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Introduction

Electrical characterization of single semi-conductor nanostructure is of great interest for the new nanotechnology eld. The major aim of this paper is to demonstrate the capability of scanning capacitance microscopy (SCM) to characterize electrical properties of silicon nanocrystals (Si-nc).

Experimental details

The samples that we used are made of Si-nc (spherical shaped, ≈ 5 nm in diameter) deposited by silane low pressure chemical vapor deposition (LPCVD) on 2 nm thick oxide thermally grown on p-type (1 0 0) silicon wafer [1]. After growth, 2 nm thick high temperature oxide (HTO) is deposited on the samples. Depending on growth parameters, Si-nc density can vary from ≈ 5 × 10 9 cm -2 up to ≈ 2 × 10 12 cm -2 .

Experiments have been performed with a Digital D3100 IIIA microscope. SCM Image mode gives spatially resolved images of impurity concentration, local charges, ::: [2] while spectroscopic mode allows one to measure local dC=dV versus tip voltage, at a specic location on the surface [3]. Charging is done by moving the tip (in contact with the substrate) in X and Y with the nanolithography module, while a continuous voltage is applied to the sample. Once surface is charged, charging eect is probed by SCM, in image or spectroscopic mode.

Results and discussion

Fig. 1a is a SCM image of the charged sample, recorded immediately after charging. Both bright square and small bright circle (indicated by arrow) have been charged with a bias voltage of 4 V. Before charging, capacitance images are homogeneous. Moreover, height contrast images are strictly equivalent before and after charging. That ensures that the capacitance contrast is purely electrical. Two characteristic times of charge dissipation are 1 measured. First, bright contrast observed on charged areas (square or circle) remain the same even after 40 h. Second, the cloud that surrounds charged areas (see Fig. 1a) disappears on images recorded afterwards. The dC=dV signal, measured in the neighborhood of charged area, decreases exponentially with a typical decay time of 10 s. These two times certainly dene two dierent charge dissipation mechanisms. In contrary to other studies [4], edges of charged areas are very abrupt. Then, except the rst charge dissipation, there is no percolation of the injected charges.

Spectroscopy measurements (i.e., dC=dV vs. V Tip ) have been performed on blank and charged high density Si-nc sample (Fig. 1b). First of all, at band voltage V FB is approximately equal to -1:1 and 0 V, respectively, for charged and blank sample. This negative V FB shift corresponds to a positive charge injection [START_REF] Sze | Physics of Semiconductor Devices[END_REF]. The tip being grounded, if a positive voltage is applied to the sample, both electrons and holes are injected into the Si-nc (or oxide traps), respectively, from the tip and the silicon substrate. However, because hole eective mass is greater than electron's one, dissipation time is longer for holes than for electrons. Consequently, stored charge is globally positive. These two dissipation mechanisms could perhaps be related to the two times mentioned above. Second, because of double peak, the two curves are characteristic of low frequency (LF) behavior [START_REF] Sze | Physics of Semiconductor Devices[END_REF]. This eect is due to a minor carrier source (e -in our case) that screens the charge modulation of the silicon substrate. Frequency modulation of V AC is equal to 100 kHz. That should correspond to a high frequency regime (inversion charge layer cannot be created). Minor carrier source that gives rise to the LF behavior could be the negative image charge created in the Si substrate by the injected positive charge. That kind of eect has already been measured on Si=SiO 2 structures [3].

Low density samples are made of single or groups of isolated Si-nc (Fig. 2a). Corresponding SCM image is shown in Fig. 2b. The dC=dV and height signals are well correlated (compare Figs. 2a andb). Image 2b has been measured at V DC = 0 V. Varying V DC allows one to modify the contrast between nc-Si and the Si substrate, and even to cancel it. Moreover, SCM measurements performed on rough but chemically homogeneous samples do not show any dC=dV contrast. We then do believe that, in opposite to other AFM modes such as Lateral Force Microscopy, SCM is not sensitive to topography. Consequently, contrast is due to electric dierences between nc-Si and Si substrate. Resolution, both lateral and electric, is then good enough to characterize Si-nc that are 5 nm in diameter. The origin of the contrast is not straightforward to determine. It could be due to charges stored in Si-nc (even if they have not been voluntarily charged) or to the dielectric contribution of Si-nc.

Conclusions

We show that it is possible to positively charge our samples. Two characteristic times have been measured: one of the order of 10 s, and the other at least equal to 40 h. However, other experiments are needed to determine exactly where charges are injected (Si-nc or oxide traps) and by which mechanism. We have also shown that it is possible to have a specic electrical signature of only one Si-nc.
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 1 Fig. 1. (a) Capacitance image (V AC =1 V, V DC = -1 V) of a high density nc-Si sample previously charged at a bias voltage of 4 V. (b) Spectroscopic dC=dV versus tip voltage on a blank and charged high density Si-nc sample (V AC =1 V).

Fig. 2 .

 2 Fig. 2. (a) Height and (b) corresponding capacitance images on a low density Si-nc sample. To increase the contrast, the capacitance image has been averaged (3 pixels neighboring).
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