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 The Effect of α-irradiation and Ge content on a-Si: H and a-Si: H/a-Ge: H with different layer films are 

studied using infrared (IR) spectra. The integrated intensity of the oscillator strength of Si-H and Ge-H 

vibrations is determined. It is found that the integrated intensities of IR vibrational bands are enhanced 

significantly after the bombardment by 0.5 MeV α-particles. These observations are explained in terms 

of the change in the oscillation strength of the vibrational modes induced by defects created near the 

vibration complex during bombardment. The results revealed the effect of Ge content on the infrared 

spectra before and after irradiated films by α-particles of energy 125KeV/n. The defectsو created by 

bombardments, induce an increase in the oscillator strengths for some of Si-H and Ge-H vibrations due 

to decrease in the refractive index. The dangling bonds, formed in the range of 2700-3100 cm-1 in a-Si: 

H/a-Ge: H, are attributed to the presence of OH groups or due to the preferential attachment of 

hydrogen and deuterium to Si atoms rather than the Ge ones. The irradiated a-Si: H/a-Ge: H lead to 

decreasing the absorption band due to the increase in the hydrogen content bonded to Ge atoms. 

Therefore, the disorder is decreased and the crystalline state is increased. 
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Introduction  

Hydrogenated amorphous silicon, a-Si: H, is the 

most extensively studied and also the best 

understood amorphous semiconductor. The basic 

discoveries have made it possible to use 

amorphous silicon as the base material for 

electronic devices. The most important result is the 

incorporation of hydrogen as a monovalent bond 

terminator. This allows one to reduce large 

densities of the electronically active dangling bond 

defects in pure amorphous silicon [1].  

Large number of Si: H vibrational modes display 

two important properties. The first, they are 

spatially localized on the hydrogen atom and its 

nearest silicon neighbors. The second, the 

vibrational frequencies are above the highest 

frequencies of the silicon host material. These 

types of vibrations are local modes [2-5]. 

Hydrogenated amorphous silicon-germanium 

alloys have gained a considerable interest because 

of their potential application in the photovoltaic 

technology [6].    Hydrogenated amorphous 

silicon-germanium (a-SiGe: H) alloys have 

potential applications in devices, in particular in 

multi- junction solar cells [7]. 

The vibrational modes in these alloys are the same 

as those found in the binary alloys a-Si: H and a-

Ge: H, but with the absence of some types which 

depend on the details of the deposition process. 

Extensive studies of infrared properties for a-Si1-

xGex: H films prepared by glow discharge system 
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were carried out [8,9].  The absorption of infrared 

radiation    through    intersubband    transitions in 

a 

quantum well was studied extensively in the past 

few years, because of its possible application in 

infrared detectors [10].  

The Si/SiGe: H system has attracted much 

attention.  For a pesudomorphically grown SiGe 

alloy film on a Si substrate, nearly the entire band 

offset occurs between the valance band edge of Si 

and SiGe. Therefore, from the technological point 

of view, it is preferable to employ valance- band 

transitions in SiGe quantum wells, since such 

structures can be grown directly on a silicon 

substrate without the need of an alloy buffer [11]. 

The aim of this present work is to study the effect 

of α-irradiation on hydrogen bonding in a-Si: H 

and ultrathin layers of a-Si: H/a-Ge: H. 

 

Experimental Technique 

Thin films of a-Si: H and a-Si: H/a-Ge: H ultrathin 

layers (n=60) were prepared by alternating 

deposition from SiH4 and GeH4 plasmas in a 

computer-controlled four chamber glow- discharge 

deposition system with capacitive coupled diode 

reactors (the electrode diameter=7cm). At a 

substrate temperature 200
o
C, the RF was 13.6 MHz 

with a power of 10W at a pressure of about 0.18 

mbar.  In SiH4 chamber the gas flow rate and the 

pressure were 5 sccm/sec (standard cubic cm per 

sec) and 0.32 mbar respectively. While in GeH4 

chamber, the gas flow rate of H2-GeH4 was 0.25-2 

sccm/sec. The a-Si: H/a-Ge: H multilayer films 

were grown on crystalline Si for composition 

analysis. The individual thickness of the a-Si: H 

layers was kept constant at 5
o
A, while the layer 

thickness of a-Ge: H  

layer was varied by changing the hydrogen dilution 

ratio [H2]/[GeH4] as well as changing the deposition 

time. The growth rate was kept near 1
o
A/sec for a-

Si: H and ranged from 1 to 4
o
A/sec for a-Ge: H 

layers. The total film thickness measured by the 

Dektak surface profiler was in the range 2500-

2600
o
A, whereas the multilayer periods ranged 

from 9 to 17.6
o
A. It has been reported that the 

multilayer with periods below 20
o
A can be viewed 

as a completely mixed a-SiGe: H alloy [12]. A 

Nicolet Fourier transform infrared (IR) 

spectrometer (model 740) was used for infrared 

absorption measurements. 

Each sample was irradiated by Am
241

 source of 

activity 0.924 µCi and a surface area of 19.63 

mm
2
. The collimated beam of diameter 5mm and 

energy 125 KeV/n was obtained normal to the film 

surface. The irradiation time was 70 hours yielding 

an α-particle beam of fluence ~ 0.04 x10
8
cm

-2
. The 

irradiation was performed under vacuum (~ 10
-2 

Pa) at room temperature. The infrared spectra were 

measured for the samples before and after 

bombardment by the α-particle beam. 

 

Results and Discussion 

The infrared of a-Si: H and a-Si: H/a-Ge: H films 

depend upon the substrate temperature.  These 

films were deposited at a substrate temperature of 

200
o
C. Figures (1a, b and c), show the infrared 

spectra of a-Si: H before and after bombardment 

with α-particle beam of energy 125 KeV/n. The 

absorption modes of silicon-hydrogen vibrations 

occur in the ranges 500-850, 1040-1160 and 2280-

2460cm
-1

, respectively. These absorption modes 

have attributed to silicon-hydrogen Wagging 

bending and stretching modes, respectively [13, 

14]. The results illustrate that the Wagging modes 

appear near to 610 and 750 cm
-1

, bending modes 

near to 1100 cm
-1

 and stretching modes near to 

2360 cm
-1

 respectively. The absorption peaks 

increase after bombardment of the film by α-

particle beam, which leads to creation of defect 

density responsible for these peaks [15]. Figure 

(1a) shows the absorption peak near to 610 cm
-1

 

relates to the Si: H Wagging mode. Assuming that 

at 640cm
-1

,
 
any hydrogen bond contributes to Si-H 

Wagging mode [16]. This means that there is some 

hydrogen effusion dependence on absorption 

strength. It is supposed that α-bombardment 

creates new defects near the infrared-active site 

hydrogen. Defect creation by α- bombardment of 

a-Si: H means additional disorder such as dangling 

bonds and weak bonds between Si atoms. These 

defects increased the oscillator strengths due to the 

decrease of the refractive index [16]. The oscillator 

strength is increased after bombardment of a-Si: H 

films which arises from the creation of new voids 

and is not a direct transfer of hydrogen atoms from 

one site to other.   

The silicon-hydrogen stretching mode lies in the 

wavenumber range of 1040-1160 cm
-1 

is shown in 

Fig. (1b). The peak intensity is shifted to a lower 

wavenumber, and FWHM is increased from 5 cm
-1

 

to 6 cm
-1

 after irradiated. 

In Figure (1c), the 2360 cm
-1

 peak, the line width 

at half maximum, full width at half maximum 

(FWHM) was 3 cm
-1

 and was increased to 5 cm
-1
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after irradiation of the films. This means that the 

peak intensity is sufficient to trace the 

concentration of the defect with respect to the 

irradiation dose. The peak intensity is shifted from 

2380 cm
-1

 to 2360 cm
-1

 after irradiation. Hence, the 

complexes responsible for the 2380 cm
-1

 peak 

include two H atoms. This conclusion is consistent 

with the fact that hydrogen atoms doped with the 

method adopted in this study are not in an isolated 

atomic state, but rather in a molecular state, and 

hydrogen molecules, are regarded to be immobile 

during irradiation, since the migration energy of H2 

is about 0.78 eV [17]. The composite bands 

between 2360 cm
-1

 and 2380 cm
-1

 have been 

assigned to silicon-hydrogen stretching modes of ≡ 

SiH(ω1*) and SiH2(ω2*) in particular structural 

environments [16]. 

Figures (2a, b and c), show the infrared absorption 

spectra of a-Si: H/a-Ge: H film before, and after 

being irradiated by α-particle beam. Major 

absorption peaks between 500 and 930 cm
-1

, Fig. 

(2a), is attributed to the Si-H and Ge-H Wagging 

modes [18]. The absorption peak between 1950 

and 2050 cm
-1

, Fig. (2b), is due to Si-H and Ge-H 

stretching modes, while the absorption peaks 

between 2650 and 3100 cm
-1

, Fig. (2c), are 

attributed to two components that can contribute to 

Ge-H or Ge-H2 groups at void surfaces and Si-H 

groups in compact material. Figure (2a) shows the 

absorption band of the irradiated sample which is 

lower than that of the sample before being 

irradiated in the range of 500-700 cm
-1

. The 

absorption band occurs at 610cm
-1

, this band is 

attributed to Wagging modes. This band is 

corresponding to either Ge-H or Si-H vibrational 

modes which occur at lower frequency. It is seen 

that the irradiated samples lead to decreasing the 

absorption band due to the increase of the 

hydrogen content bonded to Ge atom. The disorder 

is decreased and the samples transform to the 

crystalline state in the range of 500-700cm
-1

, 

therefore, the hydrogen content bonded in Si is 

decreased. Whereas, a continuous wave of α-beam 

particles induced crystallization of a-Si: H/a-Ge: 

H. An important result is that the existence of 

threshold intensity for crystallization above yields 

to drastic changes in the physical properties of the 

irradiated material [19]. At intensities below the 

threshold, clusters are created which can increase 

in the number and size, attaining microcrystalline 

depending on the power level. Up to this stage, the 

system is reversible, i.e. without further input of 

radiation energy, and the clusters can relax back to 

the amorphous state. After the threshold is reached, 

the clusters can coalesce and form polycrystalline 

which then remain stable. While creating peaks 

near to 740, 810 and 900cm
-1

 after irradiated 

sample for Si-H2 bending modes lead to increase 

the absorption coefficient.  

Figure (2b) shows the absorption peak of the 

irradiated sample which is lower than the 

absorption peak before irradiation and the FWHM 

changes from 6.5cm
-1

 to 3.5cm
-1

. Also, the peak is 

shifted from 1990cm
-1

 to 1980cm
-1

 after irradiation 

of the sample. 

Due to the removal of disorder for films containing 

hydrogen up to 40%, it is tentatively assigned to 

loss of consecutiveness of amorphous network. 

This stretching frequency was first identified by 

Connel and Pawlick [20] in a-Ge: H at 1975cm
-1

. 

They attributed that to the higher energy vibration 

at 1975cm
-1

 to Ge-H and Ge-H2 bonds located at 

surface of voids.  For the absorption peak near 

2000 cm
-1

, two components can contribute to Ge-H 

or Ge-H2 groups at void surfaces and Si-H groups 

in the compact material.  

Figure (2c) shows the 2910cm
-1

 peak which has 

not been reported. The FWHM of the 2910cm
-1

 

peak is about 4cm
-1

. The broad absorption band is 

created after irradiation of the films due to the 

formation of dangling bond in the range 2700-

3100cm
-1

 which is attributed to either presence of 

OH groups or due to the preferential attachment of 

hydrogen and deuterium to silicon atoms rather 

than to germanium ones. Because this feature is 

present for both a-Ge: H and a-Ge: D [16, 21], the 

hydrogen in the OH groups apparently does not 

originate from the hydrogen incorporated in the 

films during the deposition process but it must 

come from outside.  

 

Conclusions 

The results of the present investigation revealed 

the effect of Ge content on the infrared spectra 

before and after irradiation of the films by α-

particles of energy 125 KeV/n. The defects created 

by the bombardment induce an increase in the 

oscillator strengths for some of Si-H and Ge-H 

vibrations due to decrease in the refractive index. 

The dangling bonds were formed in the range 

2700-3100cm
-1 

in a-Si: H/a-Ge: H and are 

attributed to the presence of OH groups or due to 

the preferential attachment of hydrogen and 

deuterium to Si atoms rather than the Ge ones.  
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The irradiation a-Si: H/a-Ge: H leads to a decrease 

in the absorption band due to the increase in the 

hydrogen content bonded to Ge atoms, therefore 

the disorder is decreased and the crystalline state is 

increased. 

 

 

 

 

Fig. (1a): The variation of the absorption coefficient 

with the wave number range of 610 - 750 cm-1 for a-

Si: H films before and after irradiated by α-particles 

of energy 0.5 MeV 

Fig. (2a): The variation of the absorption coefficient with wave 

number range 500 -930 cm-1 for a-Si: H/ a-Ge: H films before 

and after irradiated by α-particles of energy 0.5 MeV 

 

 

Fig. (1b): The variation of the absorption coefficient 

with the wave number range of 1040 – 1160 cm-1 for 

a-Si: H films before and after irradiated by α-

particles of energy 0.5 MeV 

Fig. (2b): The variation of the absorption coefficient with wave 

number range 1950 -2050 cm-1 for a-Si:H/ a-Ge:H films before 

and after irradiated by α-particles of energy 0.5 MeV 

 

 

Fig. (1c): The variation of the absorption coefficient Fig. (2c): The variation of the absorption coefficient with wave 
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with wave number range of 2300 - 2440 for a-Si: H 

films before and after irradiated by α-particles of 

energy 0.5 MeV 

 

number range 2650 -3100 cm-1 for a-Si: H/ a-Ge: H films before 

and after irradiated by α-particles of energy 0.5 MeV 
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