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5. 計装化押込み硬さ試験による材料特性評価理論（その 3） 
   “Progress in determination of the area function of indenters used for 

nanoindentation”, K. Herrmann, N. M. Jennett, et. al., Thin Solid Films 377-
378 (2000) 394-400 

 
5.1 要約 

 ・圧子面積関数の決定方法について： 

 
 

 ・フレームコンプライアンスの決定方法について： 

 
 

 ・ 

 
 

5.2 実験 
 ①AFM による圧子面積関数の直接測定 
 ●原理 
 
 
 
 
 
 
 
 
 
 

 ・ 

 ・ 

 

 ・ 

図 5.1 AFM の原理 
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 ●本研究で用いた AFM 装置 
 

・測定範囲： 

・分解能： 

・ 

 
 

・ 

 
 

 ②押込み試験 

 ・参照材料： 

 

 ・圧子： 

 ・押込み試験サイクル： 

 
 
 
 
 
 
 
 

 ・押込みデータ解析手法：Oliver-Pharr 手法に従う 

 
 
 
 
 
 
 
 
 

図 5.2 AFM 装置の模式図 

図 5.3 押込み試験サイクル 
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5.3 圧子面積関数の決定 
 ①AFM による面積関数の決定 

 ・ 

 
 

 ・ 

 
 

 ・ 

 
 

 ・ 

 
 
 

 ・ 

 

 ●球圧子における面積関数の決定 

 ・ 

 
 

               ・ 

 
 
 
 
 
 
 
 

 ・ 

 ・ 

図 5.4 バーコビッチ圧子

の面積関数 

図 5.5 バーコビッチ圧子の

繰り返し測定における

相対標準偏差 

図 5.6 球圧子半径の AFM 測定 図 5.7 球圧子の繰り返し測定における

相対標準偏差 



「機能性材料評価学特論」第 5回 

 4 

 ②押込み手法 
 ●2 つの手法を提案 
 (a) 
 
 
 (b) 
 
 
 

・ 

 
 
 
 
 

 ②-1 (a)の手法の詳細および結果 

 ・ 

 

     ↓ 

 ・ 

 
 

     ↓ 

 ・ 

     ↓ 

 ・ 

 
 

     ↓ 

 

 ・ 

図 5.8 決定した面積関数および

理論面積関数の比較 
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 ●結果として得られたフレームコンプライアンス	
 
 
 
 
 

 ②-2 (b)の手法の詳細および結果 

   ・ 

 
 
 

     ↓ 

  ・ 

 
 
 
 

     ↓ 

 ・ 

 

 ●Oliver-Pharr 手法との相違 
  (1) 
   
   
  (2) 
 

 ・ 

 
 
 

 ・ 

 
 

図 5.8 （再掲） 

( )K. Herrmann et al. ! Thin Solid Films 377!378 2000 394!400 399

Fig. 6. Area functions of a Berkovich indenter determined by SFM
and indentation technique. The error bars are 2 times the standard

Ž .deviation in length at each side , and take into account the statistical
scatter of the indentation results as well as the uncertainty in the
frame compliance value. The theoretical Berkovich area function is
also depicted, showing that the indenter under investigation has an
aberrant tip geometry.

where C and C are the compliance of the instrumentf s
frame and the specimen, respectively.

Since the specimen compliance is given by the in-
Ž .verse of the contact stiffness, S, Eq. 13 can be rewrit-

ten as:

'" 1 Ž .C "C # 14t f 2 E A'r c

Aluminium was used as a reference material because
of its low hardness, allowing stiff contacts which yield
data close to the intercept.

In the method presented here, only indents at a high
Žload as high as practically achievable with the instru-
.ment are used. A simple, iterative procedure is

adopted, assuming the elastic properties of the refer-
ence material. The procedure is listed below:

raw indentation data of material with known elastic
properties;

!

determine C and h , and calculate A ;t c c

!

calculate the frame compliance using
!

'" 1 Ž .C "C $C "C $ 15f t s t 2 E A'r c

!

correct indentation data for the frame
compliance;

!
repeat until convergence.

Tungsten was used as the reference material, be-
cause it is an elastically isotropic, homogeneous mate-
rial, and it is less prone to handling damage compared
to aluminium. Moreover, it has a high modulus and

Ž .allows sufficient plastic deformation high A , yieldingc
%better estimates of the frame compliance right-hand

Ž . &side of Eq. 15 is small, i.e. for stiff contacts . Twelve
indents at a high maximum load of 100 mN were used.

It is important for the accuracy of this method that
Žthe area function at distances relatively far from the

.indenter tip is well known, because the result is very
sensitive to that input. Indeed, when using the indenter
area function obtained by SFM, a frame compliance

Ž .value of 0.46"0.032 one # nm!mN was found,
whereas when the theoretical Berkovich area function

Ž 2 .was used A "24.5h , the frame compliance becamec c
0.37"0.03 nm!mN, i.e. a difference of 20%. In the

% &method proposed by Doerner and Nix 13 and Oliver
% &and Pharr 1 , however, uncertainties in the area func-

tion play an even greater role since it must be known
over a range of distances from the indenter tip, since
different loads are used.

3.2.2. Determination of frame compliance and area
function with two different reference materials

This method is essentially the same as the combined
iterative method proposed by Oliver and Pharr, but the
alternative method to determine the frame compliance,
as explained in Section 3.2.1, is used. The frame com-

Ž .pliance is thus determined using W 100 as reference
material, while the indenter area function is derived
from indents in fused silica, allowing accurate stiffness
measurements at shallow depths, which in turn allows
measurement of the area function near the indenter
tip. Indentation loads ranged from 10 to 180 mN. The
area was calculated from the indentation data, knowing

Ž .the frame compliance, by rearranging Eq. 13

" 1 Ž .A" 16224 Ž .E C $Cr t f

The data were fitted to the following function, which
proved to perform adequately

c
h$b Ž .A"a 17ž /hmax

where a, b and c are fitting parameters.
After only two combined iterations, the determined

area function was very close to that determined by
Ž .SFM measured in NPL , as shown in Fig. 6. The error

Žbars are two times the standard deviation in length at


