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Abstract 

 

For studying strength properties of planar structures ITO (In2O3·SnO2)/Si the technique 

of Vickers pyramid microindentation for the load range of 0.2-1.5 N was applied. Measure-

ments of microhardness of these structures have shown results varying over a wide range in 

dependence on film thickness and applied load, this can be explained by the size effect pre-

sence. In addition to well known factors causing the size effect, another explanation being 

characteristic of film structures is proposed.  

 

Introduction 

 

Modern technique is constantly enriched with new products of various practical applica-

tions. A considerable place here is occupied by materials for micro- and optoelectronics: 

submicron films, planar structures of the “thin film - substrate” type. Successful application of 

these materials in devices designed on their basis requires adequate mechanical properties. 

Therefore, study of mechanical characteristics of the given materials is an integral part of the 

scientific-technological process. 

In particular, planar structures ITO (In2O3·SnO2)/substrate are widely applied in modern 

engineering as optically transparent electrodes for photon devices: solar batteries, photodetec-

tors, and luminescent diodes due to their high conductivity and transparency [1]. 

In work [2] studies on Cu, Ta, Al, Ge, and Diamond-Like Carbon (DLC) films on glass 

or silicon substrate allowed analyzing specificity of the size effect manifestation; it was 

shown that the microhardness is influenced by various factors, such as film density, film 

strength, film adhesion, surface morphology, bonding length, and microcrystalline orientation. 

In the present work the size effect of ITO/Si structures in dependence on film thickness is 

considered, one more factor probably influencing the structure size effect is proposed. 

  

Experimental 

 

The ITO layers are deposited on the n-Si crystal surface, (001) plane, by spraying alco-

holic solution of InCl3 and SnCl4 in different proportions, using the specially designed instal-

lation containing four main units: the pulverization system, the system of displacement and 

rotation of the support where the substrate is fixed on, the system of the substrate heating, and 

the system of evacuation of residual products of the pyrolysis [1]. The heating system consists 

of an electric furnace and a device for automatic regulation of the substrate temperature. 

The microhardness was measured at room temperature by Vickers method using the 

PMT-3 microhardness tester. The microhardness values were determined by usual formula [3] 
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HV=1854P/d
2
 ,         (1) 

 

here Р is the applied load, d is the indentation diagonal. 

The interval of applied loads on the indenter (Vickers square pyramid) changed within 

the load range of P=0.2-1.5 N. Proper indentation depths were estimated using diagonal va-

lues as  

h=d/7.         (2) 

 

Results and discussion 

 

Samples with the film thickness t ≈350 and 570 nm were selected for the experiments. 

The results of the microstructure investigation have shown a uniform distribution of the films 

all over the surface of the substrates and their good adhesion.  

For estimation of the strength properties, the dependence of ITO/n-Si structure micro-

hardness on applied load H(P) for different film thickness was studied. The microhardness 

value varied within the range of 860-1200 kg/mm
2 

and 1040-1470 kg/mm
2 

for t1 and t2, re-

spectively (Fig. 1). At the loads P<0.4 N the microhardness values strongly depend on both 

load and film thickness, this allows us to suppose a great contribution of the mechanical pro-

perties of the films to the total microhardness of the structure as a whole. In the load range 

0.4 N < P < 1.0 N the total microhardness becomes less sensitive to modifications of the film 

mechanical parameters and it changes mostly due to the substrate size effect. With further 

load increasing, the total microhardness does not practically depend on film thickness, mo-

notonously approaching its value to that of the substrate microhardness, still being apprecia-

bly higher than it. This fact allows us to make a conclusion that ITO films increase strength of 

ITO/n-Si structures. 

 

 
Fig. 1. Dependence of the total microhardness of the system “film - substrate” (ITO/Si) on load: 

а) t1≈0.35 µm, b) t2≈ 0.57 µm. 

 

As it was mentioned earlier, at small loads (P<0,4 N) the total microhardness strongly 

differs in dependence on thickness of ITO films. Taking into account that during indentation 

the film thickness changes under the indentor [4] a comparative analysis of the indentation 

depth was made. For this, according to formula (2) the depth of indentations was calculated 

and its difference for different film thicknesses at equal load was found (Table 1).  
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Table 1. Dependence of the indentation depth on load. Difference of indentation depths at dif-

ferent film thicknesses and equal load. 

 
P, g h1, μm h2, μm ∆h, μm 

    

20 0,93 0,71 0,21 

30 1,13 0,97 0,16 

40 1,32 1,15 0,17 

50 1,41 1,29 0,11 

60 1,49 1,38 0,11 

80 1,84 1,64 0,19 

100 2,02 1,89 0,13 

120 2,10 2,06 0,04 

150 2,38 2,33 0,05 

 

 As it is seen from the table, the depth difference Δh at equal load is significantly less 

than the difference of the film thicknesses, being equal to Δt=t1-t2=220 nm. Hence, we can 

make a conclusion that the film of the ITO (In-Sn-O)/n-Si structure changes its geometrical 

sizes; that is, it becomes flat under the indentor and envelopes it. Therefore, the substrate is 

affected by the system “indentor + film”, its geometrical sizes changing at different loads. 
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Fig. 2. Point spectral analysis in the vicinity of the indentation and inside it. P=1.0 N. 

 (a)-(c): the surface microstructure; (d)-(f): the spectral composition of ITO/Si system. 
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Fig. 3. Linear spectral analysis of the indentation on ITO/Si structure. P=0.4 N. 1-Indium, 2-Tin, 

3-Oxygen. 

 

The microstructural and spectral analyses made by virtue of a scanning electron micro-

scope (SEM) and an installation for the spectral analysis (EDX) have shown a good morpho-
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logy of the film all over the sample surface, presence of the film in the indentation, and insig-

nificant changes of the chemical composition in the whole range of loads (Figs. 2 and 3). This 

confirms that the film stretches, geometrical parameters of the film (thickness) in the zone of 

the indentor contact with the sample are not constant, they are a function of the applied load; 

there takes place an “obtusion” of the indentor top with increasing load. The results are in a 

good agreement with work [4].  

 

Summary 

 

In the present work the size effect in the load range P=0.2-1.5 N for planar ITO 

(In-Sn-O)/Si structures in dependence on film thickness was studied. A nonmonotonous 

change of the microhardness values in the load range P=0.2-1.0 N was found; it also de-

pended on film thickness. At the loads >1.0 N the microhardness of ITO (In-Sn-O)/Si struc-

tures approaches the substrate microhardness values and suffers less changes. One more 

factor, probably influencing the size effect at the structure indentation, is a change of the film 

geometrical parameters in the system “indentor - film” due to flattening or stretching of the 

film, this could not but influence the values of microhardness of the substrate and, therefore, 

of the whole planar structure.  
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