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 Amorphous thin Films of Cd2Si1-xGexO4 compound with different ratio of germanium 
(0, 0.3, 0.6) elements were prepared on glass and Si wafer substrate at room 

temperature  by Pulsed- Laser Deposition (PLD). The optical band gap was found to be 

in the range (2.25-2.65 eV), when the Ge concentration changes from zero to 0.6. The 
sign of Hall coefficient was negative (n-type electrical conduction),with high mobility 

of order 102 cm2v-1s-1. The impact of Ge ratio on the electrical properties of Cd2Si1-

xGexO4  /Si  heterostructure diodes was studied. The capacitance-voltage characteristic 
at frequency equals to 100 kHz gave an indicated that these diodes are abrupt type, and 

the capacitance increases while the width of depletion layer decreases with increase Ge 

concentration. The current-voltage measurements of these diodes shows that the 
mechanism of transport current coincide with recombination-tunneling model, where 

the ideality factor and rectification coefficient increase with increasing Ge ratio. The 

gas sensing results revealed that the Cd2Si0.7Ge0..3O4 film has high sensitivity (73%) and 
fast rise time to NO2 gas at room temperature compared with other compositions. 
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INTRODUCTION 

 

Thin films technique is one of the most recent 

fully-fledged technologies that greatly contribute to 

developing the study of semiconductors by giving a 

clear indication of their chemical and physical 

properties (Alnaimi,S.M.,2007). Transparent 

electronics is emerging as one of the most promising 

technologies for future electronic products, as 

distinct from the traditional silicon technology 

(Barquinha, P.,2012) .Transparent conductive oxide 

films (TCOs), which are derivated from wide band-

gap semiconductors with low specific resistance and 

high transparency in the visible wavelength range, 

have found wide applications in recent years as 

transparent electrodes in photovoltaics, flat panel 

displays, de-icers and electrochromic devices and 

their high reflectivity in the infrared (IR) makes them 

useful heat reflectors (Kumaravel, R., 2010). And  

electrochromics such as smart mirrors , solar cells, 

abrasion resistance coatings , corrosion resistant 

coatings, gas sensors, ohmic contacts to surface-

emitting lasers, ohmic contacts to photodetectors, 

Shottky contacts to photodetectors, and heat mirrors 

for energy efficient windows and light bulbs (Abd 

El-Raheem, M.,2012).  

Germanium is a chemical element with 

symbol Ge and atomic number 32. It is a lustrous, 

hard, grayish-white metallloid in the carbon group, 

chemically similar to its group neighbors tin and 

silicon. Purified germanium is a semiconductor, with 

an appearance most similar to elemental silicon. Like 

silicon, germanium naturally reacts. Two oxides of 

germanium are known: germanium dioxide, (GeO2, 

germania) and germanium monoxide, (GeO). The 

dioxide, GeO2 can be obtained by roasting 

germanium disulfide (GeS2), and is a white powder 

that is only slightly soluble in water but reacts with 

alkalis to form germinates (Masanori, K.,2002). The 

monoxide, germanous oxide, can be obtained by the 

high temperature reaction of GeO2 with Ge metal 

(Washio, K., 2003). GeO2 is a transparent conductive 

oxide (TCO) with a high potential in optoelectronics. 

Its band gap energy (5 eV), higher than other TCO 

materials, makes this oxide attractive as host for 

optical impurities to develop luminescent devices, 

from the ultraviolet-blue to the near-infrared range. 

GeO2, as other semiconductor oxides, has oxygen 

deficiency associated to its high concentration of 

oxygen vacancies, and this effect is more acute in 

nanowires due to the higher surface-volume ratio.  

These defects are, in many cases, responsible for 

their smart optical and electrical properties and are 

the key factor in order to exploit them in practical 

devices, such as sensors or optoelectronic devices 

(Hidalgo, P.,2009).  
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GeO2  is a blue-green luminescent material with 

optical properties which are considered of interest for 

optoelectronic communications, so the fabrication of 

GeO2 nanowires would be useful to future optical 

nanodevices (Hidalgo,P.,2007). The dioxide (and the 

related oxides and germanates) exhibits the unusual 

property of having a high refractive index for visible 

light, but transparency to infrared light(Geological, 

S., 2008).  

Germanium-based systems, such as 

germanosilicates, Si-Ge alloys, or GeO2 glasses, have 

been explored as hosts for RE ions in order to reach 

greater optoelectronic integration(Geological, S., 

2008). 

Silicon-germanium compounds are rapidly 

becoming an important semiconductor material, for 

use in high-speed integrated circuits. Circuits 

utilizing the properties of Si-SiGe junctions can be 

much faster than those using silicon alone. Silicon-

germanium is beginning to replace gallium arsenide 

(GaAs) in wireless communications devices 

(Geological, S., 2008). The SiGe chips, with high-

speed properties, can be made with low-cost, well-

established production techniques of the silicon chip 

industry (Teal, H.,1976). 

Narushima,S., et al.,(2000) prepared amorphous 

2CdO.GeO4 by  RF sputtering. They found that 

Fermi level of this amorphous material may be 

controlled by proton implantation, where the dc 

conductivity at 300K increased from 10
-9

 to 10 S.cm
-

1
 and its activation energy fell from 1eV to almost 

zero(degenerate state). 

This article deals with the preparation of Cd2Si1-

xGexO4 thin films using pulsed laser deposition 

technique and reports the effect of chemical  

substitution of Ge for Si  on the morphological , 

optical and electrical properties of these films and 

characterization the electrical properties of Cd2Si1-

xGexO4/Si  photodiodes, also evaluation the sensing 

properties of  Cd2Si1-xGexO4 gas sensors deposited on 

Si . 

 

MATERIALS AND METHODS 

 

Samples of Cd2Si1-xGexO4 were prepared by 

powder technology of mixtures of SiO2, GeO2 and 

CdO , the three oxides pre – calcined at 500 
o
C for 1 

hour to remove hydroxide and carbonate impurities . 

After being weighted out in the appropriate molar 

ratios, (x = 0, 0.3, 0.6) , the powder were intimately 

mixed by hand grinding and reacted at 900 
o
C for 12 

hour . Then pressed into a 13 mm diameter pellet at 4 

Mpa and lightly sintered in air at 850 
o
C for 48 h. 

Cd2Si1-xGexO4 thin films were prepared by Pulsed 

Laser Deposition (PLD) onto  glass and Si wafers as 

substrates to study optical and electrical properties of 

the films and I-V and C-V characteristics of the 

heterojunctions, respectively. The deposition was 

carried out by using Nd-YAG laser with a 

wavelength of 1064 nm, Laser energy of 

700mJ,repetition rate of 6 Hz, pulse duration of 10 

ns, number of pulses equal to 400, and the vacuum is 

8*10
-3 

mbar. The distance between the base and the 

target is (1 cm).  The crystallographic structure of 

prepared films were analyzed with diffractometer 

using Shimadzu 6000, with Cu-Kα radiations 

operated at (40)KV and (30)mA , with scanning 

angle 20
o
-60

o
 . The morphological surface analysis 

was investigated by using atomic force microscope 

(AA3000,Scanning probe microscope (SPM)). 

Double beam UV- Visible spectrophotometer was 

used to recorded the transmittance and absorbance 

spectra at room temperature in the wavelength range 

200-1100 nm. In order to measure the electrical 

properties, ohmic contacts are needed. It was 

obtained by evaporated under vacuum of Al wire of 

high purity. The best condition for good ohmic 

contact was satisfied by a layer of 200 nm . Electrical 

properties were carried out by using Hall effect 

measurement system (3000 HMS ,VER 3.5, Ecopia). 

Laser interferometer was used to measure the 

film thickness ,which was in the range (200± 20)nm. 

The capacitance-voltage characteristics of the 

heterojunctions were measured using  LRC apparatus 

type (Agileut 429 uA Precision Impedance Analyzet) 

at  frequency 100 kHz . 

Capacitance at different reverse bias voltage at 

the range (0-1) volt was measured to determine the 

type of the heterojunction (abrupt or graded), the 

value of built-in voltage (VD), and the width of the 

junction .  

The current – voltage measurements  for Cd2Si1-

xGexO4/Si heterojunctions in the dark were studied 

by using Keithly Digital Electrometer 616 and D.C. 

power supply. The bias voltage varies between (0-2) 

volt for forward and reverse connection. I –V 

measurements under the illumination were made 

when they were exposed to Halogen Lamp type 

Philips 120 W at intensity (32) mW/cm
2 

, using 

Keithly Digital Electrometer 616 , voltmeter , and 

D.C. power supply under forward and reverse bias 

voltage which was in the range (0-2) volt. The gas 

sensing properties were evaluated at room 

temperature by measuring the changes of resistance 

of the sensor in air and in the NO2 gas. 

 

RESULTS AND DISCUSSIONS 

 

a- Properties of Thin Films 

X-ray diffraction (XRD) measurement provide 

insight into the structural properties of the Cd2Si1-

xGexO4  films. XRD patterns show all films have 

amorphous structure. 

Fig. 1 shows the AFM micrographs of the 

Cd2Si1-xGexO4  films with different x values (0,0.3 , 

0.6). The two and three dimensional AFM images 

show continuous, uniform, and homogenous 

distribution film surface. The films have 

morphological characterization of eggs shape grains 

in big clusters varying in the range of  average 
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diameter (89.77 -85.89nm ) , the surface features of 

the films are comparable and  the calculated surface 

roughness values change from 1.62 to 1.21 nm with 

increasing x value, as illustrate in Table 1. 

 
Table 1: The grain size and roughness for thin Cd2Si1-xGexO4  films 

x Average diameter(nm) Roughness average (nm) Root mean square (nm) 

0 89.77 1.62 1.87 

0.3 97.49 1.54 1.78 

0.6 85.89 1.21 1.4 

 

 

 

 

 

 

 

 

                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  
Fig. 1: Two and Three-D AFM images of thin Cd2Si1-xGexO4  films at different x values.      

 

UV-Visible and near-infrared transmission 

spectra of the Cd2Si1-xGexO4  films of different x 

values (0, 0.3 , 0.6) and of 200 nm thickness 

deposited on glass substrate have been recorded as 

shown in Fig.2. This figure shows the profoundly 

influence of Ge content on the optical properties of 

the films. All films have medium transmittance in the 

visible and NIR region (500-1100nm), which is 

change from 20 to 65% for x=0, and from 26 to 55% 

for x=0.3 and 0.6. 

The effect of Ge concentration in the present 

work led to a shift of the fundamental optical 

absorption edge toward the UV from 550  to 468 nm 

due to an increase in the Ge concentration. 

The direct band- gap is based on the extrapolated 

linear regression of the curve resulting from a plot of 

photon energy (hν)  versus (αhν)
2
. The absorption 

coefficient was calculated according to the 

equation[3]  α=(1/t) ln (1/T), where t is the thickness 

of the film and T is the transmittance at the 

wavelength. 

The calculated direct band-gap value increased 

from 2.25 to 2.65 eV ,when Ge increased from 0 to 

0.6 respectively, as shown in Fig.3 . This is mainly 

due the formation new band in gap, which causes a 

strong modification of the joint density of states and 

consequently the absorption spectrum (Ikhmayies, 

S.,2010).
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Fig. 2: Transmittance vs. wavelength at different x  values.       Fig. 3:  (αhυ)2 vs. (hυ) plots at different x values. 

 

This result coincides some way with the result of 

Salman, Gh.,(2014) who found the energy band of 

CdO films which prepared by PLD  was 2.3 eV and 

the band gap of Cd2GeO4 was 3.4 eV which found by 

Narushima, S., et al. (2000), this mean the energy 

gap increases with increasing Ge concentration in the 

film. 

Fig.4 shows the variation in refractive index as a 

function of wavelength. It is worth noting that the 

refractive index of Cd2Si1-xGexO4  films increase with 

increasing x concentration. This increasing is 

associated with the reflection of the films. 

The relation between the extinction coefficient 

and the wavelength  of Cd2Si1-xGexO4  films with 

different x value are shown in Fig.5 , where the 

extinction coefficient decrease with increase the x 

value. The rise and the fall in the extinction 

coefficient is directly dependent on the light 

absorption.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4: The refractive index  vs. the wavelength at                          Fig. 5: The extinction coefficient vs. the wavelength at  
           different x values.                                                                                 different x values. 
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The behavior of real part (εr) which represents 

the normal dielectric constant and imaginary part (εi)  

which represents the absorption associated with free 

carriers is the same as that of refractive index and 

extinction coefficient, respectively. 

The optical properties parameters including, 

absorption coefficient , optical energy gap, and 

optical constants (refractive index, extinction 

coefficient, real and imaginary part of the dielectric 

constant) at wavelength equals to 500 nm for thin 

Cd2Si1-xGexO4  films have different values of x are 

listed in Table 2. 

 
Table 2: The optical properties parameters of thin Cd2Si1-xGexO4  films at different x values. 

x α ×104(cm-1) Eg (eV) n k εr εi 

0 8.05 2.25 1.423 0.320 1.922 0.911 

0.3 6.99 2.40 1.701 0.278 2.816 0.946 

0.6 6.58 2.65 1.801 0.261 3.177 0.943 

 

The electrical properties were estimated by Hall 

effect measurements for thin Cd2Si1-xGexO4  films at 

different x values. This measurement shows a 

negative Hall coefficient, this means that the Cd2Si1-

xGexO4  films are n-type defect semiconductors, and 

the conductivity of these films is mainly attributed to 

oxygen deficiency which provides the donor states. 

This result coincides with the result of Narushima,S., 

et al. (2000)], who found that the sign of Hall and 

seebeck coefficients were negative for Cd2GeO4  

films. 

The charge carrier concentration increases from 

2.05x10
16 

to 2.83x10
17 

cm
-3

 when Ge concentration 

change from zero to 0.6, and this is obviously lead to 

increase the electrical conductivity of these films. 

High charge mobility values were obtain for thin 

Cd2Si1-xGexO4  films ,which is larger by several 

orders of magnitude than that of existing amorphous 

semiconductors. Table 3 summaries the values of 

electrical parameters of thin Cd2Si1-xGexO4  films. 

 
Table 3: The electrical properties parameters of thin Cd2Si1-xGexO4  films at different x values. 

x 
type 

 

σR.T  

(Ω.cm)-1 

 

nH x1016 

(cm-3) 

µH x102     

   (cm2/V. s) 

 

0 n 0.743 2.05 2.20 

 
0.3 n 17.08 22.10 3.32 

 

0.6 n 19.22 28.30 4.24 

 

b- Properties of Cd2Si1-xGexO4/Si Heterojunctions: 

The electrical properties, which include the I-V 

and C-V characteristic measurement of Cd2Si1-

xGexO4 /Si heterojunctions at different x values have 

been carried.  

The junction capacitance variations as a function 

of reverse bias (0-1) volt of Cd2Si1-xGexO4 /Si 

heterojunction with different Ge concentration (0, 

0.3, 0.6) at frequency equal to 100 kHz are shown in 

Fig.6 . 

This measurement was achieved in order to get 

an idea about the impurity distribution in the vicinity 

of the junction, and to calculate the built in potential 

(VD). 

It is worth noting that the capacitance decreases 

with increasing reverse bias, this behavior was due to 

an increase in the depletion region width, and this 

reduction was non-linear. 

Additionally, it is clear that the capacitance at 

zero bias voltage (Co) increases from 0.57 to 2.84 nF 

when x change from zero to 0.6 . 

This behavior was attributed to increases the 

carrier concentration when the Ge concentration 

increases in the Cd2Si1-xGexO4 composition, which 

leads to increase the capacitance and as a result the 

depletion region width decreases, which means the 

reduction in Ge concentration lead to more diffusion 

for carrier of Cd2Si1-xGexO4  films. 

The width of the depletion region (W) has a high 

value when Ge concentration equal to zero. It is clear 

that the values of depletion region width was very 

low (narrow) , this is attributed to the low diffusion 

of these oxide films in Si wafer at room temperature 

(without substrate heating) which prepare by PLD 

technique.
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Fig. 6: The relation between capacitance and reverse applied voltage for Cd2Si1-xGexO4 /Si  diodes of different x values. 

    

Fig. 7 reveals the variation of the inverse 

capacitance squared as a function of the reverse bias 

voltage. The linearity behavior of this plot confirms 

that the junction is abrupt type. It is observed from 

the figure that the built– in potential which represents 

the intersection (1/c
2
) of the straight line with the 

voltage axis, which increases with the increase of Ge 

ratio in the compound Cd2Si1-xGexO4 systemically , 

and this is due to the enhancement the distribution of 

Ge in the films (Amaechi, C. I.,2011). 

The impurity concentration of donors can be 

calculated from the slope of the best fit straight line 

of the same plots by using relation (Milnes, 

A.G.,1972) 

( aD

AD

DA VV
NqN

NN

C













 .

)(21

2112

2211

2
          (1) 

Where [2(Є1NA1+ Є2ND2)/qND2NA1Є1 Є2] 

represent the slope, NA1 and ND2 are the accepter and 

donor concentrations, and Є1, Є2 are the dielectric 

constant of p-type and n-type semiconductor 

respectively. VD is the built-in potential, Va is the 

applied voltage. 

 

 

 

Fig. 7: The variation of 1/C2 as a function of reverse bias voltage  for Cd2Si1-xGexO4  /Si diodes of different Ge values. 

 

Its can be observed that the carrier concentration 

increases with increasing the Ge concentration in the 

Cd2Si1-xGexO4  films, and this behavior enhanced by 

Hall effect measurement.    

All parameters which are calculated from this 

measurement are listed in Table 4 

  
Table 4: The parameters which obtained from C-V characteristics for Cd2Si1-xGexO4  /Si  diodes with different x values. 

x VD(Volt) Co (nF) W (μm) NDX1016 

(cm-3) 

tr (nsec) tresponse (nsec) 

0 1.55 0.57 0.111 1.306 28.5 12.95 

0.3 1.40 1.91 0.034 4.532 95.5 43.40 

0.6 1.23 2.84 0.023 4.940 142.0 64.54 

 

(a) (b) (c) 
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Current- voltage characteristics is the more 

necessary analysis to specify the current transport 

mechanisms which determined the performance of 

the diode. 

Fig. 8 shows the J-V characteristic of anisotype 

Cd2Si1-xGexO4 /Si heterojunctions of different x 

concentrations at forward and reverse bias voltage in 

the dark within the range (0-2)volt. 

The striking feature of these curves is non-ohmic 

behavior where it is very clear. Relatively freely 

current flows in the forward direction, but very low 

current flows in reverse direction, So the junctions 

have relatively good diode rectification 

characteristics at 2 volt. This means these junctions 

have high rectification coefficient (R.F), and it is 

increases considerably with increasing Ge 

concentration in the Cd2Si1-xGexO4  films as shown in 

Table 5. 

In general the forward dark current is generated 

due to the flow of majority carriers and the forward 

applied voltage inject majority carriers, which lead to 

decrease the width of the depletion layer, and the 

value of built in potential reduce. 

This J-V plot is consistent with Schockly 

equation (Sharma, B.L.,1974) 

I= Is [exp (qv/ βkT)-1]             (2) 

where Is is the saturation current, q is the 

electron charge, k is the Boltzman constant, T is the 

absolute temperature, and β is the ideality factor 

which determines the dominant carrier transport 

mechanism.

 

 
Fig. 8: J-V Characteristics for Cd2Si1-xGexO4  /Si  diodes at forward and reverse bias voltage of different x values. 

 

This factor can be obtained from the slope of the 

linear dependence of ln (I) on the forward bias 

voltage (Sarusi, G.,1994). 

It is obvious that there are two region in the J-V 

plot, the first region represent forward bias region 

,where the resistance determined by the series 

resistance (Rs). In the  second region (reverse bias 

region), the influence of shunt resistance (Rsh) 

predominates (Wenus,  J.,2003). 

From the same figure, it is worth noting that the 

current increases with increasing Ge concentration, 

this may be due to increase the charge carrier 

concentration as the Ge concentration increases to 

0.6 as emphasized by Hall effect measurements. 

A semi-log I-V plot of the forward diode current 

as a function of applied voltage (0-0.4)volt is 

presented in Fig. 9 .There  are two region can be 

distinguished ,the first in the range (0-0.2) volt, 

where the β can calculated from it. The value of 

ideality factor is ranged between (1.977-2.50), these 

values reflect that the carriers transport is taken place 

by tunneling and recombination mechanisms. From 

the second region, the tunneling constant (Ą) can be 

calculated by using the following equation  

 

Ą= [d ln (If/IS2)]/dV             (3) 

    

The high values of ideality factor (greater than 

unity) generally is due to structural defects (Kim, 

W.,2002) and the interfacial oxide layer (Mousa, A. 

M., 2011). 

Also the reverse bias current contains two 

regions. The first is the generation current, which 

depend on the bias voltage. The bias voltage 

increment leads to an increment in the depletion 

layer width, which in turn increases generation 

current. While the second which represent the 

stabilizes current region and becomes independent of 

the bias voltage, this is called the diffusion current 

(Ismail, R.A.,2003). 

All parameters which calculated from J-V 

characteristics for Cd2Si1-xGexO4 /Si diodes are 

illustrated in Table 5. 
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Fig. 9: I-V characteristics at forward bias voltage on semi-logarithm scale for Cd2Si1-xGexO4 /Si diodes of different x  values. 
 

Table 5: The parameters which obtained from J-V characteristics for Cd2Si1-xGexO4  /Si  diodes with different x values. 
x IS1X10-9 (A) IS2X10-8(A) β Ą  (V)-1 R.F 

0 8.35 3.06 1.97 3.37 3.95 

0.3 50.56 20.50 2.01 3.95 11.26 

0.6 151.9 83.15 2.50 5.96 12.80 

 

The Cd2Si1-xGexO4  /Si  diodes photocurrent 

density as a function of voltage under steady state 

illumination intensity (32 mW/cm
2
) are presented in 

Fig. 10. 

It is clear from this figure that the photocurrent 

increase with increasing the bias voltage, specially in 

reveres bias in spit of the depletion region width 

increase the photocurrent continuously increases. 

This happen because increase the electric field 

sweeps the carriers out of the depletion region, with 

existing illumination, electron-hole pairs are created 

near the junction. If the e-h pairs is generated within 

a diffusion length (Ln, Lp) of the transition region, the 

electrons can diffuse to the junction and swept down 

the barrier to the n side. 

 

 
Fig.10: The relation between Jph  and bias voltage for Cd2Si1-xGexO4 /Si diodes of different x  values. 

 

The resulting current is called the generation 

current since its magnitude depends entirely on the 

rate of generation of e-h pairs. So that the 

photocurrent is function of generation and diffusion 

mechanism as in the following equation (Grove, 

A.S., 1976). 

Iph =q a Gph (Lp + Ln + W)             (4) 

where Gph generation rate of photocarriers, Lp and Ln 

are the diffusion length of holes and electrons, 

respectively. 

 

c- Gas Sensor: 

Semiconducting metal oxide gas sensors  are 

commonly used for environmental monitoring and 

industrial applications due to their advantages such 

as small dimensions, low cost and convenient 

operation (Gupta, S. K.,2010). Also these materials 

have physical and chemical stability (Shishiyanu, S. 

T.,2005). 

The Cd2Si1-xGexO4  sensor elements gas 

sensitivity and response- recovery characteristics 
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have been evaluated at room temperature for 160 

ppm NO2 gas. 

A typical gas sensing measurement consisted 

sensors exposure to the toxic gas (NO2) and recorded 

the change in the films resistance. 

The resistance response of each sensor structure 

was transformed into a sensitivity value which is one 

of the important parameters of gas sensors, the 

sensitivity of the metal oxide based materials, will 

change with the factors influencing the surface 

reactions, such as chemical components, surface 

modification and microstructures of sensing layers, 

temperature and humidity (Wang, C.,2010). 

The sensitivity (S) for oxidizing gases 

commonly  defend as  

)5(..............................%.........100



o

og

R

RR
S  

where Rg  is the sensor resistance influenced by 

the NO2 gas, Ro the sensor resistance in the air. 

Fig. 11 shows the dynamic response of Cd2Si1-

xGexO4  sensor to 160 ppm NO2 at room temperature. 

The characteristic behavior of the resistance increase 

of the sensors upon detecting NO2 gas is typical for 

n-type semiconductor oxide gas sensors. When the 

NO2 gas was introduced into the test chamber, the 

resistance of the sensor increased and soon 

afterwards it became saturated. When the gas was 

turned-off, the resistance of the sensor was 

decreased. 

The surface layer of the Cd2Si1-xGexO4  based gas 

sensors is responsible for the sensing properties. The 

mechanisms normally accepted for semiconductor 

sensors assume that the oxygen adsorbed on the film 

surface at room temperature. These reactions in the 

oxides surface layer change the concentration of the 

conduction electrons providing the sensing property.

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
Fig. 11: Dynamic response of Cd2Si1-xGexO4  gas sensors to NO2 gas at different x values. 

 

When oxidizing gas molecules such as nitrogen 

dioxide come into contact with film surface, they 

may interact with this oxygen and this reaction 

consumed the conduction electrons and subsequent 

detection reaction lead to increase the barrier height 

and decrease the surface conductance(- Moseley, 

P.T., 1992). 

The response of the films to NO2 gas can be 

explained by the equation 

NO2+ e
-
 →NO + O

-
ads. 

In these reactions the electrons are extracted 

from the conduction band thus the resistivity of 

Cd2Si1-xGexO4  raising (Shishiyanu, S. T.,2005). 

     The Cd2Si1-xGexO4  sensors element have 

relatively fast response time and the Cd2Si0.7Ge0.3O4  

sensor has higher sensitivity compared to the other 

composition (Cd2SiO4, and Cd2Si0.4Ge0.6O4) as 

shown in Table 6. 

 
Table 6: Gas sensor measurement data of Cd2Si1-xGexO4  sensors at different x values. 

x Rise time (Sec) Recovery time (Sec) Sensitivity  

0 17 27 0.25 

0.3 15 29 0.73 

0.6 17 51 0.55 

 

Conclusions: 

The effect of Ge concentration on the optical and 

electrical properties of amorphous Cd2Si1-xGexO4  

thin films deposited by pulsed-Laser deposition 

technique were studied. All films have a medium 

transmittance in the visible and NIR region. The 

films show a direct transition with a blue shift  of the 

fundamental optical absorption edge when Ge ratio 

increases. Hall measurements revealed n-type 

electrical conduction with a high mobility. The 

electrical properties measurements of Cd2Si1-xGexO4 

/Si  diodes showed that the impurity profile near the 

junction is abrupt and the width of depletion layer 

decrease with increasing Ge ratio. The mechanism of 

the current transport in the forward condition 

coincides with recombination-tunneling model. 
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These diodes have a good rectification properties, 

and the rectification coefficient increases with 

increasing Ge ratio in this compound. Cd2Si1-xGexO4  

films have a good sensing to NO2 gas at room 

temperature , and the higher sensitivity recorded was 

73% for Cd2Si0.7Ge0.3O4  films.      
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