanoindentation)2 A|Ho] THo &k o tis A =X L UAHrigid axisymmetric in-
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=& ZEstth Est CSM  (continuous stiffness =& st= IIZ2AUAIF 7= A At S4dof et Lot
measurement) 7|H& £ 02 vt & MEMS AA A0 2 Vickers YUA B &= 1Y GUAE &8st o
A2d JoT d st AlgoAe] 83 TEACc2 4 o A AAYOA = 47119 ©o] §Hgo Wofof oh=

4
g3 Vickers & 4&Fe] Aol o] 7] w0l Berkovich &<
A7t e 5HA F-EH T [9]. Berkovich S dAH= A (1)
o B o= o= 1.0226-1.0859 g5 Zt=rt [5]. o9

2. BHYl+ HWILE oot e ©HE Ao o%= flat-ended triangular punch @749 YUA=
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Fig. 1. Indentation contact area for (a) Vickers hardness test, (b) instrumented indentation testing, and (c) indentation load-depth curve.

DepthV

Spherical tip Sharp tip

he = hmax —ha + hpile /

he" = hmax — hq \ I hp 1 \ h(l

o A\ N NS~

NN U §

Fig. 2. Indentation contacts morphologies around spherical and sharp indentations [15].
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Fig. 3. The indentation modulus obtained with the Oliver-Pharr
method as a function of contact radius normalized by film thickness,
compared with the results obtained using the new method. The shaded
regions represent the ranges of the SiO2 and SisN4 indentation moduli
reported in the literature [22].
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Fig. 4. (a) Prediction of elastic modulus from indentation curve using machine-learning approach [15], performance change depending on
training data size for predicting elastic modulus using (b) spherical and (c) sharp indentations [15].
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