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Abstract 

P-type porous silicon (PSi) structure has been prepared by anodic electrochemical etching process under optimized conditions. 
Photoluminescence studies of the PSi structure of the samples before and after deposition of Pd:SnO2 were obtained, to 
investigate the effect of PSi on the luminescence properties of Pd:SnO2 composites. The Pd:SnO2 film emits blue light, due to 
the oxygen –related vacancies existing in the films. On the other hand, as- deposited PSi emits red light. The red peak of PSi 
shifts after Pd:SnO2 deposition. Scanning electron microscope investigation of the PSi surface confirm the formation of 
uniform porous structure, and the pore diameter have been estimated as ( 27.89 nm ) for p-PSi. Pd:SnO2/Psi heterojunction 
with top platinum ohmic contact developed by conventional methods have been used as the sensor device. Sensing properties of 
the device towards ( H2, CO2, CO ) gas have been investigated. 
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1.Introduction 
Gas sensitivity of metal oxide gas sensors increases rapidly when the dimensions of oxide sensing materials become 
comparable or smaller than the typical thickness of the electron depletion layer[1]. Therefore, nanosized materials 
exhibit outstanding properties in sensor application, particularly low operation temperature and high sensitivity, 
attributed to their large surface area to volume ratio. 
Tin-oxide-based PSi gas sensor. The large surface-to-volume ration of PSi gives it the capability to react with gases and 
sense them readily [2,3]. In most cases their electrical conductivity dramatically changes under the influence of 
different gases. Note that metal oxide gas sensors need, as a rule, a remarkable pre- heating of working body of the 
sensor ( up to 300 – 700 oC ) [4,5]. It is necessary for an increase in removal of intense surface oxygen ions from the 
surface and decrease in the height of barrier between grains which leads to an increase in the conductivity. But high 
temperature of metal oxide leads to a decrease in the sensors stability, as well as there is a danger of explosion of 
hydrogen gas at high temperature. The physical properties of PSi samples, like electrical resistance, current have been 
observed to change in the presence of inorganic gases and organic vapors like H2, CO2, CO gases [6]. Properties such 
as photoluminescence (PL) and electrical conductivity of PSi undergo changes as gaseous molecules are adsorbed onto 
its surface [7,8]. PSi is a promising material for a wide variety of application ranging from gas sensing to chemical 
detection. The aim of this work is investigation of metal oxide on PSi layers can improve sensitivity also that it has 
effect on sensor selectivity. 
 
2.Experimental  
Porous silicon (PSi) layers were prepared on p-type silicon (100) wafers of (0.5-3) Ω.cm-1 resistivity by anodization. 
The anodization process was carried out in a (1:1) HF (40%) – Ethanol solution in volume. The added ethanol 
increases homogeneity of the PSi layer by reducing interfacial tension of the anodic solution and removes hydrogen 
bubbles evolving during the reaction. The etching current densities were fixed at (20, 25 mA/cm2) for anodization times 
of (30 minute). 
The electrochemical cell is the important part of the fabrication system as the homogeneity of PSi samples depends on 
its structure. The electrochemical etching cell, used in this work, is schematically shown in Fig 1.  

 
Fig.1 Schematic of typical anodization cell 

Investigation of Pd:SnO2/ porous silicon 
structures for gas sensing                      

 
Raid A. Ismail1, Aseel M. Abdul Majeed2 

 
1Department of Applied Science. University of Technology. 

2 Department of Physics. College of Science.University of Al-Mustansiriya. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 6, June 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 6, June 2013 Page 340 
 

PL studies of the samples have been carried out using (perkin Elmer fluorescence spectrophotometer LS 55). Scanning 
electron microscope (SEM) investigations of PSi surface have been performed using (Jeol JSM- 6335 F) to confirm the 
formation of uniform porous structure. Pd:SnO2/PSi/p-Si heterojunction has been developed by depositing Pd:SnO2 thin 
film of thickness (600 nm) over the porous surface by spray pyrolysis method. The precursor solution has been prepared 
by dissolving  13gm of SnCl4.5H2O in 100 ml of distilled water and ethyl alcohol. Palladium chloride PdCl2 of 
appropriate quantity has been used as the doping agent. Nitrogen has been used as the carrier gas and the optimum 
conditions in the coating process are as follows: substrate temperature 500 ±5 oC, solution flow rate 23 cm3/m in spray 
time ( 5 Sec. ) and the substrate nozzle distance (40 cm ). The PL properties are critically dependent on the thickness of 
pores formed. The indicators of these performance –defining parameters, porosity percentage ( P ) and thickness ( W ), 
are evaluated using the expression [9]. 
P = m1 – m2 / m1 – m3…………………………………………………………….(1) 
W = m1 – m3/ Sx D……………………………………………………………….(2) 
Where m1= weight of the sample before etching, m2 = weight of the sample after etching, m3 = weight of the sample 
after the dissolution of porous layer in KOH solution, S= surface area of the porous zone, D = density of the c-Si. 
 
3.Result and discussion 
The remarkable characteristics of visible photoluminescence ( PL ) in porous silicon layers ( PSLs ) at room 
temperature have given great impulse to material studies due to the vast possibilities for technological application [10] 
The studies on PSL have aimed at greater stability in the PL over long periods of time [11]. Initial research into PSL 
was directed mainly at establishing the origin of the radiative recombination mechanisms. 
The maximum of the main PL of porous silicon peak is located between ( 620 and 780 nm ) depending on the 
anodizing parameters used [12].PL spectrum of the  P- type porous silicon formed at the current densities 20 and 25 
mA/Cm2 shown in fig.1. Indicate an emission peak at (710 – 760nm ) for ( p-PSi ). The increase in PL intensity is the 
result of surface passivation by chemical oxidizing treatment [13]. However, it must be noted that any oxidation process 
acts to reduce the diameter of the filaments constituting the PSL. Hence, the observed increase and blue shifting of the 
PL could be related to the QSE (quantum size effect ) due to the thinning of the filaments by the oxidation 
process.Further, the increase in current density increases the porosity and thereby produces small porous structures, 
which  leads to  brighter  PL  at longer wavelengths.  PL  is  pronounced  in the  spectral  band (1.4 – 2.2 eV) [14], and 
this may be attributed to the luminescence from the confined silicon structures. Deposition of SnO2:Pd films on PSi is 
found to increase the PL intensity and shifts the peak position. The PL studies indicate that the band gap can be turned 
by varying the current density.This blue shift of (0.02-0.07)eV  indicates that localized states in PSi or the 
nanocrystallites are subjected to variation with deposition of SnO2:Pd.  

 

 
 

Fig. 1 Photoluminescence spectrum of PSi formed at current density  20 and 25 mA/cm2 

SEM micrograph of  (p-type ) porous silicon  etched at 30 minute  and current density was (25 mA/cm2) shown in fig. 
2. The SEM images show a homogeneous  pattern and confirms the formation of uniform porous structures on the 
silicon wafer. The pore diameter have been estimated as (27.89 nm ). The porosity and thickness are among the most 
important parameters, which characterize PSi [14]. Etching rate is defined as the ratio between PSi layer thickness and 
the etching time, as shown in table(1). It is clear that the porosity increases as etching current increases. This increment 
could be ascribed to increasing the number and width of the pores with increase of etching current density [15]. 

Table (1 ) lists porosity, thickness and etching rate for different etching current densities 

Sample 

Etchingcurrent 

densty(mA/cm2) 

 

Porosity 

( %) 

Pore size 

( nm ) 

TPSi measured 

(µm) 

Etching rate 

µm/min 

p-type 20 70 27.46 50 1.66 

 25 72.5 27.89 55 1.83 
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Fig. 2 SEM micrograph of the PSi with different current density 

Fig. 3 shows the sensitivity as function of operating  time at  temperature 250 oC for SnO2/PSi/Si- p produced by 
electrochemical (EC) etching method at different current density ( 20 and 25 mA/cm2). The produced thin films in this 
study have been  exposed to ( 50 ppm ) for (H2 ,CO2 ,CO)  gas  concentration.The sensitivity(S) of the metal oxide 
semiconductor sensor is mainly determined by the interaction between the target gas and the surface of the sensor. 
S= ( Ra-Rg)/Rg…………………………………………………………………….(3) 
Where Ra and Rg the resistance value of air and gas 
The greater surface area of the materials becomes stronger interaction between the adsorbed gases and the sensor 
surface, i.e higher gas sensing sensitivity. It is clear from the fig.3  that the gas response goes on increasing linearly 
with doping concentration with (Pd) metal which have higher sensitivity to ( H2 ) gas. The sensitivity value of  
SnO2/PSi   pure less than sensitivity of  SnO2/PSi   doping because the Palladium was found to reside on the grains and 
at the grain boundaries of SnO2 films. Presence of Pd in the film generates surface states and provides excess electrons 
to them. 

 

 

 
 
 

 
 

Fig. 3 variation of sensitivity with time 
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Variation of detection sensitivity with the operating temperature is shown in fig. 4. Sensitivity of the device increases 
with raise in operating temperature and reach a maximum at 250 oC for gases. This may be attributed as follows. The 
rate of adsorption of the reducing gaseous species on to the active surface increases with the raise in operating 
temperature. This causes a rapid increase in the charge carriers and there by resulting in a decrease in resistance and an 
increase in sensitivity. 

 
 
 

 
 
 

 
 

Fig. 4 variation of sensitivity with operating temperature 
p- type of PSi structure have prepared by anodic electrochemical etching process under optimized conditions. We 
investigated the photoluminescence properties of SnO2:Pd grown on PSi. The SnO2:Pd films deposited by spray 
pyrolysis method. The blue emission in SnO2:Pd thin films originates from the electron transition from the shallow 
donor level of oxygen vacancies to the valance band.. The studies further infer that the band gap can turned by varying 
the current density, and an increase in current density increases the porosity and thereby produces smaller porous 
structures which leads to brighter PL at longer wavelengths. SEM investigation of PSi surface confirm the formation of 
uniform porous structure, and the pore diameter have been estimated as (27.89 nm). SnO2:Pd/PSi/Si-pheterojunction 
with top platinum ohmic contact  could be used as the sensor device to detect H2 , CO, and CO2 gases. From the studies, 
maximum sensitivity and optimum operating temperature of the device towards H2, CO, and CO2 gas sensing has been 
estimated as 220% as 200 C for H2 gas. 
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