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ELECTRICAL PROPERTIES OF FRACTAL NANOFILMS OF POROUS SILICON
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Samples of porous silicon films grown by electrochemical etching have been investigated. Morphology
of the films has been studied by use of scanning probe microscope NTegra Therma. We established that
electrical properties of thin films of porous silicon are strongly influenced by various factors such as
strength of current through a film, etc. Current-voltage characteristic of the porous silicon films has a strong
non-linear and chaotic region in a certain range of voltage. Dependence of current on voltage
corresponding to multiple electron tunneling can be used for development of generators of chaos with a
broadband spectrum.
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Despite of the fact that porous silicon (PS) was firstly described in the-second half of the last
century, it remains one of the important objects of research in nanotechnology because of wide
range of its applications. In [1,2], you can get more information about PS. Information about
formation and using of PS is given in [3,4]. There are many methods growing of PS films [5,6,7].
Each of them has its advantages and disadvantages. It is well-known that optical properties of PS
films depend on their thickness, porosity, shape and<size of pores [8]. At the present time electrical
properties of nano-sized PS films are studied insufficiently. Electrical properties of PS films grown
by electrochemical etching in an electrolyte of HF and C,H,OH (1:1) have been described in [9].
Etching time was 15 minutes and the PS film had a thickness of several microns. The aim of our
study is to investigate electrical properties of nanoscale films of PS obtained by etching within time
range about 5 seconds.

EXPERIMENTAL RESULTS

Thin films of porous silicon were produced by electrochemical etching in an electrolyte which
characterized by ethoxyethanol ratio HF: EE - 1:1.5. A p-n structure has been used as an initial
substrate, concentration.of n - layer was 10'®+ 10 cm™,

Photomicrographs were obtained by use of optical and scanning electron microscopes.

a) b)

Fig.1. Results of optical microscopy: a) surface of the central part of the porous silicon film; b) boundary between
the film of crystalline silicon and its etched region (dark).
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Image of edge of the porous film is shown in Figure 1, b. Porosity increases near the center of
the film. It corresponds to more dark regions in the figure. It means that thickness of the film
changes. For more correct estimation of their thickness of the films we have studied them by use of
scanning electron microscopy (SEM).

a) b)

Fig.2. Microphotograph of a porous silicon film obtained by SEM:
a) closer to the center b) edge of the porous silicon film.

Figure 2 demonstrates a lateral surface of a layer of etched PS thin film. The film is not
heterogeneous. There are pores in the film. Dark color corresponds to argon medium. Two bright
lines limit the lateral surface of the film. At the bottom we can see an image of crystalline silicon.
The film thickness ranges from 80 nm to 200 nm due to the irregular current density. Morphology
of the porous films has been studied by use of scanning probe microscopy (SPM) NTegraTherma.
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c) d)
Fig.3. Results of scanning probe microscopy: a) two-dimensional image of a PS film, the resolution is 5-5

microns; b) a three-dimensional image of a PS film, resolution of 5-5 microns; c) a two-dimensional image of a PS
film, resolution is 40:40; d) three-dimensional PS film image, resolution is 40:40 m.
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According to SPM study we can see a strong heterogeneity in surfaces of PS films. We can
also notice that threadlike bumps are located on the surface of the films.

For the investigation of electrical properties of the film of PS we deposited contacts to its
surface. Regularities of current flow through a non-uniform surface structure of the PS have been
studied.

Current-voltage characteristic of the film of PS contains a non-linear dependence of current on
voltage. In this area current rapidly decreases into several units, and we can also observe

oscillations of current. Further, current increases with increasing of applied voltage.
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Fig.4. Current-voltage characteristics in the relative variables. 11,

V1 - current and voltage corresponding to the first peak.

At recurrence of the experiences (after passing a current with considerable value) we can notice
a reducing of depth of minimal value of current (Fig. 4).

DISCUSSION

It is known that dependence of current on voltage for non-linear elements has the area with
negative differential resistance (a derivative of voltage by current). It plays an important role in
electronics and measurement techniques [10].

Current-voltage characteristics of nano-films have oscillation peaks (Fig. 4). Decreasing of
current with increasing of voltage corresponds to existence of structures with negative differential
resistances/As.usual, this effect can be explained by the phenomenon of electron tunneling through a
potential barrier. Porous silicon films have quantum-sized dotty, linear, and flat structures with
different potentials of electric field. Due to leakage of electrons through these potential barriers and
according to the uncertainty principle, number of states allowing electric current reduces. It leads to
reducing of current and to formation of a peak in current-voltage characteristic despite of increasing
of voltage. Increasing of voltage also leads to formation of additional peaks. It caused by existence
of structures with higher potential barriers.

In addition, current-voltage characteristics of nanostructured porous silicon films and
conventional tunnel diodes have significant differences [11]. Our experiments show that distance
between peaks (in relative units of voltage) is less by an order. These peaks are sharper and have a
resonant character. These facts and figures 1-3 let us to suggest that nano-films have a fractal
structure with hierarchical structures characterized by different geometric scales. The corresponding
potentials of electric field can be considered as non-linear fractal measures [12,13,14].



6 ISSN 1811-1165. Eurasian Physical Technical Journal, 2013, VVol.10, No.1(19)

REFERENCES

1. Cullis, AG.,Canham, LT. &Calcott, PDJ. The structural and luminescence properties of porous silicon. J App
Phys, 1997, Vol 82, No 3, pp. 909-965.

2. Canham, L, Editor, Properties of porous silicon. INSPEC - The Institution of Electrical Engineers, 1997,
United Kingdom.

3. Foll, H., Christophersen, M., Carstensen, J. &Hasse, G. Formation and application of porous silicon, Materials
Science and Engineering R, 2002, Vol. 39, pp. 93.

4. Parkhutik V. Porous silicon — mechanism of growth and applications. Solid-state Electron.1999, Vol.43, pp.
1121-1141.

5. Vasquez, RP.,Fathauer, RW., George, T., Ksendzov, A. & Lin, TL. Electronic structure of light emitting:porous
Si. Appl Phys Lett, 1992, Vol. 60, No. 8, pp. 1004-1006.

6. Beale, M. I. J., Benjamin, J. D., Uren, M. J., Chew, N. G. &Cullis, A. G. The formation of porous silicon by
chemical stain etches. J. Crys. Growth, 1986, Vol. 75, pp. 408.

7. Zubko, V.G., Smith, T.L. & Witt, A.N. Silicon Nanoparticles and Interstellar Extinction."The Astrophysical
Journal Letters, 1999, Vol. 511, pp. L57.

8. Andrea Edit Pap, KrisztianKordas, JoukoVahakangas, Antti Uusimaki , Seppo_Leppavuori, Laurent Pilon,
Sandor Szatmari. Optical properties of porous silicon. Part 11l1: Comparison of experimental and theoretical results.
Optical Materials, 2006, Vol. 28, pp.506-513.

9. Algun G., Arikan M.C. An Investigation of Electrical Properties of Porous Silicon. J..of Physics, 1999, Vol. 23,
pp. 789 - 797.

10. MaoXiang Wang, ,JianHua Yul, ChengXiu Sun. Light emission characteristics and negative resistance
phenomenon of Si-based metal/insulator/semiconductor tunnel junction.. Applied Surface Science, 2000, Vol. 161,
Issues 1-2, 1, pp. 9-13.

11. S. Al-Harthi, A. Sellai, Features of atunnel diode oscillator ‘at different temperatures. Microelectronics
Journal, 2007, Vol. 38, pp. 817-822.

12. Zhanabaev Z. Zh. Fractal measures in nanoelectronics and.neurodynamics. Eurasian Physical Technical
Journal, 2012, Vol. 9, No.1(17), pp. 3-13.

13. Zhanabaev Z. Zh., Grevtseva T.Yu., Danegulova T.B., Asanov G.S.. Optical Properties in Nanostructured
Semiconductor. Journal of Computational and Teoretical Nanoscience, 2013, Vol. 10(3), pp. 673-678.

14. Zhanabaev Z. Zh., Kozhagulov E.T.. Argeneric.model for scale-invariant neural networks. Journal of
Neuroscience and Neuroengineering, 2013, Vol. 2, No 2, pp. 1-5.

Article accepted for publication 11.01.2013


http://www.sciencedirect.com/science/article/pii/S0026269207002388



