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The aim of this work is to experimentally clarify the reasons for the appearance of jumps in the current and 

memory of semiconductor nanoporous structures.Porous nanostructures were obtained by electrochemical 

etching. The current-voltage characteristics of the samples were measured for porous silicon and on thin films of 

a chalcogenide glassy semiconductor. The existence of jump-like switching and current hysteresis in porous 

silicon nanofilms under laser illumination is shown experimentally.A connection between the switching voltage 

values and the dependence of the band gap on the porosity of nanofilms is found. These results make it possible to 

construct a theory of current switching and its hysteresis based on the concepts of the theory of second-order 

phase transitions. 
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Introduction 

Porous silicon (PS) is a special composite material consisting of pores and silicon crystals. It has a wide 

range of applications due to the variety of arrangement of surface atoms. The high tunability of porous 

silicon is determined by many properties, such as dielectric constant [1,2], bandgap [3], etc. The results of 

work [4-5] showed that porous silicon has a wider energy bandgap  gE than solid silicon has. This is 

explained by the fact that more intense recombination of electron-hole pairs occurs in quantum porous 

nanostructures and their energy band gaps become larger [6]. In many studies, the band gap is determined 

through the optical properties (transmission, reflection, absorption) of porous silicon.
 The results of work [7, 8] showed that the radiation intensity of PS increases with an increase in the 

percentage of porosity since it is proportional to the number of re-emitted photons. The band gap increased 

as the concentration of mobile charge carriers in the remaining silicon structure of PS decreased. In this case, 

the porosity was more than 60%. Energy band gap increments gE  in porous silicon are determined from the 

condition of quantum confinement; therefore, the average size of nanocrystallites is a very important 

parameter of porous silicon [9, 10]. It is also noted in [11, 12] that with a decrease in the diameter of a 

porous silicon nanocrystal, gE increases. This is because a decrease in the nanocrystal diameter leads to an 

increase in the porosity value. In [13] for calculating, the value gE for Si is calculated by the 

empiricalpseudo-potential method. It is indicated that the calculation results are in good agreement with 

other experimental and theoretical results. A linear increase in the bandgap from 1.4 to 1.88 eV with an 

increase in porosity of PS films in the range of 27–88% was also noted. This is explained by the arrangement 

of atoms, mechanical behavior, and quantum confinement of carriers in PS microcrystallites, causing an 

expansion of the Si bandgap. 

In [14], an estimate of the electron energy ( gE ) relative to the valence band of bulk Si for 

nanostructures of oxidized porous silicon was presented. The photoluminescence spectra are explained based 

on traprelated transitions. For samples with high porosity, double peaks appeared in the PL spectra. One of 

these peaks remained constant at ~ 730 nm, while the other was blue-shifted with increasing current density. 

The PS nanostructure was modeled as an array of regular hexagonal pores, and the average value gE was 

estimated at 1.67 eV. 
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The values 
gE  of the zones of n-type and p-type porous silicon layers are larger than 1.11gE  eV 

[15]. In the range of porosity (50–76%), theenergy bandgap of porous p-type silicon (1.80–2.00 

eV),measured by the optical method,is higher than that of the porous n-type silicon layer (1.70–1.86 eV). For 

the same porosity, the values
gE for p-PSi is always higher than the values

gE obtained for the n-PSi layer. 

The values
gE  were identified through the transmission spectrum also in [16-17].  From a brief review of 

the state of the art, it follows that it is important and necessary to study the energy bandwidth of 

nanoporous semiconductors since it largely depends on the degree of porosity of nanostructures. For 

example, with an increase in porosity, the values
gE  increase, the electrical conductivity of 

nanostructured films changes. Experimental studies currently cover a narrow range of parameters 

without establishing a universal dependence on their nanoscale structure. More detailed studies are 

needed to significantly optimize the methodology for experimental studies of nanomaterials to 

reduce the cost of developing appropriate new technologies. 
The aim of this work is to experimentally study dependence of the electrical conductivity of 

semiconductor nanoporous structures, and effect of the degree of porosity on the value of energy band gap. 

1. Experimental setup and measurement procedure 

Dependence of the energy bandwidth of nanostructured semiconductors on their porosity was 

investigated experimentally on the surface of porous silicon grown by electrochemical etching. The original 

silicon was monocrystalline silicon with a p-n + - junction, where n + is a layer, is a diffusion layer with a 

gradient distribution of phosphorus impurities with a concentration of up to 10
20

 cm
-3

 with a gradual decrease 

in impurity to the p-n junction boundary. In the future, the n-layer will be used as a working surface for the 

formation of porous silicon. The effect of porosity on the conditions of silicon electrochemical etching is 

investigated. 

The thickness of p - silicon is 350 μm with an initial resistivity of 10 Ohm∙cm, the thickness of the n-

layer is about 500 nm, the surface of the n-layer is mirror-polished. Before electrochemical etching, the 

silicon surface was etched in a 10% solution of hydrofluoric acid to remove phosphor silicate glass, 

thoroughly washed in isopropyl alcohol using an ultrasonic device, and dried. 

An electrolyte was used to obtain porous silicon in an HF: ethanol solution in a 1: 1 ratio. The anodic 

etching was performed in a mode of different current density and anodization time in a specially prepared 

fluoroplastic cell, and during each etching, the porous silicon layer was thoroughly washed in deionized 

water and dried.After anodic etching, porous nano- and microcrystalline structures with expanded porous 

spaces are formed on the surface of crystalline silicon. With an increase in the anodization current density, 

the porous spaces expand with a decrease in the diameters of silicon clusters. Structural images of nanofilms 

(Figure 1) were obtained by scanning electron microscopy (SEM) ULTRA 55 FE-SEM (Carl Zeiss). 

The porosity was measured by gravimetric weighing. Weighing determined the masses of the sample 

before anodizing (
1

m ), after anodizing (
2

m ), and after removing the porous silicon layer in a 2% KOH 

medium (
3

m ). Formula 

1 2

1 3

(%) 100%
m m

m m



 


                                                                                                               (1) 

was used. 

The experiments on the current-voltage characteristic (CVC) of nanoporous semiconductors were also 

carried out in the air with laser illumination (infrared laser wavelength λ = 630 nm, ħω = 0.5 eV). An n-Si 

layer with crystal orientation (100) was used as the studied sample. Porous silicon samples with a thickness 

of 350 μm (p-type), 500 nm (n-type) were obtained by electrochemical etching. The voltage, current density, 

and taring time were 10 V and 50 mA / cm
2
, 3 min, respectively. Metal contacts applied to the n-layer and 

porous surface (Figure 2) make it possible to obtain the current-voltage characteristic of porous silicon. A 

voltage was applied to the PC film in the range from 0 V to 2 V with a step of 0.1 V using the Two-Wire 

Current-Voltage Analyzer of the Ni ELVIS II + universal station. 
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Fig. 1. SEM images of porous silicon layers: top view. 

 

The I – V characteristics of the samples were measured on the NI ELVIS II + educational platform 

(Figure 2), which uses instruments developed in the LabVIEW software environment on a specially designed 

prototype board. The main characteristics of the platform: operating current range is ± 40 mA, the voltage 

range is from -10 V to 10 V. 

 

 
 

Fig. 2. General view of the installation for measuring the electrical properties of samples:  

1- NI ELVIS II
+
 platform, 2- infrared laser λ =630 nm, 3-PS films, 4- contacts. 

 

2. Electrical conductivity of porous semiconductor nanofilms 

Changes in current versus voltage (VAC) for porous silicon were obtained in natural light (Figure 3) 

and under laser illumination. The measurements were repeated at regular intervals. Without laser 

illumination of nanofilms, a jump-like change in current is not observed. Currenthysteresisoccurs. 

The reverse current is greater in value than that of the original measurement in the forward direction. 

This can be explained by a change in the polarization of nanostructures due to the directional action of the 

primary current.At voltage values of the order of 
gE  and higher (for crystalline silicon 1.12gE  eV), 

currentswitching is observed (Figure 4).At voltage values of the order of 
gE  and higher (for crystalline 

silicon 1.12gE  eV), current switching is observed (Figure 4). 
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Fig. 3. Current-voltage characteristic of porous silicon in natural light. 

Measurements in forward (Δ) and reverse (○) directions. 

 

 

 

 

а) measurements at times 0t   b)after 24 hours 

Fig. 4. Volt - ampere characteristics of porous Si at different time moments under laser illumination of the film.
 

0t :  t0=0, t=t0+nτ, τ=2 min.,  n: □- 0,○- 2, Δ- 4, x- 6, ◊- 8, *- 10.  

 
The standard deviations were determined by the formulas 

     2 2 2 2

max max

, , , ,x y
U Ix x x y y y

U I
              

                                      
(2) 

where 2 2

1

1 N

i

i

U U
N 

    , 200N   and are presented in Figure 5. 

 

 
t, min 

 

a b 

Fig.5. Changes in the relative standard deviation of current (a) and voltage (b) over the time sequence of 

measurements.  
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Under laser radiation on nanoporous silicon films, current switching in the region V ~
gE and current 

hysteresis are also observed. Over time, the hysteresis loop narrows (Figure 6). 

 

 

 

 

a  b 

Fig.6. Current-voltage characteristic of porous silicon under laser illumination: 

a) –t0, b) – t0+2 min. Δ – live measurements, ○ – 2 in the opposite direction. 
 

GST - thin films of a chalcogenide glassy semiconductor of the Ge (germanium) -Sb (antimony) -Te 

(tellurium) system of composition 2 2 2Ge Sb Te , modified with a bismuth impurity. Chalcogenide glassy 

semiconductors (CGS) have some unique properties and phenomena, such as switching and memory effects, 

photo structural transformations, and a weak effect of impurities on electronic properties, which have no 

analogs in crystal materials. The switching effect is observed in thin CGS films and is associated with a 

reversible stepwise decrease in the CGS resistance in the absence of laser illumination (Figure 7).In Fig.7 

 L mm  is the distances between the contacts correspond to the numbering of the curves: 1 - 5. 

 

 
 

Fig.7. Current-voltage characteristics of GST in natural light. 

 

However, GST films are opaque, non-porous; therefore, their direct use for photovoltaic and gas sensor 

applications is difficult. 

Conclusion 

Porous silicon structures with different diameters are formed by the method of electrochemical 

anodizing. The current-voltage characteristic of porous silicon has been measured in natural light and under 

laser radiation. At voltage values of the order of 
gE  and higher (for crystalline silicon 1.12gE  eV), 

switching is observed in the form of an abrupt increase in the current strength. It was found that with an 

increase in porosity, the width of the energetically forbidden zone of porous silicon increases within 
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0.8  This effect is nonlinear since a decrease in 
gE  should be observed at 1  . Measurements of the 

electrical characteristics of a non-porous crystal indicate the dependence of 
gE  on the distance between 

contacts. This fact points to general physical laws between pyroelectrics and nanoporous semiconductors. 
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